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pilocarpine 244
pineal gland 53, 59, 225, 229

— , blood flow of 60
-, serotonin content of 53, 56
serotonin rhythm 60
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119, 120

Vagina 69
Van-der-Waals forces 275 277
vascular resistance, renal 92, 93, 176
vasoconstrictor tone 85
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IN MEMORIAM

Dr. Janos Porszasz

1923—1974

Dr. Janos Pérszasz was born in Budapest in 1923 where he graduated
M. D. in 1949. As a medical student he joined the Institute of Pharmacology
lead hy Professor B. Issekutz sen. and was working there till 1955. His first
scientific work dealt with the mode of action of analgesic drugs. Later, in col-
laboration with Dr. K. Nador, he investigated the relationship between chem-
ical structure and pharmacological activity of aminoketones. These studies
lead to the discovery of the analeptic action of several aminoketones with
nicotine-like activity. One of these compounds was l-piperidinomethyl-cyclo-
hexen -2-on (Karion®). He demonstrated that several aminoketones with an-
tinicotinic activity depressed the polysynaptic reflexes and inhibited the fa-
cilitatory function of the reticular formation; an example of these is the
widely-used preparation methyl-p-tolylpiperidine propanone (Mydocalm®).

In 1955 he joined the Institute of Physiology, University Medical School,
Szeged, first as assistant lecturer and later as senior lecturer. In this new scope
of activity he created a firm physiological basis for his pharmacological re-
search work. In the course of his studies of the organization of the vasomotor
centre he demonstrated the decisive role of the dilator centre in reflex vaso-
depression, as the excitation of this centre inhibits vasoconstrictory tone.
This work was the subject of his D. Sc. thesis in 1968.

In 1967 he was invited to the Institute of Experimental Surgery in
Szeged. Here, he continued his own research work and in collaboration with
Professor G. Petri participated in investigations into drug treatment of intes-
tinal paralysis. They discovered that an increased sympathetic tone played
a decisive role in the development of paralytic ileus, and that the abolition
of the increased sympathetic tone had a beneficial effect.

In 1970 he was appointed professor of Pharmacology at the University
Medical School, Pécs. There he continued his research on the physiology of
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bulbar vasomotor and sympathetic centres. His early death, however, pre-
vented him to accomplish these studies.

He was an experimenter to the core. He developed several new methods
in drug research. He did not accept unfounded prejudices and had a flair for
distinguishing important facts. His papers, remarks and contributions gave
special colour to the Meetings of the Hungarian Physiological Society. He spent
much of his time on guiding and educating young scientists. His academic
lectures were popular and highly esteemed by the students.

He accepted his disease with a clear and quiet mind and endured his
sufferings with patience and self-control. He is survived by four children and
his wife, also a doctor, who shared not only his life, but as a constant collab-
orator, also his work.

F. Varga

LIST OF PAPERS OF DR. J. PORSZASZ

1. Mosonyi, L., Szendéi, A., Pérszasz, J.: A penicillin-kezeitek digitalis érzékenységérol.
Orv. Hetik 1948, 10:,149-154.

2. Mosonyi, L., Szendéi, A., Pérszasz,J.: Tachycardia and sensitivity to digitalis during
penicillin treatment. Acta med. Acad. Sei. hung. 1949, 1: 76—85.

3. Herr, F., Porszasz, J.: Uber die Wirkung einiger Derivate des Polamidons. Arch. exp.
Path. Pharmak. 1950, 210: 294-304.

4. Herr, F., Pérszasz, J.: Eine neue Methode zur Untersuchungen der schmerzstillenden
Wirkung. Arch. exp. Path. Pharmak. 1950, 210: 289 —293.

5. Pérszasz,J.,Herr,F.: Analgetikus hatds vizsgalata egéren. Kiséri. Orvostud. 1950,4: 1—11.

6. Komlés, E., Pérszasz, J., Knoll, J.: Morphin prostigmin Synergismus. Acta physiol.
Acad. Sei. hung. 1950, 1: 77 —90.

7. Herr, F., Pérszasz, J.: Rasche Gewdhnung an Histamin und eine neue Methode zur Prii-
fung der Magenséduresekretion an Ratten. Acta physiol. Acad. Sei. hung. 1951, 2: 17—32.

8. Porszasz, J., Knoll, J., Komlés, E.: Wirkung der Parasympathomimetika auf die
Analgesie. Acta physiol. Acad. Sei. hung. 1951. 2: 469 —A477.

9. Knoll,J., Komlés, E., Pérszasz, J.: Analgesie und Cholinesterase-Hemmung. Acta phy-
siol. Acad. Sei. hung. 1951, 2: 479.—491.

10. Pé6rszasz, J.,, Tardos, L., Herr, F., Nyiri, M.: Prifung der analgetischen Wirkung und
der gekreuzten Gewdhnung an die Analgetica bei Ratten. Acta physiol. Acad. Sei.
hung. 1953, 4: 107—122.

11. Herr, F., Tardos, L., Pérszasz, J.: Messung der analgetischen Wirkung, Spezifizitat der
Methode: Lokalisation der Schmerzreaktion bedeutenden Bewegung im Zentralnerven-
system. Acta physiol. Acad. Sei. hung. 1953, 4: 123 —130.

12. Pérszasz,J., Gyodrgy, L.: Untersuchungen tber die pharmakologische Wirkung der Qua-
terndrtropeine und der TEA-artigen ganglionblockierenden Substanzen. Acta physiol.
Acad. Sei. hung. 1953, 4: 141 —158.

13. Herr, F.,, Gybrgy, L., P6rszasz, J., Bonta, |.: Untersuchungen uber die Wirkung gefass-
erweiternder Mittel bei experimenteller renaler Hypertonie von Ratten. Acta physiol.
Acad. Sei. hung. 1953, 4: 355—361.

14. Gyorgy, L., Porszasz, J.: Betrdge zur adrenolytischen Wirkung der Parasympatholytika.
Acta physiol. Acad. Sei. hung. 1954, 5: 181 —193.

15. Poérszasz, J., Yenulet, J., Gibiszer-Pérszasz, K.: Untersuchungen tber die Synergi-
sierbarkeit der Analgetika: Wirkung des Doryls und Physostigmins auf die Verteilung
des Dolantins im Organismus. Acta physiol. Acad. Sei. hung. 1954, 5: 509 —519.

16. ISSEKUTZ, B. sen., Pérszasz, J., IssEkUTz, L., Nador, K.: Pharmakologische Untersu-
chung der Aminoketone. |. Antinikotinwirkende Aminoketone. Acta physiol. Acad.
Sei. hung. 1954, 6: 95—108.

17. 1ssekUTZ, L., Pérszasz, J., Nador, K.: Amikoketonok gyo6gyszertani vizsgalata. I.
B-aminoketonok. Acta pharmaceut. Acad. Sei. hung. 1954, 24/B: 85—91.

Acta Physiologica Academiae Scientiarum Hungaricae 45,1974



18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

IN MEMORIAM 3

Po6rszasz, J., Nador, K., Gibiszer-Pérszasz, K., Wiest, T., PadAnyi, R.: Pharmakologie
der Aminoketone Il. Aminoketone mit Nikotin- und Antinikotinwirkung. Acta physiol.
Acad. Sei. hung. 1955, 7: 139—161.

Pérszasz, J., Gyorgy, L., Gibiszer-Porszasz, K.: Cardiovascular and respiratory effects
of capsaicin. Acta physiol. Acad. Sei. hung. 1955, 8: 61 —76.

Issekutz, L., Hajdua, P., Pérszasz, J.: Der Zusammenhang zwischen der brennenden
Eigenschaft des Capsaicins und seiner Wirkung auf die Atmung und den Blutkreislauf.
Acta physiol. Acad. Sei. hung. 1955, 9: Suppl. 107.

Sary, B., Poérszasz, J.: Experimentelle Untersuchungen uber die Pathogenese des Thy-
mustodes. Acta med. Acad. Sei. hung. 1954, Suppl. 42 —47.

Sary, B., Porszasz, J.: Kisérleti vizsgélatok a thymushaléal pathogenesisére vonatkozoélag.
Magy. Belorv. Arch. 1955, 8: 116.—122

Porszasz, J.: Az aminoketonok farmakoldgiaja: 6sszefliggés a vegyi szerkezet és hatdas
kézott. Kandidatusi értekezés tézisei. Budapest, 1955.

Gyoérgy, L., Pérszasz, J., Zsigmond, E.: Untersuchungen der Quaternértropeine und der
TEA-artigen ganglionblockierenden Substanzen. Il. Analyse der vasopressorischen
TEA-Wirkung. Acta physiol. Acad. Sei. hung. 1956, 10: 113 —126.

Pérszasz, J., Nador, K., Pérszasz-Gibiszer, K., Bacsé, |.: Pharmakologie der Amino-
ketone. Ill. Vergleichende Untersuchungen mit Largactil (3-Dimethylaminopropyl-3-
chlor-10-phenothiazin) Pacatal (N-Methyl-piperidyl-3-methyl-phenothiazin) und F-933
(1-Piperidinomethyl-benzodioxan). Acta physiol. Acad. Sei. hung. 1957, 11: 95—107.

Nador, K., Poérszasz, J.: Der Einfluss einiger Aminoketone auf Kdrpertemperatur und
Stoffwechsel, und ihre Narkose-potenzierende Wirkung. Arzneimittel-Forsch. 1956, 6:
696-697.

Pérszasz,J., Nador, K.: Adrenolytisch wirkende Aminoketone Arzneimittel-Forsch. 1956,
6: 695—696.

Nador, K., Hajdu, P., Pérszasz, J.: Nitrogénen stereocizomer tropanvéazas kolinerghéni-
tok. Acta physiol. Acad. Sei. hung. 1958, 12: Suppl. 132.

Pérszasz, J., Such, Gy., Pérszasz-Gibiszer, K.: Circulatory and respiratory chemoreflex-
es I. Analysis of the site of action and receptor types of capsaicin. Acta physiol. Acad.
Sei. hung. 1957, 12: 189-205.

Pé6rszasz, J., Nador, K., P6rzasz-Gibiszer, K., Such, Gy.: Pharmakologie der Amino-
ketone IV. Adrenolytische Aminoketone. Acta physiol. Acad. Sei. hung. 1957, 211—
224.

Poérszasz, J., Nador, K.: Pharmakologische und pharmakochemische Studien Ulber die
Aminoketone. Wissenschaftliche Konferenz der pharmazeutischen Industrie, Budapest
1957.

Nador, K., Poérszasz, J.: Pharmakologische und pharmakochemische Studien dber B-
Aminoketone. Arzneimittel-Forsch. 1958, 8: 313 —3109.

Pérszasz,J., Nador, K.: Aminoketonok farmakol6gidja. I11. Testh6mérséklet, anyagcsere
és potencirozé hatdsok. MTA. V. Oszt. Ko6zi. 1958, 9: 41 —52.

Poérszasz, J.: Pharmakologie des Spiractin, eines neuen atemerregenden Mittels (NA-66),
I-Piperidinomethyl-zyklohexan-2-on. Acta physiol. Acad. Sei. hung. 1968, 14: 375— 390.

Pérszasz, J., Nador, K., Pérszasz-Gibiszer, K.: Pharmakologie der Aminoketone. V.
Im aromatischen Kern substituierte heterozyklische Aminoketone. Acta physiol.
Acad. Sei. hung. 1958, 14: 403-4009.

Pérszasz, J., Such, Gy.: The reflectory chronaxie of vasomotor reflexes. Acta physiol.
Acad. Sei. hung. 1958, 14: 13-26.

Such, Gy. Vicsay, M., Pérszasz, J.: The problem of symmetry in the vasomotor reflex
activities. Acta physiol. Acad. Sei. hung. 1958, 14: 27 —38.

Poérszasz, J., Szabé, F.: Recording of action potentials on magnetic tape and their recti-
fication by germanium diode. Acta physiol. Acad. Sei. hung. 1959, 15: 231 —235.

Poérszasz, J.: Electrophysiological analysis of repetitive responses on the saphenous nerve
of the rat. Acta physiol. Acad. Sei. hung. 1959, 15: 291 —302.

Porszasz, J.: Az érz6idegek m(kodési d&ramainak vizsgalata capsaicinnel deszenzibilizalt
allatokon. MTA. V. Oszt. Kozi. 1959, 10: 477 —485.

Pérszasz, J., Gellén, J., Berta, M., Porszasz-Gibiszer, K.: A békasziv pitvar és kamra
kalium és natrium tartalmanak valtozasa ionalis megterhelések és anyagcseremérgek
hatdsara. Kiséri. Orvostud. 1959, 11: 605 —614.

Pérszasz, J., Szabo, F.: Nagyfrekvencids izolacids transzformator. Kiséri. Orvostud. 1959,
11: 671-672.

Pérszasz, J., Jancsé, N.: Studies on the action potentials of sensory nerves in animals
desensitized with capsaicin. Acta physiol. Acad. Sei. hung. 1959, 16: 299 —306.

1* Ada Physiologica Academiae Scientiarum Hungaricae 45,1974



44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

F. VARGA

P 6rszasz, J., Such, Gy. Madarasz, |., Berta, X., Pérszasz-Gibiszer, K.: Possibility
of summation in the vasomotor and respiratory centre, electrophysiological investiga-
tions on the vagal nerve in the cat. Acta physiol. Acad. Sei. hung. 1959, 17: 23.—34.

Such, Gy., Pérszasz, J.: On the reversal of the vagal vasomotor reflexes. Acta physiol.
Acad. Sei. hung. 1960, 17: 35—38.

Matkovics, B., Foldeak, S., Porszasz, J.: An investigation of the connection between
physiological activity and chemical structure of new drugs acting on the central ner-
vous system. |I. Acta physica et chemica szegediensis, 1959, 6: 80 —86.

Foldeak, S., Matkovics, G., Pérszasz, J.: The synthesis of phenyl-2-piperidinoethyl
sulphide and phenyl-2-piperidinoethyl sulphone and their quaternary derivatives.
Acta physica et chemica szegediensis 1959, 6: 102 —104

Foldeak, S., Matkovics, B., Pérszasz, J.: The synthesis of tertiary aminoaryl-propene
and -propane derivatives. Acta physica et chemica szegediensis 1959, 6: 105—108.

P 6rszasz, J., Szabs, F.: A semiautomatic apparatus for making glass microelectrodes.
Acta physiol. Acad. Sei. hung. 1960, 18: 121 —124.

P6rszasz, J., Nador, K., Pérszasz-Gibiszer, K., Barankay, T.: The pharmacology of
Mydeton (Mydocalm, I-piperidino-2-methyl-3-p-tolyl-propanone-3). A new interneu-
rone blocking compound. Acta physiol. Acad. Sei. hung. 1960, 18: 149 —170.

Poérszasz, J., Nador, K., Pérszasz-Gibiszer, K., Barankay, T.: Pharmakologie einer
neuen interneuron-lahmenden Substanz I-Piperidino-2-methyl-3-(p-tolyl)-propan-3-on.
Arzneimittel-Forsch. 1961, 11: 257 —260.

Matkovics, B., Foldeak, S., Pérszasz, J., Sipos, Gy.. Néhény gybdgyszerhatastanilag
fontos aminokarbonsavészter szintézise. Acta pharm. Acad. Sei. hung. 1961, 31: 113 —121.

Po6rszasz, J., Foldeak, S., Matkovics, B., Barankay, T., Pérszasz-Gibiszer, K.: Com-
parative pharmacology of N-substituted tertiary and quaternary amino esters of acetic
and propionic acid. Acta physiol. Acad. Sei. hung. 1961, 19: 235 —258.

Matkovics, B., Foldeak, S., Po6rszasz, J.: An investigation of the connection between
physiological activity and chemical structure of new drugs acting on the central nervous
system. Il. Acta physica et chemica szegediensis 1961, 7: 60 —65.

P6rszasz, J., Somogyi, |.: Az éter és a barbiturat kozotti ,antagonizmus” elektroencepha-
lographias vizsgéalata macskan. Kiséri. Orvostud. 1961, 13: 618 —627.

Po6rszasz, J., Kedvessy, Gy., Dobé, |., Pérszasz-Gibiszer, K.: Untersuchungen uber
die Schmerz verursachende Wirkung injizierter wéssriger Losungen. Arzneimittel-
Forsch. 1962, 12: 85-87.

Po6rszasz, J., Gellen, J., Pérszasz-Gibiszer, K., Kertész, E.: Differences in Na and K
content between the atrium and ventricle of the frog’s heart and their depencence on
metabolism. Acta physiol. Acad. Sei. hung. 1962, 21: 55—63.

Foldeak, S., Matkovics, B., Pérszasz, J.: An investigation of the connection between
physiological activity and chemical structure of new drugs acting on the central nervous
system. Ill. Acta physica et chemica szegediensis 1962, 8: 88—98.

Po6rszasz, J., Barankay, T., Szolcsanyi, J., Pérszasz-Gibiszer, K., Madarasz, K.:
Studies on the neural connection between the vasodilatator and vasoconstrictor centres
in the cat. Acta physiol. Acad. Sei. hung. 1962, 22: 29 —41.

Foldeak, S., Matkovics, B., Dobé, |., Pérszasz, J.: Gydgyszertani hatds és kémiai szer-
kezet dsszefliggéseinek vizsgélata. 1Y. Néhany uj, farmakolegiailag aktiv tercieramino-
p-alkilaromés-propén- és propdnszarmazékok szintézise. Acta pbarmaceut. Acad.
Sei. hung. 1963, 33: 165-174.

Foldeak, S., Czombos, J., Matkovics, B., Pérszasz, J.: A kémiai szerkezet és farmakol6-
gidi hatéds '6sszefliggésének vizsgéalata aminoétereknél. Acta pharmaceut. Acad. Sei.
hung. 1963,33: 157-164.

Foldeak, S., Czombos, J., Matkovics, B., Pérszasz, J.: Synthesis of substances effecting
on C.N.S. IY. Synthesis and pharmacological examination of some aminoethers. Acta
physica et chemica szegediensis 1963, 9: 134-142.

Matkovics, B., Foldeak, S., Tegyei, Zs., Cseh, |., Pérszasz, J.: Synthesis of substances
effecting on C.N.S. YI. Synthesis and previous pharmacological examinations of ketox-
ime isomer-pairs. Acta physica et chemica szegediensis 1963, 9: 143-147.

Lazar, J., Matkovics, B., Foldeak, S., Pérszasz, J.: Synthesis of substances effecting
on C.N.S. VII. The synthesis of the tertiary aminoacetyl and propionyl derivatives
of aromatic and homocyclic amines. Acta physica et chemica szegediensis 1963, 9:
148-156.

Foldeak, S., Matkovics, B., Dobd, |., Pérszasz, J.: Synthesis of substances effecting
C.N.S. V. Synthesis of some new tertiary amino-p-alkyl-propene and -propane deriva-
tives. Acta physica et chemica szegediensis 1964, 10: 41-56.

Acta Physiologica Academiae Scientiarum Hungaricae 45,1974



66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.
78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

IN MEMORIAM 5

Pé6rszasz, J., Gibiszer, K., Barankay, T., Foldeak, S., Matkovics, B.: Uber die Phar-
makologie neuer, das zentrale Nervensystem lahmender und erregender aromatischer
Tertidraminosdureamide. 11. Conferentia Hung, pro Therapia et Investigatione in Phar-
macologia, 1964, No. 54-59.

Pé6rszasz, J., Péhszasz-Gibiszer, K., Foldeak, S., Matkovics, B., Czombos, J.: Phar-
makologische Untersuchung tertidrer und quaterndrer aromatischer Aminoaether.
Arzneimittel-Forsch. 1964, 14: 1343 —1349

Pé6rszasz, J., Pérszasz-Gibiszer, K., Foldeak, S., Matkovics, B., Czombos, J.: Tercier
és kvaterner aromasaminoéterek farmakolégiai vizsgalata kilonos tekintettel az ideg-
iéi dszeri hatdsokra. Kiséri. Orvostud. 1964, 16: 348-362.

Pérszasz, J., Porszasz-Gibiszer, K., Foldeak, S., Matkovics, B.: Kurare hatast amino-
etdn és ethen szarmazékok. Kiséri. Orvostud. 1965, 17: 43-50

Pé6rszasz, J., Pérszasz-Gibiszer, K., Foldeak, S., Matkovics, B.: Curare-wirksame
Aminoaethan- und -aethen-Derivate. Arzneimittel-Forsch. 1965, 15: 126-129.

Pérszasz, J., Pérszasz-Gibiszer, K., Foldeak, S., Matkovics, B.: N,N’-di(piperidino-
methyl)-3,3’-diindolyl-methane (DIM), a diindolylmethane derivative of neuroplegic
action. Experientia 1965, 21: 93-95.

Poé6rszasz, J., Barankay, T., Pérszasz-Gibiszer, K.: Tonic expiratory vagal afferent
fibres from the pulmonary stretch receptors. Acta physiol. Acad. Sei. hung. 1965,
27: 125-133.

Pé6rszasz, J., Barankay, T., Pérszasz-Gibiszer, K.: Studies of the neural connection
between the hypothalamic depressor and vasopressor areas in the cat. Acta physiol.
Acad. Sei. hung. 1965, 27: 119-123.

Foldeak, S., Czombos, J., Matkovics, B., Pérszasz, J.: Synthesis of substances effecting
C.N.S. VIII. Synthesis of new diindolylmethane derivatives effecting C.N.S. Acta
physica et chemica szegediensis 1965, 11: 115-125.

Po6rszasz, J., Pérszasz-Gibiszer, K., Foldeak, S., Matkovics, B.: Pharmacology of a
new neuroplegic compound N,N’-di(piperidino-methyl)-3,3’-diindolyl-ir.ethane. Acta
physiol. Acad. Sei. hung 1966, 29: 299-317.

Porszasz, J.: Vasomotor és légzési reflex-mechanizmusok pharmaco-physiologidja. Dok-
tori disszertadci6, Szeged 1966.

Petri, G., Porszasz, J.: Peristalsis and sympathetic activity. Lancet 1967/11: 1420-1421.

Somogyi, |., Pérszasz, J., Herpai, S.: Topography of the convulsion-sensitive area of the
caudate nucleus. Acta physiol. Acad. Sei. hung. 1967, 32: 253-262.
Worum, |., Pérszasz, J.: Relationship between age, electroshock seizure susceptibility,

and cerebral gamma-aminobutyric acid level. Acta physiol. Acad. Sei. hung. 1968, 33:
383-393.

Pérszasz, J., Porszasz-Gibiszer, K.: The effect of blood-pressure changes on single-unit
activity inthe bulbarreticularformation. Acta physiol. Acad. Sei. hung. 1968, 34: 249-258.

Pérszasz, J., Petri, G., Gibiszer, K.: The action of autonomic drugs and tranquilizers on
the intestinal motility of cats narcotized with hexobarbital. V. Conferentia Hung, pro
Therapia et Investigatione in Pharmacologia, 1971, p. 147-154.

P6rszasz, J., WORUM, |.: Seasonal variations of electroshock seizure susceptibility in the
rat. Acta physiol. Acad. Sei. hung. 1971, 40: 93 —100.

Petri, G., Pérszasz, J., Poérszasz-Gibiszer, K.: The action of sympatholytic drugs in
experimental intestinal paralysis. Acta chirurg. Acad. Sei. hung. 1971, 12: 393-404.
Such, G., Pérszasz, J., P.-Gibiszer, K.: Heterosynaptic interactions during reflex proces-

ses of the sympathetic nervoussystem. Acta physiol. Acad. Sei. hung. 1972, 41: 249-264.

Poérszasz, J., Such, G., P.-Gibiszer, K.: Dynamics of the somatic and visceral sympatho-
inhibitory reflexes. Acta physiol. Acad. Sei. hung. 1972, 42: 387-402.

PORSzAsSz, J.: A Sympathikus reflex néhédny physiologiai és pharmakologiai sajatosséaga.
Orvostud. 1973, 24: 119-169.

Pérszasz, J., P.-Gibiszer, K.: Effect of various anaesthetics on the sympathetic reflex.
Acta physiol. Acad. Sei. hung. 1974, (in press)

Poérszasz, J., P.-Gibiszer, K.: The effect of several MAO inhibitors and tricyclic antide-
pressants on sympathetic reflexes and blood pressure. Congressus Pharmaceuticus Hun-
garicus V1., 1974,

Porszasz, J.: Some physiological and pharmacological characteristics of the sympathetic
reflex. In: Lissak, K. (Ed.): Recent Developments in Neurobiology in Hungary.
Vol. 5. Akadémiai Kiad6, Budapest, 1976. 131 181.

Acta Physiologica Academiae Scientiarum Hungaricae 45, 1974






Acta Physiologica Academiae Scientiarum Hungaricae, Tornus 45 (1—2), pp. 7—13 (1974)
Physiologia

PULSATILE CEREBRAL IMPEDANCE:
A METHOD FOR MONITORING CHANGES
IN CEREBRAL CIRCULATION

By
Z. SzELENYI and M. SZEKELY

INSTITUTE OF PATHOPHYSIOLOGY, UNIVERSITY MEDICAL SCHOOL, PECS
(Received February 11, 1974)

A method of measuring pulsatile cerebral impedance is described. Effects of
hypercapnia and hypoxia on the amplitude of pulsatile cerebral impedance are dem-
onstrated.

Since the introduction of the nitrous oxide method by Kety and
Schmidt (1948), a number of methods have been developed for measuring
cerebral blood flow (CBF). An ideal method should

1) give values for total CBF or CBF in ml « 100g-1 *min-1;

2) be suited for measuring CBF in unanaesthetized, unrestrained animals;

3) permit continuous measurement of CBF;

4) be applicable to circumscribed areas of the brain.

No method available so far fulfils all the criteria listed; at most, three
of the requirements could be complied with by any of the methods.

Measurement of electrical impedance pulsations in the brain, the so-
called pulsatile cerebral impedance (PCIl), has proved sensitive to changes in
cerebral circulation. The method yielded new information on brain haemody-
namics, such as selective vasodilation in the hypothalamus during arousal
in the cat (Birzis et al. 1968).

A modification of the method of Birzis and Tachibana (1962) is de-
scribed below.

Methods

The schematic diagram of the impedance circuit is shown by Fig. 1. The audio-oscillator
was set at 20 kc and the output was adjusted to give 100 mV across the electrodes. The ini-
tially balanced impedance bridge was subsequently imbalanced by decreasing or increasing
the variable resistance, while capacitance was always set at a value required for the bridge
to be balanced for capacitance.

The electrodes were made of platinum wire 0.3 mm in diameter insulated with Araldite
except at the sharp 0.5 mm long tip. In some cases along the electrode a polyethylene cannula
was attached, into which a fine copper-constantan thermocouple was inserted up to the level
of the electrode tip just before the experiment (Fig. 2).
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Fig. 1. Schematic diagram of the impedance circuit

0.5 mm

0.9 mm

Fig. 2. Schematic diagram of the platinum electrodes

Albino rats of both sexes from the Institute’s colony weighing 200—300 g were used.
Under hexobarbital anaesthesia in the skull two holes were drilled 2 to 4 mm apart on one side
of the midline. After the dura was incised at both sites, the two platinum electrodes were
introduced into the brain to equal depths, 3, 3.5, 4.5, 5, 6, 7, 8 or 85 mm from the surface
of the skull. Dental cement and acrylate were used to fix the electrodes to the skull. One or
two screws served to secure the electrode assembly in place.

On the day of the experiment the rats were superficially anaesthetized with a small
intravenous dose of hexobarbital. In some cases 30—40 mg urethane per 100 g body weight
was given intraperitoneally to reduce activity. Fine copper-wire electrodes were inserted
subcutaneously into one foreleg and one hindleg to record the ECG. In experiments in which
no ECG was recorded, no anaesthetics were used.

After the effect of hexobarbital had worn off, the rat was placed into the metabolic
chamber, which, in turn, was placed into a thermostatically controlled water bath.

The responsiveness of pulsatile impedance to changes in CBF was tested by introducing
into the metabolic chamber gas mixtures containing 3, 6 and 9% CO02in air, or 8 and 12%
02in N2 at an ambient temperature of 30°C.

PCIl and ECG were recorded by a Schwarzer electroencephalograph, either continuously
or for periods of 15—20 sec every minute. The amplitude of PCI was calculated by averaging
10 consecutive waves at the end of every minute. Values for PCIl amplitudes were expressed
in millimeter, since the amplification of output from the impedance bridge varied in different
experiments. Experiments, in which PCI amplitude could not be amplified higher than 2—3
mm on the original record under control conditions, were discarded.

Each animal was used at least on two occasions, the interval between two experiments
being at least 4 days.

Results

Interelectrode impedance was composed of 7 to 19 k fi resistance and
270— 460 pF capacitance, respectively, depending on the distance and the
position of the electrodes. In every experiment the change in interelectrode
resistance was in the range of 0 to 200 ohm in either direction during inhalation
of hypercapnic or hypoxic gas mixtures.
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Fig. 3. Effect of the degree of imbalance of the impedance bridge on the amplitude of PCI.
Unanaesthetized rat. Interelectrode distance 2 mm, depth 6 mm
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Fig. 4. Records of ECG and PCI in three different experiments

The effect of the degree of imbalance with respect to resistance in the
impedance bridge is shown by Fig. 3. When both resistance and capacitance
were balanced, no pulsations were obtained in the impedance record. On increas-
ing the degree of imbalance of the resistive component, a sudden rise in ampli-
tude could be seen reaching a peak value at about 200 ohm imbalance. Be-
tween 400 and 800 ohm imbalance, practically no further change in amplitude
could be observed. This means that within a range of about 400 ohm, PCI
was independent of the degree of imbalance. Thus the standard procedure
has been to apply an imbalance of 500—600 ohm from the actual value of
interelectrode resistance. Considering that the maximum change did not
exceed 200 ohm in the course of an experiment, we worked within a range of
imbalance in which a slow shift in interelectrode resistance per se did not
influence the pulsatile component of impedance.

Fig. 4 shows the PCI and ECG records from three different experiments.
The most prominent component of impedance pulsation was synchronous
with the cardiac cycle. An additional but slow oscillation in impedance was
related to respiration and varied from animal to animal.
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It has long been known that C02inhalation causes in mammals, including
the rat, an increase in CBF. A continuous record of PCI can be seen in Fig. 5.
Pure CO:2 gas was introduced for 10 seconds into the persplex box, which
accommodated an unanaesthetized rat. This strong but rather short stimulus
caused an almost immediate and marked rise in PCI. Simultaneously, imped-
ance changes associated with respiratory movements appeared. At the height
of the response, PCI stabilized at a considerably higher level for some 30 sec
and than diminished gradually towards the initial level.

The effect of inhalation of 3, 6 and 9% CO02in air can be seen in Fig. 6.
3% C 02had practically no effect on PCI, while 6% as well as 9% C 02 caused
a considerable rise in PCI, the effect of the latter gas mixture being more
prominent. This effect of C02 on PCI could generally be reproduced in the
same experiment and on some occasions in the same animal in experiments
carried out several days apart (Fig. 7).

inhalation of CO2
10 sec

Fig. 5. Continuous record of PCI 6 days after operation. 40 mg urethane per 100 g body
weight intraperitoneally. Interelectrode distance, 2 mm; depth, 6 mm. Arrows indicate bursts
of gross movements of the rat

Fig. 6. Effect on PCI of breathing C02 20 days after operation. 40 mg urethane per 100 g
body weight. Interelectrode distance, 4 mm; depth, 4 mm. Periods of 2 sec at the end of
every minute
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Hypoxic gas mixtures containing 12% 02 in N2 did not cause any
change in PCI, but 8% 0 2 increased PCI very markedly (Fig. 8).

In most experiments the sensitivity of PCI to indicate changes in CBF
was, therefore, tested by supplying to the rat 6% CO02and 8% 0 2. As shown
in Fig. 9, both 6% C02and 8% 0 2elicited a marked increase in amplitude of

approximately similar magnitude.

Fig. 7. Effect on PCI of breathing 6% C02; A: 5 days after operation; B: 15 days after opera-
tion. 50 mg urethane per 100 g body weight in both experiments. Interelectrode distance,
3 mm; depth, 8 mm. Periods of 2 sec at the end of every minute

10mm
2sec

Fig. 8. Effect on PCI of breathing 12% and 8% 0 2 recorded at the same experimental ses-
sion as Fig. 6. Periods of 2 sec at the end of every minute

Fig. 9. Effect on PCI of breathing 6% CO02 and 8% 0 2 Horizontal hatched bar indicates
exposure to hypercapnia and to hypoxia. Vertical bars: + S.E.
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Discussion

The methods in use for assessing CBF were dealt with in detail in a
review by Betz (1972), but only few words were devoted to the measurement
of PCI.

Sugano and Inanaga (1961) were the first to apply intracerebral imped-
ance measurements for observing changes in cerebral haemodynamics in
the cat. Detailed studies utilizing similar techniques furnished indirect evi-
dence that this method indicates the pulsatile component of CBF in the area
between the measuring electrodes (Birzis and Tachibana 1962, 1964; Birzis
et al. 1968). It was also shown that the amplitude of pulsatile impedance is
a measure of flow velocity of salt solutions in vitro (Birzis 1966). Another
group of investigators utilized this method in man for recording differences
between normal brain tissue and glioma (Laitinen et al. 1966; Laitinen and
Johansson 1968).

Our platinum electrodes may have been relatively large for the small
size of the rat’s brain, but the interelectrode distance sufficed to leave enough
brain tissue with intact circulation between the electrodes. As a safeguard
only those observations were evaluated in which the amplitude of PCI waves
excedeed 3 mm.

As for the reliability of PCI to monitor CBF, Birzis et al. (1968) found
parallel changes in CBF measured with the electromagnetic method and
by PCI. The same authors demonstrated that PCIl was not sensitive to arterial
pressure per se, since an increase in PCI followed the stimuli irrespective of
the direction of the blood pressure change.

In the present investigation, measurement of PCIl was also found useful
for obtaining information about CBF. Breathing of hypercapnic and hypoxic
gas mixtures elicited increases in PCI similar to the rise in CBF measured by
other methods.

No attempt has been made to express PCl measurements in terms of
CBF, since the method is not suitable for measuring CBF in absolute terms
(Birzis et al. 1968). For the same reason, results obtained with electrodes at
different depths have not been compared directly. The method permits,
however, to study cerebral haemodynamics in practically awake, unrestrain-
ed animals; continuous records of PCIl allow observation of transient and
sudden changes in CBF. The relative ease of construction of the impedance
bridge and of making the electrodes is a further advantage. In addition, the
experiment can be repeated several times in the same animal over a prolonged
period, extending in many instances to 2 to 3 months.

A further advantage of PCI is that it is not influenced by unequal
changes in heat production, and/or in heat loss at the sites of the two electrodes.
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OF NEWLY BORN AND ADULT GUINEA PIGS
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TO HYPOXIA, AND TO HYPERCAPNIA

By
KMéria Farkas and Sz. Donhoffer

INSTITUTE OF PATHOPHYSIOLOGY, UNIVERSITY MEDICAL SCHOOL, PECS
(Received December 14, 1973)

The relationship between body weight (BW) and the changesin colonic temper-
ature (zITc) was analyzed in guinea pigs aged less than 2 days, 3 to 6 days, 7 to 9
days, and 10 to 20 days, as well as in adult animals, in response to transfer from a ther-
moneutral environment to a moderately cold one (newly born: 20°C; adults: 20° and
10°C). Subsequently, the animals were exposed at these ambient temperatures (Ta)
to 8% 02and to 6% CO02 No correlation could be demonstrated between BW and
z)Tc in response to transfer to the colder environment in any age-group with the excep-
tion of the group aged 10 to 20 days. In none of the groups was significant correlation
observed between BW and the increase in heat production (zI02) in response to trans-
fer to the cold. In the newly born, no relationship was found between BW and zITc
in hypoxia, whereas in adult animals exposed to hypoxia at Ta 20°C, the coefficient
of correlation proved to be significant statistically, but indicated that the reduction
in Tctended to increase with increasing BW. In hypercapnia, a statistically significant
correlation was observed between BW and Tcin the group aged 7 to 9 days, and coeffi-
cients of similar magnitude were obtained with adult animals both at Ta 20°C and at
Ta 10°C, showing that the fall in Tc tended to be greater in the smaller animal. It was
concluded that under conditions not leading to progressive hypothermia, BW, i.e.
the mass-surface ratio is, at most, a minor determinant of the changes in Tc.

The newly born of many mammalian species fail to maintain core
temperature within the range considered normal for the adult animal when
exposed to a moderately cold environment. These observations are usually
explained by the unfavourable body mass—body surface ratio. In a short
communication based on observations made in the period 1963 to 1967, it
has been shown that body weight (BW) was not an important determinant
of the fall in core temperature in response to transfer from a thermoneutral
environment to a moderately cool one, neither in the new-born rabbit, nor
in the new-born guinea pig (Farkas et al. 1972). Since these observations
were confined to the response elicited by changes in ambient temperature
(TJ, the relationship between body mass and core temperature was investi-
gated under the effect of hypoxia and hypercapnia, i.e. under conditions not
involving changes in the thermal environment.
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Methods

Newly born and adult guinea pigs of both sexes, bred and reared in the Institute’s
animal house and fed a standard diet, were used. The observations on new-born guinea pigs
were made throughout 1971 and 1972, those on adult animals in 1973. For the sake of compar-
ison, observations on new-born guinea pigs from the years 1963 to 1967 have been included.
Between 1967 and 1970 the guinea pig colony of the Institute had been reduced in numbers,
and moving of the animals into the new animal house in 1970 changed breeding and rearing
conditions very markedly. Therefore, the older observations do not refer to a population
identical with the present one.

Oxygen consumption (V 02) was measured by a modified Noyons—Kipp type diafero-
meter, using an airflow of 0.7 to 1.4 liter/min for the new-born, and 2.0 liter/min for the adult
animals. Colonic temperature was recorded by copper—€onstantdn thermocouples introduced
to a depth of 5to 10 cm according to the size of the animal. The strictly standardized thermal
conditions and other details of the experimental setup have been described earlier (Don-
hoffer et al. 1958; Varnai et al. 1970; Farkas and Donhoffer 1973a). After introducing
the guinea pigs into a metabolic chamber of appropriate size, this was submerged into a
water-bath providing an ambient temperature (Ta) of 35°C for the two youngest age-groups,
and either Ta35°C or 30°C for the two older new-born groups; adult animals were placed into
the water-bath providing Ta 30°C. Measurements were started 30 to 45 min after submerging
the metabolic chamber into the water-bath. Thirty min thereafter the chamber was trans-
ferred from Ta35°Cto Ta30°C, and after another 30 min to Ta 20°C, as were those of the older
animals in which exposure to Ta 35°C had been omitted. Most of the adult animals were ulti-
mately exposed to Tal0°C aswell. The effect of hypoxia (8% 0 2in N2 and hypercapnia (6%
CO2 in air) was observed for 30 min without changing the Ta.

Figures for V02 represent averages of readings taken every minute during the last
10— 15 min of each 30 min period. Figuresfor Tcrepresent values attained at the end of each
period. The recording galvanometers have been read, however, every minute throughout
the experiment. Pearson’s product-moment correlation coefficient r was used for statistical
evaluation. Body surface was calculated according to the formula 10 ¢ kgO0-67.

Results

Table I demonstrates that, with the exception of the group aged 10 to
20 days, no significant relationship could be established between BW and
ATcC subsequent to transfer to Ta 20°C both in the new-born and the adult
animals, nor in the latter when transferred to Ta 10°C.

Since the correlation was significant in one age-group only, the question
arose whether this might have been due to chance, however, improbable this
event appeared to be. Therefore, the results of the observations from the years
1963 to 1967 were calculated for the same age-group, animals aged 7 to 20
days having been lumped into one group earlier. As shown by Part B of Table I,
the relationship between BW and dTc was significant statistically in the age-
group of 10 to 20 days in the older series also, whereas no relationship between
the same variables could be established in the younger animals. The number
of observations on new-borns aged 7 to 9 days was too small in the older
series for statistical evaluation, and from those years data for adult guinea
pigs were not available.

The possibility could not be excluded that the lack of correlation be-
tween BW anddTc mightbave been due to a greaterincrease in heat production
in the smaller animals. Therefore, the relationship between body mass and
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Tabic |

Relationship between body weight (BW ) and the changes in colonic temperature (ATQ in response

to transfer from Ta 30°C to Ta 20°C. In brackets, number of observations, range of BW and ATC

Part A: observations dating from 1971 and 1972; Part B: observations dating from 1963 to 1967.
Experiments on adult animals were performed from 1970 to 1973

Part A (1971 and 1972)

Age
Variables BW. g » T o026 r t p
M+ SE) MESE]

< 2 days 91+3 —0.51+0.09 + 0.168 1.132 >0.2
(46) (55-131) (+0.54 to -2.64)

3 to 6 days 88+ 4 —1.12+ 0.14 +0.087 0.410 >0.6
(24) (57-136)  (+0.34 to -2.52)

7 to 9 days 104+ 5 —1.22+0.13 +0.228 1.019 >0.3
(21) (67-155) (—0.20 to -3.09)

10 to 20 days 130+ 7 —1.37+ 0.12 +0.491 2.926 <0.01
(29) (85-229) (-0.22 to -2.62)

Adult 662+ 15 —0.66+ 0.08 +0.024 0.164 >0.8
(48) (525-850) (+0.44 to -2.61)

Adult 663+15 —0.98+ 0.13* +0.180 1.188 >0.2
(44) (525-850) (+0.55 to -2.94)

Part B (1963 to 1967)

< 2 days 89+ 2 —0.50+ 0.08 +0.038  0.258 >0.7
(49) (58-115)  (+0.22 to -2.39)

3 to 6 days 94+ 4 —1.08+ 0.14 -0.042 0.183 >0.8
(21) (70-132)  (—0.14 to -2.35)

10 to 20 days 143+ 6 —1.21+0.13 +0.442 2.200 <0.05
(22) (105-200)  (—0.06 to -2.11)

* ATCin response to transfer from Ta 30°C to Ta 10°C

the change in heat production (zJ02) in response to cold exposure was also
analyzed. Table Il shows that no significant correlation could be demonstrated
between these variables. The small correlation coefficient obtained with adult
animals between BW and zI02subsequent to transfer from Ta 30°C to Ta 10°C
approached statistical significance, and might indicate that under certain
conditions the increase in heat production in response to cold was slightly
correlated to BW, the smaller animals tending to increase heat production
more than the larger ones.

Tables 111 and IV contain the data on the relationship between BW and
nTcin response to hypoxia and to hypercapnia. At Ta 20°C, no correlation was
found between BW and ATcduring exposure to 8% 0 2inthe newly born, nor
could one be demonstrated at Ta 10°C in the adult animals. At Ta 20°C, how-
ever, a significant correlation was established in adults between the same
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Table 11

Relationship between body weight (BW ) and the changes in oxygen consumption (AO2 in response
to transfer to Ta 20°from Ta of minimum heat production. In brackets, number of observations, and
ranges of BW and A02

Variables
Age BW, g AO ao—zfrz r t P
< ml/dm2 « mi
M SE) (M=% SE)
< 2 days 92+ 3 + 1.04+0.04* +0.151 0.976 >0.3
(43) (55-131) (+0.29 to +1.59)
3 to 6 days 88+4 + 0.66 + 0.05* + 0.228 1.379 >0.1
(24) (57-136) (+0.22 to +1.10)
7 to 9 days 104+ 5 +0.76 + 0.05 +0.012 0.053 >0.9
(21) (67-155) (+0.57 to +1.14)
10 to 20 days 129+ 7 +0.78 + 0.05 —0.150 0.774 >0.4
(28) (85-229) (+0.20 to +1.20)
Adult 666 + 16 +0.32 + 0.05 + 0.147 0.965 >0.3
(42) (525-850) (-0.40 to +1.13)
Adult 666+16 + 1.12+ 0.04** -0.279 1.879 0.1>p >0.05
(42) (525-850) (+0.56 to +1.75)

* /10, based on oxygen consumption at Ta 35°C or Ta 30°C, whichever was the lower
** [10J in response to transfer from Ta 30°C to Ta 10°C

Table 111

Relationship between body weight (BW ) and the changes in colonic temperature (ATc) in response
to exposure to8% 0 2at Ta20°C in the newly born, and atTa20°C and Ta 10°C in the adult animals.
In brackets, number of observations and the range of B W and ATC

Variables
Age BW, g AT® 0100 ) r t p
(M= SE) Mz SE.)

2 days 91+ 3 -2.29+ 0.12 -0.116 0.642 >0.5
(32) (55-126) (-0.86 to —3.56)

3 to 6 days 89+ 4 -1.64+ 0.11 -0.094 0.422 >0.6
(22) (57-136) (-0.78 to —2.65)

7 to 9 days 99+ 5 -2.01+ 0.11 -0.217 0.970 >0.3
(21) (67-155) (-1.36 to -3.06)

10 to 20 days 133+ 7 -2.26 + 0.12 -0.298 1.529 >0.1
(26) (85-229) (-0.24 to —3.64)

Adult 633+ 19 -1.16 + 0.08 -0.563 2.841 <0.02
(22) (530 850) (—0.63 to —1.86)

Adult 694+35 -2.18+0.10* -0.270 0.794 >0.4
(10) (540-840) (-1.75 to -2.69)

* Exposed to hypoxia at Ta 10°C
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Table IV

Relationship between body weight (BW ) and the changes in colonic temperature (JITQ in response
to exposure to 6% C02at Tn20°C in the newly born, and at Ta20°C and Ta10°C in the adult animals.
In brackets, number of observations and the range of BW and ATC

Variables
Age BW, fivs/o v t P
M+ S.gE.) (IMi gg”}

< 2 days 89+ 3 —1.24+40.10 +0.052 0.273 >0.7
(30) (55-131) (+0.02 to -2.80)

3 to 6 days 89+ 14 -1.31+ 0.13 +0.251 1.160 >0.2
(22) (57-136) (-0.30 to -2.50)

7 to 9 days 99+ 5 —1.40+0.11 + 0.459 2.251 <0.05
(21) (67-155) (-0.38 to -2.31)

10 to 20 days 136+ 7 -1.53+0.15 +0.027 0.125 >0.9
(24) (85-229) (-0.18 to -3.00)

Adult 60621 -0.92 + 0.04 +0.463 1.807 0.1 > p > 0.05
(14) (525-820) (-0.46 to -1.23)

Adult 685+31 —1.19+ 0.11* + 0.420 1.601 >0 1
(14) (540-840) (-0.58 to -2.09)

* Exposed to hypercapnia at Ta 10°C

variables. The negative sign of the coefficient indicates, however, that the
smaller the body mass, the smaller tended to be the reduction in core tempera-
ture.

In hypercapnia, the correlation between the same variables (BW and Tc)
was found to be significant statistically in the group aged 7 to 9 days, and
correlation coefficients of similar magnitude were obtained with adult ani-
mals, although the latter failed to reach statistical significance, the number
of observations being comparatively small. The positive coefficients indicated
that in hypercapnia the fall in Tc tended to be smaller in the larger animals,
as would be expected on the basis of the mass—surface ratio.

Discussion

The results have confirmed and extended the earlier observations
showing that body mass is not an important determinant of the change in
core temperature subsequent to transfer from a thermoneutral, or near ther-
moneutral, environment to a moderately cold one. The fact that in guinea
pigs aged 10 to 20 days statistically significant coefficients of correlation of
similar magnitude were obtained in two series of observations separated by
an interval of a few years, and made on animals bred and reared under very
different conditions, lends weight to the conclusion that in this age-group
the relationship between BW and ZITc, although not a dominant one, is never-
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theless real, although no corresponding relationship was revealed by the other
age-groups of the newly born or by the adult animals.

No significant relationship could be demonstrated in any age-group
between BW and zI02 subsequent to transfer from a thermoneutral environ-
ment to a moderately cold one (Table Il). The increase in heat production
was significantly highly greater in the youngest age-group than in any of
the others, while mean BW and the range of BW were practically identical
in the groups aged less than 2 days and 3 to 6 days, the difference in Ao 2
being reflected in the greater reduction of Tc in animals aged 3 to 6 days
(Table 1). Evidently, age and not body mass was the main determinant of
thermoregulatory heat production in response to the lower Ta.

In the new-born, the fall in colonic temperature during exposure to
8% 0 2showed no correlation with BW. In adult guinea pigs exposed to 8% 0 2
at Ta 20°C, a significant correlation was, however, established between the
same variables. The negative sign of the coefficient r indicates that the greater
the body weight, the more the core temperature tended to fall in hypoxia
(Table 111). On the basis of the body mass—body surface ratio the opposite
would be expected.

Attention has to be paid to the difference in the relationship between
the same variables in hypoxia and in hypercapnia. In hypercapnia (Table 1V),
a significant correlation between BW and ZITc was observed in the group
aged 7 to 9 days, and coefficients of similar megnitude were obtained with
adult animals. The coefficients were, however, positive and indicate therefore
that in hypercapnia a greater BW tended to be associated with a smaller
reduction in Tc. The difference between hypoxia and hypercapnia is rather
impressive: in the adult animal atTa20°C, for instance, r = —0.563 in hypoxia,
and r = -j-0.463 in hypercapnia. These results are in complete agreement
with earlier ones obtained on new-born rats (Varnai et al. 1970), new-born
rabbits (Varnai et al. 1971), and adult guinea pigs (Farkas 1973; Farkas
and Donhoffer 1973a, b), which showed that the mechanisms of the ther-
moregulatory effects of hypoxia and hypercapnia are not identical and that
the ratio in which mechanisms of heat loss and of heat production participate
in the response was greater in hypercapnia than in hypoxia.

On the whole, the relationship between body mass and core temperature
was remarkably feeble whether changes in ambient temperature, hypoxia,
or hypercapnia were applied as stimuli, and when statistically significant
correlation was observed, this was confined to one or the other age-group.
Body mass is, therefore, at most a minor determinant of the change in deep
body temperature. This naturally refers not to environments leading to
progressive hypothermia, under which conditions body mass is evidently an
important determinant of the rate of fall of core temperature, as it is in the
rate of cooling of the dead animal.
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The responses of colonic temperature (Tc) and heat production (V02 to changes
in ambient temperature (Ta) were studied in new-born guinea pigs aged less than 2
days, 3to 6 days, 7to 9 days, and 10 to 20 days, as well as in adult animals. In the newly
born, V02 expressed per unit body weight (BW) decreased with age at Ta 35°, 30°,
and 20°C. Using instead of unit BW, unit body surface (10 ¢ kg067) as the frame of
reference, V 02was identical in the four new-born groups at Ta 35° and Ta 30°C, whereas
at Ta 20°C a highly significant reduction in V02 was observed between the group aged
less than 2 days and that aged 3 to 6 days. This reduction was followed by a progres-
sive, significant increase in thermoregulatory heat production with age. Tc decreased
with age significantly at all three Ta-s, and within the same age-group Tc decreased
with decreasing Ta. The decrease in Tc in response to transfer from Ta 35° to Ta 30°C
was of a similar magnitude in all age-groups, whereas the decrease in response to
transfer from Ta 30° to Ta 20°C was highly significantly smaller in the youngest age-
group than in any other of the new-born groups, and even smaller, although not signif-
icantly so, than that observed in adult animals. Distribution of the changes in Tc
in response to transfer from Ta 30° to Ta 20°C ranged over a fairly wide domain even
in the adult guinea pig. Taking as the dividing line changes in Tcnot exceeding —0.5°C,
or —1.0°C, the y”test revealed highly significant differences between the group aged
less than 48 hours and the older new-born groups. No significant difference was found
between the youngest new-born group and the adult animals, whereas the differences
between the older new-born groups and the adult animals were significant. It has
been concluded that the variability in the responses of Tc to a reduction of Ta was
due neither to “immaturity” or “inability” to increase heat production, nor to an
unfavourable mass-surface ratio, but to a functional variant of the cybernetic system
controlling body temperature and thermoregulatory heat production.

After studying the regulation of body temperature and thermoregula-
tory heat production in response to changes in ambient temperature in the
new-born rat (Varnai 1961; Varnai and Donhoffer 1970), and in the new-
born rabbit (Varnai et al. 1970), similar observations on new-born guinea
pigs were of special interest, since guinea pigs are born, in contrast to the rat
and rabbit, at an advanced stage of maturity, and are generally held to main-
tain deep body temperature when exposed to moderate cold. The observations
of Bruck and Wauannenberg (1965, 1966) demonstrating a profound change
during the first weeks of life in the source of thermoregulatory heat production,
i.e. in the ratio of non-shivering and shivering thermogenesis, added to the
interest of the problem.
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Methods

Newly born and adult guinea pigs of both sexes, bred and reared in the Institute’s
animal house and fed a standard diet, were used. The observations on new-born guinea pigs
were made throughout 1971 and 1972, those on adult animals from 1970 to 1973. For the sake
of comparison, observations on new-born guinea pigs from the period 1963 to 1967 have been
included (Tables 11l to VII). Between 1967 and 1970 the guinea pig colony of the Institute
had been reduced in number, and moving the animals into a new animal house changed housing
and rearing conditions profoundly. Therefore, the older observations cannot be held to orig-
inate from a population identical with the present one.

Oxygen consumption (V02 was measured by a modified Noyons-Kipp diaferometer
using an air flow of 0.7 to 1.4 litre/min for the newly born, and of 2.0 litre/min for the adult
animals. Colonic temperature (Tc) was recorded by copper-constantan thermocouples intro-
duced to a depth of 5to 10 cm, according to the size of the animal. The strictly standardized
thermal conditions and other details of the experimental setup have been described earlier
(Donhoffer et al. 1958; Varnai et al. 1970). After introducing the guinea pigs into a metabol-
ic chamber of appropriate size, this was submerged into a water-bath ensuring an ambient
temperature (Ta) of 35°C for the two youngest groups, and of either 35° or 30°C for the two
older new-born groups. Adult animals were always placed into the water-bath providing Ta
30°C. Measurements were started 30 to 45 min after the metabolic chamber had been sub-
merged into the water-bath. Thirty min thereafter the chamber was transferred from Ta 35°
to Ta 30°C, and from there, after another 30 min, to Ta 20°C, as were those of the older ani-
mals not exposed initially to Ta 35°C. Most of the adult animals were exposed ultimately also
to Ta 10°C.

Figures for oxygen consumption represent averages of readings taken every minute
during the last 10—15 min of each 30 min period. Data on Tcrepresent the values attained
at the end of each period. The recording galvanometers were, however, read every minute
throughout the experiment. Student’s two-tailed t test and the y2test with Yates’ modifica-
tion for small numbers were used for statistical evaluation. Body surface was calculated
according to the formula 10 « kgu'67.

Results

Table I, Part A shows that at Ta 35° and Ta 30°C, VO, per unit body
surface did not change with age. At Ta 20°C, V 02 was, however, significantly
lower in the groups aged 3 to 6 and 7 to 9 days than in animals aged less than
48 hours. The progressive increase in mean V 02at Ta 20°C between the groups
aged 3 to 6 and 10 to 20 days approached, but failed to reach, statistical sig-
nificance, as did the difference between mean V 02 of the youngest and the
oldest group.

In Part B of Table I, VO, was expressed per unit body weight (BW)
instead of per unit body surface. Per unit BW, VO, decreased progressively
with age from the youngest to the oldest age-group at Ta 35° and Ta 20°C,
and a statistically significant decrease was observed also at Ta 30°C between
the group aged 3 to 6 days and the two older age-groups.

Part C of Table | is based on the means of the changes in individual
observations. The changes in V 02 subsequent to transfer from Ta 35° to Ta
30°C were practically identical in the three younger age-groups, and the differ-
ence between the youngest and the oldest group only approached statistical
significance. The change in VO, (zIVO,) subsequent to transfer from Ta 30°
to Ta 20°C was, however, significantly greater in the youngest group than
in any other age-group. In contrast to the differences between mean VO,
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Table |

Oxygen consumption (V02 at Ta at 35° 30° and 20°C in ml/dm2,min (Part A), and in
ml/kg'min (Part B)4 and the change in heat production (&VOo) in response to transfer
from Ta 35° to Ta 30° andfrom Ta 30° to T* 20°C (Part C). In brackets, number of ob-

servations

A
V 02 ml/drri2 « min

(M £ SE)
Age Ta 35°C Ta 30°C Ta 20°C
<2 1.14+0.03 (40) 1.13+0.03 (42) 2.05+£0.05 (44)
days 1
p > 0.1 p< 0.001
t t p< 0.01
3t 6 1.07+£0.04 (12) 1.15+0.02 (23) 1.76+0.05 (24)
days ]
0.1 > p > 0.05 p > 02 9
X O
t i
7 to 9 1.05+0.07 (8) 1.08+0.03 (21) 1.84+0.04 (21)J
days 1 1 N
p > 0.2 p> 01
t r 6
10 to 20 1.17+£0.07 (11) 1.16+0.04 (27) 1.91+0.05 (31)
days
Youngest p> 06 p > 05 0.1 > p > 0.05
vs. oldest
B
V02 ml/kg ¢ min
Mz SE)
< 2 25.3+0.6 (40) 25.3+0.8 (42) 44.9+1.1 (44)
days
0.1>p>0.05 p< 0.01
t t p< 0.001
31t06 23.1+1.0 (12) <0.05 26.2+0.7 (231 39.9+1.4 (24)
days 1
p< 0.01
7t0 9 223+1.2 (8)J 23.4+0.7 (21) <0.05 39.4+1.1 (21) > 0.3
days
p> 04
10 to 20 21.7£1.3 (11) 23.5+0.9 (27)J 38.1+1.2 (31)
days
Youngest p < 0.02 p > 01 p< 0.001
vs. oldest
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Table | (continued)

C
JV 02 ml/dm2 « min
.E.

M +
Age Ta 35°—30°C Ta 30°—20°C
< 2 days +0.07+0.04 (34) +0.94+0.04 (46)
|
p < 0.001
t < 0.02
3 to 6 days +0.04+0.06 (11) +0.61 + 0.05 (23)
p< 0.05
t < 0.05
7 to 9 days + 0.07+£0.12 (8) +0.76 + 0.05 (21)J
10 to 20 days -0.05 + 0.05 (10) +0.77 + 0.04 (27)
Youngest vs. oldest 0.1 >p >0.05 p< 0.01

(Table I, Part A), the difference between the means of Ay 0 2was statistically
significant also between the 3 to 6-day-old and the 7 to 9-day-old and between
the former and the 10 to 20-day-old group.

Table Il, Part A contains the mean Tc-s measured at Ta 35°, 30°, and
20°C; Part B the means of the changes in core temperature (ATQ subsequent
to transfer from Ta 35° to Ta 30°C, and from Ta 30° to Ta 20°C. Tc declined
highly significantly with Ta in all age-groups. The only exception was the
difference between Ta 35° and Ta 30°C in the oldest group, which was not
significant. Calculated on the basis of ATc (Part B of Table Il), the fall in
core temperature was, however, highly significant (p < 0.001) in this age-
group also.

Comparison of different age-groups showed at Ta 35° and Ta 30°C that
Tc was significantly lower in the 10 to 20-day-old animals than in the younger
ones. At Ta20°C, Tc was significantly lower in all three older age-groups than
in animals aged less than 48 hours. The differences between Tc of either of
the two youngest groups and that of the oldest group were highly significant
at all three Ta-s.

Part B of Table Il shows that, although Tc was significantly lower in
the oldest age-group than in the youngest at both Ta 35° and Ta 30°C, no
significant difference could be established between ATcobserved subsequent
to transfer from Ta 35° to Ta 30°C (ZITc 35°—30°). zITc subsequent to transfer
from Ta 30° to Ta 20°C (ATQ0°—20°) was, however, highly significantly
greater in the three older age-groups than that in the youngest one.

In adult animals, zITc following transfer from Ta 30° to Ta20°C (Table I1,
Part C) did not differ significantly from that in the animals aged less than
48 hours, and was significantly smaller than that in the other age-groups of
the newly born. The fall of Tcin the adult animals after transfer to Ta 10°C
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Table 11

Colonic temperature (Tc) ofnew-born guinea pigs at Ta 35°, 30°, and 20°C (Part A) and the change

in colonic temperature (ATQ following transfer from Ta 35°to T,, 30°C (ATC35°—30°), and from

Ta30°to Ta20°C (PartB). Part C containsfor the sake ofcomparison AT Cofadult animalsfollowing

transfer from Ta 30° to Ta 20°, and from Ta 30° to Ta 10°C. (M +=S.E.). In brackets, number of
observations

A
Age TO at T. 35° TO at Ta 30° TO at Ta 20°
< 2 days 39.83+0.10 < 0.001 - 39.24+0.06 - < 0.001 *- 38.73+0.09
(46)1 (46)1 (48)1
> 0.2 >0.3 <0.01
t t t
3 to 6 days 40.01+0.11 - < 0.01 39.35+0.12 - < 0.001 - 38.19+0.13
(12)1 (24)1 (24)1
> 0.1 >0.3 >0.2
t t t
7 to 9 days 39.78+0.13 - < 0.01 39.19+0.11 - < 0.001 - 37.97+0.14
(10)1 211 (21)1
< 0.02 0.1 > p > 0.05 <0.05
t t t
10 to 20 days 39.23+0.18 - < 0.1 38.92+0.10 - < 0.001 - 37.57+0.13
(13) (29) (29)
Youngest vs.
oldest p < 0.01 < 0.01 < 0.001
B
Vs, Vs.
Age JTO 35°-30° y‘:)ungest JTC30°-20° yopungest
< 2 days —0.45+0.6 - —0.51+0.09 —
(46) (46)
3 to 6 days -0.60+0.14 > 0.3 -1.12+0.14 < 0.001
(12) (24)
7 to 9 days -0.53+0.06 > 0.3 -1.22+0.13 < 0.001
(10) (21)
10 to 20 days -0.50+0.10 > 0.6 -1.37+0.12 < 0.001
(13) (29)
C
VS. p Vs P vs.
zpdﬁ's 3p to 6 7109 10 to 20
days days days
Adult ATC (30°-20°) -0.66 +0.08 > 0.2 < 0.01 < 0.001 < 0.001
(48)
Adult zITc (30°-10°) —0.98+0.13 < 0.001 > 04 > 0.1 < 0.05
(44)
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was, however, significantly greater than that of the youngest group at Ta
20°C, but significantly smaller than that in the oldest new-born group at
Ta 20°C.

Table 111 demonstrates the corresponding data on body temperature
originating from the years 1963 to 1967. Core temperatures of the younger
age-groups agreed with those of the newer series (Table Il) at all three Ta-s:
there was no significant difference between the Tc-s of the two younger groups
at Ta 35° and Ta 30°C, whereas at Ta 20°C, Tc was significantly lower in the
group aged 3 to 6 days than in the group aged less than 48 hours. The 10 to
20-day-old group of the older series resembles the recent onein that Tc declin-
ed progressively with Ta. In contrast, the two series differ significantly at
all three Tas in their relationship to the Tc-s of the younger age-groups.

W hereas in the recent observations (Table Il, Part A) Tc at the age of 10 to
20 days was significantly lower than the Tc of the two youngest groups, in
the older series (Table 111, Part A) it was significantly higher than that of

the youngest group at Ta 35° and Ta 30°C, and almost significantly higher
than that of the 3 to 6-day-old at Ta 20°C.

Part B of Table Il shows that zITc between Ta 35° and Ta 30°C was
practically identical in the three age-groups, and even more so than in the
recent series (Table Il, Part B). The differences between the two series were,

however, not significant. Following transfer from Ta 30° to Ta 20°C, ATcwas
almost identical in the two series. It should be noted that despite the highly
significant difference between the Tc-s of the 10 to 20-day-okl groups of the
two series, <dTc-s were practically identical in this age-group also.

Since averages tend to obscure the variety of individual observations,
the distribution of Tc around the mean at Ta 30° and Ta 20°C, as well as the
distribution of dTc subsequent to transfer from Ta 30° to Ta 20°C have also
been analyzed. Table IV and V show that both at Ta 30° and at Ta 20°C, core
temperature varied within fairly wide limits in all age-groups of the newly
born, and even in the adult animals. Approximately 70% deviated, however,
only within + 0.5°C of the mean at Ta 30°C and — excepting the adult ani-
mals — between 55 and 62% varied within the same limits also at Ta 20°C.
No essential difference emerged between the older and the more recent series,
except that in the older series the deviation from the mean exceeded + 1-0°C
in none of the animals aged 10 to 20 days.

Table VI demonstrates the distribution of zITc in response to transfer
from Ta 30° to Ta 20°C. In the newly born, ZITc increased with age, at least
during the first three weeks of life. Accordingly, ATc of the group aged less
than 48 hours resembled much more closely that of the adult animals than
that of any of the older groups of the newly born. Another feature deserving
attention was the concordant distribution of ZITCin the older and in the recent
series of observations.
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Table 11

Colonic temperature (Tc) of new-born guinea pigs at ATa 35°, 30°, and 20° (PartA), and ATCin
response to transferfrom Ta 35° to Ta 30°C, and from Ta 30° to Ta20°C (Part B), based on obser-
vations made from 1963 to 1967. In brackets, number of observation (M rfc S.E.J

Age

< 2 days (49)

3 to 6 days (21)

10 to 20 days (22)

Youngest vs.
oldest p

Age

< 2 days (49)

3to6
days (21)

10 to 20
days (22)

A
Tcat Ta 35° Tc at T8 30° Toat Ta 20c
39.40+£0.05 < 0.01 39.07+0.07 - > 0.001 38.60rfcO.il
; 4 4
>0.4 >0.2 <0.05
t t t
39.49+0.10 - 0. > p > 0.05 39.1940.10 -* < 0.001 -c 38.11rfc0.19

¥ 4

4
< 0.001 <0.01 0.1>p>0.05
t t t
40.02;fc0.09 — < 0.05 - 39.68%+0.10 - < 0.001 - 38.47rfc0.09
< 0.001 < 0.001 > 0.3
B
ITe(35°-30°) youngest ITCE30° 20°) youngest
-0.33+0.05 - -0.50+0.08 _
-0.30+0.18 >0.8 —1.08+0.14 < 0.001
-0.30+0.06 >0.7 -1.21+£0.13 <0.001
Table IV

Distribution ofcolonic temperature around the mean at Ta 30°C. In brackets, number of observations

nrc. °c
°, -1.0 -0.5 +0.5 + 1.0
Tc, C
Age ! to to +0.5 to to
¢ Mz SE. -1.5 -1.0 +1.0 +1.5
%

< 2 1971-72 (46) 39.24 rfc0.06 2.2 6.5 76.1 15.2 —
days 1963-67 (49) 39.09+0.08 4.1 12.2 65.3 16.3 21
3t 6 1971-72 (24) 39.28rfc0.09 125 70.9 8.3 8.3
days 1963- 67 (21) 39.20+0.12 9.5 9.5 66.7 14.3 —
7 to 9 1971-72 (21) 39.19+0.11 4.8 14.3 61.8 14.3 4.8

days
10 to 20 1971-72 (31) 38.92+0.10 - 9.7 70.9 9.7 9.7
days 1963-67 (22) 39.69+0.10 4.5 9.1 72.8 13.6 —
Adult 1970-73 (48) 39.19+0.07 — 12.5 72.9 12.5 21
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Table V

Distribution of colonie temperature around the mean at Ta 20°C. In brackets, number of observations

ATG °C

Te °c .15 -10 05 +05  +10

Age ' 2.0 t t t +0.5 t t
9 Mt SE. 20 -15  -10 +10  +15

%
< 2 1971-72 (50) 38.67+0.09 2.0 4.0 2.0 8.0 62.0 20.0 2.0
days 1963-67 (49) 38.60+0.11 4.1 - 2.0 16.3 53.1 20.4 4.1
3to 6 1971-72 (24) 38.19+0.13 — - 8.3 12.5 58.4 12.5 8.3
days 1963-67 (21) 38.11+0.19 — 9.5 9.5 9.5 42.9 14.3 14.3
7 to 9 1971-72 (21) 37.97+0.14 — — 9.5 9.5 57.2 19.0 4.8
days

10 to 20 1971-72 (29) 37.57+£0.13 — — 6.9 17.2 55.3 17.2 3.4

days 1963-67 (22) 38.47+0.09 - - — 9.1 81.8 9.1 -
Adult 1970-73 (47) 38.51+0.08 — — 6.4 8.5 74.5 6.4 4.2

Table VI

Changes in colonic temperature (J1ITQ in response to transfer from Ta30CC to Ta20°C. In brackets,
number of observations

NG(S0°—TE
+05 to —05 to —10 to -1.5 to —2.0to
A +10 +0.5 —10 —15 2.0 —30

ge
< 2 1971-72 (46) 2.2 (1) 56.5 (26) 23.9 (11) 13.0 (6) 2.2 (1) 2.2 (1)
days 1963-67 (49) — 61.3 (30) 16.3 (8) 14.3 (7) 6.1 (3) 2.0 (1)
3to 6 1971-72 (24) —* 250 (6) 16.7 (4) 208 (5) 333 (8) 4.2 (1)
days 1963-67 (21) - 286 (6) 143 (3) 333 (7) 143 3) 95 (2)
71t 9 1971-72 (21) — 4.8 (1) 286 (6) 42.8 (9) 19.0 (4) 4.8 (1)

days

10 to 20 1971-72 (30) — 16.7 (5) 20.0 (6) 13.3 (4) 30.0 (9) 20.0 (6)
days 1963-67 (22) — 13.6 (3) 27.3 (6) 22.7 (5) 31.9 (7) 45 (1)
Adult 1970-73 (48) — 43.7 (21) 35.4 (17) 125 (6) 42 (2) 4.2 (2
Adult 1970-73 (44)* 21 (1) 31.9 (14) 182 (8) 159 (7) 159 (7) 159 (7)

zITcin response to transfer from Ta 30°C to Ta 10°C

Table VII contains the statistical analysis (¥ of the data presented in
Table VI. Taking as the dividing line ATc—0.5°C and of —1.0°C, respectively,
the differences between the youngest age-group and the older new-born
groups were significant in both series, whereas no significant difference was
found between the newly born aged less than 48 hours and the adult animals.
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Table VII

Differences between the group aged less than 48 hours and the older groups in distribution of AT Cin response to transferfrom Ta 30° to Ta 20°C, according
to whether ATCdid, or did not exceed —0.5°C (ATC< —0.5° vs. ATC> — 0.5°), and whether ATCdid or did not exceed —1.0°C (ATC< 1.0—° vs.
ATC> —1.0°). In brackets, distribution and number of observations. Y ates’s correctionfor small numbers was usedfor calculating x~

¥16T'GY oeoleBUNH WnJeNUaIoS selwepedy BaIBojoIsAyd e1oy

1970-1973
ofT» < -0.5° vs. /TTC> -0.5° JTrc < -1.0° vs. ATC> -1.0°
Xl P X P
< 2 days VS. 3 to 6 days 5.863 <0.02 < 2 days VS. 3 to 6 days 10.452 <0.01
(27 : 19; 46) (6 :18; 24) (38 :8; 46) (10 : 14; 24)
< 2 days vs. 7 to 9 days 15.639 <0.001 < 2 days vs. 7 to 9 days 13.697 < 0.001
(27 : 19; 46) (1:20; 21) (38 :8; 46) (7 :14; 21)
< 2 days vs. 10 to 20 days 11.485 < 0.001 < 2 days vs. 10 to 20 days 14.778 <0.001
(27 : 19; 46) (5 :25; 30) (38 :8; 46) (11 : 19; 30)
< 2 days vs. Adult 30°-20° 1.543 >0.2 < 2 days vs. Adult 30°-20° 0.026 >0.8
(27 : 19; 46) (21 : 27; 48) (38 :8; 46) (38 : 10; 48)
3 to 6 days vs. Adult 30°-20° 1.667 >0.1 3 to 6 days vs. Adult 30°-20° 8.508 <0.01
(6 :18; 24) (21 : 27; 48) (10 : 14; 24) (38 : 10; 48)
7 to 9 days vs.  Adult 30°-20° 5.559 <0.02 7 to 9 days vs. Adult 30°-20° 11.601 < 0.001
(1:20; 21) (21 : 27; 48) (7 :14; 21) (38 : 10; 48)
10 to 20 days vs. Adult 30°-20° 4.936 <0.05 10 to 20 days vs. Adult 30°-20° 12.351 <0.001
(5 : 25; 30) (21 : 27; 48) (11 :19; 30) (38 : 10; 48)
< 2 days vs.  Adult 30°-10° 4.320 <0.05 < 2 days vs.  Adult 30°-10° 8.132 <0.01
(27 : 19; 46) (15 : 29; 44) (38 :8; 46) (23 : 21; 44)
3 to 6 days vs. Adult 30°-10° 0.250 >0.5 3 to 6 days vs. Adult 30°-10° 0.341 >0.5
(6 :18; 24) (15 : 29; 44) (10 : 14; 24) (23 : 21; 44)
7 to 9 days vs. Adult 30°-10° 5.106 <0.05 7 to 9 days vs. Adult 30°-10° 1.357 >0.2
(1:20; 21) (15 : 29; 44) (7 :14; 21) (23 : 21; 44)
10 to 20 days vs. Adult 30°-10° 1.936 >0.1 10 to 20 days vs. Adult 30°-10° 1.173 >0.2
(5 : 25; 30) (15 : 29; 44) (11 : 19; 30) (23 : 21; 44)
1963-1967
< 2 days vs. 3 to 6 days 5.035 <0.05 < 2 days vs. 3 to 6 days 6.530 <0.01
(30 :19; 49) (6 :15; 21) (38 : 11; 49) (9 :12; 21)
< 2 days vs. 10 to 20 days 11.991 <0.001 < 2 days vs. 10 to 20 days 7.535 <0.01
(30 : 19; 49) (3 :19; 22) (38 : 11; 49) (9 :13; 22)
3 to 6 days vs. 10 to 20 days 0.680 >0.3 3 to 6 days vs. 10 to 20 days <0.001 >0.98
(6 :15; 21) (3:19; 22) (9 :12; 21) (9 :13; 22)
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The distribution of ATc of the older new-born groups differed significantly
from that of the adults, as they did from that of the youngest group. The
distribution of zITc of adult animals in response to transfer from Ta 30° to
Ta 10°C differed, however, significantly from the distribution of zITc of the
youngest group in response to transfer from Ta 30° to Ta 20°C, and when
— 0.5°C served as the dividing line also from the distribution of ZITc following
transfer to Ta 20°C of the group aged 7 to 9 days, however, in the opposite
direction as it did from the youngest group.

Discussion

Heat production. The same basic data, i.e. measurements of V 02 of the
whole new-born guinea pig, as those of other newly born mammals, lend
themselves to different interpretations when the results are expressed per
unit BW and when expressed per unit body surface. However, even within
the same frame of reference, contradictory results have been obtained. For
instance, Adamsons et al. (1969) found per unit BW a progressive increase
with age in heat production in a thermoneutral environment: during the
first 5 hours after birth 16.4 + 0.22 m I02kg « min, 8 to 24 hours after birth
18.8 + 0.17 ml/kg * min, and at the age of 7 days 20.1 + 0.31 ml/kg * min.
Bruck and Wunnenberg (1965) observed a rather steep increase between
the day of birth and the following three days from 15.1 + 1.0 ml/kg * min to
204 + 1.2 ml/kg * min, followed, however, by a progressive decline to
15.7 ml/kg * min by the age of three weeks. Our observations showed per
unit BW, a progressive fall in V02 with age at all three Ta-s, whereas using
unit body surface, i.e. 10 « kg067, as the frame of reference, no change with
age was observed in V02at Ta 35° and Ta 30°C. Even when the animals aged
less than 48 hours were divided according to age into two groups, V 02 failed
to show an increase between the first and the second 24 hours of life.

Briuck and Wunnenberg (1965) explained the progressive fall with
age of V02 per kg BW, with the rapid increase in BW and the consequent
reduction in heat loss per unit BW, stating, however, that during the first
three weeks of life the reduction in heat production in response to cold was
greater than the reduction in heat loss per unit BW. Our observations dem-
onstrated that, at Ta 20°C, the increase in BW is not an important deter-
minant of the reduction in V 02 since V 02 was significantly lower at the age
of 3 to 6 days than in animals aged less than 2 days, whereas BW-s were
practically identical (Farkas and Donhoffer 1974).

At Ta 20°C, VO2 per unit BW declined progressively with age, the
greatest reduction occurring between the two youngest groups. Per unit body
surface, however, the highly significant fall in V 02 between the two youngest
groups was followed by a gradual increase with age, approaching statistical
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significance when mean V 02 values were compared (Table I, Part A), and
reaching statistical significance when the means of ZIV02 were compared
(Table I, Part C).

Differences in the responses of highly complicated systems, like the
regulation of heat production and of body temperature are due often, but not
necessarily always, to differences in the experimental procedure. In our older
series from 1963 to 1967, for instance, the experimental setup was exactly
the same as that used in the recent observations, and so were all the details
of the experimental procedure. Housing and rearing conditions differed,
however, considerably, and genetical differences between the two populations
could neither be excluded. In contrast to the recent observations, V 02 was
not only lower at Ta 35° and Ta 30°C in the two younger age-groups of the
older series, but at Ta 35°C a progressive increase with age was observed,
whereas at Ta 30°C there was no difference between the two younger age-
groups. V 02 at the age of 10 to 20 days was similar to that in the recent series
at Ta 35°C and at Ta 30°C. At Ta 20°C, no change with age in V02 (in
ml/dm2 « min) was noted; V 02was, however, significantly lower than in the
recent series in every age-group (Farkas et al. 1972).

Core temperature. At Ta 35°C, mean Tc values for the two younger age-
groups were significantly higher in the recent series than in the older obser-
vations (p < 0.001, and p <C0.01, respectively), whereas at Ta 30° and at
Ta 20°C, no significant difference was found between the two series. The most
impressive difference between the two series was observed at the age of 10
to 20 days. In the recent series (Table Il, Part A), mean Tc was at all three
Ta-s significantly lower than in the groups aged less than 2 days and 3 to
6 days, whereas in the older series mean Tc of the 10 to 20-day-old was higher
than that of the younger groups (Table Ill, Part A), and at all three Ta-s
higher than Tcin the same age-group of the recent series (p < 0.001).

In view of these very marked differences in Tc between the two series,
ZITe-s following changes in Ta were remarkably similar in the two series (Ta-
bles Il and 111, Part B). Subsequent to transfer from Ta 35° to Ta 30°, ZITc was
of similar magnitude in all age-groups in both series, the small differences
not being significant. ZITc-s subsequent to transfer from Ta 30° to Ta 20°C
were practically identical in the two series, and demonstrated convincingly
that, on the average, guinea pigs aged less than 48 hours respond to a change
from Ta 30° to Ta20°C with a highly significantly smaller decrease in Tc than
any of the other new-born groups, and even with a smaller decrease than the
adult animals, the difference, however, not being significant. In contrast,
Adamsons et al. (1969) found that the fall in Tc subsequent to transfer from
a thermoneutral environment to Ta 21—22°C decreased with age in the new-
born guinea pig. Previous observations of Brick and Wiannenberg (1965)
agree with our recent series as far as in the course of much more severe cold
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exposure (8°C), Tc decreased with age up to 21 days, and with our older series
as far as in the course of more moderate cold exposure (16° and 26°C) Tc
was higher at the age of 21 days than at the age of 4 to 8 days. Data for Tc
prior to exposure to cold were not given, so that no comparison was possible
with our observation that, notwithstanding the differences in Tc prior to,
and after 30 min of cold exposure, ZITc-s were similar in the two series.

Tables IV and V show that both at Ta 30° and at Ta 20°C, Tcwas distrib-
uted around the mean within wider limits as appears to be generally assum-
ed. The distribution of /1TCfollowing transfer from Ta 30° to Ta 20°C (Table
V1), demonstrated that sweeping statements about the “stability” of Tc
in the new-born, and even in the adult guinea pig, are hardly justified. The
shift with age towards a greater decrease in core temperature in the newly
born strikes the eye at the first glance and, as demonstrated by Table VII.
is highly significant statistically: the distribution of zITc in both the older
and the recent series of the group aged less than 48 hours differs much more
from all the other age-groups of the newly born than from the distribution
of ZITc in the adult animals.

In some aspects, zJTc subsequent to transfer from a thermoneutral,
or near thermoneutral, environment to a moderately colder one, resembled
in the new-born guinea pig that observed under similar conditions in new-
born rabbits (Varnai et al. 1970). Some of the newly born of both species
maintained core temperature within narrow limits, while others responded
under the same conditions with a marked fall in Tc. The range of zJTc and the
frequency distribution of ZITc differed, however, in the two species.

The most striking difference is that guinea pigs aged less than 48 hours
responded not only with a highly significantly smaller fall in Tc than any
other of the older new-born groups, but resembled in their responses those
of adult guinea pigs closely. The increases in heat production in response to
exposure to Ta 20°C having been significantly greater in the group aged less
than 48 hours than in the older ones, the impression might arise that the greater
reduction in Tc beyond the age of 2 days could be due to the decreasing role
of non-shivering (brown fat) thermogenesis (Bruck and Wuannenberg 1965,
1966). The greater reduction in Tcis, however, not due to a decrease in the
capacity for heat production, since oxygen consumption increased also in
the older new-born guinea pigs to considerably higher levels when exposed
to more severe cold. The difference in the response between the group aged
less than 48 hours and those beyond that age, although highly significant,
was nevertheless a statistical one, and animals maintaining Tc within a few
tenths of a centigrade and others responding with a very marked fall in Tc
when transferred from Ta 30° to Ta 20°C, were found in every age-group.

The fact that in response to exposure to Ta 20°C, a fall in Tc of more
than 2.0°C has been observed even in some adult guinea pigs, constitutes
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additional evidence that the greater decrease in Tc in response to moderate
cold is neither the consequence of “immaturity” nor of an “inability” to
increase heat production to a higher level, but has to be regarded rather as
the manifestation of a functional variant of the cybernetic system, in which
changes in core temperature are only part of the highly complex input driv-
ing the central regulating mechanism, or modifying its function. In other
words, it has to he kept in mind when interpreting changes in core tem-
perature that these depend, on the one hand, on the output of the regulatory
system, one branch of which governs thermoregulatory heat production and,
on the other hand, that they are simultaneously an important part of the
input of the system.
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IN THE SPLANCHNIC AREA OF THE RAT
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Plasma renin activity was found to be higher in portal than in aortic blood of
both sham-operated and bilaterally nephrectomized male rats. This seems to point
to the presence of a structure producing renin-like enzyme in the rat’s splanchnic area.

The kidneys had long been considered the exclusive site of renin pro-
duction (Tigerstedt and Bergman 1898), but recent research has demonstrat-
ed a number of extrarenal renin or renin-like enzyme sources (Dengler
1956; Stakeman 1960; Werle et al. 1962; Ferris etal. 1967).Renin or renin-like
enzyme activity was found to be higher in the portal vein than in systemic
blood in both man (Barnardo et al. 1969) and the dog (Ganten et al.
1970).

The purpose of this work was to investigate the plasma renin activity
(PRA) of blood taken from the aorta and the portal vein of rats.

Methods

Male W istar rats of 220—240 g body weight were used in the experiments. All were
kept on standard laboratory diet. Under light ether anaesthesia bilateral nephrectomy was
performed through a dorsal incision in 12 animals (Group 1) and sham operation in 10 ani-
mals (Group 2). Methodological problems were solved in preliminary experiments on 34
animals.

Twenty-four hours after operation, under light ether anaesthesia from the animals of
both groups blood samples for PRA determination were obtained through a ventral incision,
simultaneously from the portal vein at the height of the’gastroduodenal vein, and the abdom-
inal aorta at its division into the iliac arteries. In the control group the renal blood vessels
were clamped immediately before the blood samples were taken.

The samples were prepared for PRA determination by the method of Kaneko et al.
(1967). PRA determination and bioassay were done as described earlier (Sonkodi et al. 1970);
the values were expressed in ng angiotensin per ml plasma (ng A/ml/24 hr); statistical analysis
of the results was performed with Student’s t-test on coupled values.

Results

Mean PRA in aortic blood of the control animals (Group 2) was 8.21 +
+ 1.30 ng A/ml, while in the portal vein, 15.23 ! 1.81 ng A/ml. The differ-
ence was significant statistically (p < 0.01).
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In the bilaterally nephrectomized animals (Group 1), with the exception
of three cases, measurable PRA values were found. The mean in aortic blood
was 1.76 + 0.44 ng A/ml, while in the portal vein, 9.06 + 2.03 ng A/ml,
significantly higher (p < 0.002) than in aortic blood. The pressor substance
was heat stable, dialyzable and destroyed by trypsin and chymotrypsin.
Its pressor effectin the rat was identical with that of synthetic angiotensin I1I.

- WISIAAT AALLLLAAAAAAALINALILAONALLILNAUIUULIUALIMMAIULLDKNAALL

min

Fig. 1. PRA in portal and aortic blood of two bilaterally nephrectomized rats. “A” shows the
standard angiotensin Il doses. 1: plasma from the portal vein of animal 1; 2: plasma from
aorta of animal 1; 3 and 4: plasma of animal 2 from portal vein and aorta, respectively

Fig 1 shows the PRA of portal venous and aortic blood of the nephrec-
tomized rats as compared with dilutions of standard angiotensin Il (Hyper-
tensin, Ciha). All plasma samples and angiotensin dilutions were injected in a
volume of 0.1 ml.

Discussion

The fact that in the control group PRA was significantly higher in
portal blood than in aortic blood makes it probable that a renin-like enzyme
is produced in the splanchnic area of the rat.

In our experiments the renal and other known extrarenal renin sources
were excluded as far as possible. Male rats were used because this excluded
the uterus as a possible extrarenal renin source. Dilaterai nephrectomy abol-
ished the possibility of renal origin.

The low PRA value measured in the aortic blood of nephrectomized
rats, similarly as in the observations of Worcel et al. (1969), is an indirect
evidence of extrarenal renin-like enzyme production. The high PRA value
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in the portal vein seems to prove that a renin-like enzyme is produced in
the splanchnic area of the rat, and that this renin-like enzyme source is fairly
significant.
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The effect of chronic physical overload of various duration on white and red
skeletal muscle water and electrolyte metabolism, Na+K+-ATPase activity and
plasma corticosterone content was investigated. The most regular change was the
sodium uptake and potassium loss by both red and white fibres. Tissue water
content and its distribution between extracellular and intracellular compartments
were essentially unaltered. The above mentioned disturbances in the tissue electrolyte
content were accompanied by the decrease in red muscle Na+K+-ATPase activity
and fall of blood plasma corticosterone content. When overtrained animals were exer-
cised until exhaustion, a slight increase in the skeletal muscle potassium and decrease
in sodium content were observed. In red muscles the ionic shifts correlated with the
increase of Na+K+-ATPase activity. The additional exertion also increased the adreno-
cortical activity. Thus, the changes in red skeletal muscle electrolyte metabolism were
reversible. The obtained results suggest that the mechanism of active transport of
ions in red skeletal muscle has a great adaptive capacity and cannot completely be
disturbed by a short period of “overtraining”. The possible role of the adrenal cortex
in the regulation of that mechanism is discussed.

A large scale of biochemical and hormonal indices, characteristic of a
well-trained organism or of the state of over-training was established by the
fundamental studies of Yakoviev (1955, 1970), Holloszy (1967) and several
other investigators (Dehevenco et al. 1967; Frenkl and Csalay 1962;
Hutltman et al. 1967; Keul et al. 1969; Veivdsalu 1960; Viru 1971). The in-
vestigations allowed to formulate a theory about the specific character of
biochemical adaptation to various training regimes (Yakoviev 1955, 1970)
and undoubtedly improved the practical management of the training process.
However, in spite of the great success in the biochemical estimation of the
state of fitness and exhaustion, the investigations presented in the literature
are far from offering an integral picture of the biochemical mechanisms respon-
sible for the increase or decrease in physiological capabilities of the organism.

The present study was undertaken to assess the effect of chronic mus-
cular overload of various duration on the transmembrane shifts of water and
electrolyte, and on Na +K +-ATPase activity in red and white skeletal muscles.

It has been demonstrated that corticosteroids participate in the regula-
tion of water and electrolyte distribution between intracellular and extra-
cellular compartments (Kolpakov 1967). Furthermore, determination of

Acta Physiologica Academiae Scientiarum Hungaricae 45,1974



42 P. KORGE et al.

Na +K +-ATPase activity in the renal microsomal fraction of adrenalectomized
rats and of rats treated subsequently with gluco- and mineralocorticoids have
revealed the relationship between adrenocorticosteroids and enzyme activity
(Jorgensen 1968, 1969; Suzuki and Ogawa 1969). During extreme exertion,
the decrease in adrenocortical activity is accompanied by a characteristic
and pronounced decrease of the Na/K ratio in the blood plasma, water and
sodium shifts into the heart cells, and a decrease in myocardial Na+K +-AT-
Pase activity (Kerge et al. 1973a). In order to evaluate the role of the adrenal
cortex in the genesis of water and electrolyte disturbances, the plasma corti-
costerone content was determined.

Methods
M aterial

A total of 59 male Wistar rats with an initial body weight of 190—250 g was used in
the experiments. The animals were maintained and fed under constant conditions. Eighteen
hours before the experiments, food was removed from the cages, while free access to water
was allowed. “Overtraining” was accomplished by prolonged swimming daily. The initial
load was gradually increased up to 10 hours. The characterization of “overtraining” regimes
are presented in Table I.

Table |

Characterization of experimental groups

Duration_of Total swim- Duration of final
Group Subgroup n* overtraining ming time swim-test
(week) (hour)
A. sedentary controls 4
B. exhausted** controls 6 | 43
1st C. '‘overtrained animals”
immediately after
swimming 6 | 43 until exhaustion
A. sedentary controls 4
B. Exhausted** controls 5 | 53
2nd C. “overtrained animals”
immediately after
swimming 4 | 53 until exhaustion
A. sedentary controls 5
B. exhausted** controls 5 | 53
C. “ovedrtraine animals”
3rd immediately after
swimming 4 I 53 until exhaustion
D. “overtrained animals”
immediately after
swimming 4 | 53 10 hours
A. sedentary controls 4
B. exhausted** controls 4 2 123
4th C. “overtrained animals”
immediately after
swimming 4 2 123 until exhaustion

*number of animals used in biochemical studies
** investigated 20 hr after the last exertion
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The animals were divided into four groups and each group, except for the 3rd, was
further divided into three subgroups as shown in Table |I. Each group consisted of 4 —5 sed-
entary controls (subgroup A) and “overtrained” animals. At the end of the “overtraining”
period, half of the rats were sacrificed 20 hours after the last exercise and used “exhausted
controls” (subgroup B). The other “overtrained” animals were subjected to additional swim-
ming until exhaustion and tissue samples were taken immediately after the exertion (sub-
group C). In the 3rd group, part of the animals was killed immediately after the 10-hour
swim (subgroup D).

The animals were sacrificed under light ether anaesthesia by bleeding from the abdomi-
nal aorta into a heparinized syringe. Skeletal muscle samples were excised from the hind leg
immediately after the blood sampling. In view of the different electrolyte composition of
white and red fibres (Sreter and Woo 1963),the muscle sample was divided into predominantly
white (m. sartorius) and red (m. quadriceps femoris) fibres. Staining with Sudan black B
revealed that admixture of fibres of other type were 20—30%.

Water and electrolyte estimation

The muscle tissue was prepared, the electrolytes were extracted and H20, Na and K
distributions between tissue compartments calculated as described previously (KORGE and
Viru 1971). Na, K and Ca in plasma and tissue extracts were determined with a Zeiss 111
type flame-photometer; Cl by potentiometric titration; Mg, Zn and Cu with Unicam atomic
absorption spectrophotometry.

Mg2+-and NalK +-ATPase activity determination

The tissue was homogenized in a glasshomogenizer with 9 vol of 0.32 M sucrose contain-
ing 5mM Na2 EDTA, adjusted to pH 7.4 with tris buffer. Homogenization time was approxi-
mately 8 min and during this period the homogenizer was immersed in ice. The homogenate
was centrifuged in a refrigerated centrifuge at 0°C for 15 min (700 g). The supernatant was
centrifuged at 12,000 g for 30 min and the supernatant from the second centrifugation at
30,000 g for 1 hour to obtain a microsomal fraction. The 30,000 g pellet was stored at —5°C
overnight and then suspended in 0.32 M sucrose containing 0.1% sodium deoxycholate, using
a glass homogenizer. The microsomal suspensions were stored at —5°C for approximately
2 hours and then used for enzyme assay.

Enzyme activity was determined in a reaction mixture containing 3 mM MgCIl2, 100 mM
NaCl, 10 mM KC1, 3 mM ATP*, 40 mM tris, and microsomal protein 0.1—0.2 mg. The final
pH was 7.4 and the total volume, 1.5 ml. The reaction was started by the addition of the
microsomal protein and terminated by the addition of 0.5 ml percholoric acid after 30 min
incubation at 37°C. Protein was determined by the method of Lowry et al. (1951) and inor-
ganic phosphate by the method of Fiske and SubbaR ow (1925), using thiourea as the reducing
agent.

Na+K+-ATPase activity was defined as the difference between values obtained without
Na and K (Mg2+-ATPase) and those obtained in the presence of Na and K. Results were
expressed as micromoles of P~liberated per mg of protein during 30 min.

Corticosterone estimation

1.5 ml of plasma washed with 15 ml petroleum ether was diluted with 3.5 ml of bis-
distilled water and extracted with 15 ml of methyl chloride by shaking gently for 3 minutes.
After washing the methyl chloride extracts with 1.5 ml of 0.1 n NaOH, 12 ml of extract was
evaporated to dryness under vacuum. The dry residue was concentrated at the bottom of
the test tube, dissolved in a minimum volume of ethanol and spotted into plates about 2 cm
from the end under warm air stream. For thin-layer chromatography, “Silufol” UV 251 plates
(Kavalier, Czechoslovakia) were used. On both sides of the plates 1 fig of corticosterone
(Merck) was dropped for the detection of samples. The solvent systems used were (1) hexane-
chloroform (1 : 3), (2) chloroform-ethanol (85 : 15). The Rf of the corticosterone was 0.50.
The position of the standards was marked under an UV lamp and the appropriate areas and
the blank sample were scraped off into glass centrifuge tubes. After shaking the samples with
2 ml of methanol, the aqueous phase was removed and evaporated to dryness under vacuum.
The corticosterone content was determined on the basis of the fluorescence recorded 30 min
after the addition of the ethanol-sulphuric acid reagent (1 : 3) to the dry residue.

* ATP (Reanal) was made Na-free by passing it through a Dowex 50 X 8 column.
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Results

The effect of “overtraining” and additional acute exertion on skeletal
muscle water content is presented in Fig. 1. “Overtraining” altered the tissue
water content and distribution neither in white nor in red muscle except for
a slight decrease in total and intracellular water content in red muscle after
the one-week “overtraining” (1st group). Acute extreme exertion increased
water content in both red and white muscle due to water accumulation in the
cells in all investigated groups. At the same time, water content decreased
in the extracellular compartment.

The effect of “overtraining” on sodium content and distribution in
white skeletal muscle is presented in Fig. 2 and that in red muscle in Fig. 3.
“Overtraining” increased the skeletal muscle sodium content significantly
in the 1st, 3rd and 4th groups. The increase was apparently due to Na accu-
mulation in the cells. However, no changes were observed either in Na content
or distribution in rats of the 2nd group, treated and investigated similarly to
those of the 3rd group. In the 2nd group “exhausted controls” had also some
minor peculiarities in skeletal muscle K content and Na+K +-ATPase activ-
ity. Why the one-week “overtraining” failed to alter the skeletal muscle
sodium content in the 2nd group, is a matter of speculation. Nevertheless,
the unidirectional changes in the other groups clearly demonstrate that the
general effect of “overtraining” on the electrolyte content of both tissues
was to increase Na and to decrease K.

Acute exertion regularly decreased the tissue sodium content caused
by the decrease of sodium in the extracellular compartment (Figs 2 and 3).

The effect of “overtraining” on skeletal muscle potassium content and
Na+K +-ATPase activity was the greatest in red muscle where enzyme activ-
ity and cellular K content had significantly decreased in all investigated
groups (Fig. 4). Na+K +-ATPase activity and cellular K content tended to
decrease also in white muscle but the changes were not significant statisti-
cally, except for the 1st group, where K values had decrease d.

Acute extreme exertion increased Na+K +-ATPase activity and cellular
potassium content in red skeletal muscle as compared with the values obtained
in the “exhausted controls”. The increase in cellular K content was significant
in the 1st and 4th groups and that in Na+K +-ATPase activity in the 1st
and 2nd groups. Enzyme activity was increased in the 4th group. However,
as compared to the unexercised controls, the potassium and Na+K +-ATPase
values had either slightly decreased or remained unchanged after exertion
(Fig. 4).

In general, during physical exertion, the changes in Na+K +-ATPase
activity and cellular K content had the same direction in red but not in white
skeletal muscle.
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(H20)e (H20)j

GROUPS
Ist

2nd

4th

Ist

2nd

Ath

Fig. 1. Effect of “overtraining” and acute exertion on skeletal muscle water content and
distribution (in grams per 100 g fat-free solids, FFS). In Figures 1, 4 and 5, subgroups are

marked as indicated in Table I. A: Sedentary controls; B:
trained” animals immediately after extreme exertion; D:

“exhausted controls”; C: “over-
“overtrained” animals immediately

after 10 hours exertion. Asterisk (*) indicates a significant difference from sedentary controls

and cross (f) from exhausted controls

GROUPS GROUPS

Ist 2nd rd Ath 1st 2nd 3rd Ath

Exhausted controls Immediately after

extreme exertion

Fig. 2. Effect of “overtraining” and acute exertion on white muscle sodium content and
distribution. 1: total; 2: extracellular; 3: intracellular. Asterisk (*) indicates a significant differ-

ence from sedentary controls
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Fig. 3. Effect of “overtraining” and acute exertion on red muscle sodium content and distri-
bution. For explanation of symbols, see Fig. 2

GROUPS GROUPS
1st 2nd Ath 1st 2nd Ath

Fig. 4. Effect of “overtraining” and acute exertion on skeletal muscle Na+ K+-ATPase activ-

ity and intracellular K content. O: K content; W, Na+ K+-ATPase activity. Na+ K+-ATPase

activity in /(moles of Pj/mg protein/30 min. K content in mEq per 100 g FFS. For explanation
of other symbols, see Fig. 1

Mg2+-ATPase revealed no characteristic alterations on “overtraining”,
while the extreme exertion increased the enzyme activity in red skeletal
muscle.

In most cases, the “overtraining” slightly increased the Ca, Zn and Cu
content of skeletal muscles and acute exertion decreased the Ca and Zn values.

In the group of exhausted controls, the plasma corticosterone content
had significantly decreased. Both additional 10 hours exertion and extreme
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Fig. 5. Effect of “overtraining” and acute exertion on blood plasma corticosterone content
(3rd group). For explanation of symbols, see Fig. 1

exertion increased the blood corticosterone content as compared with the
value for the “exhausted controls” (Fig. 5).

After one-week “overtraining” (3rd group) the body weight reduction
was 28.6 + 4.27 g. The severity of “overtraining” was also characterized by
a mortality of approximately 50% in all “ovetrained” groups.

Discussion

The results revealed a good accordance between the changes of Na +K +-
ATPase activity and potassium content in red fibres, on the one hand, and
adrenocortical activity, on the other. The concomitant decrease in all indices
was the most pronounced and regular effect of “overtraining”. When animals
“overtrained” for one week were subjected to acute extreme exertion, a
significant increase in enzyme activity, intracellular potassium and corti-
costerone content occurred. Acute exertion after more prolonged overtraining
induced a less pronounced increase in enzyme activity and cellular potassium
content. On the other hand, Na+K +-ATPase activity in white muscle was
not affected either by overtraining or by additional acute exertion. It was
remarkable that adrenalectomy decreases myosin ATPase activity only in
red skeletal muscle and the myocardium, while activity in white muscle re-
mains unchanged (Rovetto et al. 1971). Thus, the contractile properties of
red muscle are under a more close control of the adrenal cortex than those of
white muscles. The close relationship between red muscle (cardiac) myosin
ATPase activity and adrenocortical function is demonstrated also by the
fact that glucocorticoid administration to adrenalectomized animals complete-
ly prevented the decrease in myosin ATPase activity (Rovetto et al. 1970).
In our studies, the decrease in blood corticosterone content correlated with
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the fall of myocardial Na+K +-ATPase activity during extreme exertion
(KORGE et al. 1973a).

The effect of adrenocortical hormones on Na+K +-ATPase has exten-
sively been investigated using, kidney as the target organ.

Adrenalectomy decreased renal Na +K +-ATPase activity, while combined
treatment with gluco- and mineralocorticosteroids prevented the decrease
in enzyme activity (Jorgensen 1969; Suzuki and Ogawa 1969). However,
according to Jorgensen (1968), Na+K + activated ATPase is not primarily
under the control of the adrenal cortex as the corticosteroids are regulating
enzyme activity by changing the ionic environment. In addition, experiments
with purified plasma membrane preparations suggested that the increase in
Na +K +-ATPase activity induced by glucocorticoids was due to an increase
in the amount of plasma membrane per cell rather than to the increase in
enzyme activity per unit of plasma membrane (Manitus et al. 1968). The
possible effect of corticosteroids on sarcoplasmic Na+K +-ATPase has also
been assumed by the said authors as probable explanation of the results.
The electronmicroscopic evidence of the continuity of the transverse tubules
with the plasma membrane allows to suggest the participation of sarcoplasmic
reticulum in the cation exchange between cell and extracellular space (Forss-
mann and Gviardier 1970). On the other hand, several studies of the mem-
brane fragments of sarcoplasmic reticulum and plasma membrane demonstrated
that Na+K +-ATPase was associated with the plasma membrane (Boegman
et al. 1970). These studies therefore do not allow to assume the existence of
a direct relationship between adrenocortical activity and skeletal muscle
microsomal Na+K +-ATPase.

Red and white fibres differ in ultrastructure (Bennet 1960), enzyme
activity (Bass et al. 1971), myosin properties (Katz 1970) and in biochemical
adaptation to training (Yakovlev and Yakovleva 1971). According to
Y akoviev and Yakovleva (1971), the biochemical adaptation of both white
and red muscles to regular exercise depends on the character of training re-
gimes, although the extent of biochemical changes in the studied muscles was
different.

When comparing our results obtained in the groups of sedentary controls
with those obtained 20 hours after the termination of “overtraining”, it
became evident that the biochemical changes caused by “overtraining” had
the same direction in both white and red fibres. Therefore, our results concern-
ing the electrolyte shifts and changes in Na+K +-ATPase activity confirm
the findings of the above-mentioned authors also in the case of overtraining.

Ca-ATPase activity of the sarcoplasmic reticulum sedimented at 30.000 g
was found to be higher in red than in white muscles (Sreter 1968). According
to our results, the same is true for Mg2+ATPase which is suggested to control
the passive permeability of excitable cells (Bowler and Duncan 1967).
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However, the difference between Na+K +-ATPase and Mg2+-ATPase activity
was clearly more in white muscle. White muscles were also found to contain
more potassium and less sodium than red ones. The difference is due to the
different minute amounts of acetylcholine (Sreter and Woo 1963).

Our present and earlier studies (Karge et al. 1973b, 1974) revealed a
decrease of the biochemical response to acute exertion of exhausted animals
as compared with previously unexercised animals. Similarly to the effect of
“overtraining”, training decreased the extent of alterations of various home-
ostatic indices during physical exertion (Yakoviev 1955, 1970; Koérge et al.
1974).

In contrast to the effect of training which was found to increase the
potassium content of the cells of skeletal muscle (Nocker 1959) and myocar-
dium (Karge et al. 1974), “overtraining” decreased the transmembrane
gradient of potassium by causing a loss of intracellular potassium. In view of
the important role of potassium in the regulation of cell metabolism, potassium
deficiency obviously leads to various metablic disturbances. There is experi-
mental evidence that a restriction of potassium intake is followed by a de-
crease in muscle strength (Startinger and Berghoff 1965) and the dystrophic
muscle is characterized by a decreased cellular potassium content and resting
membrane potential (Hazlewood and Ginski 1968). In our study the decrease
of potassium in the muscle cells of “overtrained” animals was not connected
with the terminal exhaustion of the active ion or body potassium transport.
This was proved by the increase in Na+K +-ATPase activity and cellular
potassium content in red skeletal muscle during the additional exertion.
For a better evaluation of the effect of “overtraining” on ion fluxes and
adrenocortical activity, it is important to note that we have studied only the
surviving animals. These, obviously, had a higher working capacity than those
which had died from the “overtraining”.
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FUNCTIONAL INTERRELATIONSHIP
BETWEEN CERVICAL SUPERIOR GANGLIA,
PINEAL GLAND AND HYPOTHALAMO-PITUITARY-
ADRENAL SYSTEM IN RATS

By
I. Vermes, D. Molnar, G. Dull and G. Telegdy

INSTITUTE OF PHYSIOLOGY, UNIVERSITY MEDICAL SCHOOL, PECS
(Received November 1, 1973)

In normal animals, hypothalamic serotonin and plasma corticosterone levels
showed a reversed diurnal rhythm. In the morning, the plasma corticosterone was low
and the hypothalamic serotonin level was high. At the beginning of the dark period,
the high plasma corticosterone was associated with a low hypothalamic serotonin
content.

Pinealectomy had no effect on diurnal corticosterone and serotonin rhythm,
neither on stress-induced adrenal activation.

Removal of the superior cervical ganglia diminished the circadian rhythm of
the pineal serotonin level, but did not affect the hypothalamic serotonin and plasma
corticosterone rhythm. The response to stress induced by ether or electric shock, was
facilitated. It was still elevated 58 days after ganglionectomy.

The data indicated that the pineal gland has no direct effect either on hypotha-
lamic serotonin content or on the hypothalamo—pituitary-adrenal system. The ab-
sence of the cervical superior ganglia facilitated the stress response of the hypothalamo—
pituitary-adrenal system without influencing the hypothalamic serotonin content.

The effect of the pineal gland on the hypothalamo-pituitary—adrenal
system is somewhat contradictory. Some authors found that pinealectomy
increased adrenal weight (Wurtman et al. 1959; Fraschini et al. 1968;
Relkin 1972; Vaughan et al. 1972), while others observed no differences
(Dirr 1961; Girod et al. 1963; Kinson et al. 1968). In pinealectomized ani-
mals, corticosterone production increased (Kinson et al. 1967, 1968), but the
plasma corticosterone level was not affected (Ditr 1961). The increased corti-
costerone production returned to normal 30 days after pinealectomy (Kinson
et al. 1968). Melatonin given intravenously had no effect (Barchas et al.
1969) but when administered intravcntricularly, it inhibited the stress-induced
adrenal activation (Motta et al. 1971; Vermes et al. 1972a). Since the pineal
gland produces serotonin, and the hypothalamic serotonin level is capable
of modifying pituitary—adrenal function (Telegdy and Vermes 1973; Vermes
and Telegdy 1972; Vermes et al. 1972b), the question arose whether the
hypothalamic serotonin level was influenced by the pineal gland, which, in
turn, would affect the hypothalamo-pituitary—adrenal system. It has been
shown that the superior cervical ganglion controls the pineal serotonin level
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(e.g. Wurtman et al. 1968) but it is not known whether the hypothalamic
serotonin content is influenced by the superior cervical ganglion. In the present
paper, some observations will be presented concerning these questions.

Methods

The experiments were carried out on 642 adult male R-Amsterdam rats weighing
185—245 g. The animals were kept on an artificial light schedule of 12 hours light and 12 hours
dark period. The light period started at 06.00 a.m. The animals were fed a synthetic food and
water was given ad libitum.

The superior cervical ganglion was removed bilaterally under pentobarbital anaesthesia
(5 mg/100 g b.w.), according to Fendler and Lissak (1965). Pinealectomy was carried out
according to De Vries and Kappers (1971). The animals were tested 2 weeks after pineal-
ectomy and 1, 2, 4, 8 weeks following ganglionectomy. As controls, sham-operated animals
were used.

The plasma corticosterone content was estimated by the method of Purves and Sirett
(1965), hypothalamic and pineal serotonin content by that of Snyder et al. (1965, 1967).

Removal of the superior cervical ganglia and of the pineal gland was controlled by
histology on randomly selected animals.

Statistical analysis was done by Student’s t-test.

The animals were grouped as follows.

1. Effect of pinealectomy on circadian rhythm of plasma corticosterone and hypotha-
lamic serotonin level (146 animals). The animals were tested at 4.00, 8.00, 12.00, 16.00,
20.00, and 24.00 o’clock.

2. Effect of pinealectomy on stress-induced plasma corticosterone and hypothalamic
serotonin level (74 animals). For stressing, the animals were placed for 2 minutes in ether
vapour and tested 30 and 90 minutes later.

3. Effect of cervical superior ganglionectomy on circadian rhythm of plasma corti-
costerone, hypothalamic and pineal serotonin level (241 animals). The animals were tested
as group No. 1, at different time intervals.

4. The effect of superior cervical ganglionectomy on stress-induced plasma cortico-
sterone, hypothalamic and pineal serotonin level (125 animals).

The animals were stressed by ether as in Group No. 2, and tested 30 and 90 minutes
later.

For electric shock the animals were placed in a box with a grid floor through which
1.5 mA alternative current was delivered for 5 sec in every 15 sec during 2 min. The animals
were tested 30 min later.

5. The effect of superior cervical ganglionectomy on stress-induced plasma cortico-
sterone, hypothalamic and pineal serotoninlevels at different times after ganglionectomy
(56 animals). The animals were exposed to ether 1, 2, 4 or 8 weeks after ganglionectomy, and
killed 30 minutes after ether exposure.

Results

The effect of pinealectomy on the circadian rhythm of plasma cortico-
sterone and hypothalamic serotonin content is shown in Fig. 1. In control
(sham-operated) animals, plasma corticosterone showed a typical diurnal
variation with the minimum at 8.00 a.m., and the maximum at 8.00 p.m.
The hypothalamic serotonin content showed an opposite behaviour, with
the maximum at 8.00 a.m., and the minimum at 8.00 p.m. There was no
difference between the intact control and sham-operated control animals
and therefore their values are expressed as one group. Following pinealectomy,
no difference was found vs. the controls either in corticosterone or in serotonin
diurnal fluctuation.
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25

hours

Fig. 1. Effect of pinealectomy on circadian rhythm of plasma corticosterone and hypothalamic
serotonin level. Solid line, control; dotted line, pinealectomized. Each point represents the
mean and standard error of the mean for 8—22 animals

Ether stress Ether stress

Fig. 2. Effect of pinealectomy on stress-induced plasma corticosterone and hypothalamic
serotonin level. Solid line, control; dotted line, pinealectomized. Each point represents the
mean and standard error of the mean for 16—23 animals
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hours

Fig. 3. Effect of superior cervical ganglionectomy on circadian rhythm of plasma cortico-
sterone, hypothalamic and pineal serotonin levels. Solid line, control; dotted line, ganglion-
ectomized. Each point represents the mean and standard error of the mean for 8—46 animals

The stress response after pinealectomy was similar to that in the sham-
operated group (Fig. 2). After 30 min, the plasma corticosterone level was
high and the hypothalamic serotonin content low. At 90 min, both the plasma
corticosterone and the hypothalamic serotonin level returned to normal.

After removal of the superior cervical ganglia, the pineal serotonin
level was constantly low, while in the sham-operated animals the maximum
was reached at 12.00 a.m. and the minimum at 24.00 (Fig. 3).

Between normal and ganglionectomized animals, there was no difference
in hypothalamic serotonin and plasma corticosterone rhythm.

In superior cervical ganglionectomized animals following stress caused
by ether or electric shock, the plasma corticosterone level was significantly
higher than in the controls, although there was no difference in the hypothala-
mic and pineal serotonin levels (Table I).

The facilitatory effect of superior cervical ganglionectomy on the ether
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Time
(min)

30

90

30

Table |

Effect of cervical superior ganglionectomy on stress-induced plasma corticosterone, hypothalamic and pineal serotonin levels

Group

1. Sham-operated

2. Ganglionectomized

Ether stress

. Sham-operated

. Ganglionectomized

. Sham-operated

. Ganglionectomized

Electric shock

. Sham-operated

. Ganglionectomized

+Mean = S.E.
N: Number of rats
NS: Not significant

33

36

40

22

21

20

13

Plasma corticosterone

. significance

fig/100 ml ®
9.0+£0.93*

8.6+£0.97 NS vs.

45.1+2.15 < 0.001 vs.

64.2+4.10 < 0.001 vs.

< 0.001 vs.

11.5+1.24 NS vs.

< 0.001 wvs.

NS vs.

10.9+£1.05 < 0.001 vs.

NS vs.

39.4+2.15 < 0.001 wvs.

59.9+4.15 < 0.001 wvs.

< 0.001 vs.

N

=

g

Hypothalamic serotonin

significance
“els ®>

2.03+0.06

2.05+0.17 NS vs.

0.78+0.05 <0.001 wvs.

0.86+0.16 <0.001 wvs.

NS vs.

2.16x0.12 NS vs.

<0.001 wvs.

NS vs.

2.13+0.U <0.001 wvs.

<NS vs.

0.63+0.16 <0.001 wvs.

0.74+0.05 <0.001 wvs.

NS vs.

L

N

Pineal serotonin

ng/pineal mgm(f:)(;ance
46.8+1.52

30.8+ 1.91 <0.001 wvs.

47.9+2.05 NS vs.

28.2+ 231 NS vs.

<0.001 wvs.

44.1+2.50 NS vs.

NS vs.

NS vs.

26.0+3.32 NS vs.

<0.001 wvs.

47.1+£3.31 NS vs.

25.3+3.05 NS vs.

<0.001 wvs.

[
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Table N

Effect of cervical superior ganglionectomy on ether stress-induced plasma corticosterone, hypothalamic and pineal serotonin levels at different limes
after ganglionectomy

Plasma corticosterone Hypothalamic serotonin Pineal serotonin
Time GrOUp N . Y . e . f
(days) jUg/00 mi significance Kle significance ng/pineal significance
P) P)
1. Sham-operated 40 45.1+2.15* 0.78+0.05 47.9+£2.05
7 <0.001 vs. 1.
2. Ganglionectomized 22 64.2+4.10 < 0.001 vs. 1. 0.86+0.16 NS vs. 1. 28.2+2.31
3. Sham-operated 8 47.9+2.25 NS vs. 1. 0.95+0.09 NS vs. 1. 44.1+£2.12 NS vs. 1.
14
4. Ganglionectomized 10 62.5+3.81 NS vs. 2. 0.98+0.12 NS vs. 2. 26.3+2.26 NS vs. 2.
< 0.01 vs. 3. NS vs. 3. <0.001 vs. 3.
5. Sham-operated 8 44,1 +2.83 NS vs. 1. 0.86+0.12 NS vs. 1. 43.1+£3.11 NS vs. 1.
28
6. Ganglionectomized 8 58.3+2.55 NS vs. 2. 0.80+0.07 NS vs. 2. 28.0%£2.26 NS vs. 2.
< 0.001 vs. 5. NS vs. 5. <0.001 vs. 5.
7. Sham-operated 8 45.4+2 .41 NS vs. 1. 0.86+0.17 NS vs. 1. 46.8+3.85 NS vs. 1.
56
8. Ganglionectomized 10 62.3+2.85 NS vs. 2. 0.85+0.05 NS vs. 2. 26.2+2.53 NS vs. 2.
< 0.001 vs. 7. NS vs. 7. <0.001 vs. 7.

*Mean = S.b.
N: Number of rats
NS: Not significant
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stress-induced plasma corticosterone level persisted for more than 8 weeks.
The hypothalamic and pineal serotonin levels were always the same as in
the control group (Table I1).

Discussion

The effect of the pineal gland on the hypothalamo-pituitary—adrenal
system has always been a matter of controversies. Following pinealectomy,
the adrenal gland as well as the gonads show hypertrophy (KiTAY 1954;
Kitay and Altschule 1954) and so did the adrenal (Wurtman et al. 1959;
Fraschini et al. 1968; Houssay and Pazo 1968). However, adrenal hyper-
trophy failed to occur in castrated animals (Fraschini et al. 1968). The in-
hibitory role of the pineal gland on gonadal function has been well documented
(e.g. Fraschini et al. 1971; Mess et al. 1971; Moszkowska et al. 1971).
Increased gonadal weight following pinealectomy would indicate an increase
in gonadal function liberated from pineal inhibition. It has also been shown
that the oestrogens cause adrenal hypertrophy (Telegdy et al. 1962; Kitay
1963). The increase in adrenal weight after pinealectomy and the absence of
this increase in gonadectomized animals would support the conclusion that
the adrenal hypertrophy might be secondary, and be due to gonadal hyper-
function. Other authors could not, however, find differences in adrenal weight
following pinealectomy (Ditr 1961; Girod et al. 1963; Kinson et al. 1968).

Corticosterone production in vitro increases after pinealectomy but this
increase disappers in 30 days (Kinson et al. 1967, 1968). On the other hand,
no difference in plasma corticosterone level was found in rats after pinealec-
tomy (Dirr 1961). Keeping the pinealectomized animals in dark, elevated
the plasma corticosterone level in 10 days and this increase disappeared by
the 30th day after pinealectomy (Nir et al. 1971).

Systemic administration of melatonin had no effect on adrenal function
(Barchas et al. 1969); but when implanted into the median eminence, the
compound caused a decrease in adrenal weight (Fraschini et al. 1968) or,
when injected into the lateral ventricle, it diminished the adrenal response to
stress (Motta et al. 1971; Vermes et al. 1972a). The inhibitory action of
intraventricularly administered melatonin was blocked by p-chlorophenyl-
alanine treatment (Vermes et al. 1972a), indicating that the action of melatonin
was mediated by serotonin.

The role of hypothalamic serotonin in the regulation of hypothalamo-
pituitary-adrenal function has been proved (Vermes and Telegdy 1972;
Vermes et al. 1972b). It was suggested that the hypothalamic serotoninergic
transmission inhibited the pituitary—adrenal system (Telegdy and Vermes
1973) and the present findings also supported this concept. The diurnal fluc-
tuation of the hypothalamic serotonin content showed a pattern opposite
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to that of the plasma corticosterone. A high plasma corticosterone level was
associated with low hypothalamic serotonin contents. Pinealectomy had no
effect on the hypothalamic serotonin level, in agreement with the data of
Green et al. (1973) and in contrast to those of Moszkowska et al. (1971)
who found a decrease in castrated pinealectomized animals. It has been shown
that in female animals, ovariectomy by itself decreased the hypothalamic
serotonin level (Rézsahegyi et al. 1973).

The role of the superior cervical ganglia in pineal function is well docu-
mented (e.g. Wurtman et al. 1968). The pineal serotonin rhythm (Quay
1963) diminished following removal of the cervical superior ganglia (Snyder
et al. 1965), and this has been confirmed by the present findings. However,
removal of the said ganglion failed to affect the hypothalamic serotonin rhythm.
The effect on neuroendocrine processes of the superior cervical ganglia is
unclear; their removal has been shown to diminish the compensatory hyper-
secretion without affecting compensatory adrenal hypertrophy (Fendler
and Endréczi 1965), and, also, to prevent development of the “miniature
neurohypophysis” following transection of the pituitary stalk (Fendler
et al. 1970). It had no action on pituitary blood flow (Goldman 1968) but was
able to change the cerebral blood flow (Edvinsson et al. 1971) and pineal
gland flow (Goldman 1967).

In our experiments only the stress response was facilitated without
affecting the basal corticosterone level and the diurnal rhythm of the hypo-
thalamic serotonin content. This action cannot he explained by a denervation
hypersensitivity since the effect could be observed even 58 days after ganglion-
ectomy and up to then there was no difference in the intensity of the re-
sponse. Whether the action is due to a change in the blood supply of the brain
or of the hypothalamus or some other endocrine glands such as the thyroid,
is unclear.
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CONCENTRATION AND IN VITRO RELEASE
OF PLACENTAL HUMAN CHORIONIC
SOMATOMAMMOTROPIN (HCS) IN THE CASE
OF FOETUSES OF NORMAL WEIGHT AND WITH
INTRAUTERINE WEIGHT RETARDATION

By
J. poszpoD, A. GaAL and |. GATI
DEPARTMENT OF OBSTETRICS AND GYNAECOLOGY, AND DEPARTMENT OF SOCIAL HYGIENE,

UNIVERSITY MEDICAL SCHOOL, PECS
(Received May 8, 1974)

Human chorionic somatomammotropin (HCS) concentration of the placenta
was determined in the course of parturition of 100 normal-weight foetuses born at
term and in 100 dysmature foetuses similarly born at term. In addition, the rate of
HCS release from the placenta during 8 hours incubation has been studied. The pla-
centae belonging to dysmature foetuses contained nearly twice as much HCS per g
tissue (1399 fig) than those belonging to foetuses of normal weight (684 fig). From nor-
mal placentae, 81.2% of the hormone content was released during the 8-hour incuba-
tion while from the dysmature placentae only 24.6% of the originally low hormone
content. One g of normal placental tissue released, even in absolute terms, more HCS
(525 fig) than did dysmature placentae (308 fig). It is assumed that the low maternal
serum HCS level in the case of intrauterine retardation accompanying chronic placental
insufficiency may be due to inhibited HCS release from the placenta into the maternal
circulation.

HCS (Human Chorionic Somatomammotropin) is a proteohormone
produced by the placenta. Sciarra (1964) and Grumrach and Kaptan (1964)
showed that it was produced by the syncitiotrophohlast and, after entering
the maternal circulation, it took part in the regulation of the metabolic proc-
esses responsible for the intrauterine development of the foetus (Grumbach
et al. 1968). Therefore, the hormone is also called the growth hormone of
pregnancy (Kaptan and Grumbach 1964). In the case of foetuses with intrau-
terine weight retardation, the maternal serum HCS level is considerably
lower than in the case of foetuses of normal weight (Bettmann and Lang
1973; Berle 1973; Doszpod and Gati 1974; Saxena et al. 1969; Zuckerman
et al. 1970). Therefore, determination of the serum HCS level is an important
endocrine parameter of intrauterine retardation accompanying chronic pla-
cental insufficiency.

HCS in maternal circulation is sensitive indicator of placental function,
since with its short half-life it immediately calls attention to a change in the
function of the placenta. In normal pregnancy, the hormone in maternal
serum can be detected with radioimmune methods after the 8th week; from
this time on, it exhibits a steady augmentation without diurnal alterations
up to the 36th-38th week.
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Few data are available on the HCS content of placental tissue. Suwa
and Friesen (1969) found a value of 308 + wet weight in six sponta-
neously delivered placentae. According to Grumbach and Kaplan (1964),
the hormone concentration in one gofplacental tissue is nearly the same through-
out the pregnancy. MacMillen (1970) found a low maternal serum level
with low placental HCS content in the case of newborns retarded in weight,
and a low maternal serum level with normal placental concentration in the
case of newborns retarded in length. Gati et al. (1970), using a biological
method, found the prolactin-like activity of the placenta to be considerably
diminished in cases of severe toxaemia.

The present investigations had the aim to study the placental HCS
concentration in the case of infants born at term with normal weight and of
infants with weight retardation, and to determine the amount of HCS per g
of placental tissue, as well as the rate of its release during 8-hour incubation.
In addition, we measured the HCS concentration of specimens obtained from
various parts of the same placenta and determined the difference in HCS
concentration of macroscopically intact and infarcted regions.

Method

The HCS content of one g of placenta was estimated in the course of the delivery of
100 normal-weight foetuses born spontaneously at term (38th—41st week of pregnancy) and
of 100 low-weight foetuses with intrauterine retardation, born at term (38th-41st week of
pregnancy). One g oftissue, intact at gross examination, was excised from the central part of
the placenta in each case, washed in Krebs—Ringer bicarbonate buffer and kept at —20°C.
These samples served for determination of the pre-incubation HCS concentration. Hormone
concentration of the washing fluid could be neglected, for five ml of it contained less HCS
than the lower limit of sensitivity of the method.

A similar one g specimen, taken from the region neighbouring the area of the previous
excision, was washed and incubated in 5 ml of Krebs—Ringer bicarbonate buffer pH 7.4 for
8 hours. The incubation medium was changed every hour and stored at —20°C. After incuba-
tion, the placental specimen was similarly kept at —20°C; it served for determination of the
post-incubation HCS level.

In addition, 10 X 1 g of intact placental tissue was excised from different parts of
five normal placentae, in order to study if there was any difference in HCS concentration
between the different parts of the placenta.

Forty outof the 100 placentae belonging to dysmature foetuses were studied. In each
case, one g pieces were excised from the intact and infarcted region and their hormone content
was determined.

The dysmature foetuses were under five percentile according to Lubchenco’s standard
(Lubchenco et al. 1963), and the dysmaturity was proved also clinically.

Homogenization of placental tissue. One g (wet weight) of placental tissue was washed
in Krebs—Ringer bicarbonate buffer, kept at —20°C for 24 hours and homogenized in 5 ml
of a mixture of .1 M NH40H and 0.1 M NH4HCO03 (pH 9.2) in a glass homogenizer. The
homogenate was kept at -f*4°C overnight and then centrifuged at 3000 g. The supernatant
was stored at —20°C, the residue was discarded (Suwa and Friesen 1969).

Estimation of HCS was performed by means of the “Phadebas” radioimmune kit of
Pharmacia, Sweden. The values given refer to one g of wet placental tissue. Sensitivity of the
method: 100 ng/ml (Lindberg et al. 1972). Evaluation of HCS release of placental tissue
was done by regression analysis of the pre- and post-incubation HCS concentrations of pla-
centae belonging to normal and dysmature foetuses, by Student’s i-test.
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Results

Table 1 shows the average weight of the foetuses and placentae, as well
as the placental HCS concentrations. The weight of 100 dysmature foetuses
averaged 2265 + 267 g; that of the placentae, 468 + 98 g. HCS concentration
of DP* was 1339.29 + 24.62 /xg/g wet weight; and, for the whole placenta,
654.70 + 86.12 mg. The weight of 100 foetuses born with normal weight
averaged 3464 + 351 g, that of the placentae 605 + 135 g. HCS concentration
of NP was 684.40 + 15.47 /xg/g wet weight, and, for the whole placenta
413.80 + 73.66 mag.

Table 1

Normal and dysmature newborns, weight and HCS concentration of the placentae

n = 100 Dysmature Normal
Weight of foetus (g) 2265+267 3464+351
Weight of placenta (g) 468+96 605+135
HCS concentration of placenta
(Ixg/g) 1399.29+ 23.62 684.40+15.47
Calculated HCS content of placenta
(mg) 654.70+86.12 413.80+73.66

One g of DP released 308.58 fig HCS into the incubating medium during
an 8-hour incubation. The corresponding value for NP was 525.32 /xg/g. The
amount of HCS released at one-hour intervals is shown in Fig. 1.

HCS content ofone g of DP was 1399.3 fig before incubation and 1055.7/xg
after incubation. The corresponding values for DM were 684.4 fig and 129.2 fig,
respectively. The difference between the pre- and post-incubation values was
343.6 fig for DP and 555.2 fig for NP. The amount of HCS detected in the
medium after an 8-hour incubation was 308.6 fig for DP and 525.3 fig for
NP. Thus, the difference between the calculated and detected values was
35.0 fig for DP and 29.9 fig for NP (Table II).

In the case of DP, only 24.6% of the HCS originally present in the tissue
was released into the medium during the 8-hour incubation; the corresponding
value for NP was 81.2%.

The pre- and post-incubation difference in HCS content of one g of
DP and NP was highly significant statistically for both DP (t = 6.781,
p < 0.001) and NP (t = 9.253, p < 0.001).

Table 11l shows the HCS content of ten one g specimens excised from
various parts of five normal placentae. The differences in HCS content were
negligible.

* DP means a placenta belonging to a dysmature foetus, and NP one belonging to a
normal-weight term foetus.
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Incubation time, hrs
Fig. 1. HCS release from one g of placenta during 8 hours
Table 11

HCS concentration of placenta before and after 8-hour incubation and HCS release from placenta
during 8-hour incubation

Dysmature Normal
_ placental HCS concen- placental HCS concen-
n= 100 tration, tration,
AYg AYg
Before incubation 1399.3 684.4
After incubation 1055.7 129.2
HCS released during incubation
(calculated value) 343.6 555.2
HCS detected in incubation medium
(measured value) 308.6 525.3
Table 111

HCS concentration o f one g specimens from different parts of the placenta

Placenta, No. HnCE tliogls Standardideviation Extreme values
| 451.93 12.63 430-471
2 871.95 22.51 845-915
3 823.50 16.29 796-849
4 654.70 12.58 639.5-683
5 476.65 19.61 446-510
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Hormone concentration in 40 DP was 1345.7 + 285.2 /xg/g in macro-
scopically intact parts and 176.6 + 64.2 /xg/g in infarcted parts.

Discussion

Varma et al. (1971) found a close relationship between maternal serum
HCS level and the weight of the placenta. Gati et al. (1973) showed a close
relationship between the maternal serum HCS level and the weight of the
newborn.

On this basis it was thought at the beginning of the present investiga-
tions that, in the case of retarded foetuses where the maternal serum HCS
level is definitely lower than normal, the placenta too would contain less
HCS, i.e. that the cause of the low maternal serum HCS was an inhibited
hormone secretion of the injured placenta. The investigations revealed, how-
ever, that placentae belonging to dysmature foetuses contained nearly twice
as much HCS per g tissue than those belonging to normal-weight foetuses.
The total amount of hormone calculated for the whole organ was also consid-
erably higher in the smaller placentae belonging to dysmature foetuses
than in the normal placentae of nature foetuses.

As an explanation of these findings a compensatory mechanism of
the placenta may be assumed, in other words, an increased hormone production
per one g of the placentae of lower weight. However, the high placental hor-
mone concentration was always associated with a low maternal serum con-
centration, a fact suggestive of a diminished hormone release from the pla-
centa. This is corroborated by Sciarra’s (1964) finding, according to which
the syncitiotrophoblast of the normal placenta produces HCS in large amount
but does not store it. On the other hand, the high hormone concentration of
placentae belonging to dysmature foetuses speaks for a storage of the hormone.
Our incubation studies also indicated an inhibited hormone release into mater-
nal circulation. One g of DP released a considerably lower proportion of its
HCS content (24.6%) than did one g of NP (81.2%). The difference between
the absolute amounts was also significant: 308.6 /xg/g in the case of DP, and
525.3 /xg/g in the case of NP.

The HCS level in maternal serum seems to be an important factor in
intrauterine development of the foetus. The hormone content per g of placenta,
or for the whole organ, seems to be of considerably less importance. It may
be assumed that, in chronic placental insufficiency when theVascular disturb-
ance of the placenta is accompanied by a low maternal serum HCS level and
intrauterine retardation, the hormone release from the placenta into maternal
circulation is disturbed. According to Grumbach et al. (1968), HCS passes
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from the syncitiotrophoblast into maternal circulation not directly but through
acomplicated cellular activity. Thus, in cases of chronic placental insufficiency,
one has to reckon with some kind of biochemical damage to the placental cells.
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Human chorionic gonadotrophin injected into the midline thalamic nuclei or
into the lateral ventricle increased the threshold of evoked potential, lengthened the
recovery period between two consecutive evoked potentials, and decreased the thresh-
old of spindle-like after-discharges elicited by stimulation of the reticular formation.

Luteinizing hormone given intraventricularly caused spontaneous spindle
bursts, decreased the threshold of stimulus-induced after-discharges and lengthened
the recovery period between paired evoked potentials.

Follicle stimulating hormone, prolactin or inactivated human chorionic gona-
dotrophin and luteinizing hormone had no effect.

In the first trimester of human pregnancy there is an increased frequency
of psychic and vegetative disturbances. Previous studies have shown that
human chorionic gonadotrophin (HCG) facilitates the extinction of conditioned
avoidance reflexes and decreases intertrial and exploratory activity during
extinction in animal experiments (Tetegdy and Roezsahegyi 1971; Tetegdy
et al. 1971).

In the oestrogen- primed rabbit, human chorionic gonadotrophin and
luteinizing hormone induce an EEG “after-reaction” characterized by sleep
spindles and 8/sec high amplitude synchronous “hippocampal hyperactivity”
(Sawyer and Kawakami 1959). In castrated rats, HCG given intravenously
(Hartmann et al. 1971) or administered into the lateral hypothalamus,
dorsal hippocampus or the mesencephalic reticular formation decreases the
threshold of spindle-like activity elicited by stimulation of the vagina or
the mesencephalic reticular formation (Hartmann et al. 1972).

In the present study the effect of human chorionic gonadotrophin and
different pituitary gonadotrophins has been investigated on spontaneous
EEG activity, evoked potentials elicited by stimulation of the mesencephalic
reticular formation, the stimulus-induced EEG after-reaction as well as on
the recovery period of the evoked potential between paired stimuli.

Methods
In the experiments, R-Amsterdam adult female rats were used. The animals were
castrated at least two months prior to observation and kept under standard laboratory con-
dition.
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For the electrophysiological study the animals anaesthetized with ether were subjected
to tracheal cannulation and implantation of electrodes in different regions of the brain.
Thereafter the animals were immobilized by curarization (Curarine-Asta, 2 mg/kg) and
their respiration was maintained artificially.

The bipolar subcortical recording electrodes were made of stainless steel insulated
with enamel except their 0.5 mm tip. For neocortical recordings, silver ball electrodes were
used. Electrical activity was registered with a 12-channel Heilige Neuroscript apparatus and
dual beam cathode-ray oscilloscope.

Bipolar stainless steel electrodes were used for stimulation of the mesencephalic re-
ticular formation by a Disa Multistim rectangular impulse generator through an isolation unit.

Spontaneous EEG activity, the threshold of evoked potentials in the perietal cortex
and various subcortical structures, elicited by stimulation of the reticular formation, the
threshold of stimulus-induced spindle-like after-discharges and the duration of spindles have
been recorded. In each animal the recovery period between two evoked potentials was also
measured in a double stimulation model. Two electric pulses of the same magnitude were
applied with a certain latency between them. When the amplitude of the second evoked po-
tential had reached the first, latency time was measured in msec as the recovery period.

The gonadotrophins were injected in 20 /1 volume into the medial thalamic nuclei
or the lateral cerebral ventricle through a microcannula with an Agla micrometer All-glass
syringe (Burroughs Wellcome Co., England).

The following hormones were used: human chorionic gonadotrophin (Choriogonin,
G. Richter Co., Budapest or Pregnyl, N. V. Organon Oss, Holland), luteotrophin (Luteinizing
Hormone, Calbiochem Equine B grade Lot 71525 or Luteotropin, Versuchs-Praparat Nr.
854 A, Arztneimittelwerk Dresden), follicle-stimulating hormone (NIH-FSH-P-1, Porcine)
and prolactin (NIH-P-S-7, Ovine).

The control animals received vehicle or gonadotrophins previously inactivated by
boiling for 60 min. Location of the electrodes and the microcannula were controlled in brain
sections fixed in 10% formol.

Results

1. Effect of human chorionic gonadotrophin (HCG) on electrical activity of the
anterior hypothalamic and preoptic region, dorsal hippocampus and ipsilateral

parietal cortex

Localization of the cannula and of the recording and stimulating elec-
trodes is shown in Fig. 1.

a) Effect of HCG injection into the medial thalamic nuclei (parafascicular
and paraventricular nuclei). HCG in a dose of 150 I.U. injected in 6 animals
in 9 cases caused spike activity for 1—2 min. In some cases this was followed
by a seizure activity and “silent period” of a few minutes. In this period, EEG
activity was suppressed in every investigated structure. By the tenth min
the threshold of evoked potentials was elevated with an average of 30% of
the pretreatment level in 3 cases in the hypothalamic-preoptic area, 2 cases
in the dorsal hippocampus and 1 case in the parietal cortex.

Following paired stimuli, the amplitude of the second evoked potential
was inhibited in the same time interval as after HCG treatment (Fig. 2b vs. a).

The recovery period of the first stimulus as compared to the control
value was delayed by 20—60% after treatment in 6 out of 9 cases in the
anterior hypothalamic-preoptic region, neocortex and in every case in the
dorsal hippocampus (Fig. 2c vs. a).
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Fig. 1. Schematic localization of cannulae, recording and stimulating electrodes, used in

experiment Nos la and Ib. The heavy black vertical lines represent the cannulae and the

black points the tips of electrodes. AP 1: cannula in lateral cerebral ventricle, recording

electrodes in the anterior hypothalamic area; AP 3: recording electrodes in dorsal hippocam-

pus; AP 3.5: cannula in the parafascicular or paraventricular thalamic nuclei; AP 6: stimu-

lating electrodes in mesencephalic reticular formation. Coordinates according to Fifkova
and Marsala (1967).

a b C
AHA J 100 yV

DHPC I 100 p V

1 sec

Fig. 2. Effect of human chorionic gonadotrophin (Choriogonin) administered into the medial

thalamic nuclei on amplitude and recovery period of paired evoked potentials. The evoked

potentials were elicited by stimulation of mesencephalic reticular formation (3 V, 0.15 msec

impulse duration), a: prior to treatment; b and c: 20 min after HCG administration. Abbr:
AHA: anterior hypothalamic area; DHPC: dorsal hippocampus

The threshold of spindle-like after-discharges followed by stimulation
of the reticular formation decreased by 60% in 7 out of 9 cases in the hypotha-
lamic-preoptic area and dorsal hippocampus and in each case in the cortex.
After HCG treatment, duration of the spindles was prolonged by about 40%.
Spontaneous spindle bursts were never observed.

The changes of the recovery period and the spindle-like after-discharges
lasted from 10 to 60 min.
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a b
b 1
100 msec

Fig. 3. Effect of human chorionic gonadotropin (Pregnyl, 200 I.U.) administered into the

lateral ventricle on the threshold of evoked potentials. The figure shows five superimposed

responses. The evoked potentials were elicited by stimulation of the mesencephalic reticular
formation (1.6 V, 0.15 msec), a: before treatment; b: 10 min after HCG administration

Fig. 4. Schematic localization of cannula, recording and stimulating electrodes, in experi-

ment No 2. AP 1: cannula in lateral cerebral ventricle; AP 1.5: recording electrodes in hypotha-

lamic ventromedial nucleus; AP 2: recording electrodes in basal amygdala; AP 6: stimulating
electrodes in mesencephalic reticular formation. For details, see Fig. 1

Inactivation of HCG by 60 min boiling abolished the above effects
except the spike activity, which could also be observed in some cases in control

animals.

b) Effect of HCG injection into the lateral cerebral ventricle. HCG in dose
of 200 to 500 I.U. was given to 3 animals in 6 cases.

Administration of the hormone elicited no spike or seizure activity.
The threshold of evoked potentials increased (Fig. 3), and the threshold of
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HVM | 100 AV

AMYG

CORT

HVM |

AMYG

CORT J

1sec

Fig. 5. Effect on spontaneous EEG activity of luteinizing hormone (Luteotropin, 2 1.U.)

administration into the lateral ventricle. The first three recordings were obtained prior to

treatment, the second three, 35 sec after hormone administration. Abbr: HVM: ventromedial
hypothalamic nucleus; AMYG: basal amygdala; CORT: parietal cortex

stimulus-induced spindle activity decreased in each case as in the previous
experiment. The recovery period was lengthened in each structure to 150—
160% of its pre-injection duration in 5 out of 6 cases. However, the onset of
the described changes appeared 5—10 min earlier than after intracerebral
administration.

2. Effect of intraventricular administration of luteinizing hormone (LH) on
electrical activity of the ventromedial hypothalamus, basal amydala and ipsilat-

eral parietal cortex.

The site of the cannula, the recording and stimulating electrodes is
shown in Fig. 4.

LH (Luteinizing Hormone, 200 /tg; or Luteotropin, 2—5 1.U.) was
applied to 7 animals in 9 cases. The effects of the two different preparations
were identical.

No spike or seizure activity could be observed following LH administra-
tion. In contrast to previous experiments, the threshold of evoked potentials
did not change during the observation period.

Following LH injection, spontaneous spindle bursts appeared with
5—10 min latency (Fig. 5). These changes occurred in 5 out of 9 cases in the
subcortex and cortex. Following this period the threshold of the stimulus-
induced spindle activity decreased in the ventromedial hypothalamic nucleus
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HVM 200 jjV
AMYG

CORT

HVM
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Fig. 6. Effect on stimulus-induced spindle activity of 200 /tg luteinizing hormone (Luteinizing

Hormone) administered into lateral ventricle. The evoked potentials were elicited by stimu-

lation of the mesencephalic reticular formation (10 ¥, 0.15 msec). The first three recordings

were obtained prior to treatment, the second three 10 min after hormone administration.
Abbr: see Fig. 5

HUM Wyuty 1 100 JWV

AMYG

CORT

HVM J I

AMYG
CORT

1 sec

Fig. 7. Effect of inactivated luteinizing hormone administered into the lateral ventricle on
stimulus-induced after-discharges. For details, see Fig. 6

and amygdala in 7 out of 9 cases and in the parietal cortex in 6 out of 9 cases
(Fig. 6). The changes were in a range of 50—60%.

The recovery period increased by 25—35% in 7 out of 9 cases.

Inactivated LH had no effect (Fig. 7).

Follicle stimulating hormone (100 fig) injected intraventricularly to 5
animals (9 administration) and prolactin (40 fig) to 5 animals (8 administra-
tion) were completely ineffective.
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Discussion

It has been shown that copulation induced specific changes in cerebral
electrical activity in the rabbit (Sawyer and Kawakami 1959). Further
experiments showed that these changes were related to the release of luteo-
trophin, prolactin and posterior pituitary hormones elicited by the coital
stimulus (K awakami and Sawyer 1959). Changes could be detected in single
and multi-unit activity which were associated with the secretion of luteo-
trophin or the administration ofgonadotrophin (K awakami et al. 1970; Brake
and Sawyer 1972; Gatio et al. 1972; Dury et al. 1973).

Behavioural studies have shown that HCG facilitates the extinction
of conditioned avoidance behaviour and decreases exploratory activity
(Tetegdy and Kezsahegyi 1971; Teregdy et al. 1971). In self-stimulation
experiments, after chronic HCG treatment the number of bar pressings de-
creased (Hartmann et al. 1971). These behavioural effects are ascribed to
the enhanced inhibitory tone of the central nervous processes induced by
HCG and LH.

The present study demonstrated that the action of HCG and LH is a
general one rather than a locus-specific influence of gonadotrophins on the
brain structures. The nature of the effect seems to be an inhibitory one. This
was supported by tbe elevated threshold and lengthened recovery period of
evoked potentials.

It has been shown that spindles induced by single or low frequency
stimulation of the caudate nucleus are associated with an inhibition of learned
behavioural responses (Buchwatd et al. 1961) and a depression of the firing
rate of cells in non-specific thalamic nuclei and the cerebral cortex (Buchwaid
et al. 1967). A correlation between internal inhibition and EEG synchronizing
activity of the non-specific thalamo-cortical system (recruiting responses,
spindle bursts) has also been shown (Skinner and Lindstey 1967).

In our experiments, the decrease in threshold and increase in duration
of stimulus-induced after-discharges are interpreted to indicate an increased
tone of central inhibitory processes.

Despite the fact that HCG and LH are almost identical in biological
action, pituitary gonadotrophin had no effect on the threshold of evoked
potentials, while it was more potent in inducing spindle-like activity. Follow-
ing LH administration, spontaneous spindle bursts appeared; such bursts
have not been observed after HCG treatment.

Since progrestone has been reported to exert a similar action (Komi-
saruk et al. 1967; Endrsczi 1969), the question arises whether the action
of HCG or LH cannot be brought about by increasing adrenal progesterone
secretion. The data published so far seem to exclude this possibility (K esko 1969).

Other gonadotrophins such as prolactin and FSH were ineffective and
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the action of HCG and LH on the brain is related to their gonadotrophic
potency. Heat abolishes both the gonadotrophic and the described “neuro-
trophic” activity.
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Blood flow, release of free fatty acids (FFA) and glycerol were measured in
the subcutaneous, mesenteric and omental adipose tissues in chloralose-anaesthetized
dogs during a standardized haemorrhagic shock procedure. Resting blood flows were
6.3 £ 1.4 ml/min/100 g (+tSEM) in the subcutis, 14.8 £+ 3.3 mI/min/100 g in the mes-
entery, and 5.3 + 1.2 ml/min/100 g in the omentum. There was a pronounced reduction
of blood flow during bleeding to an arterial pressure of 55 mm Hg for 90 min and it
remained low during bleeding to 35 mm Hg for an additional 90-minute period. Blood
flow in the mesentery was significantly higher than in the other two adipose tissues
in both the control and the bleeding periods. There was no increase of FFA release
from adipose tissue but glycerol release from the mesentery was significantly increased.
The arterial concentration of FFA did not change but there was a significant elevation
of the glycerol concentration from 0.21 + 0.04 mM to 0.95 + 0.22 mM (p < 0.05).
Arterial pH decreased from 7.28 + 0.03 to 7.06 + 0.04, and the lactate level rose from
3.18 + 0.38 to 10.66 + 1-61 mM during bleeding.

It is concluded that the low blood flow in adipose tissue following bleeding may
impair the outflow of FFA and glycerol. Regional differences in the intensity of the
blood flow reduction may be the explanation for the significant rise in the outflow of
glycerol from the mesentery but not from the subcutis or the omentum. The re-esteri-
fication of FFA increased following bleeding, presumably due to the high lactate con-
centration. As a consequence of the low pH, the lipolytic rate diminished in adipose
tissue in spite of a presumably high sympathetic neurohumoral activity. The rise in
the reesterification rate and inhibiton of lipolysis as well as the diminution in adipose
tissue blood flow counteracts the outflow of FFA.

In a previous paper (Kovach et al. 1970) we have shown that in canine
subcutaneous adipose tissue during haemorrhage, blood flow decreased approxi-
mately to 10% of the resting level and often ceased completely. Hence, this
decrease was found to be more pronounced than in other organs including
skeletal muscle, myocardium, kidney, liver, hypothalamus and intestine with

* This investigation was supported by the Hungarian Medical Research Council,
the Swedish Medical Research Council (B 40-731-06 and K 71-14 R-3425), and the John A.
Hartford Foundation.
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the same haemorrhagic shock procedure (Kovach 1970). Furthermore, there
was no elevated rate of FFA release from the subcutaneous adipose tissue
despite a presumably high sympathetic neurohumoral activity which promotes
lipolysis. It was suggested that a marked restriction of blood flow impaired
considerably the outflow of FFA. It is not known, however, whether this
holds true also for adipose tissue from other regions. Thus, Ballard and
Rosell (1969, 1971) found regional differences in the sympathetic neuro-
humoral control of blood flow and lipid metabolism. The adipose tissue in
the mesentery does not seem to be controlled by the sympathetic neurohumo-
ral system (Ballard and Rosell 1969). Furthermore, in the omentum during
prolonged sympathetic nerve stimulation there was a pronounced escape
from the initial vasoconstriction, especially at high (9 c/s) stimulation fre-
quencies (Ballard and Rosell 1971). These regional differences in the
response to sympathetic nervous activity indicate that the reaction to bleeding
in one region may not be representative of adipose tissue in other regions.
Therefore, the present series of experiments was initiated in order to compare
circulatory and metabolic changes in the canine subcutaneous adipose tis-
sue, omentum and mesentery during standardized haemorrhagic shock. To ob-
tain information concerning the degree of lipolysis and reesterification of
FFA, the release of FFA as well as of glycerol has been determined.

Methods

The experiments were performed on 22 female mongrel dogs fasted for approximately
18 hours. They were anaesthetized with 100 mg/kg a-D(-j-)-glucochloralose (Merck, Darmstadt)
and subjected to tracheotomy. Heparin (Richter, Budapest), 5 mg/kg was administered intra-
venously about one hour prior to the experimental run with no further additions. After this
period the effect of heparin on clearing factor lipase seems to be stabilized (Fredholm 1970).
The subcutaneous tissue in the right inguinal region was isolated from the muscle fascia and
the skin as described earlier (Rosell 1966). The nervous supply to the adipose tissue and the
principal artery were leftintact. In one series of experiments (10 dogs) a portion of the omentum
was also isolated (Ballard and Rosell 1971). A branch of the systemic artery, the vein and the
nerves accompanying the vessels were dissected free at the level of the greater curvature of the
stomach, and a portion of the omental tissue supplied by these structures was separated by
ligatures from the remainder of the omentum. The spleen was exteriorized. In another series
of experiments (12 dogs) the subcutaneous adipose tissue preparation was combined with a
mesenteric preparation (Ballard and Rosell 1969). A loop of the small intestine was selected
and the superior mesenteric artery, vein and accompanying nerves were isolated from the lym-
phatic tissue. Branches from the artery and vein other than those supplying the selected loop
were ligated. The mesenteric segment was isolated from the small intestine by ligatures.

To record blood flow, the veins from the different adipose tissue preparations were can-
nulated and the blood directed by polyethylene tubing to drop recorders. The venous blood
was then collected in ice-cooled centrifuge tubes for later analysis of FFA and glycerol. Arterial
samples were taken from a cannula in the brachial artery for similar analysis. Arterial pressure
was measured in the other brachial artery. Cardiac output and three fractions of it were meas-
ured according to the thermodilution principle (Fronek and Ganz 1960; Kovach and Mitsanyi
1964). Saline at room temperature was injected into the aorta at three different levels: aorta
ascendens, at the level of the diaphragm, and below the renal arteries. The thermistor was
inserted above the bifurcation of the aorta. Respiratory rate was measured with a thermistor
in the tracheal cannula; EEG was recorded from the fronto-occipital leads and ECG from the
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standard lead Il. These parameters were recorded continuously to establish cerebral and car-
diac hypoxic damage during the standardized shock procedure (Wiggers 1950; KovAch
1961, 1970) FFA in plasma was determined titrimetrically according to Dole (1956) as modified
by Trout et al. (1960). Plasma was analyzed enzymatically for glycerol according to Laurell
and Tibbling (1966). Lactate was determined in plasma according to Hohohst (1962), using
the tests from Boehringer and S6hne, Mannheim, Germany. The net release or net uptake of
the metabolites was calculated from the arteriovenous concentration differences, blood flow,
and haematocrits.

During a control period of approximately 60 minutes following completion of the opera-
tive procedures, arterial and venous blood samples were taken at 30, 45 and 60 minutes. The
dogs were then bled into a reservoir to a mean blood pressure of about 55 mm Hg for 90 min
(Bleeding 1), followed by further bleeding to about 35 mm Hg for 90 min (Bleeding Il1). Blood
samples were taken every 30 min. Thereafter, the shed blood was reinfused and all parameters
were registered for 45 min. Blood samples were taken every 15 min during the reinfusion period.

Statistical analysis was performed according to Duncan’s multiple-comparison t-test
(Harter 1960).

Results

Arterial concentrations of plasma FFA and glycerol

Mean arterial plasma concentration of FFA was 0.23 + 0.02 (+ SEM)
mM (Table I). It did not change significantly during the two bleeding periods
or after infusion of the shed blood. The arterial concentration of glycerol,
on the other hand, was doubled during Bleeding | and increased further
during Bleeding Il (Table 1). After reinfusion, the glycerol concentration
tended to decrease but remained significantly above the prebleeding level.

Table |

Effect of haemorrhage on arterial plasma FFA and glycerol concentrations
(Mean £ S.E.)

Bleeding | Bleeding 11 Reinfusion
Control 30'
60' 90' 60’ 90'
FFA 0.23£0.02 0.18+0.01 0.19+0.02 0.22+0.04 0.18+0.04 0.20+0.02
(mM) (n= 21) (n = 21) (n = 10) (n= 17) (n=9) (n = 12)
Glycerol 0.21+0.04 0.36+0.05 0.40+0.1 0.69+0.12* 0.95+0.22* 0.82+0.12*
(mM) (n= 21) (n = 19) (n=09) (n = 16) (n=8) (n=09)

*significant difference from control value, p < 0.05

Arterial concentrations of plasma lactate and changes in arterial pH

The arterial lactate concentration was around 3 mM during the prebleed-
ing period and rose significantly after bleeding. In Bleeding Il the lactate
concentration was about 10 mM (Table Il). There was a progressive decline
in arterial pH from 7.28 during the prebleeding period to 7.06 at the end of
Bleeding Il. Following reinfusion there was a further decrease.
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Table U

Effect of haemorrhage on arterial pH and plasma lactate concentration
(Mean + S.E.)

Bleeding 1 Bleeding 11 Reinfusion
Control 30'
60 90' 60' 90
Lactate 3.18+0.38 6.21+0.54* 6.92+1-05* 10.09+0.69* 10.66+1.61* 8.06+0.63*
(mM) (n = 10) (n = 10) (n=5) (n=8) (n=4) (n= 6)
pH 7.28+0.03 7.20%+0.04 7.16+£0.04 7.09+£0.04* 7.06+0.04* 7.02+0.08*
n=7) (n=17) (n= 5) (n = 4) (n= 4) (n= 3)

* significant difference from control value, p < 0.05

Release of FFA and glycerol from the subcutaneous, mesenteric and omental

adipose tissues

The rate of FFA and glycerol release from fat depots was estimated in
three different regions: the subcutis, mesentery and omentum. The outflow
of FFA did not show any significant change following bleeding (Table I111).
Due to the marked reduction in adipose tissue blood flow during haemorrhage,
in many experiments it was not possible to obtain blood samples sufficient
for FFA determination. The basal rate of glycerol release was higher than the
rate of FFA release. Glycerol release tended to decrease during the first bleed-
ing period and then to rise during Bleeding Il and reinfusion. In the case of
the mesentery, glycerol release was significantly higher during the second
bleeding period than during the control period.

Table 111

Release of FFA and glycerol from subcutaneous, omental and mesenteric adipose tissue
(Mean + S.E.)

Control Bleeding 1 Bleeding 11 Reinfusion
45' 60" 60" 30"
Subcutis FFA —0.13+0.19 0.08+0.05 0.14+0.17 0.09+0.15
(jttM/min/100 g) (n = 15) (n=09) (n= 6) (n = 5)
Subcutis glycerol 0.29+0.11 0.07+0.15 0.11+0.43 0.37+0.49
(jUM/min/100 g) (n = 12) (n = 12) (n= 6) (n=17)
Omentum FFA 0.08+0.15 0.22+0.1 —0.03+0.17 0.12+0.12
((UM/min/100 g) n=17) (n=17 (n= 4) (n= 3)
Omentum glycerol 0.22+0.42 0.08+0.16 0.13+0.12 0.67+1.01
(MM/min/IOO g) (n=09) (n—17) (n= 4) (n = 6)
Mesentery FFA 0.07+0.4 0.37+0.09 0.14+0.38 0.37%£0.09
(jfiM/min/100 g) (n= 6) (n=7) (n= 4) (n= 6)
Mesemtery glycerol 0.37+0.13 0.19+0.14 0.48+0.3* 0.65+£0.07**
(/iM/min/100 g) (n = 10) (n= 8) (n= 4) (n=3)

* significant difference from control value, p < 0.025

** significant difference from 60 min Bl value, p< 0.02

— indicates uptake instead of release
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Blood flow in the subcutaneous, mesenteric and omental adipose tissue

Resting blood flow was significantly higher in the mesentery than in
the subcutaneous and omental adipose tissue. In all three tissues there was a
pronounced decrease in blood flow after bleeding (Table 1Y). Blood flow in
the mesentery remained, however, significantly higher than in the subcuta-
neous tissue.

Discussion

The present results have confirmed and extended our previous findings
in standardized haemorrhagic shock. In spite of a presumably high activity
in the sympathetic neurohumoral system, no significant increase in the re-
lease of FFA from adipose tissue or elevation of the arterial concentration of
FFA could be observed (Kovach et al. 1970). On the other hand, the present
results have shown that the concentration of glycerol, another product of
lipolysis, increased significantly during the later part of the bleeding period.
Concomitantly with this rise, glycerol release from the mesenteric adipose
tissue increased.

Usually, arterial blood concentrations of glycerol and FFA run in parallel
(Cartson and Oro 1963; Fredholm and Rosell 1968). However, this was
not the case in the present experiments. The rise in arterial glycerol concentra-
tion may indicate an augmented lipolysis, at least in some parts of the adipose
tissue during and after bleeding, e.g. in the mesentery, whereas the divergence
of arterial concentrations of FFA and glycerol with time may be due to an
increased reesterification of FFA (Steinberg and Vaughan 1965).

It has been shown that a low pH and high lactate concentrations inhibit
the release of FFA from adipose tissue in vitro and diminish their arterial
blood concentration in vivo (Issekutz and Miller 1962; Miller et al. 1964;
Triner and Nahas 1965). Thus, intra-arterial infusions of Na-L(-|-)-lactate
resulting in blood concentrations above 5 mM counteract the release of FFA
caused by sympathetic nerve stimulation without affecting glycerol release.
Arterial lactate above 10 mM induces a 70% blockade of FFA release without
significantly changing glycerol release (Fredholm 1970, 1971). Therefore,
the inhibition of FFA release under these conditions seems to be due to an
increase in the reesterification of FFA rather than to a depression of lipolysis.
These experiments were performed on the same type of canine subcutaneous
adipose tissue as that used in the present experiments. It was therefore interest-
ing to note that in the present experiments the inhibition of FFA release
occurred at arterial lactate concentrations attained during the bleeding and
reinfusion periods. It is thus conceivable that the absence of any rise in FFA
outflow to a large extent was mainly due to an increased reesterification rate.
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Table 1V

Blood flow (ml/min/100 g) in subcutaneous, omental and mesenteric adipose tissues

(Mean + S.E.)

Bleeding |

Control

60'

#1 #2

Subcutaneous n= 20 n= 19
6.3+1.37 1.7+0.4

#7 #8

Mesenteric n= 12 n= 12
14.8+3.28 3.3+0.52

#13 #14

Omental n= 10 n=29
5.3+ 1.19 1.9+0.64

1— 7 p< 0.05
1-13 p > 0.05
7-13 p< 0.05

2— 8 p > 0.05
2-14 p > 0.05
8-14 p > 0.05

Significance
test*

90

#3
n= 16
1.3+£0.22

#9
n= 12
3.2+0.52

#15
n==6
2.0+0.41
3- 9 p< 0.05
3-15 p > 0.05
9-15 p > 0.05

Bleeding 11

n= 16
0.86+0.22

#10
n= 10
2.7+0.49

#16

n=17

1.6+0.28
4-10 P< 0.05

4—16 p > 0.05
10-16 p > 0.05

90

#5
n= 13
0.88+0.20

#11
n=29
2.6+0.51

#17
n=4
1.3+0.44

5—11 p < 0.05
5-17 p > 0.05
11-17 p > 0.05

Reinfusion
30

#6
n=11
4.0+£1.05

3.4%£0.75

6-12 p > 0.05
6-18 p > 0.05
12-18 p > 0.05

*Values for mean subcutaneous flow were compared to those for omental and mesenteric flow using Duncan’s t-test to detect significant
changes at various intervals in the procedure. Such comparisons were also made between omental and mesenteric flow and changes at the 5%

confidence level are shown
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The marked diminution of blood flow may be another reason for the
absence of an augmented FFA release in every adipose tissue preparation.
The numerical values of peripheral resistance seem to indicate that the decrease
in blood flow in the mesentery and omentum was due to a diminished blood
pressure rather than to an elevated vasoconstrictor tone. In the subcutaneous
adipose tissue, however, there was arise in the calculated peripheral resistance.
This may be a sign of regional differences in the vascular reactions of adipose
tissue to standardized haemorrhagic shock, presumably as a consequence of
regional differences in the sympathetic neurohumoral control of the circulation
in the adipose tissue (Ballard and Rosell 1969, 1971; Rosell 1966).

The primary effect of the severe blood flow restriction may be tissue
hypoxia which, in turn, leads to anaerobic glycogenolysis, lactate accumulation
and tissue acidification (Fredholm and Karlsson 1970). As a result, the
rate of lipolysis may diminish and the rate of FFA reesterification rise. Such
a development of metabolic events in adipose tissue may be the reason why
we did not find FFA accumulation in adipose tissue during haemorrhagic
shock. Thus, in the subcutaneous adipose tissue the FFA concentration was
3.5 + 0.74 (n = 13) in the control period and 2.7 + 0.76 (n = 6) at 60 min
during the second bleeding period (unpublished observations). There is ample
experimental evidence of a strong activation of the sympathetic neurohumoral
system during haemorrhage and one would therefore a priori expect a trap-
ping of FFA in adipose tissue due to an increased lipolysis combined with a
low blood flow (Kovach et al. 1970). The present results, however, indicate
that factors like lowered pH and lactate accumulation may counteract the
trapping of FFA.

In traumatic shock due to hind-limb ischaemia, there is an elevated
concentration of plasma FFA interpreted as an augmented lipid outflow from
adipose tissue (Wadstrom 1959; Stoner 1962). The discrepancy between
those findings and the results obtained in the present study may merely
indicate that changes in lipid metabolism are much dependent upon the type
and degree of the trauma.

In view of the fact that the adipose tissue is the largest energy source
of the organism, the difficulty to mobilize FFA may have adverse effects
on the energy supply of the organism during haemorrhagic shock. Under such
conditions it may be of importance to keep the delivery of FFA at a normal
or increased rate. One way of doing so is to administer alpha-receptor blocking
agents (Kovach et al. 1970) or betamimetic drugs (Stoner 1962; Kovach etal.
1971). The therapeutic value of such a treatment deserves further study.
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Acute hypercalcaemia was induced in anaesthetized dogs by intravenous calcium
chloride administration and the effect on renal function has been observed.

1. When plasma calcium level was raised by almost 100%, arterial tension was
unaffected but urine excretion Cpay, Cjm|jn, sodium and potassium excretion definitely
decreased. There was no change in urinary calcium excretion.

2. Thereduction ofrenal function due to hypercalcaemia is attributed to an inten-
sive constriction of the renal vessels, presumably of the afferent arterioles.

Chronic hypercalcaemia is known to affect the renal parenchyma and
thus urine excretion. Epstein et al. (1958), Gitt and Bartter (1961), Bank
and Aynedjian (1965) have demonstrated in several species that in chronic
hypercalcaemia concentrating ability of the kidney was deteriorated. They
attributed this to the lack of the hyperosmotic concentration gradient in the
medulla or the effect of calcium ions on the permeability to water of the distal
and collecting tubules.

Suki et al. (1969) observed in acute hypercalcaemia a decrease of the
free water clearance which they ascribed to blocked sodium reabsorption in
the ascending limb of Henle’s loop due to the presence of excess calcium ions.

However, it is not sufficiently known whether in hypercalcaemia the
calcium ion excess has a functional influence on renal activity, or modifies
it only as a result of morphological changes.

In order to clarify this question, renal function was investigated under
conditions of acute hypercalcaemia when morphological changes could not
be yet responsible for the occurring changes.

Methods

The experiments were carried out on mongrel dogs of both sexes weighing 9 to 11 kg
anaesthetized with 25 mg/kg pentobarbital intravenously.

The ureters were exposed from median laparotomy and catheretized supravesically
with polyethylene tubings.

Arterial blood pressure was measured in the femoral artery by a mercury manometer
and recorded on sooted paper.

To prevent clotting 0.10 ml/kg of heparin was given intravenously.

After the operation PAH and inulin dissolved in 20 ml of physiological saline in quanti-
ties to raise plasma concentration to 2 mg and 20 mg per 100 ml, respectively, were injected
through a cannula tied into a femoral vein. Maintenance doses were given dissolved in physio-
logical saline in constant infusion at a rate of 1 ml per minute.
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After starting the infusion, 60 minutes were allowed for equilibration, then urine was
collected in three 10 minute periods. At the middle of each period an arterial blood sample
was taken for plasma PAH and inulin determination.

The three control periods were followed by the intravenous infusion of calcium chloride
dissolved in 20 ml of physiological saline. The amount of CaCl2 infused in about five minutes
corresponded roughly to the amount of calcium in the extracellular space.

Next, the maintenance infusion of physiological saline was changed for one containing
in addition to PAH and inulin, 3 mg/ml of anhydrous CaCl2.

After starting the infusion of CaCl2 30 minutes were allowed for equilibration and urine
was again collected in three ten minute periods. At the middle of each period, arterial blood
samples were taken.

After the third period, the animals were killed, their kidney were removed and weighed.
On gross inspection they displayed no morphological changes whatsoever.

Another group of animals served as control to establish the responsibility of the experi-
mental method for the changes in renal function.

These animals were given 20 ml of physiological saline free of calcium intravenously
after the three urine collection control periods.

The maintenance infusion of physiological saline given to the control group contained
no CaCl2either, while in every other respect the procedure was the same asin the previous series
of experiments.

Plasma and urinary PAH concentration was determined by the method of Smith et al.
(1945), the inulin concentration according to Little (1949).

Plasma and urinary sodium, potassium and calcium content was determined by flame
photometry.

Clearances were determined as usual and the results calculated for 100 g renal tissue.

Results

In Table I the results obtained in 10 dogs are summarized. Columns 1, 2
and 3 show the average values for the urine collection periods. Since the differ-
ence between the various periods was not significant their averages and
standard deviations were calculated together (columns 1 to 3).

The hypercalcaemic values are given for each period in columns 4 to 6;
these show the averages calculated in the three periods, and their averaged
results as well as the standard deviations.

The average changes from the control values are given in percentage.
The next column shows them and their standard deviations and the last
column their significance.

It appears from Table | that when the plasma total calcium concentration
was raised from 6.2 + 1*9 mEqg/l to 9.9 + 2.9 mEq/l, there was no change
in arterial blood pressure (123 + 13 mm Hg and 122 + 17 mm Hg, respec-
tively).

Hypercalcaemia caused a drop of PAH clearance (QJpH) from 202 + 112
ml/min to 104 + 81 ml/min (p < 0.001), while inulin clearance (cijnuljn) de-
creased from 76 + 29 ml/min to 46 + 28 ml/min. The reduction of glomerular
filtration was accompanied by a reduction of urinary output which was
1.20 + 0.83 ml/min in the control periods and 0.47 + 0.36 ml/min during
hypercalcaemia (p < 0.001).

During calcium chloride infusion the excretion of sodium (1+a YY)
decreased from 168 + 191 /A g/min prior to infusion to 23 + 26/A& g/min(p </
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Blood pressure, mm Hg

Plasma total Ca level,
mEq/1

CpgH ml/min

Cinulin, ml/min

Urine, excretion, ml/min
UNa « V> jtiEg/min
UKV, (iiIEg/min
UCG-Y, liEq/min

Blood pressure, mm Hg

Plasma total Ca level,
mEq/1

CpAH: ml/min

Cinulim ml/min

Urine excretion, ml/min
UNa «V, |UEg/min

un «V, tEg/min

Uca -V, /tEq/min

123

6.5
216
83
1.29
193
63
5.1

140

6.2
208
79
0.93
157
58
3.2

Table |

Effect of hypercalcaemia on renal function

2 3 xi'ng. 4 5
123 123 12313 123 122
6.1 6.0 6.2+1.9 9.6 10.4
209 182 202+112 100 102
78 68 76+29 50 48
1.18 111  1.20+0.83 0.59 0.45
166 149 168+ 191 43 28
62 63 63+29 35 25
4.0 3.9 4.3+3.2 34 25
Table 11
Control experiments
(n=6
2 3 X+ SD. 4 5
139 134 137+9 128 125
59 5.6 5.9+1.5 5.6 6.3
208 208 208+74 272 217
89 85 84+36 93 94
1.09 1.01 1.01+0.98 1.43 1.20
179 160 165+ 174 181 194
62 62 61+ 27 75 68
4.3 3.9 3.9+2.3 4.4 3.8

121

10.1
106
40
0.36
17
20
21

125

5.6
209
82
0.97
132
50
3.0

X+ SD.

122+17

9.9£2.9
104+81
46+28

0.47+0.36

23+26
27+ 14
2.7+£2.0

4
X+ S.D.
126+16

5.9+1.2
232103
89+39
1.20£1.35
169+187
68+44
3.7+£3.8

per cent = S.D.
-1tnN

+73+43
—48+30
—39+28
—58+54
—59+54
-54+24
—19+68

per cent + S.D.

—8+ 9

0+ 7
-f8+15
+ 10114
+9+19
—11+21
+ 12+42
—9+22

>0.70

<+0001
<0.001
<0.01
<0.01
<0.01
< 0.001
>0.40

>0.05

>0.80
>0.20
>0.10
>0.30
>0 30
>0.50
>0.30
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< 0.01). Potassium excretion (UN -Y) decreased from 63 + 29 ~"Eq/min to
27 + 14 juEg/min, while calcium excretion was unaltered, being 4.3 + 3.2
JuEg/min in the control periods and 2.7 + 2.0 /Aqg/min in hypercalcaemia
(p < 0.40).

In the Table Il the results obtained in six dogs are summarized. These
experiments were destined to decide the responsibility of the operation tech-
nique for the changes observed in the first series of experiments.

Table Il which was compiled in the same way as Table I, shows clearly,
that no significant change took place in any of the investigated parameters
during the experiment.

Comparison of the two tables shows a good agreement between the
values of the control periods of the two series of experiments.

The data in Table Il support the assumption that alterations observed
were due to the hypercalcaemia.

Discussion

The results have confirmed that the urine excreting ability of the kidney
is lower in acute hypercalcaemia.

Since no morphological changes could develop in these acute experiments,
the results seem to point to the direct effect of the plasma calcium level on
renal function.

From the reduced PAH clearance and glomerular filtration in hyper-
calcaemia it seems evident that high plasma calcium ion levels cause constric-
tion of the renal vessels. This would give a satisfactory explanation of all the
observed changes.

In these experiments the total plasma calcium concentration and not
the amount of ionized calcium was determined. It might, however, be assumed
that a rise in plasma total calcium involves a rise in the level of ionized calcium.

Zsotér and Szabo (1958) found an enhanced catecholamine sensitiv-
ity of the smooth muscle elements in chronic hypercalcaemia.

Hurwitz et al. (1960) were able to influence the contractility of smooth
muscles by altering the calcium level. Haddy (1960) and Overbeck and
Haddy (1960) induced vasoconstriction in the forelimbs of dogs by means
of concentrated calcium solutions. Kosche et al. (1972) blocked the effect
of coronary vasodilators by raising the calcium level in the perfused blood.
Frohtich et al. (1962) caused a rise in renal vascular resistance with hyperos-
motic solutions of high calcium content.

These data prove that a higher than normal plasma calcium level causes
a constriction of the arterioles of various organs.

In acute hypercalcaemia, no reduction of glomerular filtration was
observed by Suki et al. (1969). Though in their experiments the plasma cal-
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cium level was almost the same as in our experiments, they failed to register
the vasoconstricting effect of hypercalcaemia. The difference between the
two series of experiments might perhaps be ascribed to a difference in the
administered substances, since we induced hypercalcaemia with calcium
chloride, while suki et al. (1969) used calcium lactate.

On the basis of earlier experiments, a systemic vasoconstriction and
consequently a higher arterial blood pressure ought to have occurred in
hypercalcaemia, provided that cardiac output did not decrease owing to the
positive inotropic effect of calcium ions on the isolated heart, in hypercal-
caemia a higher ‘cardiac output should have rather been found.

It is seen from Table | that in our experiments arterial blood pressure
did not rise, perhaps because the various vascular sections in the organism
are not equally sensitive to the high plasma calcium level. Our experiments
suggest a vasoconstriction in the kidney, when there is no constriction of
the other vessels, moreover a vasodilatation might occur in some section of
the vascular system. This is the only explanation for the finding that the in-
creased vascular resistance in the kidney was not accompanied by a rise in
arterial tension.

The experiments failed to find an answer to the question whether vaso-
constriction in the kidney is caused directly or indirectly by the higher level
of ionized calcium. By indirect cause we mean that vasoconstriction is brought
about not directly by the calcium ions, but by some physiologically occurring
vasoconstrictor substance and that the calcium ions enhance the sensitivity
of the smooth muscle elements in the vascular wall to that particular vasocon-
strictive agent.

It might be possible that somewhere in the organism hypercalcaemia
enhances the production of some vasoconstrictive substance or substances,
causing thereby a secondary constriction of the renal vessels.

In our experiments we have almost doubled the plasma calcium level
and this calcium concentration will already functionally reduce the urine
secreting ability of the kidney. Our results do not permit the assumption of a
close correlation between plasma calcium concentration and renal blood flow,
since this would require the study of the renal function at several plasma cal-
cium concentrations.

Our observation of a decreased urinary sodium excretion in hypercal-
caemia suggests an essentially unaltered function of the tubular cells.

We believe that in hypercalcaemia it is the change in renal haemody-
namics that induces the observed alterations. Reduced glomerular filtration
due to the constriction of the afferent arterioles in itself might result in a dete-
rioration of the concentrating function of the kidneys.
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In anaesthetized rats, known quantities of 4sCa2+, 3P 03- and 3H-methoxy-
inulin were injected by a micropipette into various segments of the tubule (early, mid-
and terminal proximal, and distal tubule) during mannitol diuresis and sustained hyper-
calcaemia. From the amounts excreted in the urine conclusions could be drawn concern-
ing the handling of the injected isotopes in various segments of the tubule. It has been
shown that

(1) Ca2+ ions were reabsorbed along the entire nephron;

(2) PO3- ions were reabsorbed only in the distal tubule but not in the accessible
portion of the proximal tubule;

(3) Hypercalcaemia induced by the infusion of CaCl, resulted in a diminished
reabsorption of calcium along the entire nephron;

(4) Hypercalcaemia resulted in a vigorous reabsorption of phosphate in the prox-
imal tubule and the loop of Henle;

(5) The elevated serum calcium level failed to affect distal tubular phosphate
reabsorption.

It has been suggested that the same mechanism is responsible for the regulation
of calcium reabsorption along the entire nephron. The obtained results allow the assump-
tion that reabsorption of phosphate in the proximal tubule and loop of Henle is a func-
tion of intracellular calcium concentration that changes in parallel with the serum cal-
cium level.

Calcium and phosphate exretion by the mammalian kidney has exten-
sively been studied by clearance techniques, and it has been established that
a significant fraction of the filtered calcium and phosphate is actively reabsorb-
ed in the tubules. The permeability characteristics for bivalent cations of
the mammalian tubular epithelium have been investigated by Chinarda and
Enns (1955) by labelled substances injected into the renal artery. Bronner
and Thompson (1961), Samiy et al. (1960), as well as Shoutens and Ray-
naud (1968) employed the stop-flow technique for the analysis of tubular
calcium reabsorption. However, neither of these methods has provided suffi-
cient information concerning the localization and quantitative aspects of
tubular transport processes.

Lassiter et al. (1963) and D uarte and W atson (1967) studied calcium
transport in the mammalian kidney by the micropuncture technique, while
Strickter et al. (1964), Carne (1964) and Amier et al. (1970) employed the
same method in studying tubular phosphate handling, determining thus the
site of reabsorption within the nephron.
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Selective microperfusion of single nephrons was used by Frick et al
(1965) and Baumann et al. (1966) to investigate the dynamics of tubular cal-
cium transport.

In microperfusion experiments, Murayama et al. (1972) performed a
detailed analysis of tubular phosphate, calcium and magnesium transport,
using the electron probe analysis developed by Morer and Roiner (1969a).

In the present experiments, quantitative aspects of tubular calcium and
phosphate reabsorption, and the dynamics of ionic transport have been studied
by the intratubular microinjection method described by Morer et al. (1965)
and Gottschatk et al. (1965). Hypercalcaemia was induced acutely and its
effect has been investigated on tubular calcium and phosphate reabsorption.

Methods

The experiments were done in female rats weighing 200 g on the average and anaesthe-
tized with sodium pentobarbital (5.0 mg per 100 g body weight, intraperitoneally). Food, but
not water, was restricted 24 hours prior to the experiment. Following anaesthesia, the bladder
was exposed through a lower midline incision, and both ureters were cannulated supravesically
by indwelling thin polyethylene catheters.

The abdominal incision was extended upwards, and the left kidney was exposed, then
fixed without decapsulation, by the technique of Gottschalk and Mylle (1956). The anterior
surface of the kidney was protected from drying by a thin layer of oil previously heated to 37° C.
The surface of the kidney was illuminated by a strong lamp, the light of which was directed to
the desired place by fiber optics. The microinjections were done under a stereomicroscope, by
a Fonbrune micromanipulator. The micropipettes used for the injections were made by a Fon-
brune device. The external diameter of the micropipettes was 5 microns, and their tips were
ground on Arkansas stone. The pipettes were filled with 2 nl of perfusion fluid prior to use.

The animals were tracheotomized, and a thin polyethylene catheter was introduced into
the right external jugular vein for infusions, while the cannulated right femoral artery served
for the withdrawal of arterial blood samples and the recording of blood pressure by a TELCO
electric manometer.

The animals were divided in two groups, the first one serving as control, while in the
other hypercalcaemia was induced by constant intravenous infusion.

The control rats after surgery were given 2.0 ml of a 12% mannitol solution in 100 mM/1
NaCl intravenously, which was followed by a constant infusion of a 6% mannitol solution in
100 mM/1 of NaCl at a rate of 100 /A4/min. Sixty min were allowed to elapse for equilibration,
then the microinjections were started.

Prior to microinjection, the urine excreted by the left kidney was collected for twice
1-min periods on W hatman GF/C glass fibre paper cut into approximately 2-cm disks. Then the
pipettes were filled with a solution containing 145 mM/1 NaCl, 2 mM/1 4CaCl2 (16 mCi/mg),
1 mM/1 Na3xP 04 (20 mCi/mg), 3H-methoxy inulin (New England Nuclear Corp.) and lissamine
green.

The tip of the pipette was introduced into the lumen of the tubule, and 2 nl of the solu-
tion was slowly injected in 15 sec. Subsequently, the urine excreted by the left kidney was
again collected in 30-sec periods for 3 min, then for two 1-min periods.

The site of injection was established by means of the green dye. If the solution appeared
in many convolutions before arriving at the loop of Henle, the site of injection was considered
to be in the early proximal tubule, while if it appeared in a small number of convolutions, the
midportion of the proximal tubule was considered to be the site of puncture. Identification of
these tubular segments was facilitated by the recognition of the terminal segment of the proxi-
mal tubule and the distal tubule.

After completion of urine collection, the microinjection was repeated in another nephron.
In each animal, 6 to 8 nephrons were subjected to microinjection.

In the second group of animals, hypercalcaemia was induced by administering intra-
venously 2.0 ml of a 12% mannitol solution in 100 mM/1 of NaCl immediately after surgery,
then giving a constant rate infusion (100 jid/min) of 100 mM/1 NaCl containing 6% mannitol
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and 30 mM/1 of CaCl2 Equilibration was allowed for 90 min after starting the infusion, during
which period the plasma calcium level increased nearly twofold and changed only slightly in
the remaining part of the experiment. Microinjections were done in the same manner as in the
control group.

The fibre paper disks used for urine collection were dried after the experiment, then
placed into vials containing 10 ml of modified Bray’s solution (Bray 1960). Radioactivity in
the vials was determined by a TRICARB (Packard) 3-cliannel liquid scintillation counter.

Isotope content of the administered solution was also established by placing 2 nl on a
fibre paper disk and spreading it with 1 drop of physiological saline. After drying, counting
was performed in the same way as described for the urine samples.

In both groups of animals the changes in renal function were checked by collecting urine
separately in 10-min periods, twice during each experiment: between the 60th and 90th min,
and between the 90th and 120th min in the control group. Arterial blood samples were with-
drawn at the beginning of the experiment and in the 60th and 90th min. In the hypercalcaemic
group, urine collections were done between the 60th and 90th, and the 160th and 190th min,
and arterial blood samples were withdrawn at the beginning and in the 60th, 120th, 180th and
240th min of the experiment.

Sodium, potassium and calcium in plasma and urine were determined by flame photo-
metry.

Y Tubular calcium and phosphate reabsorption was estimated by calculating the amount
of excreted isotope in per cent of the activity administered.

The 3H-methoxy inulin injected into the tubules could be recovered practically quanti-
tatively in the urine. Whenever there was a difference between the amount of inulin adminis-
tered and regained, this was considered in the calculations in that particular experiment, using
a correction factor for the compution of the amounts of administered 46Ca2+ and 32P 0 43—
The amounts of isotope obtained in the different urine fractions were pooled and expressed
in per cent of the activity administered. Furthermore, activity for each isotope was determined
separately in each fraction as well, and fractional excretion was computed in per cent of the
total amount of isotope excreted in the urine.

Since the three labelled compounds were excreted in the urine in different percentile
amounts, the dynamics of reabsorption could be established. The excretion rate of inulin was
used as reference to which the excretion of 45Ca2+ and 3P 0 43—were compared in each fraction.
The differences obtained in the individual fractions were used for statistical calculations, using
Student’s t-test.

Results

Tubular calcium and phosphate reabsorption were studied in 6 rats in
mannitol diuresis; the obtained data served as controls. Table | summarizes
the results of this series, with the means and their standard deviation (S.D.).

In Table Il, the values obtained in the 5 experimental animals during
hypercalcaemia have been summarized. It is clear from these data that' the
infusion of CaCl2 resulted in a marked elevation of the serum calcium con-
centration to almost twice the initial value, then a further much slower rise
could he observed till the end of the experiment.

Comparing the data obtained in these two groups it is evident that
although the rate of urine flow was the same in the two groups, there were
substantial differences in the urinary sodium, potassium and calcium con-
centrations, all being higher in the hypercalcaemic group. This holds partic-
ularly for the urinary calcium level.

Table 11l shows the data referring to the tubular reabsorption of
45Ca2+ and 3P 043_ in the control animals. The amount of isotope excreted
in the urine is the fraction which has not been reabsorbed in the tubule during
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Table 1
Plasma and urinary excretion patterns in control experiments (mannitol diuresis)

(n= 6; mean + S.D.)

Minutes_after onset

of mannitol infusion 0 60 120
Plasma Na, mEq/1l 135+7 135+ 8 132+ 11
Plasma K, mEqg/1 4.09+ 0.40 4.43+ 0.14 4.66 + 0.22
Plasma Ca, mEqg/1 4.46+ 0.46 4.49+ 0.40 441+ 0.37

Minutes after onset

of mannitol infusion 60-90 90--120
Kidney left right left right
Urine flow, (td/min 45.09 + 18.52 41.24+15.96 47.09 + 23.00 41.12+ 15.20
Urinary Na, mEq/l 7.72+ 5.20 4.74+ 1.29 9.75+ 3.63 8.40+ 2.60
Urinary K, mEqg/1 15.32+ 5.74 10.48+ 6.59 20.50+ 7.39 17.04+ 6.80
Urinary Ca, mEqg/1 0.13+ 0.08 0.10+ 0.04 0.14+ 0.05 0.12+ 0.03

n: number of experiments
Table 11
Plasma and urinary excretion pattern in hypercalcaemia (mannitol diuresis)
(n= 5 mean + S.D.)

Minutes after onset

of mannitol infusion 0 80 120 180 20
Plasma Na, mEqg/1l 134+ 2 132+ 5 133+ 3 134+3 134+ 3
Plasma K, mEqg/1 3.10+ 0.31 3.63+ 0.07 3.91+ 0.15 3.81+0.18 3.73+ 0.30
Plasma Ca, mEql/ 487+ 1.12 7.84+1.66 8.62+ 2.15 9.11+ 2.48 10.04+ 2.97

Minutes after onset

of mannitol infusion 60-90 160-190
Kidney left right left right
Urine flow, "il/min 43.25+ 7.76 40.40+ 8.69 46.40+ 5.10 44.50+ 9.18
Urinary Na, mEq/1l 51.97+ 12.48 48.60+ 18.20 67.97+15.32 58.80+ 27.65
Urinary K, mEqg/1 26.04+ 10.68 22.88+ 11.42 36.00+ 2.24 33.00+ 5.16
Urinary Ca, mEqg/1 9.19+ 290 7.71+ 3.63 16.35+ 3.56 14.25+ 7.26

n: number of experiments

the passage of fluid from the site of microinjection to the end of the nephron.
Table Il contains the means and standard deviations of the total amount of
45Ca2+ and 3P 043~ excreted in urine during the whole period following the
microinjection, per cents of the amount injected.
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Table 111
Microinjections in control experiments

Percentage excretion of various substances injected directly into proximal and distal convoluted
tubules

(mean + S.D.)

H-inulin «Ca 3*P04
Early proximal tubule, n = 6 100 0 74.37+ 18.85
Middle proximal tubule, n = 8 100 0 64.79£15.00
Terminal proximal tubule, n= 7 100 5.48rb 11.10 69.29+ 6.48
Distal tubule, n = 10 100 59.81+13.20 78.39+19.00

n: number of microinjections

These data clearly indicate that calcium is intensely reabsorbed along
the entire nephron. It is also evident that in this experimental series phosphate
reabsorption occurred only in the distal tubule or the collecting duct. On in-
jecting 3P 043- into 4 different segments of the proximal tubule, the amount
excreted in the urine was practically identical with the amount injected.

Table 1V shows the corresponding values obtained in the hypercalcaemic
rats; the data are expressed in per cent of the amount injected into the tubule.

Excretion of 45Ca2+ was substantially higher in the hypercalcaemic than
in the control rats. Also, the rate of 3P 043~ excretion was considerably affect-
ed by hypercalcaemia. While in the control animals no phosphate reabsorp-
tion could be detected in the proximal tubule and the loop of Henle, in the
hypercalcaemic rats significant reabsorption of phosphate occurred in both
the proximal tubule and the loop of Henle.

Table IV
Microinjections in hypercalcaemia.

Percentage excretion of various substances injected directly into proximal and distal convoluted
tubules

(mean i S.D.)

3H-inulin «Ca P04
Early proximal tubule, n = 13 100 9.65+ 5.55 23.19%£12.60
Middle proximal tubule, n = 11 100 14.73+ 8.36 35.19+26.60
Terminal proximal tubule, n = 13 100 16.09+ 4.70 55.19+ 17.85
Distal tubule, n = 10 100 85.00+13.40 81.87+ 7.45

n: number of microijections
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Fig. 1. 3H-Inulin (solid line), 45Ca2+ (dashed line), 32P 0 43— (dropped line) excretion patterns
following early proximal mieroinjection. The data are presented as fractional recovery rates.
Microinjection occurred at zero time

Fig. 2. Excretion patterns following middle proximal microinjection. Symbols, as in Fig. 1
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n=1_1

Fig. 3. Excretion patterns following terminal proximal microinjection. Symbols, as in Fig. 1

Fig. 4. Excretion patterns following distal microinjection. Symbols, as in Fig. 1
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Remarkably, there was no change in the rate of phosphate reabsorption
in the distal tubular segments, as in the control rats 78.39 + 19.00% of the
injected 3P 043~ was excreted in the urine, while in the hypercalcaemic ani-
mals this figure attained 81.87 + 7.45% of the amount injected into the
distal tubule.

There were differences in the amounts of isotope excreted in the various
fractions of urine. In the hypercalcaemic series, the fractional excretion of
isotopes is expressed in per cents of the total amount excreted in Figs 1, 2, 3
and 4, when injection was done into the beginning of the proximal tubule,
mid-portion of the proximal tubule, terminal proximal tubule, and distal
tubule, respectively.

All four diagrams indicate unequivocally that the rate of 45Ca2+ excretion
in the first period was somewhat less than that of inuline. The 40Ca2+ not
excreted in the first period could be recovered in the second and third periods.
Thus, calcium ions appear in the urine with a delay as compared to inulin.
The difference between calcium and inulin excretion is indicated by the
hatched area.

The statistical significance of difference is indicated by the p values on
the diagrams. The excretion of 32P 043~ was not delayed in every segment of
the tubule as compared to inulin: both in the early (Fig. 1) and mid-proximal
tubules (Fig. 2) phosphate excretion parallelled that of inulin.

Since in the control animals 45Ca2+ injected into the proximal tubule
was not excreted in the urine, fractional excretion studies were not undertaken
in this series.

Discussion

The results obtained in the control animals were in agreement with
those obtained for the tubular handling of calcium by Chen and Neuman
(1955) and warser (1961), using clearance techniques, Howard et al. (1959)
apd Grortimann etal. (1963), working with the stop-flow method, and Lassiter
et al. (1963) who employed data obtained by micropuncture. These obser-
vations unequivocally demonstrate that calcium ions are actively reabsorbed
along the entire proximal tubule, in the loop of Henle, most probably its
thick segment, and in the distal tubule.

The experiments of w arser (1961) and w atson (1966) indicate that
the tubular reabsorption of sodium and calcium is interrelated in a way that
any increase in sodium clearance involves a rise in calcium clearance. Suki
et al. (1969) demonstrated enhanced natriuresis in acute hypercalcaemia.
Our observation that sodium concentration in the urine at identical urine
flows was higher in the hypercalcaemic animals than in the controls, is consist-
ent with these data.
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In acutely induced hypercalcaemia, calcium is more vigorously excreted
by the kidneys. This is partly due to the augmented filtration of calcium as a
result of the higher serum-calcium level. In the present experiments, glomerular
filtration rate and filterable calcium levels in the plasma have not been meas-
ured. Le Grimettec (1971, personal communication) found that in acutely
induced hypercalcaemia the plasma concentration of ionized Ca2+ failed to
rise parallel with the plasma total calcium concentration. Since in the present
experiments we measured the plasma total calcium level, it was not possible
to establish to what extent the increased glomerular filtration had contributed
to the observed enhancement of calcium excretion in the hypercalcaemic
animals.

The present results indicate that tubular reabsorption of Ca2+ is reduced
in hypercalcaemia. Reabsorption was diminished along the entire length of
the nephron, proving that the factors affecting tubular calcium reabsorption
exert their effect by the same, or almost the same, mechanism in the renal
tubule.

The present experiments did not allow an accurate definition of the
factor(s) responsible for altered calcium handling during hypercalcaemia.

Parathyroid hormone has been shown by Widrow and Levinsky
(1962) to interfere with the renal tubular reabsorption of calcium. It has
been concluded from these observations that the hormone enhances the
reabsnrption of calcium primarily in the distal segment of the tubule. Frick
et al. (1965) failed to affect calcium reabsorption in the proximal tubule
either by the administration of parathormone or parathyroidectomy. Massry
et al. (1968) were unable to decrease the renal calcium clearance by parathor-
mone in hypercalcaemic animals. In parathyroidectomized animals, Sammon
et al. (1970) found no difference in the rate of calcium reabsorption.

Although the observations of care et al. (1966) and Sherwood et al.
(1966) have unequivocally proved that parathyroid hormone release was
decreased in hypercalcaemia, it appears that other factors too are involved
in the reduction of tubular reabsorption of calcium under hypercalcaemic
conditions.

Since the observations of Sanderson et al. (1960) and copp et al. (1962)
it has become generally accepted that calcitonin participates in the regulation
of the serum calcium concentration. Tenenhouse et al. (1965) found the
polypeptide isolated from the parathyroid gland to interfere potently with
calcium metabolism. Arnauda et al. (1967) suggested that tubular reabsorption
of calcium and phosphate was affected by calcitonin. More recent data of
Bettr and Stern (1970) have indicated that in hypercalcaemia the serum cal-
cium concentration is depressed by the resultant release of thyrocalcitonin.
It is therefore reasonable to assume that thyrocalcitonin interferes with the
tubular reabsorption of calcium.
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The localization of phosphate transport in the nephron has been studied
by Pitts et al. (1958) and Mmai1vin et al. (1958) who established that phosphate
is reabsorbed predominantly in the proximal tubule. In micropuncture experi-
ments, Strickier et al. (1964) succeeded in demonstrating that the bulk of
filtered phosphate is actively reabsorbed in the proximal tubule. Tubular
secretion of phosphate could not he demonstrated even after considerable
phosphate loads and phosphate reabsorption was characterized by a tubular
maximum (Tm). On the other hand, Amier et al. (1970) have shown a vigorous
reabsorption of phosphate in the distal tubule as well.

In the control rats we found a marked reabsorption of phosphate in
the distal tubule, but were unable to demonstrate net reabsorption in the
proximal segment of the tubule. This finding is in apparent contradiction
with the above data, but it should be remembered that earlier investigations
concluded to the kinetics of phosphate reabsorption from changes in the
concentration of phosphate in the proximal tubular fluid. The present results
may be brought into harmony with those of others only by assuming that
under normal conditions phosphate is reabsorbed in the earliest convolutions
of the proximal tubule inaccessible for micropuncture. If there is an intense
reabsorption of phosphate in this segment, the concentration of phosphate
in tubular fluid will decrease significantly, rising again in the more distal
segments of the proximal tubule where water is reabsorbed in the absence of
net phosphate reabsorption. Presumably, the final concentration of phosphate
in the urine is determined by the rate of active phosphate transport in the
distal, eventually also in the collecting, tubules.

As shown in Table IV, during hypercalcaemia a vigorous reabsorption
of phosphate occurs along the entire proximal tubule. This finding indicates
that the proximal tubular epithelium is capable of active phosphate transport
at any part of the tubule, while only a fraction of this reabsorptive capacity
is utilized under normal conditions.

Tubular phosphate reabsorption may be modified by several factors.
The role of parathyroid hormone has been demonstrated by Hiatt and
Thompson (1957), showing that renal phosphate clearance is increased in
response to parathormone administration. It is conceivable that in the present
experiments the increased tubular reabsorption of phosphate was due to a
suppression of parathormone release in response to hypercalcaemia.

Rasmussen et al. (1967) observed that renal calcium excretion decreased
and phosphate excretion increased following the administration of thyrocal-
citonin. However, they attributed these changes in the excretion rate of cal-
cium and phosphate to the ensuing hypocalcaemia.

Thus, there is still much controversy about whether tubular phosphate
reabsorption is governed by alterations of the blood parathormone level or
by the serum calcium concentration.
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Nizet (1972) observed in the isolated canine kidney that phosphate
reabsorption was reduced when the perfusion fluid was diluted with a solution
containing NaCl and KC1 but no calcium. From this observation it may be
concluded that alterations in the serum calcium level may modify tubular
phosphate reabsorption in the absence of parathormone, presumably by evok-
ing changes in the intracellular concentration of calcium in the tubular
epithelium.

The present results obtained in hypercalcaemic rats may be explained
by assuming that the elevation of calcium concentration in the tubular epithe-
lial cells resulted in an augmented phosphate reabsorption rate. There is
reason to believe that changes in intracellular calcium concentration may
affect the activity of cellular alkaline phosphatase (Schmidt and D ubach
1969), presumably resulting in an altered phosphate transport in the tubule.

It is remarkable that distal phosphate transport was not affected by
hypercalcaemia. This finding seemed to point to the independence of tubular
phosphate handling from the serum calcium concentration in this part of
the renal tubule.

The obtained results allow certain conclusions concerning the mecha-
nism of tubular ion transport. In the control series, where calcium was in-
jected into the proximal tubule, it was reabsorbed in toto. This means that
filtered calcium must be quantitatively reabsorbed when passing along the
proximal tubule. Micropuncture experiments have shown that the ratio for
calcium of tubular fluid to plasma concentration (TF/P) in the proximal
tubule was about 1 (Morer et al. 1969b). It has therefore to be assumed that
in the present experiments the infused 45Ca2+ reabsorbed from the proximal
tubule was continuously replaced by non-labelled Ca2+ ions diffusing out of
the epithelial cells. There is a continuous bidirectional flux of ions between
thé tubular fluid and epithelium as well as the peritubular fluid and tubular
cells. The net reabsorption will be thus determined by two opposite fluxes

Co2' interstitium

tb. lumen
| T T
p° S
’ 3-» interstitium

PO,

Fig. 5. Ca2+ and P 043 transepithelial transport in the proximal convoluted tubule
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of ions. This intricate mechanism seems to account for the apparent delay
of 45Ca2+ excretion as compared to the simultaneously injected inulin, as
shown in Figs 1 through 4.

There being no unidirectional delay of the excretion of 3P 043- as
compared to inulin, the assumption of a bidirectional phosphate flux does
not seem to be warranted.

The processes involved in tubular calcium and phosphate transport
are schematically summarized in Fig. 5.
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EFFECT OF ACIDOSIS AND NORADRENALINE
INFUSION ON 14C-NORADRENALINE UPTAKE
BY THE RAT MYOCARDIUM

By

P. Karpati*, |. Préda*, and E. Endréczi

CENTRAL RESEARCH DIVISION, POSTGRADUATE MEDICAL SCHOOL, BUDAPEST
(Received October 27, 1973)

Earlier studies revealed that the noradrenaline concentration of myocardial
tissue is increased during acidosis. The present findings indicate that the uptake of
labelled noradrenaline is less in acidosis. An increased concentration of noradrenaline,
on the one hand, and a decrease of the uptake, on the other hand, led to assume that the
hypernoradrenalinaemia occurring during acidosis is basically involved in the contra-
dictory observations. It was found that the infusion of unlabelled noradrenaline (1.5
/lg/nun for 20 minutes) produced a significant suppression of 14C-noradrenaline uptake
by both ventricular and atrial tissue. These observations clearly suggested that the
decreased noradrenaline uptake during acidosis may be attributed to the substitution
of binding sites by endogeneous noradrenaline liberated from extracardial sources.

Recently we have studied the catecholamine content in myocardial
tissue and the hypothalamus after hydrochloric acid infusion in rats. It was
found that the lowering of blood pH is followed by a significant increase of
the noradrenaline content in the myocardium (Karpati et al. 1973). The
present investigations were aimed at studying the mechanism of an increased
accumulation of noradrenaline by the heart muscle during acidosis in the rat.

Methods

A total of 98 male albino rats of 160 to 200 g was used in the study. Blood pH determi-
nation was performed with a micro-Astrup apparatus (Astrup et al. 1960); the blood samples
were taken from the tail vein. Acidosis was induced by the injection into the tail vein of 0.3
ml/100 g of 0.4 N HC1. The control animals were given equal volumes of physiological saline
solution. The rats were killed 10, 30 and 60 minutes later. Fluorometric assay of myocardial
noradrenaline was made according to Udenfried and Zaltzman-Nierenberg (1963).

For studying the uptake of 14C-noradrehaline bitartarate (56 mCi/mmol, Amersham,
England), the rats were anaesthetized with pentobarbital and the uC-noradrenaline was infused
through a polyvinyl cannula into the jugular vein at a rate of 50//1 min for 10 minutes in a total
dose of 1.8 /cCi/100 g except for one experimental series where the total activity administered
was 0.5 /iCi/100 g. Following the infusion, the animal was killed by decapitation and the atrial
and myocardial tissue was dissected and weighed on a torsion balance. The noradrenaline was
extracted with 5% trichloroacetic acid; the homogenate was centrifuged and the neutralized
supernatant was transferred into counting vials containing 2 ml absolute ethanol and 10 ml
liquid scintillation fluid. Radioactivity was measured by a Packard liquid scintillation spec-
trometer (Model EX 314, 70% efficiency rate).

For studies in vitro, myocardial and atrial tissue slices were incubated in 2 ml Krebs-
bicarbonate buffer at pH 7.4 and pH 7.1, respectively. Oxidation of noradrenaline was prevented
by adding to the media 0.1% of ascorbic acid. m"C-noradrcnaline (0.1 /rCi per 2 ml buffer and
approximately 100 mg tissue) was added to the media immediately before incubation which
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was performed under oxygen atmosphere with constant shaking at 37°C. After 60 min
incubation, the tissue slices were washed with excess buffer solution and then the activity was
extracted and measured as described before.

An increase in blood noradrenaline concentration was induced by the infusion of 1.5
/ig/min noradrenaline bitartarate for 20 minutes. The combined infusion of unlabelled and
labelled noradrenaline was begun in the 10th minute of unlabelled catecholamine infusion.

For studying noradrenaline uptake during acidosis, labelled noradrenaline was infused
10 minutes after the injection of hydrochloric acid. In these experiments, the animals were
killed in the 20th minute after hydrochloric acid administration. The control rats were treated
with physiological saline and the infusion of labelled noradrenaline was made according to the
schedule described above.

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

Results

A lowering of the blood pH as a result of hydrochloric acid administra-
tion produced a significant increase in myocardial noradrenaline content
(Fig. 1). After an initial drop of the pH to 7.1, its normalization took approxi-
mately 60 minutes after the injection of hydrochloric acid.

Infusion of 14C-noradrenaline during acidosis was followed by a lesser
uptake by the myocardial and atrial tissue than in the control animals (see
Fig. 2).

Infusion of both unlabelled and labelled noradrenaline resulted in a
significant decrease of the uptake of labelled noradrenaline by both the atrial
and the myocardial tissues (Fig. 3).

The increased accumulation of noradrenaline and the decrease of labelled
noradrenaline uptake during acidosis suggested that the hypernoradrenalinae-
mia induced by the acidosis was responsible for the suppression of uptake.
If it was due to a substitution of the binding sites by endogenous noradrenaline
which seemed to be confirmed by double infusion studies, this would exclude
the possibility of an increased noradrenaline synthesis in the heart as a result
of the acidosis.

A lowering of the pH to 7.1 of the media in which 0.1 pCi noradrenaline
was incubated with 80 to 100 mg myocardial and atrial tissue slices for 60
minutes (Krebs-bicarbonate, 37°C, under shaking in oxygen atmosphere)
resulted in a significant rise of atrial uptake. Accumulation of radioactivity in
the myocardial tissue was also more increased at pH 7.1 than at pH 7.4,
although the difference was not significant statistically. The results clearly
demonstrated the effect of acidosis on the uptake or noradrenaline. Since the
incubation media contained 0.1% ascorbic acid to avoid spontaneous oxida-
tion of the noradrenaline, the difference between the groups of pH 7.1 and
pH 7.4 cannot be attributed to a greater degradation of noradrenaline at a
higher pH level. By all means, the stronger association constant of the binding
sites at the higher H concentration may be involved in the greater accumulation
of noradrenaline, and this possibility merits some considerations (Fig. 4).
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111 acidosis
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Fig. 1. Myocardial norepinephrine concentration in acidosis. Empty columns: control. Black
columns: after hydrochloric acid injection. *---------- X:pH in acidosis; ¢ ---—----- *: pH in control
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Fig. 2. 14C-norepinephrine uptake in acidosis
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Fig. 3. Influence of noradrenalinaemia on the uptake of 14C-norepinephrine
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Fig. 4. Effect of pH 14C-norepinephrine uptake by the ventricle and the atrium in vitro

Discussion

Numerous studies have indicated that the blood noradrenaline concen-
tration is increased during acidosis (Nahas et al. 1961; Smith and Corbascio
1966; Nahas and Poyart 1967; etc.). These findings have been confirmed by
us (Karpati et al. 1973) and it was moreover found that the acidosis is accom-
panied by an increased noradrenaline accumulation in the myocardial tissue
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(Karpati et al. 1973). The mechanism of myocardial noradrenaline uptake
is not completely understood. Thus, Iversen (1965) reported noradrenaline
uptake by the non-terminal axons and cell bodies in the myocardium, and
Hamberger (1967) showed that the majority of noradrenaline was localized
extraneuronally in the muscle.

The seeming contradiction between the increased noradrenaline con-
centration and the decreased uptake during acidosis was relieved by the find-
ing that hypernoradrenalinaemia which occurs during acidosis results in s
competition for binding sites. As a result of the noradrenaline infusion, the
uptake of labelled noradrenaline is decreased. Whether this competition is
specific for noradrenaline or nonspecific at least for the different monoamines,
is a subject for further investigations.

An increased uptake of noradrenaline by the heart tissue at a higher
H + concentration under in vitro conditions is in accordance with the assump-
tion that the elevated concentration of noradrenaline during acidosis is due
to an increased accumulation rather than to an increased biosynthesis. The
acidosis- induced catecholamine release from the adrenal medulla and ca-
techolaminergic neurones seems to be responsible for the catecholaminaemia
(Nahas and Poyart 1967) which is followed by a redistribution between
noradrenaline-target tissues. In our earlier studies (Karpati et al. 1973),
reserpine pretreatment resulted in a marked catecholamine depletion and a
lack of catecholamine accumulation during acidosis, which indicated an active
process in the uptake during the course of catecholamine redistribution.

It is generally known that metabolic acidosis is a common complication
of cardiac failure and that it is associated with an increased plasma catechola-
mine level (Ceremuzinski et al. 1969). The catecholaminaemia is considered
a factor conditioning for arrhythmia (Gazes et al. 1959; Starcich 1966; Harris
et al. 1951; Barrera et al. 1966, etc.). Moreover, it was found that the admin-
istration of catecholamine depletors or monoaminergic blocking agents
prevented the development of arrhythmia (Ebert et al. 1970). In contrast
to the pathological concomitants of the increased catecholamine level as a
result of acidosis, the positive metabolic effects of catecholamines on heart
performance must also be taken into account.
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The action of chloroquine on isolated uteri of pregnant and non-pregnant rats,
rabbits and guinea pigs showed species differences. The effect on the rat uterus was
either stimulatory or inhibitory depending on whether or not the animal was pregnant
and also on the type of bathing fluid used. Chloroquine stimulated the pregnant and
non-pregnant uterus of rabbits and guinea pigs in de Jalon’s or in mammalian Ringer—
Locke’s solutions. The stimulatory action of chloroquine was Ca+2-dependent, antagon-
ized by tetracaine and 2,4-dinitrophenol, but unaffected by atropine, lysergide or
phenoxybenzamine.

It has been reported by Hart and Naunton (1964) that chloroquine
can cross the placental barrier and may cause injury to the foetus. Recently,
chloroquine has been shown to stimulate the non-pregnant and to inhibit
the pregnant rat uterus (Abdei-Aziz et al. 1971). It was therefore thought of
interest to investigate in some detail the effect of chloroquine phosphate on
the isolated uterus of pregnant and non-pregnant rats, rabbits and guinea pigs.

Methods

Pregnant uterus. The uterus of pregnant rats, rabbits and guinea pigs was removed in
early pregnancy (5th to 10th day) or in late pregnancy (19th to 21st day in rats; 27th to 30th
day in rabbits and 40th to 50th day in guinea pigs). The stage of pregnancy in guinea pigs was
determined by the length of the foetus as described by Bel1 (1941).

Non-pregnant uterus. Adult female rats (180—200 g), rabbits (1.75—2.0 kg) and guinea
pigs (350 —450 g) were used. Some animals were injected subcutaneously with 2.5 mg/kg oestra-
diol monobenzoate and the uterus was removed 48 hours later. Uteri were also removed from
animals not receiving oestrogen.

Post-partum rat uterus. These were removed, as described by Abdel-Aziz and Bakry
(1972), 1/2 hour to 6 days after parturition.

Isolated uterus preparation. Non-pregnant and post-partum rat uteri were used in toto
or only the upper two thirds of one uterine horn were examined. In the case of non-pregnant

* Present address: Department of Pharmacology, Faculty of Medicine, University of
Aleppo, Aleppo, The Arab Republic of Syria.
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uteri from rabbits and guinea pigs, only the lower half of the uterine horn was used of pregnant
uteri, strips of suitable size were obtained. The uterus was suspended in a 20 ml organ bath and
recordings were made on a smoked drum, using an isotonic lever with optimum load and of a
magnification of 8to 10. A mixture of 5% C02 ; 95% 0 2was used for aeration. The uteri were
suspended in mammalian Ringer-Locke’s solution at 37°C as used by Tothill (1967) or at
30°C in de Jalon’ssolution which contains one fourth the amount of calcium and halfthe amount
of glucose of that present in Ringer-Locke’s solution. Uteri suspended in mammalian Ringer—
Locke’s solution showed fairly regular rhythmic contractions, while in de Jalon’s solution the
uteri obtained from rats showed little or no spontaneous contractions and those obtained from
rabbits and guinea pigs showed moderate spontaneous contractions. In some experiments, after
the action of chloroquine was tested in normal Ringer-Locke’s or de Jalon’s solution, it was
retested in calcium-free media of either solutions.

Results

Results are seen in Table I.
Table |

Summary of the effects o fchloroquine on the rat, rabbit and guinea pig uterus

Effect of chloroquine on
uterus suspended in

Species State of uterus
. Ringer—L6cke’s
de Jalon’s solution solution

Rat non-pregnant inhibition stimulation
pregnant inhibition inhibition
postpartum inhibition inhibition
(during first 2 days)
postpartum inhibition stimulation
(after the first 2 days)

Rabbits non-pregnant stimulation stimulation
pregnant stimulation stimulation

Guinea pigs non-pregnant stimulation stimulation
pregnant stimulation stimulation

Rat uterus. Chloroquine (20—500 yg/ml) exerted on the non-pregnant
rat uterus an oxytocic effect which was associated with an increase in tonus
and frequency of spontaneous contractions in mammalian Ringer—ocke’s
solution. Figure 1 illustrates typical effects of chloroquine on pregnant and
post-partum rat uterus suspended in mammalian Ringer-Locke’s solution.
Chloroquine (50—500 pg/ml) inhibited the pregnant horn of a unilaterally
pregnant rat uterus (Fig. la) as well as the non-pregnant horn of the same
uterus (Fig. Ib). This inhibitory action of chloroquine was found to persist in
the post-partum rat uterus during the first 2 days after parturition, but tended
to change to a simulatory action from the third to the sixth day following
parturition (Fig. Ic, e, f.). The inhibitory action of chloroquine was not blocked
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Fig. 1. Action of chloroquine on pregnant and post-partum rat uterus, a: 19-day pregnant

uterus; b: non-pregnant horn of the same uterus in a; c: post-partum uterus, 1/2 hour after

parturition; d: post-partum uterus, 12 hours after parturition; e: post-partum rat uterus, 24

hours after parturition; f: post-partum uterus, 4 days after parturition. Concentrations of

chloroquine (Chi) in mg/ml and of noradrenaline (NA) in nanogram/ml. All uteri were suspended
in mammalian Ringer-Locke’s solution. At, »# washing; time intervals, one min

by 1 X 10 6 propranolol, and the stimulatory action was not effected by
1 X 10~7 atropine, 1 X 10-~8 lysergide, or 1 X 10~e phenoxy-benzamine.
On the other hand, chloroquine (50—500 /jg/m1) consistently inhibited non-
pregnant, pregnant and post-partum uteri suspended in de Jalon’s solution.
This was observed as a decrease in the tone of uterine muscle and by the
antagonism by chloroquine of the stimulatory action of oxytocin and acetyl-
choline. When de Jalon’s solution was exchanged for mammalian Ringer—
Locke’s solution, the uterus showed marked spontaneous contractions and
the stimulatory effect of chloroquine on the non-pregnant and post-partum
rat uterus reappeared and then disappeared when the bathing fluid was
rechanged to de Jalon’s solution. Chloroquine failed to stimulate uteri in
calcium-free media. The metabolic inhibitor 2,4-dinitrophenol(DNP) 1 X 10~4M
as well as tetracaine, 50 to 200 ig/ml, antagonized the stimulatory action
of chloroquine on non-pregnant and post-partum rat uteri suspended in
mammalian Ringer—tocke’s solution (Fig. 2).
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Fig. 2. Effect of tetracaine on the action of chloroquine on the rat uterus 4 days after parturi-

tion, suspended in mammalian Ringer—tocke’s solution, a: before tetracaine; b and c: in pres-

ence of 100 jtig/ml tetracaine; d: after washing of tetracaine. Concentrations of chloroquine
(Chi) in mg/ml, of oxytocin (Oxy) in (tV/ml. At washing; time intervals, one min

Fig. 3. Action of chloroquine on rabbit uterus in mammalian Ringer-Locke’s solution, a: non-
pregnant uterus; b: 20-day pregnant uterus. Concentration of chloroquine (Chi) in mg/ml.
At washing; time intervals, one min

Fig. 4. Action of chloroquine on the non-pregnant oestrogen-treated guinea pig uterus suspend-
ed in de Jalon’s solution, a: before tetracaine; b: and c: in the presence of 100 /ig/m| tetracaine
and of oxytocin (Oxy) in ~tU/ml. At washing; time intervals, one min
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Rabbit uterus. Chloroquine at concentrations of 30 to 500 jitg/ml exerted
an oxytocic action on pregnant and non-pregnant rabbit uteri suspended in
de Jalon’s solution or in mammalian Ringer—tLocke’s solution. The rabbit
uterus was generally more sensitive than the rat uterus to the stimulatory
action of chloroquine. Figure 3 shows the effect of chloroquine on pregnant
and non-pregnant rabbit uteri. The action of chloroquine was not affected
by atropine, lysergide or phenoxybenzamine at concentrations similar to
those used for the rat uterus. Tetracaine and DNP prevented the effect of
chloroquine.

Guinea pig uterus. Chloroquine stimulated the pregnant as well as the
non-pregnant guinea pig uterus, whether suspended in de Jalon’s or in mamma-
lian Ringer-Locke’s solutions (Fig. 4), and this was prevented by tetracaine
and DNP hut not affected by atropine, lysergide or phenoxybenzamine.
Chloroquine failed to stimulate guinea pig uteri suspended in calcium-free
solutions.

Discussion

The action of chloroquine phosphate on the isolated uterus of rats,
rabbits and guinea pigs showed species differences. The type of response of
the rat uterus depends upon the composition of the bathing fluid and whether
the uterus is pregnant. On the other hand, chloroquine had an oxytocic effect
on the pregnant and non-pregnant uterus of rabbits and guine apigs, whether
in de Jalon’s or in mammalian Ringer—Locke’s solutions. The inhibitory as
well as the stimulatory actions of chloroquine on the uterus of the three
species studied, seem to be due to a direct action of the drug on the myomet-
rium and confirm the findings of Abdel-Aziz et al. (1971).

The results obtained with the post-partum rat uterus were interesting
in that the type of chloroquine action depended upon the time elapsed after
parturition. Thus, chloroquine caused an inhibitory effect during the first
two days following parturition, but after that period the action changed into
a stimulatory one, similar to that observed with the non-pregnant rat uterus.
The first 2 days following parturition and during which chloroquine inhibited
the uterus is, perhaps, the early transitional stage during which physiological
adjustment from the pregnant to the non-pregnant state takes place. This
qualitative difference in the response of the pregnant as compared to the
non-pregnant and post-partum uterus is most probably due to differences in
uterine hormonal state which may influence, among others, the degree of
binding of calcium and/or the calcium level in the smooth muscle membrane.
It was suggested by Knifton (1968) that calcium is more firmly bound in
the pregnant than in the non-pregnant myometrium and that there is an
abrupt decrease in calcium binding on the day of parturition which coincides
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with the sudden increase in sensitivity to oxytocin. That calcium is essential
to the stimulant action of chloroquine was shown by the finding that chloro-
qguine failed to elicit such an effect on the uteri of the 2 species when suspended
in calcium-free media. It is known that the release of calcium and its combina-
tion at sites in the cell surface is the final common pathway for excitatory
influences acting to contract smooth muscles (Csaps 1961; Daniel et al. 1962).
It seems, however, that the rat uterus needs a higher calcium concentration
in the bathing fluid than the uterus of rabbits and guinea pigs in order to
show stimulation in response to chloroquine. Knifton (1967) reported on
differences between the rabbit uterus and the rat uterus in the effect of oestro-
gen and progesterone on the tension developed in response to electrical stim-
ulation in the absence of calcium. The antagonistic action of the local an-
aesthetic tetracaine to the stimulant effect of chloroquine on the uterus was
found to occur in all the three species studied and could possibly be linked
with the action of tetracaine on calcium as reported by Feinstein (1961)
who found that local anaesthetics are antagonizing the calcium exchange of
the uterus.

It has been reported by Marshall and Mitler (1964) that the metabolic
inhibitor 2,4, dinitrophenol can abolish the stimulatory action of oxytocin
as well as the rhythmic contractions of the rat uterus. This was confirmed by
the present work and it was found that DNP antagonized the stimulant action
of chloroquine on the uterus. It has been suggested by Marshall and Miller
(1964) that the mechanism by which DNP blocks the action of oxytocin may
be associated with an inhibition of ion transport. It is possible that DNP
blocks the action of chloroquine by a similar mechanism.

Work is in progress to establish how far the relase of prostaglandins is
involved in the qualitative difference observed in the effect of chloroquine
on the pregnant and non-pregnant uterus.
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Oxotremorine after its systemic and intracerebroventricular administration,
causes hyperglycaemia in the waking rat. Methylatropine inhibited the effect of intra-
peritoneally injected oxotremorine but failed to do so after intracerebroventricular
injection of the cholinomimetic. The hyperglycaemia evoked by intraperitoneal oxo-
tremorine application was inhibited by adrenalectomy and diminished by hypophys-
ectomy. Pretreatment with aminoglutéthimide, a drug inhibiting steroid synthesis, de-
creased the hyperglycaemic effect of oxotremorine in those animals which exhibited
the lowest blood corticosterone level. The hyperglycaemia is peripheral in origin, but it
is a central sympathetic excitation, which figures in its development, and the pituitary-
adrenocortical system is also necessary for its manifestation.

Tremorine and oxotremorine are known to elevate blood sugar level in
the rat, but the mechanism of this action is unclear. According to Friedman
and Everett (1964), tremorine hyperglycaemia is central in origin, it mani-
fests itself through the adrenals and cannot be elicited in adrenalectomized
animals. Oeissner et al. (1970) described that oxotremorine elevated the
blood sugar level also in adrenalectomized rats, an effect inhibited by methyl-
atropine, acting only peripherally. Gupta and Ganguiy (1969) as well as
Gupta et al. (1970) are of the opinion that oxotremorine does not elevate
the blood sugar level through the same mechanism as does adrenaline; accord-
ing to those authors, oxotremorine would act directly via some liver enzyme.

The present work was aimed at clarifying oxotremorine hyperglycaemia
was central or peripheral in origin and what humoral systems are at play in
this effect.

Methods

The experiments were performed on waking rats weighing 150—270 g. The animals were
deprived of food for 12 hours before the experiment, with free access to water. During the ex-
periments the rats were individually housed in plastic boxes. Blood for blood sugar determina-
tion was taken from the tail vein before the treatment and 5—6 times during the first two
post-treatment hours. Before experimentation, the rats were kept isolated for at least 60 min.

In one series of experiments the animals were kept in cages under quiet conditions. Then,
25 min after the oxotremorine treatment, they were anaesthetized with ether, and blood was
withdrawn from the abdominal aorta for corticosterone and blood sugar determination.

The adrenals were removed 6 days before the experiment under pentobarbital anaes-
thesia (40 mg/kg intraperitoneally). Following the operation, the rats received to drink 1%
sodium chloride solution instead of water.
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The pituitary was removed according to Gay’s method (1967) one day prior to the exper-
iment. Intracerebroventricular application of the drugs was made according to the method of
Vebsteb et al. (1971) through chronically implanted cannulae, in a volume of 10 //].

Blood sugar level was determined according to Hagedobn and Jensen (1923), and in
some experiments, according to the procedure of Hyvabinen and Nikkila (1962) as modified
by Bakos (1966). Corticosterone was determined according to Guillemin et al. (1959).

The drugs used were oxotremorine oxalate (Institute for Experimental Medicine, Hun-
garian Academy of Sciences, Budapest), methylatropine bromide (Fluka), and aminoglutéthi-
mide (Elipten-Ciba). The doses given refer to the corresponding salts.

In each animals, the pre-treatment blood sugar level was determined, and the results
obtained were expressed in per cent of these values. For statistical evaluation Student’s one-
tailed and two-tailed (-tests and, in one series of experiments, two-way variance analysis were
applied.

Results

The starting blood sugar level was 100 + 1-6 mg/100 ml in the control
animals (mean of 70 experiments).

Isolation for three hours, or intraperitoneal injection of physiological
saline, did not influence the blood sugar level of the rats (Fig. 1). Intracerebro-
venticular application of sodium chloride caused an insignificant (15 + 5%)
elevation of the blood sugar level (Fig. 2).

Oxotremorine given intraperitoneally in a dose of 0.5 mg/kg caused
hyperglycaemia (Fig. 1). The effect was marked at 15 min (26 + 8%), reached
the maximum by the 30th min (74 + 12%) and disappeared by the 90th min.

The central effects of oxotremorine, for instance its hypertensive action,
were also manifest after the intracerebroventricular application of the com-
pound (Phan and Gysrgy 1973).

Oxotremorine given intracerebroventricularly also caused hyperglycae-
mia. In a dose of 5 fig it elevated the blood sugar level by 53 + 6%. The
maximum was reached by the 15th min, the effect being much less marked
by the 30th min (Fig. 2). This small dose, i.e. 5 jUg/animal, when injected by
the intraperitoneal route, caused insignificant hyperglycaemia (12 + 7%).

These results seemed to point to a central nervous origin of oxotremorine
hyperglycaemia. Since this conclusion is at variance with the results of Oe1ss-
Ner et al. (1970), who found that the oxotremorine effect was inhibited by
methylatropine, a drug of peripheral action, we investigated ourselves how
this cholinolytic agent containing a quaternary nitrogen atom would influence
the oxotremorine-induced hyperglycaemia.

Methylatropine, in a dose of 5 mg/kg intraperitoneally, failed to affect
the blood sugar level, as compared with the control (Fig. 1). This dose of methyl-
atropine inhibited the effect of intraperitoneally given oxotremorine, a slight
(17 + 6%) elevation of the blood sugar level occurred only by the 15th min
(Fig. 1). However, the activity of oxotremorine applied intracerebroventricu-
larly was not inhibited by methylatropine (an elevation of 39 + 6%, Fig. 2).

As mentioned above, data in the literature are contradictory concerning
the role of adrenals in oxotremorine hyperglycaemia. In our experiments,
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Fig. 1. Effect of systemically administered oxotremorine and/or methylatropine on blood
sugar level. ---------- : 0.9% NacCl intraperitoneally (i.p.); : 0.5 mg/kg oxotremorine i.p.
(n = 10); — : 5 mg/kg methylatropine i.p. (n = 9): — —: 5 mg/kg methylatropine +0.5

mg/kg oxotremorine i.p. (n = 7). Ordinate: blood sugar level in per cent of pretreatment

value. The values measured 30 min after oxotremorine significantly differ from those for

NaCl-treated animals (p < 0.01). The effect of methylatropine and that of methylatropine +
oxotremorine are not significant statistically

Fig. 2. Comparison of the effect of oxotremorine applied intracerchroventriculary (i.e.v.) and

intravenously (i.v.). — —: 0.9% NaCl i.e.v. (n = 8); -------—: 0.005 mg/animal oxotremorine
ip. (n= 7);-——- : 0.005 mg/animal oxotremorine i.e.v. (n = 8);........ 5 mg/kg methyl-
atropine i.p. + 0.005 mg/animal oxotremorine i.e.v. (n = 9); ; 0.5 mg/kg oxotremorine

i.p. (n = 10). Ordinate: blood sugar level in per cent of pretreatment value. By the 15th min,
the difference from controls (NaCl i.v.c.) is significant in animals treated with 0.005 mg/animal
oxotremorine (p < 0.01) and methylatropine + oxotremorine (p < 0.05)
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Fig. 3. Influence of hypophysectomy and adrenalectomy on oxotremorine hyperglycaemia.

---------- : 0.9% NaCl i.p. in hypophysectomized animal (n = 9); eeee: 0.5 mg/kg oxotremorine

i.p., in hypophysectomized animal (n = 13); —e— : 0.5 mg/kg oxotremorine i.p. in adrenal-

ectomized animal (n = 6); 1 : 0.5 mg/kg oxotremorine in intact animal (n = 10). Ordi-

nate: blood sugar level in per cent of pretreatment value. The effect of oxotremorine in hypo-

physectomized animals significantly differs from that in NaCl-treated animals (p < 0.05) by
the 15th min

0.5 mg/kg of oxotremorine, administered 6 days after adrenalectomy, failed
to influence the blood sugar level (4 + 5%, Fig. 3). Adrenalin, in a subcutane-
ous dose of 0.25 mg/kg, caused a considerable increase in the blood sugar of
adrenalectomized animals (42 + 3.7%, n = 6).

Any possible oxotremorine effect manifesting itself through steroid
hormones was also prevented by the adrenalectomy. The possibility arose
that oxotremorine was activating the pituitary—adrenocortical system. Thus,
in further experiments, the effect of the pituitary was investigated on oxotre-
morine hyperglycaemia.

Hypophysectomy strongly inhibited, but failed completely to abolish,
the blood sugar increasing effect of 0.5 mg/kg oxotremorine (Fig. 3). The peak
effect (35 + 11%) was seen at 15 min. At this point of time the activity of
oxotremorine was identical with that measured in non-operated animals
(26 + 8%).

It was assumed on the basis of these experiments that corticosteroids
might figure in the hyperglycaemic action. Since we had no data concerning
the influence of oxtoremorine on the blood corticosterone level, the following
experiments were performed.

Under the conditions described in Methods, the blood corticosterone
level was 16.6 + 2.9 jUg/100 ml in animals treated with sodium chloride
(n = 9) and 47.1 + 2.6 /tg/100 ml in rats treated with 0.5 mg/kg oxotremorine
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intraperitoneally (n = 10, p < 0 .001). Oxotremorine elevated the blood sugar
level in these experiments by 58% as compared to the controls.

Accordingly, the elevated steroid level seemed to play a part in inducing
the oxotremorine hyperglycaemia. It was therefore investigated how the
inhibition of steroid synthesis would influence the hyperglycaemic effect of
oxotremorine.

Aminoglutéthimide was used for inhibiting steroid synthesis (Dexter
et al. 1967; Loscalzo et al. 1970). The drug was administered in subcutaneous
doses of 150 mg/kg on two occasions (10 a.m. and 4 p.m.) on the day before
the experiment. On the day of the experiment the rats were kept in plastic
boxes, as usual (restraint situation). Blood for blood sugar determination was
taken from the tail vein on five occasions. Then, 100 min following the admin-
istration of oxotremorine, the animals were bled, and the plasma corticoste-
rone level was determined.

The results are shown in Table I. The corticosterone level was high also
in the control group with no further increase upon the effect of oxotremorine
(restraint situation). Pretreatment with aminoglutéthimide decreased the
steroid level which was no longer augmented by oxotremorine in these animals.

It is seen from the data of Table I that aminoglutéthimide pretreatment
did not inhibit the oxotremorine hyperglycaemia. The pretreatment influenced
the corticosterone level to a variable extent. Thus, a correlation was sought
for between steroid level and the degree of oxotremorine hyperglycaemia.

Table 1

Influence of aminoglutéthimide pretreatment on the blood sugar and corticosterone level increasing
effect ofoxotremorine. The animals received 150 mg/kg ofaminoglutéthimide (AM G) subcutaneously
on two occasions the day before the experiment. Six experimental days, twelve animals in each group

Elood sugar

Maximal augmentation Time of maxi- ,Corticosterone

Pretreatment Treatment Initial value, mum effect, I%e/koologlmin,
mg/100 ml i SE. mg/100 ml min £ S.E. SE.

+ SE per cent
. NacCl NacCl 96.6+4.15 14.2+3.19 14.7 40.0%£8.12 48.8+1.45
. NaCl oT 92.9+2.81 46.3+7.64 49.8 29.4+5.57 51.3+2.17
. AMG NacCl 96.9+6.38 13.1+5.08 135 40.0+£7.46 17.9+2.49
. AMG oT 103.8+6.88 32.8+8.57 31.6 40.6+7.78 20.1+4.16

OT: 0.5 mg/kg oxotremorine intraperitoneally

Augmentation of blood sugar level after oxotremorine is significant according to two-way
variance analysis (1—2 and 3—4, p < 0.01). The increases in Groups 2 and 4 do not differ
significantly, nor is there any significant difference between the times of maximum effect.
There is a correlation in Group 4 between corticosterone level and increase in blood sugar, the
correlation coefficient being 0.782, p < 0.01

(The authors thank Mr. G. Folry for statistical analysis)
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The analysis revealed that in animals with a low corticosterone level oxotre-
morine elevated the blood sugar level in a slight degree (Table I).

Aminoglutéthimide pretreatment caused ataxia in most animals, often
persisting on the day of the experiment. Since aminoglutéthimide decreased
the corticosterone level to 18—20 /ig/100 ml, three to five repeated treatments
were performed instead of administering the drug only twice. However, the
animals treated in this way were in an anaesthesia-like condition before the
experiment, they did not move, their body temperature decreased. No experi-
ment was performed on these animals.

Discussion

Our finding that adrenalectomy prevented the hyperglycaemia induced
by oxotremorine was in accordance with the observation of Friedman and
Everett (1964), but in contradiction with that of Oelssner et al. (1970).
These latter authors have studied the metabolic effects of oxotremorine under
deep urethane anaesthesia and the discrepancy of the results might have been
caused by this factor. It seems also unlikely that oxotremorine hyperglycaemia
should be caused by a direct effect on liver enzymes (Gupta and Ganguly
1969; Gupta et al. 1970), for such an activity would be present also after ad-
renalectomy.

Even though the adrenal are necessary for eliciting oxotremorine hyper-
glycaemia, a direct stimulatory effect of the drug on the adrenals can be
excluded. Oxotremorine possesses no ganglionic stimulatory action (Haslett
1963; Gyorgy et al. 1971), and its pressor effect in the rat is not influenced
by adrenalectomy (Phan and Gysrgy 1973).

Tremorine hyperglycaemia is inhibited by splanchnic transection and
medullectomy (Friedman and Everett 1964); oxotremorine presumably
activates the adrenals through the central nervous system. Stimulation of
the cerebral sympathetic centres is well-known to produce hyperglycaemia
(Bernard 1849; Franklin and Distefano 1962; Shimazu et al. 1966; K okka
and George 1970). The central nervous system is also involved into the regula-
tion of adrenaline secretion (Martey 1964), and we could show that oxotre-
morine stimulates sympathetic centres in the cat (Gyorgy et al. 1971), as
well as in the rat (Phan and Gyorgy 1973). We therefore assume this action
to play a part in the blood sugar increasing effect of the drug.

Some experimental data, however, are clearly against the exclusive
role of a direct effect on the sympathetic centres in the development of oxotre-
morine hyperglycaemia. This hyperglycaemia is peripheral in origin, as it is
inhibited by methylatropine. Accordingly, peripheral factors must play a
decisive role in the oxotremorine action, since methylatropine does not pene-
trate into the central nervous system and does not influence the central effects
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of oxotremorine. We assume that oxotremorine stimulates the central nervous
system in a reflex way through its peripheral actions inhibited by methylat-
ropine (vasodepression, bradycardia, bronchial constriction etc.). An exclu-
sively peripheral origin of the oxotremorine hyperglycaemia cannot be imag-
ined, as the role of the adrenals is doubtless, but the compound has no direct
effect on the adrenals.

Oxotremorine has a direct central effect, too; it causes hyperglycaemia
also after intracerebroventricular application, which hyperglycaemia is not
influenced by methylatropine. In the case of an intraperitoneal administration
the dose used (0.5 mg/kg) is presumably too low for this direct central action
to become manifest.

Hypophysectomy markedly diminished the oxotremorine hyperglycae-
mia. Though also. STH may figure in the development of a hyperglycaemic
reaction (Houssay 1955), such a role can be excluded in the present case.
(The adrenals are necessary for the manifestation of the oxotremorine effect,
but not for that of STH.) Our experiments point to a role of the ACTH-adre-
nal cortex system in the case of oxotremorine.

In freely-moving animals oxotremorine augments the blood cortico-
steroid level. Under the conditions of our experiments the steroid level was
high also in the control rats, due to the restraint situation; in these animals
oxotremorine failed further to increase the steroid level. In spite of this, the
experiments performed with aminoglutéthimide, a drug inhibiting steroid
synthesis, also corroborate the role of adrenocortical hormones in the develop-
ment of oxotremorine hyperglycaemia. The diminution of the steroid level
was correlated with the inhibition of the hyperglycaemic response.

Thus, steroids are necessary for the manifestation of the oxotremorine
effect. They cannot, however, be assumed to raise the blood, sugar level by a
direct action; control animals in restraint situation do not exhibit hypeglycaemia
in spite of the high corticosterone level. More probably, steroids augment
the hyperglycaemic effect of adrenaline by their permissive action; Collip
et al. (1936—1937) showed that this adrenaline effect decreased markedly
after hypophysectomy in the rat.

According to the above, oxotremorine applied intracerebroventricularly
possesses a direct central action on the one hand, and an indirect peripheral
action manifesting itself via the central nervous system, on the other. Libera-
tion of adrenaline and the presence of adrenocortical hormones are also nec-
essary for the development of the hyperglycaemia.
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EFFECT OF OXOTREMORINE ON BEHAVIOUR
AND EEG OF RESERPINE-PRETREATED RATS

By
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INSTITUTE FOR EXPERIMENTAL MEDICINE, HUNGARIAN ACADEMY OF SCIENCES, BUDAPEST
(Received July 18, 1973)

Oxotremorine in high dose elicits seizure-like manifestations unfrequently in the
rat. After pretreatment with reserpine and methylatropine, however, clonic fits develop;
at the same time EEG alterations can be observed characterized by 6—7 c/s bursts of
1—3 sec duration appearing at 5—20 sec intervals. A similar pattern is seen in reserpine-
pretreated rats after the administration of physostigmine.

The EEG activity elicited by oxotremorine is inhibited by atropine and primidone
but left unaltered by mecamylamine.

The convulsant activity of nicotine and other ganglionic stimulatory
agents is a well-established fact. According to Molnar et al. (1967) cholino-
mimetics (oxotremorine, arecoline, etc.) having exclusively muscarinergic
activity, do not elicit seizures only tremor, after i. cer. application in the
mouse. Cox and Potkonjak (1970) found that oxotremorine in large doses
elicited convulsions in the rat. This was a rare occurrence in our experiments
in normal rats; however, after pretreatment with reserpine, oxotremorine
caused a characteristic, seizure-like behavioural pattern.

In the present experiments, oxotremorine was applied in high doses.
The peripheral effects of the drug were inhibited with methylatropine. The
aim was to study, at what frequency oxotremorine would induce seizure,
whether these were potentiated by reserpine, a drug known to increase the
effect of chemical convulsants, and whether the oxotremorine action was
associated with any characteristic EEG activity. In addition, the influence of
centrally acting anticholinergic agents (atropine, mecamylamine) and the
anticonvulsant drug primidone was studied on the symptoms elicited by
oxotremorine. Finally, the activity of oxotremorine was compared with that
of physostigmine.

The EEG alterations induced by tremorine and oxotremorine were
mainly studied in the rabbit (Everett 1964; Ban and Hojo 1971) and the
cat (Baker et al., 1960; George et al.,, 1964); experiments on the rat were
described only by Lévy and Michel-Ber (1967). To our best knowledge,
the EEG effect of oxotremorine in reserpine-pretreated animals has not been
investigated.
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Methods

The experiments were performed on albino rats of both sexes, weighing 200—280 g.

Behavioural studies. The symptoms developed after the treatments, tobe detailed below
were investigated by observers unfamiliar with the treatment the animals had received.

EEG studies. Cortical screw electrodes made of nickel-plated copper were implanted
under pentobarbital anaesthesia (35 mg/kg intraperitoneally) one week before the experiment.
Two electrodes were located on the frontal cortex, two further ones on the parietal cortex, at
a distance of 2 mm from the coronary and sagittal sutures, respectively. Cortical electrical
activity was recorded in freely-moving animals from bifrontal, biparietal as well as right and
left frontooccipital leads.

For evaluating the EEG record, we measured the number and duration of the bursts,
between 0—5, 6—10, 11—15 etc., min after the injection of oxotremorine, for a total of 30 min.
The sum of the total duration of burst activity was determined for each 5-min period. Then
arithmetic means were computed and used for comparison.

The various groups of animals were treated at the point of time given in Table I.

Table 1

Treatment schedule of various groups of animals

. -4 h -3 h —20 min —15 min Zero min
Group intraperitoneally  subcutaneously intraperitoneally subcutaneously intraperitoneally

I 2 mg/kg 2 mg/kg oxo-
methylatropine tremorine

2. 2.5 mg/kg 2 mgl/kg 2 mg/kg oxo-
reserpine methylatropine tremorine

3. 2.5 mg/kg 10—20 mg/kg 2 mg/kg oxo-
reserpine atropine tremorine

4. 2.5 mg/kg 2.5 mg/kg 2 mg/kg 2 mg/kg oxo-
reserpine mecamylamine  methylatropine tremorine

5. 2.5 mg/kg 2 mg/kg 2 mg/kg oxo-
reserpine methylatropine tremorine

6. 2 mg/kg 0.5—1.0 mg/kg

methylatropine physostigmine

7. 2.5 mg/kg 2 mg/kg 0.5—1.0 mg/kg

reserpine methylatropine physostigmine

8. 60th min: 2 mg/kg 2 mg/kg oxo-
20—50 mg/kg methylatropine tremorine

tetrabenazine

The drugs used were reserpine (Rausedyl, Richter, Budapest), methylatropine bromide
(Fluka), atropine sulphate (Ph.Hg.Yl.), mecamylamine (EGYT, Budapest), primidone (Sertan,
EGYT, Budapest), oxotremorine oxalate (Institute of Experimental Medicine, Hungarian
Academy of Sciences, Budapest), physostigmine salicylate (Ph.Hg.V1.), tetrabenazine (Nito-
man, Hoffmann La Roche, Basel).

Results
Behaviour

Oxotremorine, in doses from one to two mg/kg or, after methylatropine,
in a dose of 4 mg/kg elicited tremor; seizure-like manifestations appeared in
about 15% of the cases. After reserpine pretreatment, 2 mg/kg oxotremorine
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became highly toxic, caused dyspnoea, asphyxia and often death of the ani-
mals. Therefore, in this case the manifestations could not been evaluated.
When methylatropine had been given together with reserpine before the
injection of 2 mg/kg oxotremorine, all the animals survived and a seizure-like
activity appeared in most cases. By the 4th—5th min following the administra-
tion of oxotremorine, a tremor of increasing intensity set on, turning gradually
into jerking. The rats were standing on their hind limbs, later clonic fits devel-
oped in the head forelimbs and the frontal part of the body. They recurred
6—8 times; thereafter, the animals often fell down and lay on their side.
The clonic fits were reminiscent of the first phase of the pentetrazole convul-
sions. Tonic seizures did not develop in any extremity.

In some experiments the effect of tetrabenazine was investigated. One
hour after a dose of 20—50 mg/kg, oxotremorine caused symptoms identical
with those seen above.

One mg/kg of physostigmine, given after reserpine pretreatment, caused
clonic jerks and seizure-like manifestations similar to those seen after oxotre-
morine; however, no such event was observed without reserpine pretreatment.

The influence of various drugs on the oxotremorine fits of animals
pretreated with reserpine and methylatropine was also investigated. Mecamyl-
amine and primidone were found ineffective, while atropine sulphate inhibited
their development.

EEG pattern

The monotonous cortical electrical activity of 6—7 c/s was not influenced
by 2 mg/kg of oxotremorine in methylatropine-pretreated animals (Fig. 1).

In rats pretreated with reserpine and methylatropine, a fast activity
superimposed on high-amplitude waves, was seen (Part 1 of Fig. 2). Under the
effect of oxotremorine, four out of five animals exhibited a characteristic
EEG pattern: rhythmic basal activity of medium voltage with high and steep
bursts of 6—7 c/s appearing at 5—10 sec intervals, simultaneously with the
fits (Part 2 of Fig. 2). This activity did not decrease during the 30-min obser-
vation period (Fig. 3).

In animals pretreated with reserpine and 10mg/kg of atropine, oxotre-
morine elicited burst activity of short duration. After 10 min the characteristic
waves became rare and shorter and the burst activity practically ceased by
the 30th min (Fig. 3). Twenty mg/kg of atropine fully counteracted burst
activity in two rats.

The characteristic burst activity appeared in three out of five animals
after the combined administration of reserpine, mecamylamine, methylatropine
and oxotremorine. The period of bursts was longer than in rats not treated
with mecamylamine (2.1 and 1.5 sec, respectively); as to total time, burst
activity was increased mainly during the first 15 min (Fig. 3).
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Fig. 1. a: RAT, 270 g, EEG tracing, without pretreatment. Derivations: bifrontal, biparietal,

right frontoparietal, left frontoparietal, b: EEG tracing of the same rat after 2 mg/kg methyl-

atropine given subcutaneously, c: EEG tracing of the same rat after 2 mg/kg oxotremorine
given intraperitoneally

Ada Physiologica Academiae Scientiarum Hungaricae 45,1974



EFFECT OF OXOTREMORINE 135

KtIOA  ALVAR - Electronic REEGA m ALVAR -« Electronic REEGA - ALVAR -+ Electronic REEGA m ALVAR - Electronic

AWVViyrv yywvvWMV/A/WW 1

Xiwool/ V

Fig. 2. a: Rat, 210 g, EEG tracing after intraperitoneal pretreatment with 2.5 mg/kg reserpine.

Derivations: bifrontal, biparietal, right frontoparietal, left frontoparietal, b: EEG tracing of

the same rat after subcutaneous pretreatment with 2 mg/kg methylatropine, and 2 mg/kg oxo-
tremorine given intraperitoneally

In two out of five animals treated with reserpine, primidone and methyl-
atropine, oxotremorine elicited no burst activity; in the remaining three
rats it was weak and disappeared quickly (Fig. 3).

Physostigmine did not elicit burst activity in animals pretreated with
methylatropine, whereas in rats treated with reserpine -f- methylatropine it
caused a picture reminding of the oxotremorine effect in all respects (Fig. 4).
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Fig. 3. Burst activity in rats pretreated with reserpine (2.5 mg/kg) and methylatropine (2 mg/

kg), after oxotremorine. The height of the columns shows the summarized mean duration of

bursts within the given time intervals. O: physostigmine (1 mg/kg intraperitoneally); L oxo-

tremorine (2 mg/kg intraperitoneally); m: atropine (10 mg/kg subcutaneously) -f- oxotremo-

rine (2 mg/kg intraperitoneally); mecamylamine (2.5 mg/kg intraperitoneally) -|- oxotre-

morine (2 mg/kg intraperitoneally); m primidone (20 mg/kg subcutaneously) -f- oxotremorine
(2 mg/kg intraperitoneally)
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Fig- 4. a: Rat, 250 g, EEG tracing, after pretreatment with 2.5 mg/kg reserpine intraperitone-
ally. Derivations: bifrontal, biparietal, right frontoparietal, left frontoparietal, b: EEG tracing
of the same rat after 2 mg/kg methylatropine subcutaneously and 1 mg/kg of eserine intraperi-

toneally
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Discussion

Cox and Potkonjak (1970) described that 2 mg/kg oxotremorine given
intraperitoneally caused convulsions in the rat. In our experiments in non-
pretreated animals convulsions were infrequent. However, four hours after
reserpine pretreatment, oxotremorine elicited characteristic fits in almost
every animal.

Reserpine is known to facilitate the effect of convulsants; thus this
drug can be assumed to unmask some “latent” activity of oxotremorine.
It should be noted that we call the syndrome clonic jerk or fit, and not con-
vulsion, for it never turns into the generalized fit and tonic extension seen
after the administration of nicotine or pentetrazole. The EEG patterns during
oxotremorine and pentetrazole fits are also different in that rhythmic spike
activity characteristic of the latter drug was never observed after oxotremorine.

The behavioural manifestations and the burst activity are definitely
correlated phenomena. Neither of them will develop without reserpine, they
appear at the same time and atropine is inhibitory upon both of them.

According to the earlier data of Molnar et al. (1967), muscarinergic
stimulants, such as oxotremorine, arecoline and arecoline derivatives do not
cause convulsions on intracerebral application in the mouse. Our more recent
data have shown that oxotremorine seizures cannot be observed in this species
after reserpine pretreatment either. Carbachol, a drug also having a nico-
tine-like activity, elicits seizures by this route of administration (Decsi et al.
1963) and so do nicotine, DMPP, as well as tétraméthylammonium bromide
(Molnar et al. 1967). On this basis, we first had to think that the development
of carbachol seizures might be due to the nicotinergic action of the molecule.
However, carbachol seizures are inhibited by atropine (Decsi et al. 1963)
but left unaltered by mecamylamine (Gysrgy, unpublished); thus the possi-
bility arises that a central “muscarinergic” seizure may also exist. This assump-
tion is corroborated by the finding that atropine inhibits (or, in doses high
enough, fully counteracts) the oxotremorine-induced clonic fits and burst
activity, while mecamylamine is ineffective in this respect.

Thus, the oxotremorine fit is muscarinic in origin, similarly as the EEG
activation elicited by cholinergic stimulants (physostigmine, arecoline) in the
cat, a reaction inhibited by atropine but left unaltered by mecamylamine
(Yamamoto and Domino 1967).

We cannot explain why primidone, which inhibits the oxotremorine-
induced hurst activity, has failed to influence the behavioural reaction.

The oxotremorine-induced fits and the accompanying EEG pattern
are the consequence of the cholinergic stimulatory property of the molecule;
the anticholinesterase drug physostigmine, though having a different site of
action, exerts the same effect as oxotremorine.
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It was found in four cats that noradrenaline injected intramuscularly exerts oppo-
site effects on self-stimulation behaviour, depending on the dosage. A small dose of
noradrenaline greatly facilitated the lever-pressing behaviour, while a large dose of the
drug depressed it. The changes induced in the arterial blood pressure proved to be an
excellent indicator of the reversal in the effect of noradrenaline on self-stimulation
behaviour.

Since the original description of the phenomenon of intracranial electri-
cal self-stimulation (O1ds and Miiner 1954), a wide variety of experimental
observations has been accumulated to define the central neural mechanism
of “reward”. In behavioural testing, however, the possible role of the peripheral
autonomic mechanisms may not be neglected. There are few experimental data
as to whether the peripheral autonomic mechanisms are involved in the neural
organization of reward (Maims 1961; Perez-Cruet et al. 1963, 1965). In an
earlier series of experiments marked alterations were found in respiration, heart
rate and arterial blood pressure which were continuously recorded during
self-stimulation (Angyan and RAC 1972). It was suggested that the increase
in blood pressure to a certain level may contribute to the disruption of lever-
pressing behaviour. What is new in the present study is that self-stimulation
was tested with the blood pressure elevated by noradrenaline. The choice of
noradrenaline for testing was dictated by its well-known pressor effect and
its effect on self-stimulation analyzed in many previous studies.

Four adult cats were used in this study. By the conventional stereotaxic
technique, bipolar stainless steel electrodes, 1—2 mm apart and bared to 0.5 mm
at the tips, were implanted in the mammillary region of the hypothalamus.
A week after the operation, the animals were trained to press a lever for re-
ceiving a 0.3 sec train of inonophasic square wave pulses of 0.3 msec duration at

*Visiting scientist; present adress: Institute of Physiology, Armenian Academy of
Sciences, Erevan, USSR.
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100/sec frequency. The training was regarded as successful when the animal
began to press the lever spontaneously and repeatedly during at least 20 min
on three consecutive experimental days. Both the threshold and the optimum
stimulus intensities, i.e. those at which the highest lever-pressing rate was
produced, were determined. Following the training for self-stimulation, all
subsequent daily sessions were divided into four 20min test sessions, each
separated by a 20-min pause. Stimulus intensity was varied systematically
from one test session to the next. Whithin each 20-min test session the cats
were free to self-stimulate and the frequency of self-stimulation was measured
in successive five-minute periods. Five daily sessions were made as control.
Then the self-stimulation was tested under the effect of noradrenaline given
intramuscularly at the beginning of each 20-min test session during five days.
The effect of another dose of noradrenaline was similarly tested after a new
control period. Following these experiments, a polyethylene catheter was tied
into one of the common carotid arteries and blood pressure was continuously
recorded during self-stimulation, both before and after the injection of noradre-
naline. Terminally, the location of the stimulating electrodes was verified
histologically.

Four different stimulus intensities were used in each cat. The difference
between the frequencies of self-stimulation with different stimulus intensities
was significant at the 0.05 level or better. A relatively high rate of self-stim-
ulation was found in three animals (1000— 1600 presses during 20 minutes
at the optimum stimulus intensities). The highest frequency obtained in the
fourth cat was 524 presses during 20 min, but this cat pressed the level with
its face instead of its leg. It was usual that the highest lever-pressing rate
occurred in the first five-minute period of the 20-minute training sessions,
then it slowly decreased during the successive five-minute periods.

The effect of noradrenaline depended on its dose. After a dose of 0.1
mg/kg, self-stimulation behaviour was facilitated (Fig. 1). The increase in the
frequency of self-stimulation appeared at each stimulus intensity. The results
treated intra-individually were significant at the 0.05 level or better. For the
group as a whole, facilitation was significant at the 0.01 level. It is impor-
tant to note, however, that after the injection, the animal was generally excited
and visibly unquiet.

In contrast, 0.6 mg/kg doses of noradrenaline seemed to have an opposite
effect. The typical effect appeared 2—5 min after the injection. The animal
stopped self-stimulating, left the lever and lay down. At the same time,
conspicuous vegetative effects appeared including salivation, polypnea and
sometimes vomiting. After 10—20 min all these effects disappeared and the
animal began to self-stimulate again. The effect of consecutive injections was
not always so strong, but the decrease in the frequency of self-stimulation
was significant at the 0.01 level for the group as a whole (Fig. 2). The individual
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Fig. 1. Under the effect of 0.1 mg/kg noradrenaline a higher lever-pressing rate was obtained in
each animal (dotted lines) than in the controls (unbroken lines). The curves were constructed
from the mean lever-presses recorded on five experimental days

Fig. 2. Frequency of self-stimulation was depressed by 0.6 mg/kg of noradrenaline. Each curve
represents mean lever-presses recorded on five experimental days

results were significant at the 0.02 level or better. The suppression of self-stimu-
lation behaviour occurred at each stimulus intensity.

The blood pressure rapidly increased during self-stimulation, and rebound-
like after-effects occurred when the animal stopped self-stimulating (Fig. 3A;)
according to our earlier results (Angyan and Rac 1972). 2—5 min after
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ing. 3. Changesin blood pressure (B.P.) during self-stimulation (Stirn.) by itself (A); and under
the effect of 0.1 mg/kg (B), and 0.6 mg/kg (C) noradrenaline, 5 min after its injection

the injection of noradrenaline the blood pressure increased and remained high
for several min, then after 10—20 min returned gradually to the control
level. However, the rise in blood pressure produced by asmall dose of noradre-
naline did not exceed the effect of self-stimulation. In this case the animal
continued to self-stimulate with a higherfrequency (Fig. 3B). The large dose of
noradrenaline, however, induced an increase in blood pressure greater than
did self-stimulation by itself. After that dose, the cat stopped self-stimulating
(Fig. 3C). Thus, the rise in blood pressure produced by noradrenaline showed
that the given dose of the drug will facilitate or depress the self-stimulation be-
haviour according to whether the blood pressure elevation was smaller or high-
er than that produced by the own effect of self-stimulation.

These results clearly show that noradrenaline may exert opposite in-
fluences on self-stimulation behaviour depending on the dosage. Small doses
facilitate, while large doses depress the self-stimulation behaviour. The self-
stimulation with different stimulus intensities was equally influenced, and gen-
eral behavioural and vegetative effects were also produced by the drug. These
findings seem to be particularly important concerning the specific rela-
tionship between noradrenaline and self-stimulation behaviour proposed by
many previous studies (O1ds 1962; Stein 1964; O1ds et al. 1964; w ise
and Stein 1969; Poschetl 1969; Margutes 1969; Poschel and Ninteman
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1971; O1ds and lto 1973; and others). On the basis of the present results
it is impossible to rule in or out a specific role of noradrenaline in the cen-
tral neural mechanism of reward, but under our experimental conditons
the general behavioural and vegetalive effects of the drug appeared regularly
with changes in the lever-pressing rate, showing the importance of periph-
eral actions in the modulation of self-stimulation behaviour. It is also
shown by the finding that the rise in blood pressure produced by norad-
renaline proved to be an excellent indicator of the reversal of the drug’s
effect on self-stimulation behaviour. Namely, when- ever the blood pressure
was increased by the drug to more than by the self-stimulation by itself,
the frequency of lever-pressings was always depressed. It remains to be
studied whether a cardiovascular process itself would produce a similar modula-
tion of self-stimulation behaviour.
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Recensiones

E. Schubert
Seminar der Physiologie

(Seminar of Physiology). VEB Gustav Fischer Verlag, Jena 1973. 215 pages, with 56 figures and
18 tables. Price: M 16.60

This Seminar has been written by Wolfgang HascHke, Klaus Eckoldt, Christfied
Pfeiffer and Klaus Wilfest. It aims at giving assistance to student of physiology in medi-
cine, biology and psychology, and to facilitate understanding of the connections of physiology
with theoretical biology, mathematics and physics. The usual form of teaching physiology, the
lectures and practical laboratory work are insufficient to-day for acquiring the fundamental
theoretical knowledge and the way of thinking and about certain calculations unavoidable in
modern physiology.

The work includes the following chapters with the seminary themes and exercises. 1.
Excitation physiology, nerve and muscle; 2. Receptors and sensations; 3. Functions of the cen-
tral nervous system; 4. Breathing and circulation; 5. Energy metabolism and homeostatic func-
tions.

The book is a useful manual for students of physiology, particulary recommendable for

recapitulation before taking examinations.
K. Lissak

H. Peeters (Ed.)
Proteidcs of the Biological Fluids

Proceedings of the Twenty-first Colloquium in Brugge, 1973. Pergamon Press, Oxford, New
York, Toronto, Sydney, Braunschweig 1974. XV -f- 677 pages, with 301 figures and 99 tables.
Price: £ 17. —

f'n m:1

The volume covers the latest results in the field of membrane proteins, proteinuria
research and the new techniques like the automated nephelometric analysis of proteins.

The introductory paper of the conference, the second Arne Tiselius Memorial Lecture,
was presented by Frank W. Putman: “Alpha, Beta, Gamma, Omega? The Past, Present and
Future of Plasma Proteins™; it is an excellent survey of plasma protein research. The 107
papers by outstanding research workers of the field were presented in three main sections.
Section A: Membranes; here were discussed the 1. Solubilization and Characterization of Mem-
brane Proteins, Erythrocyte Membranes, Lymphocyte Membranes, Platelet Membranes and
other Membranes; 2. Conformation and Structure of Membranes; 3. Protein-Lipid Interaction
in Membranes; 4. Membrane-bound Enzymes and Hormones; 5. Immunological Function of
Membranes. Section B: on Urinary Proteins, dealt with 1. Proteinuria, Pathology; 2. Electro-
phoretic Studies; 3. Plasma and Urinary Protein Levels; 4. Glomerular Clearance of Proteins;
5. Tubular Proteinuria; 6. Secretory Proteins. In Section C, Techniques, 1. Automated Nephelo-
metric Analysis; 2. Radioimmunoassay; 3. New Techniques have been discussed. The volume
is complete with an author and subject index.

These annual collection of papers on the progress in the field of plasma proteins will be
an indispensable source of up-to-date information for research workers and advanced students

of biochemistry, physiology and biological sciences.
K. Lissak
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Y. Kawamura (Ed.)
Physiology of Mastication

Volume I. Frontiers of Oral Physiology. S. Karger, Basel, Miinchen, Paris, London, New York,
Sydney 1974. X1 -f- 327 pages with 208 figures and 4 tables. Price: SFr 174.—; US $ 53.95;
DM 165.-; £ 25.25

Mastication is an important physiological function in man and many animals, essential
for the maintenance of health. This excellently edited volume presents the recent concepts of
international authorities in some specific fields of the basic biological sciences and clinical dis-
ciplines, with emphasis on the significance of mastication to the daily dental practice.

The contents of the volume, after the foreword of the Editor, are: Origin and Evolution
of the Oral Apparatus by E. L. Du Brul; Radiography of the Masticatory Apparatus by F. W.
Musaph; Neurogenesis of M astication by Y. Kawamusa; Action of the Muscles of Mastication
by E. Moller;An Analysis of Mandibular Movement by C. J. Griffin and R. Malér; Physiol-
ogy of Mandibular Positions by N. Brill and G. Toyde; Gnathosonics and Occlusion by H. S.
Breneman; Mastication in Food Science Technology by B. Drake; Bite Force and Chewing
Efficiency by G. E. Carlsson; Bruxism by P. Scharer.

The book is an important reference work for dentists and for all those interested in the
physiology of mastication.

K. Lissak

I. L. Shannon, R. P. Suddick, F. J. Dowd jr.
Saliva: Compositon and Secretion

Monographs in Oral Science. Vol. 2. Editor: Howard M. Myers. S. Karger, Basel, Miinchen,
Paris, London, New York, Sydney 1974. VIl + 103 pages, with 25 figures and 17 tables. Price:
US $ 18.20; DM 47 .-; £ 7.20

The monograph deals with the constituents of human parotid saliva and its changes
associated with different levels of glandular activity. The role of salivary constituents is dis-
cussed and a new hypothesis is presented regarding the secretion of fluid and electrolyes by
salivary glands. Finally, three salivary constituents particularly important in dentistry are
discussed: calcium, phosphorus and fluoride.

The chapters of the monograph are: I. Human Parotid Fluid Constituents; Il. Calcium
and Phosphorus; Ill. Fluoride; 1V. Mechanism of Secretion of Saliva; V. A Refenence Table
for Human Parotid Saliva Collected at Varying Levels of Exogenous Stimulation; VI. Summary;
V 1l. References.

The monograph offersinteresting and importantreading in the fields of dentistry, phys-
iology and biochemistry.

K. Lissak

G. JuzNic (Ed.)
Hemodynamic Stress and Relief of the Heart

Bibliotheca Cardiologica, No. 30. S. Karger, Basel, Miinchen, Paris, London, New York, Sydney
1973. X1V -f- 183 pages, with 65 figures and 13 tables. Price: US $ 26.05; DM 80.—

This volume contains the Proceedings of the 8th European Congress on Ballistocardiog-
raphy and Cardiovascular Dynamics, held in Ljubljana, 5—8 April 1971. Part |: Lectures.

The opening plenary session was followed by a Symposium on Haemodynamic Stress
and Relief of the Heart; the moderator was I. Starr. The Symposium strongly emphasized the
close interrelationship between heart and blood vessels in cardiovascular function. In the Scien-
tific session, short communications were presented and discussed from the fields of physics,
physiology, pharmacology, clinical medicine and medical practice. Each session was introduced
by an invited lecturer. On the fourth day of the Symposium, demonstrations and films were
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presented. The next session was devoted to the celebration of the Tenth Anniversary of the
Society. The text of the lectures presented atxthe Symposium, at the Tenth Anniversary Session,
and the introductory lectures make up this first volume of the Proceedings.

K. Lissak

G. Juznis (Ed.)

Biomedical Science and Cardiovascular Dynamics

Bibliotheca Cardiologica, No. 31. S. Karger, Basel, Minchen, Paris, London, New York,
Sydney 1973. X1V -f- 314 pages, with 130 figures and 50 tables. Price: US $ 35.65; DM 109.—

This is the second volume of the Proceedings of the Lubljana Symposium; it contains the
short communications and discussions of the five sessions on biomedical science and cardio-
vascular dynamics. The 41 papers cover the fields of physics, physiology, pharmacology, clin-
ical medicine and medical practice. The book presents a representative review of the present
activity of the members of the Society.

Both this volume and its first part will be welcome by physiologists, pathophysiologists
and clinicians interested in the close interrelationships between heart and blood vessels in car-
diovascular function.

K. Lissak

S. Németh (Ed.)
Hormones, Metabolism and Stress

Recent Progress and Perspectives. Proceedings of an International Symposium, Smolenice,
September 17—20, 1972. Publishing House of the Slovak Academy of Sciences, Bratislava 1973.
322 pages, with 45 figures and 23 tables. Price: US $ 6.00

The Proceedings of the Symposium covers five topics: 1. Central Nervous Influences;
2. Production, Secretion and Degradation of Hormones; 3. Peripheral Action of Hormones,
Enzyme Induction; 4. Neurophysiological and Psychological Aspects; 5. Whole Body Energe-
tics. The 25 papers are presented by 44 participants, most of them are internationally well-
known investigators.

The volume presents an excellent survey of the current state of research in a field which
is highly actual and intensively explored. The book will be interesting for endocrinologists,
physiologists, biochemists, neurobiologists and for all medical workers interested in the syn-
drome of stress.

K. Lissak

I. H. Page, F. M. Bumpus (Eds)
Angiotensin

Heffter-Heubner’s Handbook of Experimental Pharmacology, New Series, Vol. 36. Springer-
Verlag, Berlin, Heidelberg, New York 1974. X IX 591 pages with 70 figures. Price: DM 224.—;
UsS $ 86.30

This volume of the traditional Handbook of Experimental Pharmacology has been
written by 52 highly competent investigators. The short history of angiotensin covers not more
than fifty years, but its vast literature shows the great theoretical and clinical interest in the
compound.

The 29 chapters of the volume contain: 1. The Biological Production of Angiotensin by
L. T. Skeggs, F. E. Dorer,J. R. Kahn, K. E. Lentz and M. Lerine; 2. The Fate of Angio-
tensin 1 by J. R. Vane; 3. Converting Enzyme: in vitro Measurement and Properties by Y. S.
Bakhle; 4. The Fate of Angiotensin Il by J. W. Ryan; 5. Catabolism of Angiotensin Il by
J. G. Ledington and W. P. Leary; 6. Structure-Activity Relationship in Angiotensin Il Ana-
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logs by M. C. Khosla, R. R. Smeby and F. M. Bumpus; 7. Tachyphylaxis to Angiotensin by J
M. Stewart; 8. Immunogenicity of Angiotensin | and Il by M. B. Vallotton; 9. Measurement
of Renin and of Angiotensin (Extraction and Bioassay) by R. Boucher and J. Genest; 10.
Angiotensin Immunoassay by G. W. Body and W. S. Peart; 11. Bioassay of Angiotensin by
P. A. Khairallah and R. R. Simeby; 12. Plasma and Serum Vasopressor Peptides Other
than Angiotensins by H. R. Croxatto; 13. Primary Aldosteronism: Importance of the Level
of Plasma Renin as an Adjunct in Diagnosis by J. W. Conn and E. L. Cohen; 14. Secondary
Hyperaldosteronism by E. G. Biglieri, J. R. Stockigt, M. Schambelan, and R. L. Collins;
15. Intermediary Metabolism of Aldosterone by J. C. Melly; 16. The Renin—Angiotensin
System in the Control of Aldosterone Secretion by J. O. Davis; 17. Aldosterone Regulation in
Sodium Deficiency: Role of lonic Factors and Angiotensin Il by J. R. Brair-West, J. P.
Coghlon, D. A. Denton and B. A. Scoggins; 18. Effects of Aldosterone on Blood Pressure,
W ater and Electrolytes, by F. Grass; 19. Adrenal Medulla by M. J. Peach; 20. Central Neuro-
genic Effects of Angiotensin by C. J. Dickinson and C. M. Ferrario; 21. Peripheral Effects of
Angiotensin on the Autonomic Nervous System by J. W. Cubbin; 22. Effect of Angiotensin
on Vascular Smooth Muscle by D. F. Bohr; 23. Circulatory Effects of Angiotensin by R. D.
Bunag; 24. Effects of Angiotensin on the Renal Circulation by L. G. Navar and H. G. Lang-
ford; 25. Intrarenal Action of Angiotensin by K. Thurau; 26. Morphological Effects of Angio-
tensin on Arteries by P. Kincaid-Smith, A. Friedman, and J. B. Hobbs; 27. Effects of Angio-
tensin Il on the Permeability of the Vascular Wall by A. L. Robertson and P. A. Khairallah;
28. Biochemical Effects of Angiotensin by T. L. Goodfriend, F. Fyhrouist and D. AlImann;
29. Some Possible Functions of Angiotensin by |I. H. Page. Each chapter is completed with
references. The volume ends with an author and subject index.

The volume is not intended for the causal reader but for serious students of the problem.
It is a very important reference work and should find its place in every medical library.

K. Lissak

R. Jung (Ed.)

Central Processing of Visual Information
A: Integrative Functions and Comparative Data

Handbook of Sensory Physiology, Volume VI11/3. Springer Verlag, Berlin, Heidelberg, New
York 1973. X1 -f- 775 pages with 208 figures. Price: DM 248.—; US $ 101.70

This volume of the Handbook of Sensory Physiology covers the physiology of the visual
system beyond the optic nerve.

The contents of the volume include the integrative functions and comparative data.
Research in the field of microphysiology and ultramicroscopy have brought new insights into
the neuronal basis of vision. According to the Editor’s opinion “Unfortunately, in the present
state of our knowledge it is not yet possible to integrate morphology and neurophysiology into
a synthesis of structure and function which results in visual perception”.

The 12 chapters of the volume were written by 17 highly competent investigators.
Chapter 1. Visual Perception and Neurophysiology by R. Jung; Chapter 2. Neurophysiological
Mechanisms in the Visual Discrimination of Form by J. Stone and R. B. Freeman, jr.; Chapter
3. Central Mechanisms of Color Vision by R. L. De Valois; Chapter 4. Neurophysiology of
Binocular Single Vision and Stereopsis by P. O. Bishop; Chapter 5. Visual Stability and Volun-
tary Eye Movements by D. M. MacKay; Chapter 6. Neuronal Mechanisms of Visual Movement
Perception and Some Psychophysical and Behavioral Correlations by O. J. GrDsser and U.
Grusser-Conehls; Chapter 7. Temporal Transfer Properties of the Afferent Visual System:
Psychophysical, Neurophysiological and Theoretical Investigations by W. A. van De Grind,
O.J. Grusser and H. U. Lunkenheimer; Chapter 8. Maintained Discharge in the Visual Sys-
tem and its Role for Information Processing by W. R. Levick; Chapter 9. Neuronal Changes in
the Visual System Following Visual Deprivation by K. L. Chow; Chapter 10. Principles of the
Mosaic Organisation in the Visual System’s Neuropil of Musca domestica by L. B. V. Braiten-
berger and N. J. Stocusfeld; Chapter 11. Comparative Physiology of Colour Vision in Ani-
mals by H. Autrum and |I. Thomas; Chapter 12. The Evolution of Mammalian Visual Mecha-
nisms by M. Snyder. The volume is completed with an author and subject index.
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This volume of the Handbook of Sensory Physiology, like the other volumes of the series,
will be an indispensable reference work in the libraries of anatomy, physiology and neurobiology.

K. Lissak

R. F. Schmidt (Ed.)
Sinnesphysiologie. Programmiert

Mit Texten von H. Altner, J. Dudel, 0. J. Grosser, R. Klinke, R. F. Schmidt. Springer-
Verlag, Berlin, Heidelberg, New York 1973. X -j- 254 pages with 110 figures.

This textbook of sensory physiology close connected with the book “Neurophysiology,
programmed” published by Springer-Verlag in 1971 and reviewed in this Journal 42: 315,
1972 is most useful for students of physiology, psychology, biology, zoology and biochemistry
who had not studied anatomy and biochemistry, but require knowledge of neurophysiology.

The 7 chapters of the book include 25 lectures: A. General Sensory Physiology by J.
Dudel; B. Somato-Visceral Sensibility by R. F. Schmidt; C. Physiology of Vision by O. J.
Griusser; D. Physiology of Hearing by R. Klinke; E. Physiology of the Vestibular System by R.
Klinke; F. Physiology of Taste by H. Altner; G. Physiology of Olfaction by H. Altner.

K. Lissak

E. Genazzani, H. Herken (Eds)

Central Nervous System: Studies on Metabolic
Regulation and Function

Springer-Verlag, Berlin, Heidelberg, New York 1974. V111 -f- 249 pages, with 121 figures and
55 tables. Price: DM 79,-; US $ 30.50

The book is based on a Symposium, “Metabolic Regulation and Functional Activity in
the Central Nervous System” which was held on September 16—17, 1972, at Saint Vincent
(Aosta, ltaly).

At the Symposium, 62 participants from different countries presented thirty papers in
three main sections: |. Biochemical Analysis of Metabolic Pathways; Il. Membrane Function
and Neurotransmission; Il1l. Hormonal and Pharmacological Studies. The heterogenous sub-
jects of the papers offer a wide survey of recent important research concerning the metabolism
and function of the central nervous system.

The book will be of interest for neurobiologists, biochemists, physiologist and clinical
neurologists.

K. Lissak
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PIO ISTITUTO DI S. SPIRITO ED OSPEDALI
RIUNITI - ROMA

ANNOUNCEMENT OF COMPETITION
for the 1976 “Giovanni Maria Lancisi” International Prize
for Medical Science (Lit. 10,000,000)

Art. 1

The “Pio Istituto di S. Spirito” General Regional Hospital Agency,
registered in Rome, in collaboration with the Accademia Lancisiana di Roma,
hereby announces a competition for the 1976 “G. M. Lancisi” International
Prize for Medical Science, of Lit. 10,000,000, to be assigned to the author or
authors of an original, unpublished scientific work dealing with the following
subject, chosen by the special committee:

“CHRONORIOLOGY AND MEDICINE”
Art. 2

Those intending to enter for the Prize should send the following to:
“Premio Internazionale Scientifico “G. M. Lancisi” presso la Presidenza del
Pio Istituto di S. Spirito ed Ospedali Riuniti, Borgo S. Spirito, 3 — 00193
Roma (ltaly)” by and not later than 12.00 hours of the 31st December 1976:

1) Application on plain paper to participate in the competition;

2) Nine copies of the work entered for the Prize, in Italian or in English,
each copy bearing the signature of the author or authors. All works,
accompanied by positive copies of any illustrations, should include
a synopsis in Italian or in English, of not more than one thousand
words, as well as a full bibliography of the subject dealt with;

3) Certificates testifying to the birth, the residence and the citizenship
of the competitor or competitors;

4) A copy of the curriculum vitae and of the scientific activity of the
competitor or competitors, with a list of published works;



5) A declaration signed by the author or authors testifying to the orig-
inal nature of the work, the institute or other place where the work
has been carried out, that said work is unpublished and that it
has not submitted and will not be submitted, until such time as the
“G. M. Lancisi” Prize has been assigned, to other prize competitions.

Art. 3

The Prize is assigned according to the decision of a scientific committee
appointed by the Chairman of the Accademia Lancisiana, and said decision
is final.

Art. 4

The Prize may not be assigned more than once to the same person,
when when said person participates jointly with others.

Art. 5

Further information and clarification may be requested by applying
to: “Premio Internazionale Scientifico “G. M Lancisi” presso la Presidenza
del Pio Istituto di S Spirito—Borgo S. Spirito, 3 — 00193 Roma (ltaly)”.
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Von N. A. BERNSTEIN. Herausgegeben von MR Prof. Dr. med.
habil. L. PICKENHAIN, Leipzig, und Doz. Dr. G. SCHNABEL,
Leipzig
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schen Physiologen und Biomechanikers Prof. N. A. Bernstein Uber die
Physiologie der Bewegungskoordination und die »Physiologie der Aktivi-
tat«. Diese Arbeiten, in denen der biokybernetische Aspekt eine entschei-
dende Rolle spielt, stellen eine wichtige Grundlage fir die Erforschung und

Beherrschung der unterschiedlichen Formen der motorischen Aktivitat des
Menschen dar.
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ACTA PHYSIOLOGIA

TOM 45-BbIM. 1-2

PE3IOME

MYNbCOBOE COMPOTUB/IEHUE MO3rA: METOA ANA W3MEPEHUA U3MEHEHWIA
LLEPEBPA/IBHOIO KPOBOTOKA

3. CEJIEHbW n M. CEKEW

OnvcaH MeTo4 M3MepeHWs My/nbCOBOrO COMPOTUB/EHWUA Mo3ra. [lokasaHo AeVICTBVIe
rmnepkKanHnn U TMNOKCUN Ha aMnnnTyay nynbcoBoro CONpPoTMBIEHNA MO3ra.

I "BIVUAHNE MACCbl TENA HA TEPMOPEIY/JIATOPHbLIE OTBETbI
HOBOPOXAEHHbIX W B3POCJ/IbIX MOPCKMX CBWHOK TMPWA  UIMEHEHWW
OKPYXAKLWEWN TEMMEPATYPbI, MPN TUNOKCUN N TUMNEPKATHUNN

M. ®APKALWL + c. poHxoddep

AHaNIM3MPOBANINCL CBSA3M MeXAY Becom Tena (BW) v U3MeHeHWUsMU B TemnepaType 06o-
[O4HON KnWwKn (ATQ y MOPCKMX CBMHOK B BO3pPacTe MeHbLUE YeM 2 AHA, oT 3 go 6 gHel, oT 7
A0 9 aHeid n ot 10 10 20 fiHei, @ Takxe y B3POC/bIX XKMBOTHbIX, B OTBET Ha MEPeHOC UX OT Tep-
MOHENTPaNbHOITO OKPYXXEHUA B YMEpEHHbI Xonog (HoBopoxaeHHble: 20°C; B3pocnble: 20° n
10°C). BnocnefAcTaue, XXMBOTHbIE MPKW 3TUX OKpYXatoLwmx Temneparypax (Ta) sabixann 8% 02
16% C02 HebblnoHnKaKoiikoppenauuumexay BW n ATCs 0TBeT Ha NepeHoc B XO/I0AHOE OKpY-
XXEeHWe BO BCEX BO3PACTHbIX FPynnax, 3a UCK/YeHUeM rpynmnbl B Bo3pacte oT 10 fo 20 AHew.
B HuKakoll rpynne He HabnAanoch 3HaAUMTENbHOW Koppenauunm mexay BW u yeenunueHvnem
Tennonpogykuuu (02 B OTBET Ha NEPEHOC UX B XOMOA. Y HOBOPOXAEHHbIX He OblN0 HaiiaeHo
cBasn mexagy BW un ATCnpu runokcuu, Torga Kak y B3pOC/bIX XXWBOTHbIX, MOABEPTHYTbIX
runokeun npu Ta 20°C, KO3PULMEHT KOppenauumn Bbl CTaTUCTUYECKM [OCTOBEPHBIM, HO YKa-
3blBa/1, YTO YMEHbLUEHMe B TC CTPEMWUIOCH K YBENMYEHWO C nosbilweHnem BW. Tpu runep-
KarmHUW CTaTUCTUMYECKN [OCTOBepHas CBA3b Oblia HabnogeHa mexagy BW wu /ITCB rpynne B
BO3pacTe 0T 7 40 9 gHeil. KoahhmLMeHTbI CXOAHOM BENMYMHBI HABMIO4aIMCE TaKXKe 1Y B3POC/bIX
YKUBOTHLIX nNpu Temnepatypax 20°C u KO°C. 31K faHHble MOKasanu, YTo TEHAEHLUMSA K MOHMXe-
HUIO B TC Bblna 6onbLUe Yy 60N1ee ManeHbKUX XXMBOTHBLIX. BbIO 3aKNOYEHO, YTO NPU YCNOBUAX,
He MPUBOAALLMX K NPOrPeccMBHON'TUNOTEPMMUM, BW T. e. OTHOLUEHWEe MaccChl K MOBEPXHOCTU, B
60MbLUMHCTBE CNy4YaeB, He ABMAETCA BaXKHbIM ONpejenuTenem M3MeHeHWin B TC.

FEPMOPEIYNATOPHAA TEMAOMNPOAYKUUMA N PErynduna TEMMNEPATYPHI
TENA Y HOBOPOXAEHHbLIX W B3POC/IbIX MOPCKWNX CBUHOK

M. ®APKALL, U. BAPHAU n C. JOHXO® ®EP
Ha HOBOpOXX/EHHbIX MOPCKMX CBMHKAax BO3pacTa MeHblle 2 fHeil, B Bo3pacTe OT 3 A0

6 AHel, oT 7 fo 9 fHeit 1 ot 10 go 20 AHei 1 Ha B3POC/bIX XMBOTHBIX UCCNEA0BA/IN M3MEHEHMS
KvilleyHoW Temnepatypsl (TC) u Tennonpogykuma (V02 npu M3MEHeHUsX BHELLHER Temnepa-



Typbl (Ta). Y HOBOPOXAEHHBIX XMBOTHbIX V02 BblpaXKeHHas B repecyeTe Ha Bec Tena (BW) ¢
Bo3pacTtom npu Ta 35°, 30° 1 20°C ymeHbllanack. Vicnonb3osas BMeCcTo nokasarensa BW noka-
3aTenb nnowaau nosepxHocTu Tena (10 « kr067) B Ka4ecTBe CUCTEMbI OTCUETA OBHAPYXWN, UTO
V026b1n1a MAEHTUYHOW BO BCeX 4-X rpynnax HOBOPOXAeHHbIX npu Ta35° n Ta 30°C B TO Bpems,
Kak npu Ta 20°C umena MeCTO CU/IbHO BbIPXXEHHAs PedyKUMs BennuuHbl V02 Mexay rpynnoii
HOBOPOXJEHHbIX B BO3pacTe MeHee YeM 2 [HSA W rpynmnon B Bo3pacte oT 3 A0 6 AHen. 3a pefyk-
uveid cnefoBano MOCTEMEHHOE, OTYETAMBO CBA3aHHOE C BO3PACTOM MOBbILWEHWE Temso-
npoayKuun. Tc ymeHbLIanacb C BO3PacTOM 3HAYMTENbHO MPM BCeX 3-X Ta U BHYTPU OfHOI
BO3PACTHOW rpynnbl YMeHbllanacb C YMeHblueHVeM Ta. YMeHbLUueHne TC B OTBET Ha nepexof
oT Ta 35° K Ta 30° 6bI10 0AMHAKOBbLIM BO BCEX BO3PACTHbIX Tpyrnmnax, B TO BpeMf Kak Takoe
YMeHbLUEHMe B OTBET Ha nepexof oT Ta 30° kK Ta20° 3HauMTesbHO MeHblue B CaMoil MiafLueii
BO3pAcTHOW rpynne 4Yem B Nt06GOW APYroi M3 rpynn HOBOPOXAEHHbLIX U AaXKe MeHbLUe, XOTA U
He 3Ha4YMMO, YeM Yy B3POC/bIX XMBOTHbIX. PacnpefeneHve BenWYMH M3MeHeHWid TC B OTBET Ha
nepexop ot Ta30° k Ta20°C BapbMpOBano B [0BO/ILHO LUMPOKMX Npefenax faxke Y B3pOC/bliX
MOPCKMX CBUHOK. [MpuHSB 3a MHWIO pa3feneHns usMeHeHuii Tc He npesbiwarowyto —0,5°C
nim —1,0°C 1 NprMeHNB KPWUTEPWIA X2 YCTAHOBWAW B BbICLUEW CTENEHW 3HA4YMMble OTINYNSA
MeXAy rpynnoii B BO3pacTe MeHee yem 48 4acoB M CTapwMMM MO BO3PacTy rpynnaMu HOBO-
POX[AEHHbIX. He 6bl0 HalileHO 3HAYMTE/IbHbIX Pa3NMyMin MeXAy Camoi MnagLleid rpynnoi
HOBOPOXAEHHbIX W B3POC/bIMUA XUBOTHbIMU. B TO €& Bpema pasninuus Mexay craplivmy
rpynnamm HOBOPOXAEHHBIX U B3POCNbIMU XMUBOTHLIMU ObIfIN 3HAYUMBIMMU.

6,ClenaeTca 3aK/l0YeHNe, YTO ONMCcaHHas BapuabunbHOCTb U3MEHEHWIA TCNpU yMeHbLIEHNN
Ta He 6blNa HU CNEACTBMEM »HE3PENOCTU« NN »HECNOCOBHOCTU« MOBLICUTL TEMOMPOAYKLUMNIO, HU
pe3ynbTaToOM Heb6NaronpusTHOIO OTHOLLEHMS MAcCbl-NOBEPXHOCTY TeNna, HO OTpaXaeT PYHKLWO-
HanbHY BapnabunbHOCTb KMGEPHETUYECKON CUCTEMbI, KOHTPONMPYIOLLEH TemnepaTypy Tena v
TEPMOPErynaTopHyt0 TernaonpoAyKumio.

PEHWHOMOAOBHAS AKTUBHOCTb MM/IA3BMbl KPOBV/ OPFAHOB UPEBHOW
OBNTACTN Y KPbIC

Ww. WOHKOAW un M. BOKAWN

Ha Kpbicax-camuax 6bi10 06HapYyXeHO, YTO aKTMBHOCTb PEHMHA NasMbl Gbina Bbille B
KPOBM MOPTa/ibHOM BeHbl, YeM B KPOBW aopThl, KaK MOC/E IOXHOW onepauuu, Tak U mocne
[BYCTOPOHHEN HEe(hpaKToMUU.

KaxxeTcs [4OCTOBEPHbIM MPEANOIOXEHME O TOM, YTO PEHUHOMOAO6HBINA 3H3UM BblpabGaTbl-
BaeTCs Y KpbIC B OfHOM M3 OpPraHOB YPeBHOI 06/1acTu.

OENCTBUE XPOHWYECKOW ®W3NUYECKOW MNEPEMPY3KW HA METABO/IN3M
CKENIETHbIX MbIWL N AOPEHOKOPTUKOBYO AKTWBHOCTbL

M. KOPIre, A. BUPY u WI. POOCCOH

Bbino mccnegoBaHO [eiCTBME XPOHWMYECKON (DU3MYECKOl Meperpysku pasfivuyuHoi aau-
Te/IbHOCTW Ha MeTabo/IM3M BOAbI U 3/1EKTPONNTOB GeMbIX M KPACHbIX CKeNeTHbIX Mbllit,, Na+K+
AT®a3Hyl0 aKTMBHOCTb U COAepXKaHWe KOPTUKOCTEpOHa B Mnasme. Haubonee perynsipHo um3-
MEHWIMCb NOT/OLLEHNE HATPUA U BbIXOL, Kanus Kak B KpacHbIX Tak 1 B 6enbix BoriokHax. Cofepia-
HVEBOAbl B TKaHAX M ee BHe-U BHYTPUKIETOUHOE pacnpefeneHne Oblv UCKKYNTENbHO NOCTOSH-
HbIMW. BbILLEYNOMAHYTOE HapyLUeHWe COfepXXaHWs 3NeKTPONUTOB B TKaHW COMPOBOXAAnoch
Bo3pacTaHneM Lla+K+AT®da3Hoii aKTMBHOCTM W MafeHWeM COAepXaHUs KOPTUKOCTEpOHa B
nnasme Kposu. Korga »XMBOTHbIM JaBanu neperpysky BnioTb A0 MOJHOO UCTOLLeHMA, Habnoaa-
NOCb HEKOTOpOe BO3pacTaHWe Kanus B CKEMETHbIX MbILWILAX W, OLHOBPEMEHHO, CHWXKEeHWe Co-
fepXXaHusa Hatpusa. B KpacHbIX MblWLaX W3MEHeHWe COfepXXaHWs WMOHOB KOppenuposano ¢
Bo3pacTaHneMm Nad4K+ATdasHoll aKTMBHOCTW. [lOMONHUTENIbHOE HAMNpPsXeHWNE TaKXe YBenu-
YMBaNO aApPEeHOKOPKOBYHO aKTUBHOCTb. TakMMm 06pa3oM, W3MeHeHWs MeTabonmsma 3aneKTpo-
NINTOB B KPACHbIX CKEMETHbIX MblLLLAaX 6biny obpaTambiMi. Ha OCHOBaHWW WCClefoBaHWA Bbl-
CKa3blBaeTCs NPeanonoXeHue, YTo MEXaHM3M aKTUBHOIO TPaHCMopTa MOHOB B KPaCHbLIX CKeneT-
HbIX MbILULAX MMEET 60MbLLVE BOSMOXHOCTM K afanTaunmy U He MOXEeT BbITb MOMHOCTLIO HapyLLeH
KOPOTKOW (hm3nyeckoii nmeperpy3koil. O6CyXaeTca BO3MOXHOE 3HaueHWe KOpbl HaAMOYeyHu-
KOB B perynsauum 3toro mexaHusma.



OYHKUNOHAJIbHAA B3AUMOCBA3bL MEXAY BEPXHUM LUEVHbIM  Y3/10M,
WNWIKOBUAHOW XENE3OW W TUMOTAJIAMO T'MINO®UIAPHO-HAAMOYEYHN-
KOBOW CUCTEMOW

n. BEPMEW, 4. MOJIHAP, I'. AYNn w . TENEr QN

Y HOpMabHbIX XXUBOTHbIX YPOBHM CEPOTOHMHA B runoTasaMyce M KOPTUKOCTEPOHA B
nnasme nokasaam MPOTMBOMOMOXKHbLIW AHEBHOW PUTM. YTPOM YPOBEHb CbIBOPOTOYHOrO KOPTU-
KOCTEPOHa Obl/T BbICOKMM, 4 YpOBEHb rnnotaiamn4eckoro CePOTOHMHA — HU3KUM. B Hauane
TEMHOIo nepuopaa, BbICOKMIA YPOBEHb CbIBOPOTOYHOIO0 KOPTUKOCTEPOHA COMPOBOXXAasCA HASKNM
coAep>XXaHNEM CEpOTOHMHA B runotasamyce.

Ypanexue LLII/II.IJKOBI/I,EI.HOVI )Xenesbl He OKa3bIBaJlo B/IMAHUA HU Ha ,IJ.HGBHOI‘/’I PUTM KOPTUKO-
CTEPOHA W CEPOTOHWHA, HW Ha HaANO4€4HWKOBYIO akKTuBaLWtO, Bbl3BaHHYH) CTPECCOM.

Ypanexue BEPXHEr0 LieiiHoro Yy3na ymeHbLlano ,quBHOI/I PUTM U3IMEHEHNA YPOBHA CEPO-
TOHWHa B LIJI/ILIJKOBVIAHOI/I XKEJiese, HO HE OKasblBa/10 BNMAHNA Ha PUTM U3MEHEHUA TUNoTanamu-
YECKOro CepOTOHMHA U CbIBOPOTOYHOIO KOPTUKOCTEPOHA. CTPECCOBbIVI OTBET, BbI3BaHHbI 3(*)VIpOM
WM 3NEKTPUYECKMM LLIOKOM, yBenuymsancs. OH 6blN1 NOBbILLEHHbIM 1 yepes 58 ,CI.HEVI nocne ypa-
NneHna yana.

€3y/ibTaTbl YKasa/i1, 4YTO WNLLIKOBUAHAA XXene3a HE OKa3blBaeT NPAMOro BINAHUA HU Ha
Cofiep>KaHne CEPOTOHNHA B rnMnoTasiamyce, HW Ha runoTasamo- FVII'IOdJVI3apHO Haano4e4yHUKOBYHO
cuctemy. OTcyTCTBUE BEPXHETO | LLeiHoro y3na CTUMynnposano CTDECCOBbIVI OTBET rmnotasamo-
FI/II'IO(bI/ISapHO HaAHOHeqHMKOBOM CUCTEMbI, 6€3 BAUSHMSA Ha coAepXXaHne CepoTOHMHa B Tuno-
Tanamyce.

KOHUEHTPALUMNA N BblIXO[ IN VITRO MNJIALEHTAPHOIO YEMOBEYECKOIO
XOPUANIBHOIO COMATOMAMMOTPOIMWHA (HCS) ¥ NM1oaoB C HOPMAJIbHbIM
BECOM W C BHYTPUYTPOBHbIM YMEHBLUEHVWEM BECA

M. JOCNOf, A. TANl u U. TATU

B TeueHve pogos 100 nio40B HOPMAILHOMO BECa, POXKAEHHbLIX B CPOK, 1 100 Hepopassu-
TbIX MNOAOB, TaKXe POXAEHHbIX B CPOK, OMNPefensany KOHUEHTpaumilo B MaueHTe Yenose-
YeCcKoro xopuanbHoro comatomammotponuHa (HCS). Kpome Toro, Ha npoTsXXeHWW nocremyto-
WX 8 4acoB MHKY6aumu nnaueHTsl Habnoganm Bbixod HCS. MnaleHTbl HeA0pa3BUTLIX MI0L0B
cofepxanu npuénusmTensHo B 2 pasa 6onbwe HCS Ha 11 TkaHW (1399 MKr), YeM NnaueHTbl
nnofoB HopMasbHOro Beca (684 MKr). Ha npoTskeHun 8 uacoB MHKY6aLMM BbIXOA FOPMOHa U3
HOpMasbHOW NnaueHTbl cocTaBun 81,2%, B TO BpeMs, KakK U3 NiaLeHTbl HeJopa3BUTbIX MN/10L0B
TO/IbKO 24,6% OT NepBOHaYa/IbHOTO YPOBHS COfepXXaHust ropMoHa. Bbixog HCS ¢ 11 Hopmasib-
HOW MnaleHTapHON TKaHW B abCOMIOTHBIX 3HAYEHMAX Obln 60/blie (525 MKT), YeM M3 MialeHTbl
HeJOoHOLLEeHHbIX nogos (308 MKr).

MpegnonaraeTcs, 4TO COMPOBOXAAKOLWIMIA XPOHWYECKYHO NaLeHTapHyl HefocTaTou-
HOCTb HW3KWIA ypoBeHb HCS nmnasmbl KOPWU MaTepy MOXET OblTb pe3ysbTaToM TOPMOXEHUSA Bbl-
xoga HCS 13 nnaueHTbl B KpOBb MaTepu.

OEVCTBUE FOHAOOTPOMUHA HA 3SMEKTPUUYECKYIO AKTWBHOCTb MO3rA
KPbIC

. KOBAY, 1. BAPTANOW, I XAPTMAHH wn . TENET AN

NHBEKLUUS YeNOBEYECKOTO XOPUaNbHOTO TOHAZOTPOMMHA B sApa MeAWaIbHOW NMHUM
Tanamyca Wnn B 60KOBOIA Xenyj04eK Mosra MoBbillana Nopor Bbi3BaHHLIX MOTEHLMaNos, yam-
HUMa CKPbITbIA Mepuog MeXAy [ABYMA NOCNef0BaTeNbHbIMM Bbi3BaHHLIMM NOTEHLManamMn
CHUXana Mopor BepeTeHo06pasHbIX PaspAA0B NOCNeAeiiCTBISA, KOTOPble Bbi3bIBAIMCh 3NEKTPU-
UECKOI CTUMYynsuMeli PeTUKYNSPHOW (hopMaLuu.

VIHTPaBEHTPUKYNAPHOE BBeAeHME MHOTENHU3MPYIOLLErO FOPMOHA BbI3bIBANO CIOHTaHHbIE
BCMbILIKA BEPETEHOO6Pa3HO/ aKTMBHOCTM, CHWXaNo Mopor paspsja nocnefeiicTeus, Bbi3BaH-
HOTO CTUMY/ISLMEN W YAJMHANO CKPbIThIA Nepuos Mexay ABYMsi MOC/ef0BaTe/lbHbIMU BbI3BaH-
HbIMM  MOTEHLMaIaMU.

®OoNMKYNoCTUMYUPYHOLLMIA FOPMOH, NPONAKTUH WM UHAKTUBUPOBAHHbIN YenoBeYeCKUii
XOpWa/IbHbIA TOHAZOTPOMMH, a TaKXKe JITEUHU3NPYIOLMIA TOPMOH He MMeNM TakKoro agekTa.



KPOBOTOK W BbIXOA CBOBOAHbLIX XWPHbBIX KWUC/O0T B I'IOAKO)KHOI\/'I
XNPOBOWN TKAHW, CANTIbHUKE W BPBDXEWKE ¥ COBAK B COCTOAHUN
FTEMOPPAITMYECKOIO LLUOKA

A. T. B. KOBAY, W. POWENN, M. WAHAOP, N. XAMAP, K. UKPEHbW u E. KOBAY

Y cobak nog X/10pasio30BbIM HAPKO30M M3MEPS/ICA KPOBOTOK, BbIXO[ CBOGOAHBIX KMPHbIX
kucnot (FFA) v ravuepona B MOAKOXHOW XXVWPOBOA TKaHW, B XXMPOBOW TKaHW BPbIKENKM 1
cafbHMKa Ha MPOTSHXKEHWWU CTaHAapPTU3MPOBaHHOW KPOBOMOTEPW, MPUBOAMBLUENA K LUOKY. YcTa-
HOBJ/IEHO, YTO KPOBOTOK B Nokoe cocTaBnsan 6,3 + 14 mn/mun/100 r (x SEM) B NOAKOXHOM,
14,8 T: 3,3 mn/MuH/100 1 B 6pbixeiike u 53 + 1,2 ma/MuH/100 T B canbHUKe. BbipaxxeHHoe
YMeHbLUEHWE KPOBOTOKA HABMO4AI0Ch NPU CHUXKEHWUW apTepuanbHOro faseHns Ao 55 Mm pT. CT.
B TeyeHne 90 MWH KpoBOMycKaHUA. OH 0CTaBasCs HU3KUM TakXe MPU CHUXEHWM KPOBAHOIO
fabneHna fo 35 MM pT. CT. MPWU LOMONBHUTENILHOM KPOBOMYCKaHWW B TeyeHue eue 90 MuH.
KpoBOTOK B TKaHW 6pbbkeliku 6bin Bbille, YeM B APYTUX XUPOBbIX TKAHAX KaK B KOHTpOse, Tak
M nNpu KposomycKaHuW. Mpu KPOBOMYCKaHUW He Habntofanocb Bo3pacTaHua Bbixofja FFA u3
XXMPOBOW TKaHW, HO BblI0 OTMEYEHO 3HaUYNTelbHOe BO3pacTaHue BbIXOAa rnLepona nu3 bpbhxeii-
K. ApTepranbHas KoHueHTpauus FFA He n3MeHMnacb, HO UMeN MeCTO 3HAUNTENbHbIA NOAbEM
KOHUeHTpaymmn ramuepona ¢ 0,21 zb 0,04 MM g0 0,95 £+ 0,22 MM (p < 0,05). pH apTepunansHoii
KpoBY yMeHbluancs ¢ 7,28 £ 0,03 go 7,06 = 0,04 n yposeHb naktarta Bo3poc ¢ 3,18 £ 0,38 go
10,66 zb 61 MM.

[JenaeTca 3ak/o4eHne, YTO CredytoLmnii 3a KPOBOMYCKaHWEM HU3KWUIA KPOBOTOK B XKMPO-
BO/i TKaHW MOXEeT Hapywatb Bbixog FFA 1 rnuuepona. 3HaynTesbHOE BO3pacTaHue BbIXOAa
rAnLepona u3s X1poBoi TKaHW BPbIXKEKN 1 OTCYTCTBME TaKoW peakuuu B MOAKOXKHOW XMPO-
BO TKaHW U Ca/lbHUKE MOFYT 06BACHATHCA PErMOHaIbHLIMU OTANUUAMU CHUXXEHWNS KPOBOTOKA.
MoBbiWweHne peacTepudmkaumm FFA Ha NPOTSXEHUWU KPOBOMYCKaHUA MOXeT ObITb CNefCTBUEM
BbICOKOW KOHLEHTpauun nakraTa.

Bonpekn BO3MOXHOI BbICOKOM CUMMATUYECKON HeporymopanbHol aKTUBHOCTM, HU3-
Koe 3HayeHue pH KpoBW 6blna MPUUYNHOK CHUXEHUA IMMOAN3A B XXMPOBOM TKaHW. [oBbILWEHNEe
YPOBHS peacTepudkalyyi N TOPMOXEHWE NIMMONN3A PABHO KaK M YMeHbLUeHWe KPOBOTOKA B
XNUPOBOWN TKaHW MNPOTMBOLENCTBYET Bbixody FFA.

SOOEKT MMMEPKANIBIAEMNN HA OEATE/IBHOCTb MOYEK

r. TAPKOBAU, T. MO3ELW, I KEBEP u X. TOCT

Wcenegosancs adhtekT OCTPOi runepKanbLMeMum, BbI3BaHHON BHYTPUBEHHbIM BBELEHMEM
X/IOPUCTOFO KaibUWs, Ha AeATeNbHOCTb MOYEK Y HapKOTM3MPOBaHHbLIX CO6akK.

1. Korpga KoHUeHTpauus KanbLua B niasme 6bia NoBbilieHa NpubansnTenbHO B ABa pasa
MpW HEeM3MEHEHHOM KPOBSIHOM [aB/IeHWWU, WUCCNefOBaHHble MapameTpbl AeATeslbHOCTU MoueK
(Cpan» Cjnuiin, BbigeneHne MOUM, HaTpUA W Kaaus) 3HAUUTENIbHO YMeHblUanuch. BbigeneHue
KanbLMsA MOYKaMW He U3MEHSNOCh.

3. Mo MHeHWIO aBTOPOB, MHTEHCMBHAsA Ba30KOHCTPUKLMA, BOSHUKAIOLLAA B COCYAAX MOYeK,
BO3MOXHO B af)hepeHTHbIX apTepuosax, Bbi3biBasa YMeHbLUEHNE LeATe/IbHOCTU MOYeK.

SPOEKT TMMNEPKANBUMEMUW HA TPAHCMOPT KAMbUNA U ®OCPATA B
KAHABUAX

r. KEBEP

C NOMOLLbIO MWUKPOMWUMETKM aHecTe3MPOBaHHLIM KpbiCam BBOAUAW B pasfinyHble cer-
MEHTbI KaHasbla MoYkun (B HavasbHbIN, Cpe,qMHHbIVI n KOHLI,eBOVI CErMEHTblI NPOKCUMasibHOro
KaHanbua wu ,CI.VICTa]'IbeIVI KaHa]'IELI.) onpegeneHHble KonuyecTtsa 4Ca2+ a Takxke 3H-meToKCu-
MWHYNNHa Ha NPOTAXEHNN MaHHWTOBOro Awnypesa 1 npu I'IO,D"CI.Ep)KVIBaeMOVI rmnepkKaabUubMnin.
Ha 0CHOBaHMM MX KOIMYECTB, HAXOAALLMXCA B MOYN, CAENaHbI CNefytoLme 3aKYeHns o cyp,b6e
M30TONOB, WHBLEUMPOBAHHbLIX B Pa3/INYHbIE CETMEHTbI



(1) NoHbl Ca2* peabcopbupytoTcs Mo LENOMY HedpoHy.

(2) VoHbl PO|~ peabcopbupytoTcs TONbKO B AUCTA/IbHOM KaHasblie u Hepeabcop6mpo-
BaNNCb B AOCTYNHOI 4aCcTW NMPOKCUMa/IbHOIO KaHanbLa.

(3) BbizBaHHas MHdy3meit CaCl2runepkanbLmemMus Bbi3biBaia YMeEHLUEHWE peabcopbumn
Mo LeNoMy KaHanbLy.

(4) Tvnepkanbuyemuns Bbi3blBaa CUMbHYHO peabcopbuuio docthara B MPOKCUMaIbHOM OT-
[iene KaHanbua v B netne leHne.

(5) YBenuueHne ypoBHS KanbLua B CbIBOPOTKE KPOBW He M3MeHsANo peabcopbumio ¢oc-
(haTa B AMCTaNbHOM OTAeNe KaHa/bla.

MpegnonaraeTcs, 4to perynauuns peabcopbumn Kanbuus BAOML BCEro HedpoHa ocy-
LLEeCTBNAETCH OAHWM W Tem e MexaHW3MOM. [onyyeHHble pe3ynbTaTbl NO3BONANOT Npeanona-
ratb, 4To peabcopbuma_hochara B NPOKCUMa/ILHOM KaHaslblLie 1 B NeT/ie FeHne ABnseTcs (yHK-
LMeil BHYTPUKNETOYHOW KOHLUEHTpauum KanblUus, KOTOpas W3MeHSeTCs napanfiefibHo C W3-
MEHEHWEM YPOBHS KaflbLMs B CbIBOPOTKE KPOBMU.

SOOEKTblI AUVMAO3A N NHOY3INWN HOPAAPEHANIVNHA HA TMPUEM
AC- HOPAAPEHANTNHA MUOKAPAOM KPbIC

n. KAPMATW, N. NPEAA n E. EHOPELUW

PaHHMe 3KCMEepUMEHTbI 06HAPYXWW, UYTO KOHLEHTpauusa HopajpeHannHa B MUOKapae
noBbllianack npu aunaose. HactoswMe AaHHbIE YKasblBalOT, YTO MPYEM MEYeHOro HopagpeHa-
NHa MeHblue Mpw aumpose. [MOBbILEHVE KOHLEHTPaLMM HopajpeHasMHa C OAHOW CTOPOHbI, U
MOHWXKEHWE ero npvemMa, C APYroi CTOPOHbI, NPUBENN K MPeAnoNioKeHWo, YTO runepHopagpe-
HaNMHEMUA, NMOAB/AIOLLAACA NPU auna03e, UTPaeT BaXKHYHO PO/ib B 3TUX NMPOTUBOMOMOXHbIX Ha-
6mop,eH|/mx BbIsI0 HAlEHO, YTO MHQY3Ust HEMEYeHOro HopaapeHanuHa (1,5 MKr/MuH/20 mMuH)
3HauMTeNbHO nogaenana npvem MC-HopafpeHannHa TKaHAMU >KenyfouyKoB W Mpefcepauii.
MOHWXEeHHBIV Npyem HopajpeHanvHa B TeYeHWe alng03a MOXHO 0OBACHATL TEM, YTO CBA3bIBAKO-
Lye mMecTa 6blan 3aHATbl 3HAOrEHHbIM HOpPaApPeHaMHOM, OCBOBOXAEHHbLIM U3 3KCTpakapanab-
HbIX WCTOYHMKOB.

OEVNCTBUVE X/IOPOKBUHA ®OCDHATA HA N30/IMPOBAHHYIO HEBEPEMEHHYIO
M BEPEMEHHYO MATKY PA3JIMYHbIX BNAOB XNBOTHbIX

A. ABAEN-A31N3 n H. BAKPU

OGHapy)XeHO MeXBWAOBOE pasnuune B AeliCTBUM XIOPOKBMHA HA U30/IMPOBaHHbIE MaTKM
6epemMeHHbIX 1 HebepeMeHHbIX KPbIC, KDOJIMKOB 11 MOPCKMX CBUHOK. 3TOT Npenapar 0KasblBa/ Ha
MaTKY KpbIChl U/ TOPMO3ALLiee UM BO36YXjatolLee AeiicTBue B 3aBUCUMOCTM OT TOTO, 6Gbina MaT-
Ka GEPEMEHHOI U/TN HET, a TAK)Ke B 3aBUCIMOCTYA OT TUMA ACTIO/b30BAHHOI KIAKOCTH. XI0POKBIH
OKa3blBa/l CTUMYNMpYIOLLiee AeiCTBNE Ha GepeMeHHYI0 MaTKY KpbIC N MOPCKMX CBUHOK B PacTBO-
pax_[le XXanoH unn PuHrep-/loka. CTuMynupyoLiee feliCTBe X/IOPOKBUHA BbIN0 3aBUCUMbIM
0T Ca++, aHTaroHMCTNYecKWil adeKT OKasbiBasM TeTpakauH W 2,4-AUHUTPOMEHON; ATPOMVH,
NN3eprug n (eHOKCMBEH3aMUH He OKasblBa/IM 3aMETHOTO B/IUSIHUS.

AHA/IN3 OKCOTPEMOPUHOBOW FUMEPFNKEMUN Y KPbIC

[. B. ®AH, . AbEPAb u . MAPTOH

CucTemaTnyeckoe U MHTPaLepebpOBEHTPUKYIAPHOE MPYMEHEHE OKCOTPEMOPUHA Bbi3bl-
BaeT rnMepranKeMuio y 60apCTBYIOLLMX KpbIC. MeTUNaTponmH TOPMO3UT AeiicTBIUe MHTpanepu-
TOHea/bHO BBEJIEHHOTO OKCOTPEMOPMHA, HO 3TOT ahheKT mcyesaeT Moc/ie NpejBapuTe/bHON
VHTpPaLepebpOBEHTPUKYIIPHON MHBEKLMM XONMHOMUMETUKOB. [MNEPrMKeMUs;, Bbi3biBagMas
VHTpanepuTOHea bHbIM BBEJEH/EM OKCOTPEMOPMHA TOPMO3WMach MNOC/e afPEeHATIKTOMUU U
yMeHbLUanace nocne runoduaskromui. MpeasapuTenbHOe BBeEHME XNBOTHBIM aMUHOT/IOTe-
TMWAA, NEKapCTBa, TOPMO3ALIErO CUHTE3 CTEPOMA0B, CHIKAN0 FUNepraKemMnyeckoe AeiicTame
OKCOTPEMOPUHA Y TEX XUBOTHbIX, KOTOPble UMENM OYeHb HU3KMIA YPOBEHb KOPTUKOCTEPOHA B
KpOBY.



IMneprnukemMus SBASETCS Nepudepruyueckoil peakuueid No CBOEMY MPOUCXOXAEHWIO, HO
MMEETCA 1 LIeHTPasbHOe CUMMATUYECKOe 3BEHO, KOTOPOE y4acTBYeT B ee passuTuM. [115 nposse-
HUS TUMEPTINKEMUN TakXXe HeoBXOAMMO yuyacTue TFUnogun3apHO-afpeHOKOPTUKOBON CUCTEMBI.

OEVCTBUWE OKCOTPEMOPWHA HA MOBEAEHWE W 33r Y KPbIC, KOTOPbIM
MPEABAPUTE/NIBHO BBOAW/I PE3EPMUH

[. B. PAH, A. BUTE u N. AbEPAb

BbicOKas fJ03a OKCOTPEMOPUHA WHOrAa BbI3blBAET CYAOPOXHbIE MOSBMEHUS Y KPbIC.
Mocne npeaBapuTeNbHOM faun pesepnuHa M METWNATPONUHA, OfHAKO, pPa3BUBAINCL XPOHU-
yeckne Npunajkun; B TO XKe caMmoe Bpems MOrnM HabnwgaTbca M3MeHeHus 330, cocToswme B
BE/IMYMHAX AKTUBHOCTb 6—7 L/CeK, AUMTENbHOCTbI0 1—3 cek, KOoTopble nossnsanch ¢ 15—20
cek nHTepBanamu. MogobHble NaTTepPHbI HAGMIOAANN Y KPbIC, KOTOPLIM NpefBapuTesisHO BBOAWN
pesepnuH, nocne NpPUMeHeHUs (U30CTUrMUHA.

33l aKTUBHOCTb, BbI3BaHHAsA OKCOTPEMOPWHOM, TOPMO3UTCA aTPOMUHOM U NUPUMUAO-
HOM; MeKaMWNaMWH He U3MEHSET ee.

OBA TUMA U3MEHEHWW TMMNOTANIAMWYECKOW CAMOCTUMYNALIMMY KOLLEK
BbI3BAHHbLIX BBEAEHWEM HOPAAPEHA/TNHA

N. AHABAH, A. JAPBVHSAH u /1. WOVMOWMN

Ha ueTbipex KoLIKax 6bl10 YCTAaHOBMEHO, YTO BHYTPUMbILLEYHAS UHBEKLUS afipeHannHa
MOXET pasNYHbIM 06Pa30M M3MEHSITb MPOTeKaHWe peakuun CamoCTUMYNSLWK B 3aBUCUMOCTM
OT Ao3bl. Manas [03a HopajpeHannHa CWUbHO 06/ErvyaeT peakuMio HaxaTusi Ha nejanb, B TO
Bpemsi, Kak 60fblias [03a MOAaBAsANa 3Ty peakuuio. VI3MeHeHWsi apTepuasbHOTO [aB/eHus
KPOBU SBAAIOTCS OT/IMYHBIM MOKa3aTeneM BAUSIHUS HOpaJpeHasIMHa Ha PeakLuio caMocTUMYys-
uum.
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DISC-ELECTROPHORETIC STUDY OF SERUM
PROTEINS IN MATERNAL AND CORD RLOOD
AND AMNIOTIC FLUID

By

G. Than, G. I11ei and |. Csehn
DEPARTMENT OF OBSTETRICS AND GYNAECOLOGY, UNIVERSITY MEDICAL SCHOOL, PECS

(Received November 8, 1973)

The serum proteins of 25 normal women were studied by disc-electrophoresis
at the time of delivery and eight weeks post partum. Proteins of the amniotic fluid
and of the umbilical sera (both arterious and venous) were also analyzed. The quantita-
tive as well as qualitative changes found in the maternal sera were not present in any
of the cord blood sera or in the amniotic fluid or in the sera of the same women eight
weeks post partum. The quantitative changes thought to be characteristic of pregnancy
consisted of an increase in the fast and slow postalbumins and transferrin. Two protein
fractions (pregnancy protein, and pregnancy protein2) in the alpha-2-globulin region
not present in any of the other specimens were also identified in the maternal sera
in about half of the cases.

The proteins of maternal and umbilical cord sera and of the amniotic
fluid have intensely been studied in recent years by various methods (Smithies
1959; Brezinski et al. 1961; Afonso and De Alvarez 1964; Robinson et al.
1966; Bayer 1966; Fischbacher and Quintivan 1970).

It was found that the changes in maternal serum are characterized by
a quantitative increase of some alpha-l-globulins and by the appearance of
two alpha-2-globulins not present in non-pregnant sera, whereas total serum
protein concentration was decreased. The protein composition of the sera of
the umbilical artery and vein and of the amniotic fluid differed from that of
the mother quantitatively as well as qualitatively.

Evaluating the results obtained in the course of these investigations,
we have concluded that the pregnancy-specific maternal protein changes could
be interpreted more accurately if analysis of the maternal serum was combined
with that of the cord sera and of the amniotic fluid and if examination of the
maternal serum was repeated two months after delivery.
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Methods

Blood was taken from the cubital vein of 25 healthy women at the end of the first
stage of normal labour, and from the umbilical vein and one of the umbilical vein and one
of the umbilical arteries immediately after birth. At the beginning of labour, amniotic fluid
was also obtained by vaginal amniocentesis in each case. The samples were centrifuged and
the amniotic fluid samples were filtered. All of the specimens were kept in a refrigerator at
5°C for 36 hours. Total protein concentration was determined by refractometry in the serum
while by the biuret method in the amniotic fluid.

From each sample an amount containing 250 /tg of protein was subjected to poly-
acrylamide gel electrophoresis as described by Davis (1964). Each assay was carried out in
duplicate, adding a few drops of a haemoglobin stock solution to one of each pair before the
run. Electrophoresis was carried out at 5 mA for 75 minutes using a tris-glycine buffer pH 8.6.
The untreated sample was stained with amido-black, while the sample mixed with haemoglobin
was stained with benzidine for the identification of haptoglobins. The protein fractions were
determined immunologically with monospecific antisera (transferrin, coeruloplasmin-anti-
serum, etc.). The pherograms were evaluated by means of an ERI 65 type densitometer.

The same procedure was used with the sera obtained from the same women eight
weeks post partum. As a control, the sera of 25 healthy, non-pregnant women were also
analyzed; in these cases the blood was drawn at the early proliferative phase.

Results

Mean total protein concentration in the maternal sera at term was
6.20 + 0.40 g per 100 ml; in the umbilical artery, 5.37 + 0.38 g and in the
umbilical vein, 540 + 0.45 g pér 100 ml. Eight weeks post partum it increased
to 6.76 + 0.25 g per 100 ml, while in the non-pregnant controls it was 7.56 +
+ 0.30 g. Mean protein concentrations in the amniotic fluid at term 0.25 +
+ 0.09 g (Table I).

Table |

Protein concentrations in the samples studied

No. of Mean concentration
pati'ents of total protein,
g per 100 ml + S.D.

Non-pregnant controls 25 7.56+0.30
Maternal serum at birth 25 6.20+0.40
Maternal serum 8 weeks post partum 25 6.76+0.25
Amniotic fluid at term 25 0.25+0.09
Arterial cord serum 25 5.37+0,38
Venous cord serum 25 5.40+0.45

In the maternal sera at the time of delivery an increase in the fast
(CBG, TBG) and slow postalbumins and transferrin was observed as compared
with the non-pregnant sera or those obtained eight weeks post partum. The
fast postalbumin and transferrin fractions were significantly higher in the
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sera of the parturients than two months later (p < 0.05). The difference in
the amounts of postalbumin was not significant (p <[ 0.1).

In the umbilical sera, haptoglobin was absent in every case and in the
alpha-2 region fewer fractions were seen that in the same region of the control
or maternal sera. The quantitative changes seen in the maternal sera were
absent from the umbilical sera. The only difference between the arterial and
venous cord sera was an increase in 1gG in the venous sample.

The protein composition of the amniotic fluid was similar as that of the
cord sera, but in some cases haptoglobin type 1-1 was also found.

In addition to these quantitative changes very distinct qualitative ones
were also detected in the maternal sera. At term there were two well-separated
pregnancy protein fractions between transferrin and S-alpha-2-macroglobulin.
One of them found in 8 cases was near to transferrin, while the other, identified
in 12 cases was localized near to S-alpha-2-macroglobulin. These fractions
disappeared by eight weeks post partum and were never present in the cord
and control sera or in the amniotic fluid (Fig. 1).

Cc D E

Fig. 1. A: Disc-electrophoretogram of the serum of a healthy woman. The blood was taken
at the end of the first stage of labour. Note the increase of the fast and slow postalbumins
and of transferrin with the appearance of two globulin (ppi and pp,) fractions indicated by
arrows. B: Serum of the same women eight weeks post partum. C: Pherogram of the amniotic
fluid. D: Pherogram of blood serum of one of the umbilical arteries. E: Pherogram of the
blood-serum of the umbilical vein. Abbreviations: fpa: fast postalbumins; spa: slow post-
albumins; tr: transferrin; hp: haptoglobulins; pp,: pregnancy protein,; pp2: pregnancy
protein2
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Discussion

A quantitative increase in some serum protein fractions in pregnant
women has already been observed (Staunwhite and Sandberg 1959;
Dowling et al. 1965; Man and Whitehead 1968; Than et al. 1970). The in
crease in the fast postalbumins (CBG, TBG) was explained by the increased
oestrogen level and the modified thyroxine metabolism, while the increase
in the slow postalbumins was attributed to the elevated Coeruloplasmin
level, and for the increase in transferrin, the enhanced iron transport was
held responsible.

The lower protein concentration in the cord sera, the absence of hapto-
globins and ofthe other changes in maternal sera suggests that foetal protein
production is independent of that of the mother, though the selective trans-
placental passage of some maternal protein fractions (albumin, 1gG) has been
definitively proven (Danois et al. 1961; Haworth et al. 1965). The maternal
origin of amniotic fluid proteins seems very probable (McKay et al. 1958;
Abbas and Tovey 1960; Usategui-Gomez and Morgan 1966a, b, 1967). The
amount and nature of maternal proteins crossing the foetal membranes depend
on the selective activity of these barriers. The role of the placenta (Wirt-
schafter and Williams 1957) and of the foetus (Brezinski et al. 1961) in
the synthesis of some of the proteins of the amniotic fluid cannot, however,
be excluded. In our investigations the protein composition of the amniotic
fluid resembled that of the cord sera, but the presence of 1-1 type haptoglobin
in some cases has to be considered a direct proof of the membranes being
selectively penetrable for some maternal proteins.

Smithies (1959), Afonso and DeAlvarez (1964), Davis (1964) and
others described the existence of a pregnancy-associated alpha-2-globulin.
In addition to this Hirschfeld and Soderberg (1960), Wilken (1963),
Bayer (1966), Bundschuh (1967) and Hofmann et al. (1970, 1972) demon-
strated a pregnancy specific beta-1-globulin.

In our material the alpha-2-beta-l-globulin near to transferrin in the
maternal serum seems to be identical with the pregnancy protein demonstrated
by disk-electrophoresis by Davis (1964) (pregnancy protehq). The other
fraction, near to S-alfa-2-macroglobulin in our series, was observed also by
Smithies (1959) and Afonso and DeAlvarez (1964) in starch-gel and by
Hofmann et al. (1972) in disk-electrophoresis (pregnancy protein2. The role
of these fractions is not clear. They are not identical with any of the known
protein hormones and no steroid is bound to any of them (Wilken 1963;
Bayer 1966). They differ from oxytocinase and phosphatase enzymes (Afonso
and DeAlvarez 1964; Robinson et al. 1966) and are present in about one
third or half of pregnant women. They were found in cases of trophoblastic
tumour and after long term oestrogen treatment in non-pregnant women as
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well (Afonso and DeAtvarez 1964; Robinson et al. 1966; Bundschuh 1967;
Kadach 1970).

Our observations indicate that these fractions are not crossing the
placental or amniotic membranes in detectable amounts and disappear eight
weeks post partum. This means that they are fairly specific of pregnancy.
It cannot, however, be excluded that these fractions are regular components
of the normal serum and only their concentration is below the sensitivity of
the usual methods; during pregnancy their level may increase and thus they
may become detectable.
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DER EINFLUSS YON PROSTAGLANDIN E,
AUF DIE ZUSAMMENSETZUNG DER FREIEN
FETTSAUREN IM BLUTPLASMA BEIM KANINCHEN

Von

M. L. MICHAILOV

ZENTRALINSTITUT FUR HERZ- UND KREISLAUF-REGULATIONSFORSCHUNG
DER AKADEMIE DER WISSENSCHAFTEN DER DDR, BERLIN-BUCH, DDR

(Eingegangen den 17. April, 1974)

Die Untersuchungen der Wirkung des exogenen Prostaglandins E, auf das
Spektrum der freien Fettsduren im Blutplasma von Kaninchen wurde untersucht.
Die ungesattigten Fettsduren wiesen eine deutliche Erhdéhung auf, insbesondere die
Linolsdure und weniger die Ol- und Arachidonsdure. Der Anteil der gesattigten Fett-
sauren verminderte sich mit Ausnahme der Stearinsédure. Die gewonnenen Ergebnisse
wurden mit den metabolischen Funktionen des PGE, erklart und mit anderen Beo-
bachtungen verglichen.

Die Mannigfaltigkeit der physiologischen Effekte der Prostaglandine
(PG), die nach einer Vielzahl experimenteller Beobachtungen nachgewiesen
werden konnten, wobei widersprichliche Wirkungen nicht selten auftreten,
erfordert sowohl zielgerichtete Untersuchungen als auch Gegentberstellungen
und Synthese der gewonnenen analytischen Daten.

Die PG der Gruppe E uben verschiedene, oft sehr starke Einflisse auf
die metabolischen Prozesse der Gewebe und Organe aus. Diese Wirkungen
auf die Nahrungs- und Wasseraufnahme des adip6sen Gewebes (Baile et al.
1973) und auf die lipolytischen und glykdmischen Prozesse stehen mit der
physiologischen Aufgabe der PG als Mediatoren eines Feedback-Mechanismus
zur Freisetzung der adrenergischen Transmitter in Verbindung (Hedquist
1972; Samuelsson und Wennmalm 1971). Die renale Freisetzung von PG
bei Nervenstimulation (Durham und Zimmermann 1970) sowie die Erhéhung
des Noradrenalinsiegels bei Inhibition der PG-Synthese deuten an, dalR diese
Mechanismen den funktionellen Zustand der biologischen Systeme kontrollieren.

Wahrend die Biokonversion der polyenen Fettsduren in PG sowie die
gunstige Beeinflussung ihrer Biosynthese durch die Infusion essentieller Fett-
sduren oder die Stimulierung der Phospholipase A nachgewiesen werden konn-
ten (Bergstrom et al. 1964; Van Dorp et al. 1964), fand man, daB eine Infusion
von PG in kleiner Dosis die Folgen eines Defizits an essentiellen Fettsduren
nicht kompensiert (Kupiecky et al. 1968). Wir stellten uns daher die Aufgabe,
den Effekt des applizierten PGEr auf die Zusammensetzung der freien Fett-
sduren (FFS) im Blutplasma im Tierexperiment zu untersuchen.
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Methode

Als Versuchsmaterial dienten 25 einjdhrige mischrassige Kaninchen beiderlei Ge-
schlechts mit einem Durchschnittsgewicht von 4 kg, die unter Standardnahrung in Einzel-
kafigen gehalten wurden. Bei 15 Tieren wurde PGEj (Upjohn Co., Kalamazoo, Michigan)
in die V. marginalis eines Ohres injiziert (Versuchsgruppe), und zwar am 1. Tag 200 pg4am
2.—4. Tag 100 (ig. In der viertdgigen Versuchsperiode nahmen die Tiere weniger Nahrung
auf; ihr Gewicht verringerte sich um ca. 200 g. 10 Kaninchen dienten als Kontrollgruppe;
sie erhielten Injektionen von physiologischen Kochsalzlésung, Bei diesen Tieren ergaben sich
keine Nahrungs- und Gewichtsabweichungen.

Nach 12stindiger Nahrungskarenz wurde den Tieren mittels Herzpunktion bei kon-
stanten Versuchsbedingungen Blut entnommen. Die Extraktion der Lipide aus dem Plasma
erfolgte mit dem Chloroform-Methanol-Verfahren, die Fraktionierung der Lipide durch
Dinnschichtchromatographie mit Kieselgel G/Merck (Mangold 1962). Fir die Gaschromato-
graphie wurden die FFS mit Methanol/Salzsdure verestert. Die Zusammensetzung der FFS
bestimmten wir gaschromatographisch (Gasofragt TP 500) mit Flammenionisationsdetektor
unter folgenden Bedingungen: Sé&ulenfillung 10% EGSS-X (Applied Science Lab. Inc.) auf
Gaschrom P, 80-100 mesh; Sdaulenldnge 200 cm X4 mm; Trégergas: Stickstoff 2,5 1/Std;
Temperatur: Saule 170 °C, Injektionspunkt 240 °C, Detektor 220 °C; Papiervorschub 300 bzw.
600 mm/Std; Empfindlichkeit 5 ¢ 10-9 — 5 « 10-10 A. Aus dem mit einem Integrator aus-
gewerteten Peakflaichen wurden die Anteile der einzelnen Fettsduren errechnet. Zur statisti-
schen Auswertung der Resultate wurden Korrelationsprifung und t-Test herangezogen.

Tabelle |

Mittelwerte der FFS mit Standardabweichungen bei mit physiologischer
Kochsalzlésung behandelter Kontrollgruppe und mit Prostaglandin El behandelter
Versuchsgruppe

C-Zahl Kontrollgruppe Versuchsgruppe

Gesattigte Fettsduren in %

o 0,5 +0,2 0,4 +0,2
cu 1,5 +0,3 0,8 +0,3
MG 42,8 +3,9 22,2 +2.4 (p< 0,05)
~M8 4.4 +0,4 9,6 +1,3 (p< 0,05)
- 2,6 +0,5 0,8 +0,3

Z =518 +4.5 33,8 +3,5 (p < 0,05)

Cu:, 0,2 0,3
CcieM 5.4 +0,4 1.3 +0,2 (p < 0,05)
clsMm 24.8 +2,2 30,4 +2.8 (p< 0,05)
~18:2 7.5 +0,8 23,7 2,2 (p< 0,01)
Kig:s 5,0 +0,4 15 +0,2 (p< 0,05)
Crom 5.3 +0,4 9,0 +0,8 (p < 0,05)

Z! = 48,2 +4.5 66,2 +6,0 (p< 0,05)
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Ergebnisse

Das PGEj rief bei den Kaninchen deutliche Ver&nderungen in der
Zusammensetzung der FFS im Plasma im Vergleich zu den Kontrolltieren
hervor. Tabelle 1 demonstriert die Ergebnisse der einzelnen FFS bei beiden
Untersuchungsgruppen. Die Verdnderungen in der Versuchsgruppe mit PGE]j
sind folgenderweise charakterisiert: 1. Die Gesamtmenge der ungesattigten
FFS ist erhdht. 2. Der Anteil der gesattigten FFS vermindert sich entsprechend
mit Ausnahme der Stearinsdure (C18), die sogar ansteigt. 3. Die ausgepragteste
Erhéhung zeigt die Linolsédure (C18:2). 4. Die Arachidonsdure (C20;4) ist deutlich
angereichert. 5. Die Olsdure (Clg;1) zeigt ebenfalls erhéhte Werte. 6. Palmit-
olein-(C16;1) und Linolensdure (C183) vermindern sich relativ.

Diskussion

Die i.v. Applikation von PGEj erhoht die PG-Konzentration im Blut-
plasma, und seine lokale Wirkung im Gewebe besitzt eine teilweise Analogie
zu der erhdhten PG-Konzentration im Blut nach vermehrter Produktion in
der Niere bei Nervenstimulation. Die stimulierten physiologischen Funktionen
gehen, wie bekannt, mit der Freisetzung energiereicher Verbindungen einher.
Der Anstieg der Menge der ungeséttigten Fettsduren steht mit dem metaboli-
schen Effekt einer erhdhten PG-Konzentration im Blutkreislauf in Verbin-
dung. Zur Erlauterung unserer Ergebnisse kdnnen einige physiologische Mecha-
nismen herangezogen werden. PG inhibiert die Aktivitdt des sympathischen
Nervensystems und kann einige physiologische Systeme beeinflussen (Horton
1973). Das injizierte PG interferiert durch einen Feedback-Mechanismus mit
den Effekten der Katecholamine inklusive ihrer Wirkung auf die Lipolyse
und Utilisation der FFS. Eine Erhéhung der Menge der FFS, besonders der
ungesattigten FFS, kann als Folge der Verwirklichung der Kontrollfunktion
tiber metabolische Prozesse entstehen. Es ist bekannt, dall das PG die ketogene
Wirkung des Noradrenalins abschwéacht und die Glykolyse beschleunigt
(Lemberg et al. 1971). In Prozessen der Lipolyse bilden sich endogene PG,
die den Gehalt des zyklischen AMP senken und auf diesem Wege die Lipolyse
beeinflussen (ltiano und Cuatrecasas 1971; Micheli 1970). Durch Verab-
reichung von PGEj, die die Konzentration von PG im Blut ansteigen laRt,
kénnen die physiologischen PG-Bedirfnisse gedeckt werden, wodurch ein
einsparender Effekt in der endogenen Synthese entsteht, der die Vermehrung
der zirkulierenden polyenen Fettsduren ermdglicht. Eine Inhibition der PG-
Synthese erfolgt durch &61-, Linolen- und besonders durch Linolsdure, da sie
um die PG-Synthese mit der Arachidonsdure konkurrieren (Pace-Asciak und
Wolfe 1968). Die vielseitige Wirkung des PGEj auf die Lipolyse sowie die
Tatsache der Stimulierung der Adenylzyklase durch PG (Kimberg et al. 1971;
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Peery et al. 1971) zeigen, dall das PG die Mobilisierung der Fette aus den
Depots nicht immer verhindern kann. Dabei kann sogar eine erhéhte FFS-
Konzentration im Plasma beobachtet werden (Cartson et al. 1970). Die Sti-
mulierung des Kohlenhydrat-Metabolismus nach PG-Verabreichung mit ver-
doppelten glykdmischen Werten (Lemberg et al. 1971; Onaga und Solomon
1970) fuhrt zur Modifizierung der Fettsdureaufnahme in den Zellen. Die fest-
gestellte Vermehrung der Steroidhormone im Plasma durch PG kann auch
mit der lipolytischen Wirkung im Zusammenhang stehen (Tai et al. 1970). Die
Erhdhung der ungesattigten Fettsduren, insbesondere der Linolsdure, erweist
sich wahrscheinlich als ungentigend, die Folgen ihres chronischen Defizits zu
beseitigen im Hinblick auf die beschrdnkte Anwendung hoher Dosen fir lan-
gere Zeit und auf die durch PG gehemmte Zufuhr von polyenen Fettsduren.
AulRerdem werden die polyenen Fettsduren vielseitig kontrolliert und fir ver-
schiedene Kdrperfunktionen bendtigt. Die ermittelte Erhéhung der polyenen
Fettsduren erscheint unzureichend, um die angestiegene Nachfrage decken zu
kénnen. PGEt beeinflusst die Zusammensetzung des FFS Spiegels, dessen Ver-
dnderungen mit bestimmten physiologischen Funktionen dieser Substanzen
in Verbindung stehen.
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OF MUSCLES WITH DIFFERENT BIOLOGICAL
FUNCTIONS

By

L. Heiner, J. Domonkos and M. Vargha, jr.

DEPARTMENT OF NEUROLOGY AND INSTITUTE FOR BRAIN RESEARCH,
UNIVERSITY MEDICAL SCHOOL, SZEGED

(Received March 25, 1974)

The lipid composition of the tonic soleus muscle, the intermediate-type (con-
taining tonic and tetanic fibres) gastrocnemius muscle and the tetanic vastus lateralis
muscle of the rabbit was examined one and two weeks after tenotomy. One week after
tenotomy the amount of triglycerides and phospholipids increased only in the tonic
muscle. This increase was more pronounced after two weeks. At this time the amount
of the above-mentioned lipids increased in the intermediate-type muscle, too. On the
other hand, in the tetanic muscle the lipid composition did not change significantly
even two weeks after tenotomy.

Regarding the phospholipids, qualitative changes could also be observed in the
tonic muscle two weeks after tenotomy: the fatty aldehyde content of choline phos-
phatides and non-choline phosphatides increased. The observed changes of phospho-
lipids in tonic muscle following tenotomy could be prevented by simultaneously
performed denervation.

Owing to the biological diversity of mammalian skeletal muscles,
generalizations concerning their responses to denervation, immobilization and
metabolic alterations, are questionable. According to our previous results,
the lipid composition of muscles with different biological functions, the
so-called tonic and tetanic muscles, differ from each other (Heiner and
Domonkos 1970). On the other hand, following denervation (Heiner et al
1970, 1971a) and in dexamethasone-induced myopathy (Heiner et al. 1971h),
the amount and the qualitative composition of phospholips change in a charac-
teristic manner in tonic and tetanic muscles. It seemed therefore of some
interest to investigate the lipid composition of muscles following tenotomy,
another type of muscle damage.

Methods

Adult rabbits kept on a normal diet were used. The animals were anaesthetized with
sodium pentobarbital. In the first group of animals the tendon of the right soleus, in the
second group the tendon of the gastrocnemius and in the third one the tendon of the white
portion of the vastus lateralis muscle were transected and one or two weeks later the animals
were killed. Muscle specimens were obtained from the soleus (tonic), vastus lateralis (tetanic)
and gastrocnemius (intermediate, containing both tonic and tetanic fibres) muscles. The
contralateral muscles served as controls. After removing the connective tissue, the muscles
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were homogenized and extracted with chloroform-methanol (2 : 1 v/v) at room temperature.
Separation of lipids was performed in the same manner as in earlier studies (Heiner and
Domonkos 1970). Determination of the muscle cell phase was based upon the estimation
of non-collagenous protein according to Lilienthal et al. (1950). After treating the homogen-
ized muscle with 0.05 N NaOH, the eluted protein was determined according to Hiller
et al. (1948), fatty aldehydes by the method of Warner and Lands (1961). Phosphorus was
determined according to Fiske and SubbaRow (1925), after H,S04 treatment, neutral gly-
cerides according to Carlson (1963).

Results

Table I shows the effect of tenotomy on the cell protein content of tonic,
intermediate and tetanic muscles. One week after tenotomy the amount of
non-collagenous protein decreased significantly only in the tonic muscle. This
decrease was more pronounced after two weeks. Then the amount of non-
collagenous protein decreased in the intermediate muscle too. In the tetanic
muscle, the amount of non-collagenous protein was unchanged two weeks
after tenotomy.

Table 1

Effect of tenotomy on the amount of non-collagenous protein in various muscles
(mg protein per g muscle wet weight)

Contralateral muscle Tenotomized muscle

Tonic muscle

1 week 157.0£13 (10)* 116.0+23 (10)

2 weeks 161.0£23 (6)+ 96.0£29 (6)+
Intermediate muscle

1 week 172.0£14 (9) 156.0+15 (9)

2 weeks 169.0+ 8 (7) 131.0£15 (7)+
Tetanic muscle

2 weeks 177.0£15 (7) 176.0+19 (7)

* Mean + S.D. Number of experiments in brackets
+p < 001

Table Il shows the neutral lipids content of tenotomized muscles. Two
weeks after tenotomy the most striking changes occurred in tonic muscle,
where both the content of triglycerides and neutral plasmalogens (triglycerides
containing fatty aldehydes) increased markedly. In the intermediate muscle
the neutral lipids showed less pronounced changes. In the tetanic muscle the
amount of neutral lipids did not change significantly by two weeks after teno-
tomy. One week after tenotomy changes in the amount of neutral lipids were
observed only in the tonic muscle. By this time, both the triglyceride and
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Table 11

Effect of tenotomy on the amount of neutral lipids in various muscles
(p mol per g non-collagenous protein)

Tonic muscle Intermediate muscle Tetanic muacle
Triglycerides
(expressed in glycerol)
1 week
C 153+ 81 (10)* 12.9+ 3.2 (9)
T 297+164 (10) 15.8dr 4-5 (9) —
2 weeks
C 124+ 38 (6) 13.6% 31 (7) 7.35+1.31 (6)
T 631+289 (6)+ 36.0+10.3 (7)+ 10.80+ 1.70 (6)
“Neutral plasmalogen”
(expressed in palmitic
aldehyde)
1 week
C 0.95+0.25 (10) 0.30+0.16 (9)
T 1.66+0.60 (10)+ 0.33+£0.18 (9) R
2 weeks
T 0.43+0.09 (6) 0.24+0.15 (7) 0.33+0.09 (6)
T 1.79+0.63 (6)+ 0.45+0.24 (7) 0.37+0.06 (6)

C: contralateral muscle
T: tenotomized muscle
*Mean + S.D. Number of experiments in brackets

X P < 0.01

neutral plasmalogen content increased. This increase was more significant in
neutral plasmalogen.

Table 11l shows the effect of tenotomy on the amount of lipid-P and
fatty aldehyde in the choline-phosphatide fraction of the muscles. In the tonic
muscle, the amount of lipid-P and fatty aldehyde was increased one week after
tenotomy. The increase was more pronounced two weeks after the operation.
In the intermediate muscle one week after tenotomy the amount of lipid-P
and fatty aldehyde were not altered significantly. At two weeks, a pronounced
increase whas, however, observed first of all in the amount of lipid-P. The fatty
aldehyde content of choline phospholipids increased slightly. In the tetanic
muscle, the amount of choline phosphatides did not change significantly even
at two weeks after tenotomy.

Table IV illustrates the lipid-P and fatty aldehyde content in the non-
choline phosphatide fraction of the muscles following tenotomy. In the tonic
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Table 111

Effect of tenotomy on the amount of lipid phosphorus and fatly aldehyde
in choline phosphatides in various muscles
(per g non-collagenous protein)

Tonic muscle Intermediate muscle Tetanic muscle
Lipid phosphorus, microatom
1 week
C 300+ 3.1 (10)* 26.4+ 2.7 (9)
T 62.4+17.6 (10) 316+ 3.8 (9) —
2 weeks
C 32.7+ 3.2 (6) 31.3x 3.2 (7) 33.8+5.6 (6)
T 86.9+27.1 (6) 52.7+10.3 (7)+ 39.9+4.8 (6)
Fatty aldehydes, micromole
1 week
C 1.54+0.30 (10) 1.71+0.74 (9)
T 2.96+0.93 (10)+ 1.92+0.73 (9) —
2 weeks
C 2.70+1.08 (6) 3.07+1-25 (7) 0.94+0.20 (6)
T 10.70+£3.00 (6)+ 6.43+2.93 (7) 1.21+£0.24 (6)

C: contralateral muscle
T :tenotomized muscle
* Mean + S.D. Number of experiments in brackets

+p < 001

muscle after both one and two weeks the amount of lipid-P and fatty aldehyde
increased significantly. In the intermediate muscle there was no change after
one week, while after two weeks the amount of both lipid-P and fatty aldehyde
increased markedly. In the tetanic muscle neither the amount of lipid-P, nor
that of fatty aldehyde had changed at two weeks after tenotomy.

Discussion

Only Kostic et al. (1965) investigated the effect of tenotomy on the
lipid composition of muscles. According to their results, after transection of
the tendon of the m. triceps surae, the amount of phospholipids increased in
the muscle. However, muscles different in biological function were not
investigated.

Our results showed that after tenotomy first of all the lipid composition
of tonic muscle changes; one week after the operation the amounts of neutral
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Table IV

Effect of tenotomy on the amount of lipid phosphorus and fatty aldehydes
in non-choline phosphatides on various muscles
(per g non-collagenous protein)

Tonic muscle Intermediate muscle Tetanic muscle
Lipid phosphorus, microatom
1 week
C 28.0x 2.5 (10)* 20.0+3.9 (9)
T 54.006.1 (10)+ 22.813.5 (9) —
2 weeks
C 21.9i 1.8 (6) 20.6+5.4 (7) 20.7+3.1 (6)
T 51.8+13.0 (6)+ 33.2i3.3 (7)+ 21.1i3 .2 (6)
Fatty aldehyde, micromole
1 week
C 6.43i0.72 (10) 4.7510.67 (9)
T 13.60i3.10 (10)+ 5.45i0.95 (9) —
2 weeks
C 7.90+£1.34 (6) 6.3000.42 (7) 5.46i0.82 (6)
T 21.80i5.90 (6)+ 12.10i3.40 (7)+ 5.8000.85 (6)

C: contralateral muscle

T :tenotomized muscle

* Mean + S.D. Number of experiments in brackets
+p < 0.01

lipids and phospholipids were increased. The increase was more pronounced
after two weeks. The gastrocnemius is an intermediate-type muscle, in which
tetanic fibres are predominant (Henneman and Oison 1965). The amount of
lipids in this muscle increase significantly only two weeks after tenotomy and
the increase was less than the pronounced one observed in the tetanic muscle.
While in the tetanic muscle even two weeks after tenotomy there was no
change in the composition of lipids, in the m. gastrocnemius containing both
tonic and tetanic fibres the observed changes were probably due only to changes
in tonic fibres.

The changes observed in the tonic muscle two weeks after tenotomy were
not limited to an increase in the amount of phospholipids. Their composition
displayed also qualitative changes. The rate of increase in the amount of
phospholipids and that of the fatty aldehydes in phosphatides was not the
same as in the choline or non-choline phosphatides of the tonic muscle two
weeks after tenotomy.
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As Table V shows, the ratio of fatty aldehyde to lipid phosphorus
increased. As compared to the increase in choline-phosphatides, this increase
was more pronounced in the non-choline phosphatides. The increase in the
ratios suggests that under the effect of tenotomy in tonic muscle the synthesis
of phospholipids containing vinyl ether bond (plasmalogens) is greater than
that of phospholipids with diacyl ester bond. Similar qualitative changes could
not be observed in intermediate-type and tetanic muscles. It was stated pre-
viously (Heiner et al. 1970) that at 3—6 weeks following denervation, the
amount of fatty aldehyde is increased in phospholipids both in tonic and
tetanic muscles. On the other hand, in dexamethasone myopathy, the content
of plasmalogens decreases mainly in the tetanic muscle (Heiner et al. 1971b).
Our recent findings, as well as our previous results suggest that these various

Table V

Effect of tenotomy on fatty aldehyde contents of phospholipids in various muscles
(per cent [A/P m100])

Tonic muscle Intermediate muscle Tetanic muscle
Coline phosphatides
1 week
C 52+ 12 6.5+2.7
T 51+ 1.7 6.3+2.1 —
2 weeks
C 8.2+2.9 10.0+4.2 2.8+0.7
T 12.4+1.3 + 11.9+4.0 3.6+0.9
Non-choline
phosphatides
1 week
C 23.2+3.4 24.2+2.9
T 25.9+4.9 24.0+2.7 —
2 weeks
C 36.0+3.0 325+ 8.9 26.4+2.5
T 41.9+1.9+ 36.5+10.8 27.8+2.8

n moles fatty aldehyde/g non-collagenous protein
A/P <100 = 100 » — y-y-1 e e oo T
p atoms lipid phosphorus/g non-collagenous protein

Values computed from data of Tables Il and IV
C: contralateral muscle

T: tenotomized muscle

+p < 0.05
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experimental muscle alterations are influencing the plasmalogen content
differently in the different types of muscle.

Concerning the results, the question arises why only the lipid compo-
sition of the tonic muscle changes so markedly and rapidly. The fact that
tenotomy affects the structural integrity of the slow (tonic) muscle more
than that of the fast (tetanic) one was shown by Eccres (1944). The histo-
logical changes found in the tenotomized soleus are much more severe than
those occurring after division of the motor nerve (Gutmann and Zelena
1959) and their onset is more rapid. Tenotomy, which decreases the activity
of tonic muscle, converts it into a tetanic-type muscle; the activity of teno-
tomized tetanic muscle is not affected, neither are its mechanical characteristics
(Vrbova 1962, 1963). Recently, Tomanek and Cooper (1972) have investigated
the ultrastructural changes occurring in tenotomized muscles. According to
their results, after tenotomy the soleus undergoes a more rapid and marked
degeneration than the tetanic fibres do in the vastus lateralis muscle. A localized
degenerative process occurs in most soleus fibres within five days following
tenotomy. On the other hand, degenerative foci in the tenotomized rat gastroc-
nemius are infrequent and limited (Warker et al. 1965) or not evident
(Lissak et al. 1963).

Severe degeneration following tenotomy in the soleus muscle can be
prevented by denervation or spinal cord section. Thus, degenerative changes
in the soleus following tenotomy might be due to impulses of supraspinal
origin (McMinn and Vrbova 1964).

Table VI

Common effect of tenotomy and denervation on the amount of
lipid-phosphorus and fatly aldehyde in phosphalides of soleus muscle
(per g non-collagenous protein)

Non-choline

1 Choline phoephatidee phoephatidee

Lipid phosphorus microatom
C 23.6+4.9 (9)* 24.4+£2.4 (9)
T+ D 39.2+7.6 (9)+ 28.0+8.7 (8)

Fatty aldehyde micromole
C 2.60+1.04 (9) 6.30+£1.44 (9)
T+ D 3.30+1.30 (9) 8.00+2.11 (8)

C: contralateral muscle

T + D: 2 weeks after tenotomy and denervation
*Mean i S.D. Number of experiments in brackets
+p < 0.05
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The role of the nervous system in the degeneration of the tenotomized
soleus muscle have been confirmed by our results, too. If soleus tenotomy and
sciatic nerve division were performed together, the amount of phospholipids
increased less than after tenotomy alone (Table VI). Two weeks after denerva-
tion and tenotomy, there was no significant change in the amount of phospho-
lipid of the soleus muscle. The slight increase was similar to that observed
after two weeks of denervation (Heiner et al. 1970).

The amount of non-collagenous protein did not decrease significantly;
its value was 128.0 + 27 mg/g muscle, while on the contralateral side, 159.0 +
+ 14 mg/g muscle. These results also indicate that tenotomy together with
denervation “prevents” the effects of tenotomy by itself.

Changes of phosphatides and mainly of plasmalogens of skeletal muscles
with different biological functions in various experimentally induced patho-
logical states suggests the important role of phospholipids, first of the plasma-
logens, in muscle function.

LITERATURE

Carlson, L. A.: Determination of serum triglyceride. J. Atheroscler. Res. 1963, 3: 334 —336.

Eccles, J. C.: Investigations on muscle atrophies arising from disuse and tenotomy. J. Physiol.
(Lond.) 1944, 103: 253-266.

Fiske, C. H., SubbaRow, Y.: Colorimetric determination of phosphorus. J. biol. Chem. 1925,
66: 375-400.

Gutmann, E., Zelena, J. (1959). Cit.: McMinn and Vrbova, see below.

Heiner, L., Domonkos, J.: Lipid composition of tonic and tetanic muscles. Acta physiol.
Acad. Sei. hung. 1970, 37: 253-258.

Heiner, L., Domonkos, J., Vargha, M. jr.: Effect of denervation on the lipid composition
of tonic and tetanic muscles. Acta physiol. Acad. Sei. hung. 1970, 38: 314 —324.

Heiner, L., Domonkos, J., Vargha, M, jr.: Effect of denervation on the phospholipid classes
in tonic and tetanic muscles. Acta physiol. Acad. Sei. hung. 1971a, 40: 243 —249.

Heiner, L., Domonkos, J., Vargha, M. jr., Sztics, A.: Effect of dexamethasone on the lipid
composition of tonic and tetanic muscles. Acta physiol. Acad. Sei. hung. 1971b, 39:
321-328.

Henneman, E., Olson, C. B.: Relations between structure and functions in the design of
skeletal muscles. J. Neurophysiol. 1965, 28: 581 —590.

Hitter, A, Grier,L., Beckmann, G.: Determination of protein in urine by the biuret method.
J. biol. Chem. 1948, 176: 1421-1429.

Kostic, D., Neskovic, M., Ivic, M., Karadzic, V.: Etude de la composition phospholipidique
des muscles squelettiques du rat et de ses variations au cours de I’atrophie expérimen-
tale. Acta med. iugoslav. 1965, 19: 239 —303.

Litienthal, J. L., Zierler, K. L., Folk, B. P., Buka, R., Rieley, M. J.: A reference base
and system for analysis of muscle constituents J. biol. Chem. 1950, 182: 501 —508.

Lissak, K., Tigyi, A.,, Hollési, G., Benedeczky, J., Juhasz, P.: In: Gutmann, E., Hnik,
P. (Eds): The Effect of Use and Disuse on Neuromuscular Functions. Publishing House
of the Czechoslovak Academy of Sciences, Prague 1963, pp. 425 —429.

McMinn, R. M. H., Vrbova, G.: The effect of tenotomy on the structure of fast and slow
muscle in the rabbit. Quart. J. exp. Physiol. 1964, 424 —429.

Tomanek, R. J.,Cooper, R. R.: Ultrastructural changes in tenotomized fast- and slow-twitch
muscle fibres. J. Anat. 1972, 113: 409—424.

Vrbova, G.: The effect of tenotomy on the speed of contraction of fast and slow mammalian
muscles. J. Physiol. (Lond.) 1962, 161: p. 25.

-2-ia Physiologica Acadcmiae Hunganraed.4,1974



LIPID COMPOSITION OP MUSCLES 171

Vhbova, G.: Changes in the motor reflexes procuded by tenotomy. J. Physiol. (Lond.) 1963,
166: 241-250.

Walker, S. M., Schrodt, G. R., Truounc, Y. T., Wall, E. J.: Electron microscope study
of sacroplasmic reticulum and myofilaments of tenotomized rat muscle. Amer. J.
phys. Med. 1965, 44: 176-192.

Warner, H. R., Lands, W. E. M.: The metabolism of plasmalogen: enzymatic hydrolysis
of vinyl ether. J. biol. Chem. 1961, 236: 2404 24009.

Lajos Heiner, Jend Domonkos, Miklés Vargha jr.

Orvostudoméanyi Egyetem, ldeg-Elmekodrtani Klinika és Agykutaté Intézet,
H-6701 Szeged, Koranyi rkp. 15, Hungary

Acla Physiologica Academiae Scientiarum Hungaricae 45,1974






Acta Physiologica Academiae Scientiarum Hungaricae, Tcmus 45 (3—4), pp. 173—180 (1974)

EFFECT OF ELEVATED RENAL VENOUS PRESSURE
ON INTRARENAL HAEMODYNAMICS

By
G. Kover, L. G. Harsing and L. Harsing

INSTITUTE OF PHYSIOLOGY, SEMMELWEIS UNIVERSITY MEDICAL SCHOOL, BUDAPEST

(Received March 28, 1974)

Experiments were carried out in non-diuretic dogs under pentobarbital anaes-
thesia to investigate the effect of increased renal venous pressure on intrarenal circula-
tion. Venous pressure was elevated to 30 mm Hg by partial venous occlusion on the
left side. The right kidney served as control. Total renal blood flow (TRBF) was
measured directly by collecting the venous outflow. Renal, cortical and medullary
blood flows were estimated by tissue extraction of Rb (Rb-RBF). TRBF remained
unchanged, while Rb-RBF fell in proportion to the decreased arterial-venous pres-
sure difference and medullary blood flow' decreased in excess of the cortical flow.
Such a discrepancy between TRBF and Rb-RBF was not found in the controls. GFR,
urine flow and sodium excretion were also reduced. A reduction of blood flow as de-
termined by a shift of blood from nutritional towards non-nutritional capillaries. Cal-
culation of vascular resistance suggested that the redistribution of blood flow could be
localized mainly to the postglomerular segment of the iuxtamedullary circulation.

Elevation of renal venous pressure may exert different effects of urine
flow and sodium excretion (Birake ct al. 1949; Har1 and Setkurt 1951;
W inton 1931) depending upon the previous electrolyte and water intake.
Wathen and Sertkurt (1969) found that urine flow and sodium excretion
increased in face of unchanged GFR in the hydropénie animal but decreased
together with GFR in extracellular hypervolaemia. Recent observations on the
relationship between the intrarenal distribution of RBF and GFR and the
rate of water and sodium excretion (Earty and Friedler 1965, Hollenberg
et al. 1970; Horster and Thurau 1968) may provide a clue to explaining the
above difference. The purpose of the present experiments was to investigate
the effect of elevated renal venous pressure on the intrarenal distribution of
blood flow applying Sapirstein’s isotope fractionation method.

Methods

Experiments were performed on 11 mongrel dogs of both sexes, weighing 13 to 20 kg,
in non-diuretic conditions under sodium pentobarbital anaesthesia. Food was withdrawn 24
hours prior to the experiments but water intake was not restricted.

The left renal hilum was exposed through a flank incision, and the renal vein was
stripped and cannulated. The left renal and left external jugular veins were connected with a
polyethylene tube. Coagulation of blood was inhibited by 5 mg/kg of heparin. Both ureters
were cannulated supravesically. Arterial blood pressure was measured in the left femoral
artery by a mercury manometer, renal venous pressure in the left renal vein by a saline maném-
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eter through a T extension of the connecting tube. Arterial blood samples were withdrawn
from the right femoral artery, and the left femoral vein was used for infusions.

After a priming dose, PAH and creatinine were infused intravenously at 1 ml/min
constant rate to maintain the plasma concentrations somewhat below 2 mg per 100 ml and
around 20 mg per 100 ml, respectively. The experiment was started after 45 to 60 min had
elapsed.

Urine was collected in 3 periods of 10 min each. At the mid-point of each period, arterial
and venous blood samples were withdrawn and renal venous outflow was measured through
the T extension of the connecting tube. After the control periods, the connecting tube was
constricted till renal venous pressure had increased to 30 mm Hg. After stabilization of the
elevated venous pressure, further 3 collection periods of 10 min each were made, blood samples
were withdrawn and venous outflow was measured as above. After the last period, 50 fid of
86RbCI were injected into the left external jugular vein through the connecting tube; immedi-
ately thereafter, arterial blood was collected continuously in 2-sec fractions, and in the 60th
sec the animal was killed by an intravenous injection of saturated KC1 solution. Prior to and
50 sec after the injection of 8eRbClI, renal venous outflow was determined. The kidneys were
removed promptly, then decapsulated, weighed, and tissue aliquots weighing 600—000 mg
were excised from the cortex, outer and inner medulla; the kidney remnant was again weighed.

PAH and creatinine concentrations in plasma and urine were determined by a method
reported previously (Harsing et al. 1964); clearance and extraction ratio of PAH and creati-
nine were calculated as usually. Activity of 8iRb in the arterial blood samples, renal tissue
aliqguots and in the kidney remnant was measured by a well-type crystal scintillation counter.
Sodium concentration was determined by a Zeiss flame photometer.

Renal blood flow was measured directly and calculated from the clearance and extrac-

tion ratio of PAH as well as from the tissue and arterial concentration of 8iRb on the basis
of the formula
- Q

j Cadt,
0

where Q means the concentration of 8Rb in the renal, cortical and medullary tissue, Ca the
86Rb concentration in arterial blood and T the time of the first circulation (Harsing, et al.
1967). Mean concentration of 8Rb in the medulla was calculated from the 8Rb content of the
outer and inner medulla with consideration of the relative weight of the tissues.

The following formulae were used for calculation of vascular resistances:

) PA-RVP
total renal vascular resistance = -----e-oeeooeeeee :
TRBF
. PA-IRYP
renal prevenous resistance =
TRBF
) . PA—PG
renal preglomerular (arteriolar) resistance =
TRBF
I postgl lar (arteriol illary) resist PE—IRVP
renal postglomerular (arteriolar --- capillary) resistance =
postg P Y TRBF
. . PA—IRVP
cortical prevenous vascular resistance =
Rb-CBF
) PA—IRVP
medullary prevenous vascular resistance =
Rb-MBF

where PA means arterial, RVP renal venous, IRVP intrarenal venous, PG glomerular capillary
pressure, TRBF renal blood flow measured directly, Rb-CBF renal cortical and Rb-MBF
renal medullary blood flow estimated by the Rb technique. IRVP was not determined, but
considered to be 20 mm Hg in the control (Abe et al. 1970; Balint et al. 1971; Navar 1970;
Thurau and Henne 1964), and 30 mm Hg in the experimental periods (Gottschalk and
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GFR
Myitte 1956). PG was calculated from the formula PG COP 1RVP, where K
K

stands for the glomerular filtration coefficient and COP for plasma colloid osmotic pressure
(Abe et al. 1970; Balint et al. 1971; Navar 1970). The value of 0.0196 ml/min/mm Hg/g
was used for k (BALINT et al. 1971), and 25 mm Hg for COP. Conclusions were based on relative
changes in the resistance of the different vascular segments and were not influenced by eventual
changes of the values for IRVP, k and COP, chosen arbitrarily on the basis of experiments
performed by others.

Statistical evaluation of the results was undertaken by variance analysis and by Student’s
(-test using paired samples.

Results

Table I shows the mean values obtained in the right and left kidneys in
the control periods (Period 1) and in the right kidney at normal venous pressure
when left renal venous pressure was elevated (Period 2). The good agreement
between the figures allows the assumption that the values for renal, cortical
and medullary blood flows in the right kidney estimated by the Rh technique
in Period 2 can be applied to the left kidney as well.

Table 1

Values for right and left kidneys at normal renal venous pressure

Perioc 1 Period 2
right left right

Renal blood flow, 5.05+0.42* 4.80+0.38 + 5.05+0.40 +

ml/min/g kidney 4.65+0.42++ 4.90+0.42 ++
Glomerular filtration rate,

ml/min/g kidney 0.74+0.07 0.72+0.05 0.77+0.05
Urine flow,

~Ad/min/g Kkidney 12.70+2.20 10.50+1.90 13.00+ 3.80
Sodium excretion,

AEq/min/g kidney 2.10+0.47 1.67+0.17 1.74+0.52

*S.E.

+ calculated from the clearance and extraction ratio of PAH
++ measured directly

+++ estimated by the Rb method

Table Il represents the means and their standard errors obtained in the
3 control and 3 experimental periods with elevated renal venous pressure.
The values for the individual periods were the same within reasonable limits
and were therefore not indicated separately. Renal blood flow measured
directly remained unchanged, while it fell to 83% of the control when estimated
by the Rb method. Cortical and medullary blood flows were reduced to 88
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Table 11

Response of renal function to the elevation of renal venous pressure

Elevated renal

Control venous pressure
Blood pressure, mm Hg 120.8+5.1* 121.0rb5.2
Renal venous pressure, mm Hg 40+ 0.6+ 30.0+

Renal blood flow (measured
directly), ml/min/g kidney 465+ 0.42 495+ 0.42

Renal blood flow
(measured by Rb technique),

ml/min/g kidney 490+ 0.42 + 4.09+ 0.40 +
Cortical blood flow,

ml/min/g cortex 535+ 0.44 + 470+ 0.35+
Medullary blood flow,

ml/min/g medulla 3.88+ 0.42 + 2.64+ 0.31+
Glomerular filtration rate,

ml/min/g kidney 0.72+0.05 + 0.57+ 0.06 +
Urine flow,

4 1/min/g kidney 10.5+1.9 + 51+ 1.3+
Sodium excretion,
AEq/min/g kidney 1.67+ 0.17 + 0.58+ 0.16 +
*S.E.
+p < 0.05

and 68% of control values, respectively. There was a decrease of GFR, urine
flow and sodium excretion as well.

Values for vascular resistances are summarized in Table I11. Total renal
as well as renal prevenous resistance decreased during elevated renal venous
pressure. Reduction of the prevenous vascular resistance was due mainly to
the decreased postglomerular resistance. Since renal blood flow estimated by
the Rb technique was significantly lower than that measured directly, cortical
and medullary vascular resistances calculated from flow values obtained by
the Rb method were denoted as apparent resistances. There was no change
in the cortical but a considerable increase in the medullary apparent resistance.

Discussion

Reduction of renal vascular resistance during elevated renal venous
pressure is generally considered to be the result of renal autoregulation, i.e.
vasodilation in the preglomerular arterioles (Thurau 1964; Thurau and
Henne 1964). Calculations for vascular resistance in the present experiments
show that the decrease occurred in the postglomerular segment. The absence
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Table 11

Vascular resistances during elevated renal venous pressure

Vascular resistance, Elevated renal

mm Hg *min «ml-1/g Control venous pressure
Renal total 27.7£2.5* + 20.9+1.9 +
Renal prevenous 24.0£2.8 + 20.90.9 +
Renal preglomerular 7.9+0.2 7.6+0.2
Renal postglomerular 3

arteriolar and capillary 16.1+1.9 + 13.3U.3 +

Cortical prevenous++ 20.3+3.9 21.1+2.4
Medullary prevenous++ 29.2+3.9 43.4+8.5
*S.E.
+p < 0.05

++ apparent resistance (see in text)

of an autoregulatory response may have been the result of the comparatively
low preglomerular arteriolar resistance in the control period (Table I11).

The different effect of elevated renal venous pressure on directly measured
renal blood flow and that estimated by the Rb method allowed to advance
atentative hypothesis for explaining the reduction of postglomerular resistance,
urine flow and sodium excretion. Extraction of a substance with diffusion-
limited transcapillary exchange is considerably influenced by the ratio of
capillary diffusional capacity, i.e., capillary permeability and surface product
(PS), and the blood flow (Q) (Crone 1963; Renkin 1968; Yudilevich et al.
1968). During the elevated renal venous pressure, PS rather increased as a
result of the distension of capillaries and venules, while total renal blood flow
remained unchanged. Therefore, as a possible explanation for the reduced Rb
extraction, a redistribution of blood flow in the non-homogeneous intrarenal
capillary bed could be taken into consideration. The nearly complete renal
extraction of Rb under normal conditions indicates that practically the total
amount of blood flows through capillaries having an optimum PS/flow ratio
(nutritional capillaries). Diminished extraction of Rb during elevated renal
venous pressure may be interpreted by assuming that a fraction of blood
perfuses capillaries of lower resistance and of smaller diffusional surface, i.e.
short capillaries in which conditions do not favour the extraction of Rb (non-
nutritional capillaries). The opening of such short capillaries arranged in
parallel during elevated renal venous pressure could have been responsible
for the reduction of postglomerular vascular resistance even if the resistance
of the vascular pathways perfused under control conditions had remained
constant.

Acta Physiologica Acadcmiae Scientiarum Hungaricac 45,1974



178 G. KOVER et al.

A decrease in the arterial—venous pressure difference as a consequence of
elevated renal venous pressure with no change in the pre- and postglomerular
vascular resistance would result in a proportional fall of blood flows measured
directly and estimated by the Rb method. However, if the postglomerular
resistance decreased at the same time as a result of the opening of non-nutrition-
al capillaries, while the resistance of the originally patent vascular pathways
remained constant, blood flow measured directly and by the Rb technique
will deviate from each other; the former does not fall but increases and the
latter decreases more than would he expected from the diminished arterial-
venous pressure difference (Fig. 1). Cortical blood flow fell from 5.35 to 4.70
ml/min/g which corresponded well to the decrement of arterial-venous pressure
differences, and apparent cortical resistance (calculated from flow values
obtained by the Rb method) remained essentially unchanged. Medullary blood
flow, however, diminished more markedly, from 3.88 to 2.64 ml/min/g, and
the apparent medullary resistance increased. This suggests that the redistribu-
tion of blood flow between nutritional and non-nutritional capillaries could

Preglomemlar segment  Postglomerular segment

PA PG IRVP

TBF (2) TBF (2)
TBF(I)

TBF(I) "Rb-BF(1)
Rb-BF(2)

PG(2)-IRVP< PG(L)-LIRVP
TBF(2) TBF()

PA-PG(2) PA-PGO)

TBF@)  TBF() pg(a).RvP  PG(1)-IRVP
Rb-BF(21  Rb-BF()

Fig. 1. Pressure gradient and blood flow measured directly (TBF) and by the Rb method

(Rb-BF) in a renal vascular area when postglomerular resistance is reduced by opening of

non-nutritional vascular chanels. Shaded area represents the difference between blood flow

determined directly and estimated by the Rb method. PA: arterial pressure; PG: glomer-
ular capillary pressure; IRYP: intrarenal venous pressure
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be localized to the medullary circulation. Medullary Rb blood flow calculated
from Tables Il and 111, assuming that there was no change in the pre- and
postglomerular resistance of the originally functioning vascular channels, is
in agreement with the value found in the experiments, considering that some
Rb excapes from the blood while flowing through the glomeruli and non-
nutritional capillaries.*

This conclusion seems to be supported by the results of Miyazaki and
McNay (1971) who concluded from the distribution of microspheres that
during elevated renal venous pressure a smaller fraction of renal blood flow
perfuses the superficial and a larger one the deeper (iuxtamedullary) lyers
of the cortex. Morphological evidence also favours this conception. Blood
flowing through the long branches of the vasa recta could be partially shunted
by shorter capillaries connecting them in the more outer layers of the medulla.
Such differences in the structural arrangement of the capillaries do not exist
in the cortex.

If this conclusion is correct, during elevated renal venous pressure there
must be no change in the cortical pre- and postglomerular vascular resistance,
consequently in the pressure and filtration rate in the cortical glomeruli.

However, a decrease of the postglomerular resistance in the medulla
with unchanged preglomerular resistance results in a fall of pressure and
filtration rate in the juxtamedullary glomeruli diminishing total GFR, urine
flow and sodium excretion. It seems worth mentioning that our results are
consistent with the findings of Wathen and Seltkurt (1969) in saline-loaded
dogs, further that the comparatively high urine flow, sodium excretion and
medullary blood flow also indicated an extracellular hypervolaemia in the
present experiments.

The response of the renal circulation to elevated renal venous pressure
in hydropenia or in any other condition associated with a sufficiently high
preglomerular resistance and a good autoregulatory capacity may be different
from the above mechanism. Preglomerular vasodilation increases pressure
and filtration rate in the cortical glomeruli, bluting or even annihilating the
effects of decreased medullary postglomerular resistance on the pressure and
filtration rate in the iuxtamedullary glomeruli. The net result of this may be
constant or augmented total GFR, with increased urine flow and sodium
excretion.

It has been suggested (Lewy and Windhager 1968; Martino and
Eartey 1967) that hydrostatic pressure in the peritubular capillaries is a

(PA — IRVP) — RA(TRBF  Rb-RBF)
RA + RE

* Rb-MBF

where RA and RE stand for control values of medullary pre- and postglomerular resistance.
Medullary preglomerular resistance (RA) was considered to be equal to renal preglomerular
resistance (TRBF — Rb-RBF) was calculated for 1 g of medulla.
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factor determining tubular sodium transport. Our results do not exclude the
possibility of different changes of the filtration rate in the cortical and juxta-
medullary glomeruli, exerting a secondary, modifying effect on the primary
tubular mechanism.
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THE EFFECT OF HYPOXIA ON THERMOREGULATORY
HEAT PRODUCTION AND BODY TEMPERATURE
IN THE NEW-BORN AND YOUNG GUINEA PIG
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The response of colonic temperature (Tc) and heat production (V02) to exposure
to 12% 02and 8% 02was studied in guinea pigs aged less that 48 hours, 3 to 6 days,
7 to 9 days, 10 to 20 days, and 30 to 60 days at an ambient temperature (Ta) of 20 °C.
For comparison, corresponding data for adult guinea pigs were included. Exposure
to 12% 0 2failed to reduce mean VO02in all age-groups. After termination of exposure,
mean V 02increased significantly from the age of 7 days. The mean of the changes during
exposure to 12% 02recorded in individual observations (z102) showed a statistically
significant increase in heat production in the groups aged to 3 to 6 and 7 to 9 days.
Distribution of zI02in response to 12% 02 of the animals aged less than 10 days dif-
fered significantly from that of the older age-groups. In contrast, Tc fell in all age-
groups significantly in response to 12% 02 the fall being significantly smaller in the
3to 6 and 7 to 9 day-old than in either the younger or the older animals. The post-
exposure increase in Tc was highly significant in all age-groups. The distribution of
zJTc in the age-groups of 3 to 6 and 7 to 9 days differed significantly from that in the
groups aged less than 48 hours, 10 to 20, and 30 to 60 days, whereas there was no dif-
ference in the distribution of /ITcs between the three last mentioned groups. In response
to exposure to 8% 02 both V02and Tc fell highly significantly. After termination of
exposure, V02 increased above the pre-exposure level and concomitantly Tc increased
rapidly. z102 in response to 8% 02 was significantly smaller in the two youngest
groups than in the older new-born groups. The distribution of zI02in the three combined
younger groups differed significantly from that of the combined groups aged 10 to 20
and 30 to 60 days. ZITcin response to 8% 02was greatest, and almost equal, at the ages
of less than 48 hours and of 10 to 20 days, both differing significantly from the other
age-groups. In the 15 min subsequent to termination of exposure, ZITc was highly
significantly greater in the youngest group than in any of the others. zITc-s in the other
new-born groups were identical inspite of the preceding fall during hypoxia and the
level of Tcat termination of hypoxia having differed significantly between these groups.
In contrast to the rat and rabbit, in which species the neonatal changes are character-
ized by a gradual approach to the responses of the adult animal, in the guinea pig the
ZITc of animals aged less than 48 hours resembled that of the 10 to 20-day-old much
more closely than that of the 3 to 6 and 7 to 9-day-old. The responses to cold and to
hypoxia of the thermoregulatory system differed in the neonatal period: whereas the
fall in Tcin response to cold was by far the smallest at the age of less than 48 hours,
the fall in response to hypoxia was significantly greater in this age-group than in the
3 to 6 and 7 to 9-day-old animals.

Since Lintzel’s (1931) original communication it has abundantly been
confirmed that at ambient temperatures (Ta) below the thermoneutral zone
hypoxic hypoxia elicits a fall in heat production and deep body temperature
in most, if not all, mammalian species. This has been shown for the human
neonate (Cross et al. 1955; Brodie et al. 1957), the new-born dog (Moore
1956a), rabbit (Adamsons 1959; Blatteis 1964; Varnai et al. 1971a), kitten
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(Moore 1956b, 1959; Hirt 1959; Moore and Underwood 1963), monkey
(Dawes et al. 1960), rat (Mourek 1959; Taylor 1960; Varnai et al. 1970a),
and mouse (Cassin 1963).

In contrast to the abundance of observations concerned with the thermo-
regulatory response of new-born guinea pigs to changes in ambient tempera-
ture, to catecholamines, etc. (Dawes and Mestyan 1963; Bruck and Wun-
nenberg 1965a, b, ¢, 1966a, b; Zeisberger and Briuck 1967; Zeisberger et
al. 1967; Adamsons et al. 1969; Farkas and D onhoffer 1974), data concerning
the effect of hypoxia on thermoregulatory responses in the new-born guinea
pig are not available. Even observations on adult guinea pigs are sparse and,
in part, contradictory (Farkas and Donhoffer 1973). An investigation of
the thermoregulatory response of new-born guinea pigs to hypoxia appeared
to be of interest, since a) the guinea pig is born at an advanced stage of maturity
and has been considered to maintain a fairly stable core temperature; b) more
severe hypoxia is required in the adult guinea pig for eliciting a similar response
of heat production as in the young rabbit and the adult rat; and c) thermo-
regulatory responses undergo changes in the neonatal period (Bruck and
Wiunnenberg 1965c, 1966a; Varnai and Donhoffer 1970; Varnai et al.
1970a, h, c, 1971a, b; Farkas et al.

Methods

Newly born guinea pigs of both sexes, born and reared in the Institute’s animal house
were used. The observations were made throughout 1971, 1972, and the first half of 1973. For
the sake of comparison, corresponding data on adult guinea pigs (Farkas and Donhoffer
1973) were included.

Oxygen consumption was measured by a modified Noyons-Kipp diaferometer using
an air-flow of 0.7 to 1.4 litre/min (for the adult animals 2.0 litre/min had been used). Colonic
temperature was recorded by copper-constantan thermocouples introduced to a depth of
5 to 10 cm according to the size of the animal. The strictly standardized thermal conditions
and other details of the experimental setup have been described earlier (Donhoffer et al.
1958; Szegvari et al. 1961). After introducing the animals into a metabolic chamber of
appropriate size, this was submerged into a water-bath providing an ambient temperature (Ta)
of 35 °C for the two youngest groups, and either 35 °C or 30 °C for the 7 to 9 and 10 to 20-day-
-old groups. Animals aged 30 to 60 days were always placed into the water-bath providing
Ta 30 °C, as had been the adults. Measurements were started 30 to 45 min later; another 30
min thereafter animals exposed initially to 35 °C were transferred to Ta 30 °C, and from there
after 30 min to Ta 20 °C, as were those of the older animals not exposed initially to Ta 35 °C.
Thirty min after transfer to Ta 20 °C, 12% 02in N2 was supplied to the animals for 30 min,
after which room air was restored again; subsequently the animals were exposed for 30 min
to 8% 0, in N2 after which room air was restored and measurements were continued for a
further 30 min. In some instances, exposure to 12% 02 has been omitted in animals aged
less than 48 hours.

Figures for V02represent, when not stated otherwise, averages of readings taken every
minute during the last 10—15 min of each 30-min period. In the post-hypoxic periods, V02
represents averages obtained from readings during the 10th to 15th and the 20th to 30th min.
Data for Tcrepresent the levels attained at the end of the pre-hypoxic and hypoxic periods,
and those recorded at the 15th and 30th min after the termination of hypoxia. The recording
galvanometers were, howerer, read every minute. Student’s (-test and the Chi square test
with Yates’” modification for small numbers were used for statistical evaluation. Body surface
was calculated according to the formula 10-kg0'67.
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Results

E xposure to 12°/0 02

Heat production. Table | summarizes the effect of breathing 12% 02 at
Ta 20 °C: on the average, no significant reduction in heat production (VO,)
was observed in the course of exposure in any of the age-groups. On the con-
trary, statistically significant increases were recorded in guinea pigs aged 3to 6
and 7 to 9 days. The mean of the changes in oxygen consumption in individual
observations (/102 approached statistical significance in the youngest age-
group as well (Table I11). Following the termination of exposure, V 02 showed
no change in the two youngest groups, whereas in the older age-groups V02
exceeded the level recorded during exposure in the first 15 min after the ter-
mination of hypoxia. In the younger age-groups the same level of V02 was
maintained during the second 15 min after the termination of exposure,
whereas in the group aged 30 to 60 days VO02fell in the second 15 min below
the level reached during the first 15 min after exposure, as it did in the adults.
The decrease in the 30 to 60-day-old group approached, and in the adults
it reached, statistical significance.

Part B of Table | contains the statistical analysis of mean V 02 between
age-groups. Up to the age of 60 days, mean V02 differed significantly from
that of adult animals before, during, and after the termination of exposure
to 12% 02 Mean VO02of the groups aged 3 to 6 and 7 to 9 days differed also
significantly from that of the 30 to 60-day-old animals before as well as during
the first 15 min after the termination of exposure.

Part C of Table | shows that during the 10th to 15th min after the
termination of exposure — with the exception of the group aged less than 48
hours — V 02 significantly exceeded that before exposure, and even between
the 20th to 30th min after the termination of hypoxia, V02was significantly
higher than before exposure in the groups aged 3 to 6, 7to 9, and 10 to 20 days.

Table Il contains the means of the individual changes in heat production
(/10,) during exposure to 12% 02 and Ao0.2 between hypoxia and the 10th
to 15th, and the 20th to 30th min, respectively, after the termination of
hypoxia (Part A), and the statistical analysis of differences between age-groups
(Part B). In the three younger age-groups, the increase in heat production
during hypoxia either attained, or approached, statistical significance,
whereas no significant change was recorded in the older groups. In contrast,
after the termination of hypoxia, no further change was observed in heat
production in the two younger age-groups, whereas in all of the older groups
significant increases above the hypoxic level were observed during the 10th to
15th min after the termination of exposure, and significantly, or almost
significantly higher levels were maintained even during the 20th to 30th min
after the restoration of room air. Part B of Table Il confirms statistically
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Table |

Oxygen consumption (V02 of guinea pigs before, during, and after termination of exposure to 12% 02 at Ta 20°C. In brackets, number
of observations (Part A). Statistical evaluation of the differences between age-groups (Part B), and between V02before and after termination
of exposure to 12% 02 (Part C)

Part A

VO, ml/dm*emin (M + S.E.)

Before During During the During the
Age exposure P exposure P 10th to 15th P 20th to 30th
to 12% 02 to 12% O, min after min after
exposure exposure
< 48 hrs 1.95+0.11 _ > 05 - 2.03+0.09 — > 0.6 — 2.08+0.09 — > 0.6 — 2.13+0.07
(15) (16) (14) (15)
3 to 6 days 177+ 006 _ < 0.01 — 201+0.04 — >0.7 — 2.03+0.05 — > 0.9 2.03+0.04
(23) (23) (23) (22)
7 to 9 days 183+ 004 _ < 005 _ 195+004 — < 0.05 — 2.09+0.05 -m > 0.8 _ 2.08+0.04
(20) (20) (21) (20)
10 to 20 days 192+ 0.06 — > 0.6 — 195+ 004 — < 001 _—_ 2.14+0.05 — > 04 - 2.09+ 0.04
(25) (24) (26) (26)
30 to 60 days 201+ 007 + > 09 — 201+005 — < 001 _— 231+007 — 01> p> 005 _— 215+ 0.05
a7) a7) (20) 17)
Adults 162+ 0.05 = > 0.6 1.59+0.05 — < 0.001 1.83+ 0.04 — < 0.05 — 171+ 0.04

(15) (15) (15) (15)
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Part B
. 10th to 15th 20th to 30th
Before During i ;
Age-groups 12% 0, 12% O, by min 2her
P P P P
< 48 hrs— 3 to 6 days >0.1 >0.8 > 0.6 >0.2
< 48 hrs— 7 to 9 days > 0.2 > 0.4 > 0.9 > 0.5
< 48 hrs—10 to 20 days > 0.8 >0.4 >0.5 >0.6
< 48 hrs—30 to 60 days > 0.6 > 0.8 0.1> p >0.05 >0.7
< 48 hrs—Adults < 0.02 < 0.001 < 0.02 < 0.001
3 to 6 days— 7 to 9 days > 0.2 > 0.2 > 0.4 >0.3
3 to 6 days—10 to 20 days 0.1> p >0.05 > 0.2 >0.1 >0.2
3 to 6 days—30 to 60 days < 0.02 > 0.9 < 0.01 0.1> p >0.05
3 to 6 days—Adults 0.1> p >0.05 < 0.001 < 0.01 < 0.001
7 to 9 days—10 to 20 days >0.2 >0.9 >0.4 >0.8
7 to 9 days—30 to 60 days < 0.05 >0.3 < 0.02 >0.2
7 to 9 days—Adults < 0.01 < 0.001 < 0.001 < 0.001
10 to 20 days—30 to 60 days > 0.3 >0.3 0.1> p >0.05 >0.3
10 to 20 days—Adults < 0.001 < 0.001 < 0.001 < 0.001
30 to 60 days- Adults < 0.001 < 0.001 < 0.001 < 0.001
Part C

\1(2)%[)8? ':ngx{)/%flﬁoﬁg V02 before exposure to

12% Of and VO,
of exposure of exposure
P P
< 48 hrs >0.3 >0.1
3 to 6 days < 0.01 < 0.01
7 to 9 days < 0.001 < 0.001
10 to 20 days < 0.01 < 0.05
30 to 60 days < 0.01 >0.1
Adults < 0.01 >0.1

the differences between the responses to hypoxia of the 3 to 6-day-old and the
other animals, as well as the differences between the changes in heat production
10 to 15 min after the termination of hypoxia between the two youngest
groups, on the one hand, and those of the older animals, on the other hand.

The last column in Table Il shows the changes in VO, (A02) between
the 10th to 15th and the 20th to 30th min after termination of exposure.
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Changes in oxygen consumption (A 02 during exposure to 12% 02, between V02
during and VO., in the 10th to 15th, and the 20th to 30th min after termination
of exposure, and A 02 between the 10th to 15th min and the 20th to 30th min
after termination of exposure. In brackets number of observations (Part A).
Statistical evaluation of the differences between age groups (Part B)

Part A
N 02 ml/dm* emin (M

Between V 02during,

+ S.E)

Between V02 during,

Between the 10th

During and V 02in the 10th and VO2in the 20th to 15th min and
Age exposure to 15th min after to 30th min after the 20th to 30th
to 12% 02 termination of termination of min after termination
exposure to 12% 0 2 exposure to 12% 02 of exposure to 12% 02
< 48 hrs +0.10+0.05 + 0.05+ 0.05 +0.08+0.06 +0.03+0.04
01>p >0.05 (15) > 03 (14) > 0.2 (16) > 04 (14)
3to 6 days + 0.24+0.05 + 0.02+ 0.03 + 0.00+0.03 + 0.01+ 0.04
< 0.001 (23) > 05 (22) > 09 (23) > 07 (23)
7 to 9 days + 0.12+ 0.05 + 0.14+0.04 + 0.14+0.03 +0.00+ 0.02
< 0.05 (20) < 001 (20) < 0.001 (20) > 09 (20)
10 to 20 days +0.02+0.07 +0.20+0.04 + 0.14+0.07 —0.06+0.03
> 0.7 (25 < 0.005 (24) 01 >p>005(4) 01>p > 0.05 (24)
30 to 60 days +0.00+0.06 +0.31+0.07 +0.14+0.07 -0.12+0.03
>09 (17) < 001 (18) 0.1 > p > 0.05(17) < 0.001 (19)
Adults -0.02 + 0.08 + 0.24+0.06 + 0.12+0.05 -0.12 + 0.04
> 0.8 (15) < 0.01 (15) < 0.05 (15) < 001 (15)
Part B
From the 10th
During 10th toﬁlSth 20th to ff,om tgeﬁr‘ngg r?fgeff
min after min after
Age-groups exposure exlposure e>|<posure Sxposure o rtnhﬁ]
P P P P
< 48 hrs— 3 to 6 days 0.1> p >0.05 > 0.6 >0.2 >0.7
<c 48 his— 7 to 9 days >0.8 0.1> p >0.05 >0.3 > 0.5
< 48 hrs—10 to 20 days >0.3 < 0.01 >0.5 0.1> p >0.05
< 48 hrs—30 to 60 days >0.2 < 0.01 >0.5 < 0.01
<; 48 hrs—Adults >0.2 < 0.01 >0.6 < 0.01
3 to 6 days— 7 to 9 days 0.1> p >0.05 < 0.01 < 0.01 > 0.8
3 to 6 days—10 to 20 days < 0.02 < 0.001 0.1> p >0.05 > 0.1
3 to 6 days—30 to 60 days < 0.01 < 0.001 0.1> p >0.05 < 0.02
3 to 6 days—Adults < 0.01 < 0.001 < 0.05 < 0.02
7 to 9 days—10 to 20 days >0.2 >0.1 >0.9 >0.1
7 to 9 days—30 to 60 days >0.1 >0.1 >0.9 < 0.01
7 to 9 days—Adults >0.1 0.1>p >0.05 >0.7 < 0.01
10 to 20 days—30 to 60 days >0.8 >0.5 >0.9 >0.1
10 to 20 days—Adults >0.7 >0.7 >0.8 >0.1
30 to 60 days—Adults >0.8 >0.7 >0.8 >0.9



Table 111

Distribution of changes in oxygen consumption (A 02) in response to exposure to 12% 02 al Ta 20°C (Part A). Chi2square test comparing
increases exceeding -{-0.10 ml OJdm2 mmin with decreases exceeding —0.10 ml 02dm2 ¢ min. In brackets, enumeration data (Part B).
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Part A

A 0, ml/dm* emin

Age n > —0.50 —0.50 to —0.30 —0.30 to —0.10 +0.10 +0.10 to +0.30 +0.30 to +0.50 >+0.50
< 48 hrs i6 2 (12.5%) 6 (37.5%) 7 (43.8%) 1 (6-2%) —
3 to 6 days 23 — — 3 (13%) 3 (13%) 9 (39%) 5 (22%) 3 (13%)
7 to 9 days 20 — — 3 (15%) 9 (45%) 5 (25%) 1 (5%) 2 (10%)
10 to 20 days 25 1(4%) 4 (16%) 3 (12%) 9 (36%) 2 (8%) 4 (16%) 2 (8%)
30 to 60 days 19 1 (5% 2 (H%) 8 (42%) 5 (26%) 2 (H%) 1 (5%)
Adults 15 1(7%) 2 (13%; 2 (13%) 5 (34%) 3 (20%) 2 (13%) —
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Part B
Age-groups Chi* p

< 10 days vs.  older 4.341 < 0.05
(8 ;33 41) (16 ; 21--—- 37)
< 10 days vs. 10 to 20 + 30 to 60 days 2.749 0.1 > p > 005
(8 ;33 41) (11 ; 16- 27)
< 10 days vs.  Adults 2.645 > 0.1
(8 ;33 41) (5;5—-10)
10 to 20 -f- 30 to 60 days vs.  Adults 0.050 > 0.8
(11 ; 16 27) (5; 5—-10)

W hereas no change was observed in the three younger age-groups, an almost
significant decrease occurred in the 10 to 20-day-old and a highly significant
one in the 30 to 60-day-old and the adult animals. Averages tend to obscure
the variety ofindividual responses, therefore, the distribution ofA02in response
to exposure to 12% 02was also analyzed (Table Ill). Evidently, guinea pigs
aged up to 9 days tend to respond to 12% 02 considerably less frequently
with a significant fall in heat production and more frequently with an increase
in heat production then older animals do.

Colonic temperature. Table IV demonstrates colonic temperatures (Tc)
before, during and after the termination of exposure to 12% O0,. Table V
presents the changes in colonic temperature (zITc) calculated on the basis of dif-
ferences in individual observations. Part A of Table IV shows that Tctended to
be higher until the age of 6 days before, during, and after the termination of
exposure than in the 7 to 9 and 10 to 20-day-old animals, whereas Tc of the
30 to 60-day-old and Tc of the adult animals were similar to those recorded
up to the age of 6 days.

Part B of table IV contains the statistical analysis of the differences
between age-groups. The three younger age-groups differed highly significantly
from the 10 to 20-day-old, with the exception of the 7 to 9-day-old, in which
before exposure statistical significance was only approached. At the termina-
tion of, as well as 15 and 30 min after exposure, Tcof the 7 to 9-day-old differed,
however, highly significantly from Tc of the 10 to 20-day-old animals as did
those of the younger age-groups. Tcofthe 10 to 20-day-old animals was highly
significantly lower throughout than Tc of the 30 to 60-day-old animals and
that of the adult ones. Tcin the two youngest groups did not differ significantly
from that in the two oldest groups, whereas Tc in the 7 to 9-day-old was
significantly lower than in the adults before, at, and 15 min after, the termina-
tion of exposure.
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Colonic temperature fT W of guinea pigs before, at termination, and 15 min and 30 min after termination of exposure to 12°/0 O» at Ta 20 °C.

Table IV

In brackets, number of observations (Part A). Statistical evaluation of differences between age-groups (Part B)

Age

< 48 hrs

10 to

30 to

Adults

6 days

9 days

20 days

60 days

Before
exposure
to 12% 02

38.55+ 0.19
(15)

38.19+0.13
(24)

37.94+0.14
1)

37.60+0.15
(25)

38.25+ 0.14
29

38.46+0.13
(15)

0.1

0.02

p >0.05

0.05

0.001

0.001

0.05

Part A

T, °C (M % SE)

At termination

of exposure
to 12% 02

37.78+ 0.27
(15)

37.83+ 0.15
(24)

37.54+ 0.13
)

36.85+ 0.12
(25)

37.44+0.17
(20)

37.98+0.15
(15)

— >0.2

>0.2

>0.1

>0.1

— 01> p >0.05

— >0.1

-e-

*

*

15 min after
termination
of exposure
to 12% 02

38.21+ 0.24
(14)

38.07+ 0.15
(24

37.81+0.12
1)

37.20+0.14
(25)

37.90+0.17
(20)

38.28+0.17
(15)

< 0.2

>0.4

30 min after
termination
of exposure
to 12% Oj

38.24+0.24
(15)

38.29+0.13
(24)

38.00+0.13
(21)

37.30+0.15
(25)

38.00+0.16
(20)

38.39+0.19
(15)
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Part B
—— 15 min after 30 min after
E)(Bpegg{l?'e Ag fti';(’gl')’gaf_':” termination termination
Age-groups to 12% 02 to 1296 02 G Gpose  of exposure
P P P P
<48 hrs— 3 to 6 days 0.1> p >0.05 >0.8 > 0.6 > 0.8
<48 hrs— 7 to 9 days < 0.05 > 0.4 >0.1 >0.3
<48 hrs—10 to 20 days < 0.001 < 0.01 < 0.001 < 0.01
< 48 hrs—30 to 60 days >0.2 >0.2 > 0.3 >0.4
<48 hrs—Adults >0.6 > 0.5 >0.8 >0.6
3 to 6 days— 7 to 9 days >0.2 > 0.1 >0.1 >0.1
3 to 6 days—10 to 20 days < 0.01 < 0.001 < 0.001 < 0.001
3 to 6 days—30 to 60 days >0.7 0.1:>p >0.05 >0.4 > 0.1
3 to 6 days—Adults >0.1 > 0.4 > 0.3 >0.6
7 to 9 days—10 to 20 days 0.1> p >0.05 < 0.001 < 0.01 < 0.001
7 to 9 days—30 to 60 days >0.1 > 0.6 >0.6 >0.9
7 to 9 days—Adults < 0.02 < 0.05 < 0.05 > 0.1
10 to 20 days—30 to 60 days < 0.01 < 0.01 < 0.01 < 0.01
10 to 20 days—Adults < 0.001 < 0.001 < 0.001 < 0.001
30 to 60 days—Adults >0.2 < 0.05 >0.1 >0.1

A somewhat different picture emerged from the analysis of the means
of the individual changes in colonic temperature (ATQ presented in Table Y.
W hereas Tc, as shown in Table 1V, tended to decrease up to the age of 20 days
and to increase thereafter, ATc-s were very similar in the course of exposure
to 12% 02in animals aged less than 48 hours, 10 to 20 and 30 to 60 days,
whereas in the 3to 6, and 7 to 9-day-old groups ATc was considerably smaller
than in the youngest, or the 10 to 20 and 30 to 60-day-old groups and very
similar to ATcin adult animals (Part A). The differences between the ZITc-s of
the 3to 6 and 7to 9-day-old animals on the one hand, and the 10 to 20 and the 30
to 60-day-old ones, on the other hand, were highly significant. In adult animals,
ATcCIin response to 12% 02 was significantly smaller than in the 10 to 20, and
the 30 to 60-day-old animals (Part B). In comparison, inter-age differences
of ATc after the termination of hypoxia were rather small. Fifteen min after
the termination of exposure to 12% 02 zJTc was significantly greater in the
group aged 30 to 60 days than in the three youngest groups and in the adult
animals. Thirty min after the termination of hypoxia, the difference in zITt
approached statistical significance only between the group aged less than
48 hours and the 30 to 60-day-old group.
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Table V

Changes in body temperature (ATQ during exposure to 12% Or, and between Tc at
termination of exposure and in the 15th and 30th min after termination of exposure, and
A Tc between the 15th and the 30th min after termination of exposure.

In brackets, number of observations (Part A). Statistical evaluation
of the differences between the age-groups (Part B)

Part A
JTe°C (M S.E)

. Between Between Between the
g During tefrmmatlon tefrmlnatlon 15th and 30th
e exposLire of exposure of exposure i inati
to 12% Os and e, 15h and e 30th min %f}egxgifgg;ga“‘)”
min theféafter min thereafter

< 48 hrs -0.70+0.11 +0.21+0.05 + 0.39+0.06 + 0.14+ 0.04
< 0.001 (14) < 0.01 (14) < 0.001 (15) < 0.01 (14)
3 to 6 days -0.36+0.05 + 0.28+0.04 + 0.46+0.04 +0.18 + 0.03
< 0.001 (23) < 0.001 (23) < 0.001 (23) < 0.001 (23)
7 to 9 days -0.40+0.08 + 0.29+ 0.04 + 0.48+0.06 + 0.19+ 0.04
< 0.001 (21) < 0.001 (21) < 0.001 (21) < 0.001 (21)
10 to 20 days -0.75 + 0.07 +0.35+0.05 + 0.45+ 0.08 + 0.09+0.05

< 0.001 (25) < 0.001 (25) < 0.001 (25) 0.1 > p > 0.05 (25)
30 to 60 days -0.80+0.07 + 0.48+ 0.06 +0.56+0.07 + 0.09+ 0.03
< 0.001 (21) < 0.001 (19) < 0.001 (20) < 0.01 (20)
Adults -0.48 + 0.08 + 0.30+0.04 + 0.41+ 0.07 + 0.11+ 0.04
< 0.001 (15) < 0.001 (15) < 0.001 (15) < 0.01 (15)

Part B

ATC between

ATe between ATC between the 15th and

ATe during termination termination 30th min after

exposure of 12% 02and  of 12% 02 and termination of

Age-groups to 129% O, the 15th min the 30th min exposure to

thereafter thereafter 12% O,

p P P P
<48 hrs— 3 to 6 days < 0.01 > 0.2 >0.5 >0.4
<48 hrs— 7 to 9 days 0.1> p >0.05 > 0.2 > 0.2 >0.3
<48 hrs—10 to 20 days >0.7 0.1> p >0.05 >0.6 >0.4
<48 hrs—30 to 60 days >0.4 < 0.05 0.1>p >0.05 >0.3
<48 hrs—Adults >0.1 > 0.1 >0.8 > 0.5

3to 6 days— 7 to 9 days >0.3 > 0.9 > 0.8 > 0.8
3 to 6 days—10 to 20 days < 0.001 > 0.2 >0.8 > 0.1
3 to 6 days—30 to 60 days < 0.001 < 0.01 >0.3 0.1> p >0.05
3 to 6 days Adults >0.2 >0.7 >0.7 >0.1
7 to 9 days—10 to 20 days < 0.01 > 0.2 >0.6 > 0.1
7 to 9 days—30 to 60 days < 0.01 < 0.01 >0.3 0.1>p >0.05
7 to 9 days—Adults >0.7 > 0.5 > 0.4 >0.1
10 to 20 days—30 to 60 days >0.6 > 0.1 >0.2 >0.9
10 to 20 days—Adults < 0.02 > 0.4 >0.8 >0.7

30 to 60 days—Adults < 0.01 < 0.02 >0.1 >0.6
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Table VI

Distribution of changes in colonic temperature (A Tc) in response to exposure to 12% 0,, at Tc 20°C (Part A).
of —0.60°C as the dividing line. In brackets, enumeration data (Part B)

Age

< 48 hrs

3 to 6 days
7 to 9 days
10 to 20 days
30 to 60 days
Adults

1.40° to
1.20°
4(23.4%) 2(11.8%)
1 (4.8%) _
1 (35%) 2 (7.5%)
1 (4.5%)

1.20° to
1.00°

1 (5.9%)
1 (4%)

1 (4.8%)
5(18.5%)
6 (27%)
1 (6.7%)

Part A

A Tc°C

—1.00° to
—0.80°

2(11.8%)

1 (4.8%)
5(18.5%)
3 (14%)
1 (6.7%)

—0.80° to —0.60° to
—0.60° —0.40°
2(11.8%) 3 (17.6%)
2 (8%) 5 (21%)
1 (4.8%) 5 (24%)
4 (15%)  5(18.5%)
6 (27%) 3 (14%)
3 (20%)  5(33.2%)

—0.40° to
—0.20°

1(5.9%)
10(42%)
8(38%)
2(7.5%)
1(4.5%)
1(6.7%)

Chi square test taking ATC

—0.20° to +0° to
+0° + 0.20°

2(11.8%)

3 (21%) 1 (4%)

3 (14%) 1 (4.8%)

3 (H%) -

2 (9%) —=

3 (20%) 1 (6.7%)

34
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< 48 hrs

(11 ; 6-—-- 17)
< 48 hrs

(11 ; 6--—-17)
< 48 hrs

(11 ; 6---- 17)
< 48 hrs

(11 ; 6-—--17)
< 48 hrs

a1 ; 6--— 17)
7 to 9 days
4 ; 17- 21)
7 to 9 days
4 ; 17--—-- 21)
7 to 9 days
4 ; 17— 21)

Age-gro,ips

3 to 6 days
3 ; 21-—---24)

7 to 9 days
4 ; 17—-—---21)

10 to 20 days
17 ; 10--—--- 27)

30 to 60 days

(16 ; 6--—-—-- 22)
Adults
5 ; 10--—-—- 15)

10 to 20 days
(17 ; 10-—-- 27)

30 to 60 days

(16 ; 6------22)
Adults
(5 ; 10---- 15)

Chi*

9.873

6.704

0.016

0.044

2.008

7.598

10.509

0.298

Part B

< 001

< 0.01

>0.8

>0.1

< 0.01

< 0.01

3 to 6 days.
3 : 21— 24)

3 to 6 days
(3 ; 21— - 24)

3 to 6 days
B;21 24)

3 to 6 days
(3 :21 24

10 to 20 days
(17 ; 10----- 27)

10 to 20 days
(17 ; 10 - 27)

30 to 60 days

(16 ; 6--—-- 22)
Adults
(5 ; 10---—-- 15)

30 to 60 days

(16 ; 6--—— 22)
Adults
(5 ; 10— 15)
Adults
(5 ; 10— 15)

0.027

11.494

14.718

1.299

0.684

2.392

4.111

>0.8

< 0.001

< 0.001

>0.4

>0.1

< 0.05
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Table VII
Oxygen consumption (V02 of guinea pigs before, during, and after termination of exposure to 8% 02 Ambient temperature (Ta) 20 °C
In brackets, number of observations (Part A). Statistical evaluation of the differences between the means of different age-groups (Part B )%
and between Vibefore and after termination of exposure to 0% 02 (Part C)

Part A
VOj ml/dm* min (M + S.E)

During the During the

Before During

Age exposure p exposure p 1%?,][%&13}}] Zongl?ntc;fi(:'th
to 8% 02 to 8% 02 exposure exposure

< 48 hrs 2.10+0.06 . < 0.001 s 157+ 0.06 . < 0.001 . 2.54+0.09 _ > 0.1 . 2.39+0.07
(32) (29) (28) (32)

3 to 6 days 2.03+ 0.04 _ < 0.001 - 1.59+0.04 » < 0.001 2.31+0.07 — 01> p> 005 _ 215+ 0.05
(22) (22) (22) (22)

7 to 9 days 2.08+0.04 < 0.001 1.43+0.06 s < 0.001 4. 2.42+0.08 — 01> p> 005 _ 222+ 0.06
(20) (19) (20) (21)

10 to 20 days 2.09+ 0.04 < 0.001 1.36+ 0.04 _ < 0.001 4— 235+ 0.05 _ < 0.01 —  2.08+ 0.06
(26) (26) (25) (26)

30 to 60 days 2.16+0.06 _ < 0.001 -h- 1.50+0.06 — < 0.001 _ 2.66+0.07 — < 0.001 _ 231+ 0.06
(18) (18) (19) (18)

Adults 1.67+ 0.08 < 0.001 — 1.28+0.05 < 0.001 1.88+0.06 < 0.02 1.68+0.05

(18) (18) (22) (18)

6T
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< 48 hrs— 3 to
< 48 hrs— 7 to
<48 hrs—10 to
<48 hrs—30 to

Age-groups

6 days
9 days
20 days
60 days

< 48 hrs—Adults

to
to
to

w W w w

to

~

to
7 to
7 to

10 to
10 to

30 to

oo O OO O

(=]

20
20

60

days— 7 to 9 days
days—10 to 20 days
days—30 to 60 days
days—Adults
days—10 to 20 days
days—30 to 60 days
days—Adults
days—30 to 60 days
days—Adults
days—Adults
Age
< 48 hrs
3 to 6 days
7 to 9 days
10 to 20 days
30 to 60 days
Adults

Part C

VO:2 hefore exposure
8% 02and VO2
10th to 15th
min after
termination
of exposure

p

< 0.001
< 0.02
< 0.001
< 0.001
< 0.001
< 0.02

EFFECT OF HYPOXIA

Part B
Before During I%Tnt%ﬂtith
8% O, 8% O, 8% O,

P P P
>0.3 >0.7 0.1>p >0.05
>0.7 >0.1 >0.3
> 0.8 < 0.01 0.1> p >0.05
> 0.4 > 0.4 > 0.3
< 0.001 < 0.001 < 0.001
>0.3 < 0.05 > 0.1
>0.2 < 0.001 > 0.6

0.1> p >0.05 > 0.2 < 0.01
< 0.001 < 0001 < 0.001
>0.8 >0.3 >0.4
> 0.3 > 0.4 < 0.05
< 0.001 0.1> p >0.05 < 0.001
> 0.4 0.1> p >0.05 < 0.001
< 0.001 >0.2 < 0.001
< 0.001 < 0.01 < 0.001

to
VO: before exposure to
8% 02 and VO
from 20th to 30th
min after termination
of exposure

=]

< 0.01
0.1> p >0.05
0.1> p >0.05

> 0.8
0.1> p >0.05

> 0.8

195

20th to 30th
min after
8% 02

p

< 0.01
0.1> p >0.05
< 001
>0.2
< 0.001

>0.3
>0.3
< 0.05
< 0.001

>0.1
>0.2
< 0.001

< 0.01
< 0.001

< 0.001

Table VI demonstrates the distribution of ATcin response to 12% 02
Statistical analysis (Part B) agreed, on the whole, with the inter-group analy-
sis of Tc (Table V, Part B). However, whereas in the latter the difference
between the groups aged less than 48 hours and 3 to 6 days only approached
significance, the difference in the distribution of ATc between these groups
proved to be highly significant.
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Fig.

1. Guinea pig aged 6 days,
and colonic temperature

(0 —0—0-0)
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before,
breathing 12% 02

Table VIII

body weight 78 g. Oxygen consumption
during and after the termination of

Changes in heat production (J1 02) during exposure to 8°/0 02
and after termination of exposure, based on measurements during

the 10th to 15th and the 20th to 30th min, and A 02 between the 10th to 15th min

and the 20th to 30th min.

In brackets number of observations (Part A).

Statistical evaluation of the differences between the different age-groups (Part B)

Age

7to 9

10 to 20

30 to 60

Adults

hrs

days

days

days

days

During
exposure
lu 8% 02

—0.53+ 0.05
< 0.001 (32)

-0.44+0.03
< 0.001 (22)

-0.65+ 0.06
< 0.001 (20)

0.72+ 0.06
< 0.001 (26)

-0.70 + 0.09
< 0.001 (18)

-0.38 + 0.05
< 0.001 (21)

Part A

A 02 ml/dm-min (M + S.E.)

Between V02
during, and
VO2in the
10th to 15th
min after P
termination
of exposure
to 8% o,

+ 0.93+ 0.08
< 0.001 (29)

+0.72+ 0.05
< 0.001 (22)

+ 0.96+0.08
< 0.001 (19)

+ 0.99+0.07 —
< 0.001 (26)

+ 1.15+0.08 —
< 0.001 (17)

+0.64+0.08 —
< 0.001 (21)

>0.2

<c¢ 0.05

< 0.01

< 0.05

< 0.01
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—01>p >0.05

4-

Between V02
during, and
VOJin the
20th to 30th
min after
termination
of exposure
to 8% 02

+0.82+ 0.06
< 0.001 (30)

+0.56+ 0.05
< 0.001 (22)

+0.77+ 0.05
< 0.001 (20)

+0.72+ 0.06
< 0.001 (26)

+0.84+0.08
< 0.001 (17)

+0.38+ 0.05
< 0.001 (21)

Between the
10th to 15th min
and the 20th
to 30th min
after exposure

to 8% 02

-0.10 + 0.04
< 0.02 (29)

-0.18 + 0.04
< 0.001 (22)

—0.20+ 0.07
< 0.02 (19)

-0.28+0.04
< 0.001 (25)

-0.31 + 0.05
< 0.001 (17)

-0.26 + 0.06
< 0.001 (21)
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Part B
From the 10th
10th to 15th  20th to 30th to 15th min
During min after min after after termination
Age-groups exposure termination termination of exposure to
p of exposure of exposure theSOt%Otnqinto
P P p
<48 hrs— 3 to 6 days >0.1 < 0.05 < 0.01 > 0.1
< 48 hrs— 7 to 9 days >0.1 > 0.7 > 0.7 > 0.2
<48 hrs—10 to 20 days < 0.02 > 0.5 > 0.2 < 0.01
<48 hrs—30 to 60 days >0.1 > 0.1 >0.6 < 0.001
< 48 hrs—Adults < 0.05 < 0.02 < 0.001 < 0.05
3 to 6 days— 7 to 9 days < 0.01 < 0.02 < 0.01 > 0.8
3 to 6 days—10 to 20 days < 0.001 < 0.01 < 0.05 0.1> p >0.03
3 to 6 days—30 to 60 days < 0.01 < 0.001 < 0.01 < 0.02
3 to 6 days— Adults >0.3 > 0.4 < 0.02 > 0.2
7 to 9 days—10 to 20 days >0.4 > 0.7 > 0.4 > 0.3
7 to 9 days—30 to 60 days >0.6 > 0.1 >0.4 > 0.1
7 to 9 days—Adults < 0.01 < 0.01 < 0.001 > 0.5
10 to 20 days—30 to 60 days > 0.8 > 0.2 > 0.2 >0.3
10 to 20 days—Adults < 0.001 < 0.01 < 0.001 > 0.7
30 to 60 days- Adults < 0.01 < 0.001 < 0.001 > 0.3

Tables I to VI demonstrated convincingly that exposure to 12% 0 2reduced
Tcsignificantly even when heat production failed to decrease or even increased.
The experiment recorded in Fig. 1 serves as an example.

Exposure to 8°/0 02

Heat production. Table VII summarizes the data for V02 obtained by
exposing the guinea pigs to 8% 02 Exposure to 8% 02reduced V02 highly
significantly in all age-groups. During the 10th to 15th min after termination
of exposure V02 highly significantly exceeded not only the level recorded
during exposure but, as shown by Part C, also the pre-hypoxic level. Twenty
to 30 min after termination of exposure V02 was lower in all age-groups than
during the 10th to 15th min after exposure. The differences were unequivocally
significant in the three older groups and nearly so in the three younger ones.
However, even during the 20th to 30th min after termination of exposure
VO, exceeded, with the exception of the 10 to 20-day-old and the adult animals,
the pre-exposure level, the difference being significant in the youngest group
and approaching statistical significance in the others (Part C).
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Table IX

Distribution of changes in oxygen consumption (A 02 in response to exposure to 8% 02 at "/a 20°C (Part A). Chi square test taking A 02
of —0.55 ml/dm2 mmin as the dividing line. In brackets, enumeration data (Part B)

Part A

A 02ml/dm2emin

—1.25 to —1.00 to —0.85 to —0.70 to —0.55 to —0.40 to —0.25 to —0.10 to
Age » —1.00 —0.85 —0.70 —0.55 —0.40 —0.25 —0.10 £0.0
48 hrs 32 1 (3.1%) 4(12.5%) 4(12.5%) 4(12.5%) 8 (25%) 7 (22%) 2 (6.2%) 2 (6.2%)
3 to 6 days 22 — 2 (9%) 3 (H%) 4 (18%) 11 (50%) 2 (9%) —
7 to 9 days 20 4 (20%) 1 (5%) — 5 (25%) 8 (40%) 2 (10%) — —
10 to 20 days 26 6 (23%) 1 (4%) 4 (15%) 7 (27%) 5 (19%) 3 (12%) — —
30 to 60 days 19 4 (22%) 3 (16%) 2 (10%) 3 (16%) 2 (10%) 3 (16%) — 2 (10%)
Adults 18 1 (5.5%) 1 (5.5%) 8(44.5%) 3 (17%) 4 (22%) 1 (5-5%)
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Part B

Ape-group*« Chil P Chi* p
< 48 hn 3 to 6 days 1.199 > 0.2 3 to 6 days 7 to 9 davs 2.395 >0.1
(13 ; 19-—-32) 6 ;17 22) (5 : 17----22) (10 ; 10-—---20)
< 48 hrs 7 to 9 days 0.161 > 0.5 3 to 6 davs 10 to 20 days 8.407 ! < 0.01
(13 ; 19 32) (10 ; 10----- 20) 1 (5 ; 17— 22) (18 ; 8 — 26)
< 48 hrs 10 to 20 days 3.631 0.1>p>0.05 3 to 6 days 30 to 60 days 5.238 < 0.05
(13 ; 19 32) (18 ; 8  -26) 5 ;17 22) (12 ; 7- 19
< 48 hrs 30 to 60 days 1.114 > 0.2 3 to 6 davs Adults 0.342 > 0.5
(13 ; 19 32) (12 ;7 19) (5 ; 17-—-22) (2 ; 16— 18)
< 48 hrs Adults 3.476 0.1 >p >0.05
(13 : 19— 32) (2 ; 16--—--18)

10 to 20 davs 30 to 60 days 0.016 >0.8
7 to 9 days 10 to 20 days 1.074 > 0.3 (18 : 8— 26) (12 & 7 19)
(10 : 10 20) (18 ; 8 26)

10 to 20 davs Adults 12.319 < 0.001
7 to 9 clays 30 to 60 days 0.267 > 0.6 (18 : 8-——26) (2 : 16 18)
(10 ; 10— 20) (12 ; 7— 19) (
7 to 9 days Adults 5.002 < 0.05 30 to 60 davs Adults 8.505 < 0.01
(10 ; 10---- 20) (2 ; 16------18) 12 ;7 - 19 2 ; 16-——- 18)

Chi2 p
<10 days VS. 10 to 20 + 30 to 60 days 8.039 <0.01

(28 ; 46--——-74) (30 ; 15--——45)
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Colonic temperature (Tc) of guinea pigs before, at termination, and 15 min and 30 min after termination, of exposure to 8% 02at Ta 20 °C.
In brackets, number of observations (Part A). Statistical evaluation

Age

< 48 hrs

3 to 6 days

7 to 9 days

10 to 20 days

30 to 60 days

Adults

Before
exposure
to 8% 02

38.65+ 0.13
@D

38.27+ 0.14
(22)

38.00+ 0.13
(1)

37.31+ 0.15
(25)

38.08+ 0.15
@y

38.77+ 0.13
(22)

3

0.001

0.001

0.001

0.001

0.001

0.001

Table X

Part A

At termination
of exposure
to 8% 02

36.35+ 0.14
(1)

36.59+ 0.13
(22)

35.98+0.15
@D

35.02+ 0.17
(25)

36.12+ 0.18
@y

37.61+ 0.16
(22)

of differences between the different age-groups (Part B)

— < 0.001

— <0.001

— < 0.01

-» < 0.01

— < 0.001

— < 0.05

-€-

15 min after
termination
of exposure
to 8% 02

37.96+0.19
(32)

37.64+0.16
(22)

36.90+0.22
1)

35.95+ 0.22
(26)

37.23+ 0.20
(20)

38.16+ 0.17
(23)

0.05 —

0.001 -e-

0.001 —

0.01

0.1

0.4

30 min after
termination
of exposure
to 8% 02

38.53+0.18
(CHY)

38.41+ 0.13
(22)

37.92+ 0.14
(21)

36.82+ 0.23
(25)

37.65+ 0.18
(1)

38.45+ 0.30
(22)
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Part B
Before At termination 15 min after 30 min after
exposure of exposure termination termination
Age-groups to 8% O, to 8% O, of 8% 0, of 8% O,
P P P P
< 48 hrs— 3 to 6 days 0.1> p >0.05 >0.2 0.1> p >0.05 >0.5
< 48 hrs— 7 to 9 days < 0.001 0.1> p >0.05 < 0.001 < 0.02
<48 hrs—10 to 20 days < 0.001 < 0.001 < 0.01 < 0.001
<48 hrs—30 to 60 days < 0.01 > 0.1 < 0.02 < 0.01
<48 hrs—Adults >0.5 < 0.01 >0.4 >0.8
3 to 6 days- 7 to 9 days >0.1 < 0.01 < 0.01 < 0.02
3 to 6 days—10 to 20 days < 0.001 < 0.001 < 0.001 < 0.001
3 to 6 days—30 to 60 days > 0.3 < 0.05 >0.1 < 0.01
3 to 6 days—Adults < 0.02 < 0.001 < 0.05 >0.9
7 to 9 days- 10 to 20 days < 0.01 < 0.001 < 0.01 < 0.001
7 to 9 days—30 to 60 days > 0.6 > 0.5 >0.2 >0.2
7 to 9 days Adults < 0.01 < 0.001 < 0.001 >0.1
10 to 20 days—30 to 60 days < 0.001 < 0.001 < 0.001 < 0.01
10 to 20 days—Adults < 0.001 < 0.001 < 0.001 < 0.001
30 to 60 days—Adults < 0.01 < 0.001 < 0.01 < 0.05

Part B oftable\ Il contains the inter-group analysis of the data in Part A.
Oxygen consumption of adult animals vas lover throughout than that
of any of the younger age-groups. During hypoxia the difference was not
significant between the 10 to 20-day-old and the adults, and approached
statistical significance only between the 7 to 9-day-old and the adults.

Table VIII demonstrates the changes in V02 (zI02) during, and after
termination of exposure to 8% 02 based on the mean of differences in indi-
vidual observations. The changes during, as well as after, termination of
exposure were highly significant. The decrease in V02 between the 10th to
15th min and the 20 th to 30th min after termination of exposure which failed
to reach statistical snigificance in the three youngest age-groups when mean
V02 served as the basis of comparison, proved nevertheless significant when
calculation was based on the mean of A02 of individual observations.

The most prominent differences between the various age-groups were
that the reduction in heat production during exposure was smaller in the two
youngest age-groups than in the groups aged 7 to 9, 10 to 20, and 30 to 60
days, and that the post-exposure increase in heat production was smaller
in the 3 to 6-day-old than in any other group, although greater than in the
adult animals. Statistical analysis of the differences between the age-groups
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(Part B) showed that at the age of less than 48 hours ZI02 during exposure
was significantly smaller than at the age of 10 to 20 days, and that in the 3
to 6-day-old /KO2 was significantly smaller than in the 7 to 9, the 10 to 20,
and the 30 to 60-day-old animals. After the termination of exposure. Z)02
was significantly smaller in the 3 to 6-day-old than in any of the other young
age-groups.

Table I1X presents the distribution of changes in response to exposure
to 8% 02 The distribution of Z102 of the 3 to 6-day-old differed significantly
from that ofthe groups aged 10 to 20 days and 30 to 60 days, and the distribu-
tion in the combined three younger groups differed highly significantly from
that in the combined groups aged 10 to 20 and 30 to 60 days. The difference
in the distribution of AO2between the group aged less than 48 hours and of the
adult animals approached statistical significance, while definitely no dif-
ference wras observed between the age of 3 to 6 days and the adults. The 7 to
9, 10 to 20, and 30 to 60-day-old groups differed significantly in the distribu-
tion of z102 from that in the adult animals.

Body temperature. The data for Tcin Table X represent the counterpart
to those for V02in Table VII. Within one age-group, Tcbefore, at termination

Table XI

Changes in body temperature (A Tc) during exposure to 8% 02 and betxveen Tc at
termination of exposure and the 15th and 30th min after termination of exposure, and
A Tc between the 15th and 30th min after termination of exposure.

In brackets, number of observations (Part A). Statistical evaluation
of the differences between the age-groups (Part B)

Part A

AT,°CM % SE)

. Between Between Between the
During tefrmmatlon tefrmination 15th and 30th min
' exposure of exposure of exposure inati
AS to 8% 0, and trPe 15th and tr?e 30th aft:rf ;igg;ﬂ?gon
min thereafter min thereafter
< 48 hrs 2.30+0.13 + 151+ 0.11 + 2.17+ 0.13 + 0.65+0.05
(29) (30) (29) (30)
3 to 6 days —1.68+ 0.12 + 1.05+ 0.09 -1.82+0.12 + 0.73+ 0.06
(24) (22) (22) (22)
7 to 9 days -2.01+0.11 + 1.01+ 0.07 -r1.89+0.10 + 0.87+ 0.09
(21) (21) (21) (21)
10 to 20 days -2.25+ 0.15 + 1.02+ 0.08 + 1.83+ 0.15 + 0.82+0.08
(26) (24) (24) (24)
30 to 60 days -1.85+ 0.09 + 1.08+ 0.06 + 1.56+0.07 + 0.47+0.06
(21) (20) (20) (20)
Adults -1.16+0.08 + 0.50+0.04 - 0.84+ 0.06 + 0.30+0.05
(22) (21) (22) (21)
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Part b
/1TC between JTChbetween JTe between
jTe during termination termination the 15th and
exposure of 8% 02 and of 8% Ot and 30th min after
Age-groups to 8% Oa the 15th min the 30th min termination
thereafter thereafter of 8% Or
P P P P
< 48 hrs- 3 to 6 days < 0.01 < 0.01 0.1> p >0.05 > 0.3
< 48 hrs- 7 to 9 days < 0.05 < 0.001 0.1> p >0.05 < 0.05
< B hrs- 10 to 20 days > 0.8 -c 0.01 01> p >0.05 0.1> p >0.05
< 48 hrs 30 to 60 days < 0.01 < 0.01 < 0.001 < 0.05
< 8 hrs Adults < 0.001 < 0.001 < 0.001 < 0.001
3to o days— 7 to 9 days > 0.1 > 0.7 > 0.6 > 0.2
3 to 6 days- 10 to 20 days < 0.01 > 0.8 > 0.9 > 0.3
3 to 6 days- 30 to 60 days > 0.2 > 0.7 0.1> p >0.05 < 0.01
3 to 6 days- Adults < 0.001 < 0.001 < 0.001 -s 0.001
7 to 9 days—10 to 20 days <. 0.05 > 0.9 > 0.7 > 0.6
7 to 9 days- 30 to 60 days > 0.5 > 0.5 < 0.02 0.001
7 to 9 days Adults < 0.001 < 0.001 <. 0.001 < 0.001
10 to 20 days 30 to 60 days < 0.05 >0.5 > 0.1 0.01
10 to 20 days Adults < 0.001 < 0.001 ¢ 0.001 < 0.001
30 to 60 days—Adults < 0.001 < 0.001 < 0.001 < 0.05

of, exposure to 8% 02 and at the 15th and 30th min thereafter, differed more
markedly than in the corresponding observations with 12% 02

Accordingly, the differences were highly significant with the exception
of the 30 to 60-day-old and the adult animals, in which Tcin the 15th and in
the 30th min after termination of exposure failed to differ significantly,
although the trend of Tc was similar to that in the other age-groups. Essen-
tially the same applies to the differences between age-groups. As shown by
Part B of Table X these were in many instances highly significant when the
corresponding differences in the course of exposure to 12% 02 (Table 1V,
Part B) were not, or only approached significance.

Table X1 records the changes in Tc (zJTc) during and after termination
of exposure to 8% 02 Within each age-group all the changes were statistically
highly significant (p < 0.001). In the course of exposure to 8% 02 zITc was
greatest, and practically equal, at the ages of less than 48 hours and 10 to
20 days, whereas in all other age-groups ZITc was significantly smaller (Part B).
The increase in Tc during the first 15 min after termination of exposure was
highly significantly greater in the youngest age-group than in any of the others.
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Table XII

Distribution of changes in colonic temperature (A Tc) in response to exposure to 8% 02 (Part A). Chi square test taking A Tcof—2.0 °C as the
dividing line. In brackets, enumeration data (Part B)

Part A
A Te°C
A —35° to —30° to —25° to —2.0° to —15° to —10° to —0.5° to
ge —3.0° —2.5° —2.0° —1.5° —10° —0.5° +0°
< 48 hrs 33 4 (12%) 5 (15%) 16 (49%) 5 (15%) 2 (6%) 1 (3%) —
3 to 6 days 22 — 3 (14%) 4 (18%) 6 (27%) 7 (32%) 2 (9%) —
7 to 9 days 21 1(5%) 3 (14%) 5 (24%) 9 (43%) 3 (14%) — -
10 to 20 days 26 3 (H%) 7 (27%) 7 (27%) 6 (23%) 2 (8)% — 1 (4%)
30 to 60 days 21 — 1 (1%) 8 (38%) 6 (29%) 6 (29%) —
Adults 22 5 (23%) 11 (50%) 6 (27%) —

¥0¢
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< 48 hrs

(25 ; 8 33)
< 48 hrs

(25 ; 8-----33)
< 48 hrs

25 ; 8- 33)
< 48 hrs

(25 ; 8 33)
< 48 hrs

(25 ; 8- 33)
7 to 9 days
9 ; 12— 21)
7 to 9 days
9 ; 12— 21)
7 to 9 days

(9 ; 12——21)

Age-groups

3 to 6 days
(7 ; 15— -22)
7 to 9 days
9 ; 12——--21)
10 to 20 days
17 ; 9-- 26)
30 to 60 days
9 ;12— 21)
Adults

0 ; 22— 22)

10 to 20 days

17 ; 9 26)
30 to 60 days
9 : 12 21)
Adults

0 ; 22— 22)

Chi*

8.746

4.572

0.335

4.624

27.576

1.533

0.000

9.453

Part B

< 0.01

< 0.05

>0.5

< 0.05

< 0.001

< 0.01

3 to 6 days
(7 ; 15— 22)

3 to 6 days
(7 ; 15— 22)

3 to.6 days
(7 ; 15 22)

3 to 6 days
(7 ; 15— 22)

10 to 20 days
(17 ; 9— -26)

10 to 20 days
17 ; 9----26)

30 to 60 days
9 ; 12---21)

7 to 9 days
9 ; 12— 21)

10 to 20 days

17 ; 9 26)
30 to 60 days
9 ;12 21)
Adults

0 ; 22 22)

30 to 60 days

(9 ; 12— —21)
Adults
o ;22 22)
Adults
0 ; 22-—-- 22)

Chi*

0.195

4.152

0.195

5.143

1.535

19.549

9.453

< 0.05

>0.6

< 0.05

>0.2

< 0.001

< 0.01
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Rather strikingly, /1TCin the course of the first 15 min after restoration of
air was almost identical in the groups aged 3 to 6. 7 to 9, 10 to 20, and 30 to
60 days, and the same holds for the 30 min following the termination of expo-
sure and, accordingly, for the second 15 min period in the case of the 3 to 6.
7 to 9, and 10 to 20-day-old groups. In the adult animals, ATcwas signifi-
cantly smaller than in any one of the younger groups during, as well as after
termination of exposure to 8% 02

Table X1l demonstrates the distribution of ZITcin response to exposure
to 8% 02 The results of enumeration data analysis (Part B) correspond to
those of the statistical analysis of ATcin Table XI, Part B.

Discussion

The most striking feature of exposure to 12% 02 was the discrepancy
between the changes in heat production (zj02) and the concomitant changes in
colonic temperature (/ITQ as demonstrated most conspicuously by comparing
Tables Il and VI, and in the individual experiment shown in Fig. 1. This
discrepancy, demonstrated previously for adult guinea pigs (Farkas and
Donhoffer 1973), was even more impressive in the newly born. At the age
of less than 48 hours, V02 increased in response to 12% 02 by more than
0.1 ml/dm2 e+ min in about 50%, at the age of 3 to 6 days in approximately
75% of the observations (Table Il11), whereas Tc concomitantly fell by more
than —0.20 °C in 88% of the animals aged less than 48 hours, and in 75% of
the 3 to 6-day-old ones. Essentially similar were the results for the older age-
groups. Corresponding observations were made on new-born rabbits exposed
at Ta 20 °C to 6% CO02(Varnai et al. 1971b; Donhoffer et al. 1973).

The interpretation of the fall in body temperature as a consequence of
reduced heat production, as proposed even recently by Bratteis (1972) has,
therefore, to be abandoned. The fact that Tc and V 02are falling concurrently
when the animals are exposed to more severe hypoxia does not affect this
conclusion. As has been pointed out earlier (Farkas and Donhoffer 1973).
the lack of a decrease, or even the presence of an increase in heat production
during hypoxia cannot be interpreted to indicate that thermoregulatory heat
production was not impaired, since a similar fall in body temperature, e.g.
during cold exposure, would have elicited a very marked increase in every
instance.

Another point of interest is the fall in Tc in response to both 12% and
8% 0 2. The group aged less than 48 hours responded to 12% 02 with a fall
in Tc twice that of the 3 to 6-day-old (p <7 0.01), and exceeded almost signif-
icantly the zITc of the 7 to 9-day-old animals (0.1 < P < 0 .05). In the case
of exposure to 8% 0 2the fall in body temperature (Table X1) was also signifi-

Acta Physiologica Academiae Scientiarum Hungaricae 45, 1974



KKKIQT Ol HVHOMA 207

cantly greater in the youngest group than in either the 3 to 6-day-old (p 0.01)
or the 7 to 9-day-old group (p 0.05).

This result was rather unexpected, since in response to transfer from
Ta 30° to 20 °C, the fall in Tc was by far the smallest at the age of less than
48 hours ascompared to the older new-born groups (Farkas et al. 1974), which
is consistent with the observation of Bruck and Wunnenberg (1965a) that
the level of Tc at the age of 1 to 3 days exceeded in the cold the Tcofolder
guinea pigs up to the age of 21 days. It has to be concluded that the ré-
ponse of the central thermoregulatory system to the two stimuli, cold and
hypoxia, changes during the neonatal period profoundly and in the opposite
direction. Other factors, like pre-exposure levels of Tc and differences in bod\
weight, can be excluded. Although the pre-exposure levels of Tc were lower
at the age of 3 to 6 and 7 to 9 days than in the youngest group, Tc was
even lower in the 10 to 20-day-old which responded to both 12% and
8% 0 2with a fall in Tcof a magnitude equal to that of animals aged less that
48 hours (Tables 1V, V, X and XIl). The similarity of ATcin hypoxia at the
age of less than 48 hours and at 10 to 20 days eliminates body weight asa
decisive factor.

The changes in Tc during hypoxia, as well as after termination of
hypoxia, deserve attention. In response to both 12% and 8% 02 JITCwas
significantly smaller at the age of 3 to 6 and 7 to 9 days than in the 10 to
20-day-old group, whereas the z)Tc-s after termination of hypoxia were identi-
cal, and after exposure to 8% 0 2 the same was the case in the 30 to 60-day- old
animals (Tables V and X1). Post-hypoxic mean ZITc-s of the groups aged 3 to
6, 7 to 9, and 10 to 20 days appear, therefore, to be related neither to the mean
Tcat the termination of hypoxia (Tables IV and X), nor to ATcduring hypoxia.
The correlation was, however, significant between JITCin response to 8% 02
and NTCafter the termination of hypoxia within one and the same age-group
(unpublished results).

Changes in the response of heat production and deep body temperature
during the neonatal period to exposure to cold, hypoxia, and hypercapnia
have been demonstrated in the rat (Varnai and Donhoffer 1970; Varnai
et al. 1970a, b), and the rabbit (Varnai et al. 1970c, 1971a, b) and for exposure
to cold, in the guinea pig (Brick and Wunnenberg 1965a; Farkas
et al. 1974), and in some further mammalian species. The changes in thermo-
regulatory responses during the neonatal period in the guinea pig appear
to be unique, and to differ profoundly from those of the other species.
In the other species the changes are unidirectional, and approach gradually
the responses characteristic for the adult animal. In contrast, the change
in colonic temperature in response to cold resembles at the age of less than
48 hours more closely that of adult animals, and is much smaller than the
decrease in Tc in anyof the older new-born groups (Farkas etal. 1974). The
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change in Tcin response to hypoxia was also bi-directional: the fall in Tc was
significantly smaller at the age of 3 to 6 and 7 to 9 days, than ei-
ther at the age of less than 48 hours or in the 10 to 20-day-old animals.
Similarly, the fall in heat production in response to exposure to 8% 02 was
somewhat smaller in the 3 to 6-day-old than in the younger animals, and
highly significantly smaller than in the groups aged 7 to 9, 10 to 20, and 30
to 60 days, and very close to that observed in adult animals (Table VIII).

The results obtained at the age of 30 to 60 days were of special interest.
The fall in heat production in response to exposure to 8% 0, was as great as
that of the 7 to 9, and 10 to 20-day-old, and almost twice as great as that of
the adult animals. The fall in body temperature during exposure to 8% 02
was almost identical in the groups aged 3 to 6, 7 to 9, and 30 to 60 days, and
equally highly significantly greater than in adult animals (Table XI). In
response to exposure to 12% 0 2 the fall in Tcwas at the age of 30 to 60 days
twice that recorded at the age of 3 to 6, and 7 to 9 days, and highly significantly
greater than in the adults, whereas no significant difference could he demon-
strated between the adults and the groups aged 3 to 6, and 7 to 9 days. This
was the more remarkable, since in other aspects, e.g. body weight, 30 to 60-
day-old animals are well advanced on the way to adulthood. These observa-
tions constitute further evidence for the conclusion arrived at earlier (Farkas
et al. 1974) that the changes in thermoregulatory responses during the
neonatal period are due to changes in the working of the central cyber-
netic system governing the mechanisms of heat production and heat loss.

Limitations of space have precluded a discussion of all aspects of the
data presented. Some of these have been pointed out in Results, others can
be deduced from the Tables, and correlational analysis between different
variables had to be reserved for a subsequent communication.
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EFFECT OF PHYSIOLOGICAL DOSES OF VASOPRESSIN
AND OXYTOCIN ON AVOIDANCE AND EXPLORATORY
BEHAVIOUR IN RATS

By

H. Schulz*, G. L. Kovacs and G. Telegdy
INSTITUTE OF PHYSIOLOGY, UNIVERSITY MEDICAL SCHOOL, PECS
(Received July 10, 1974)

The effect of small doses of vasopressin (30 mU/kg) and oxytocin (30 mU/kg)
has been studied on active and passive avoidance behaviour and exploratory activity.
Neither vasopressin nor oxytocin had any effect on acquisition of active avoidance
behaviour, while extinction was delayed after vasopressin and facilitated after oxytocin
treatment.

In passive shock avoidance response (PSAR), vasopressin treatment shortened
the PSAR in repeated tests. Oxytocin was ineffective on PSAR. In open-field test,
only the defecation rate was significantly lowered by vasopressin.

Oxytocin and vasopressin in physiological doses were shown to influence
brain function and hypothalamic multi-unit activity in rats and rabbits
(Schwakzberg 1968: Schwarzberg and Unger 1970; Unger and Schwarz-
berg 1970: Schwarzberg et al. 1973). Oxytocin inhibited while vasopressin
facilitated neuronal multi-unit activity (Schutz et al. 1971, 1973).

In behavioural studies, vasopressin in high doses caused a delay in the
extinction of active avoidance behaviour and of the passive avoidance reac-
tion (De Wied 1963. 1971, 1973; De Wied and Bohus 1966; Bonus 1971).

The aim of the present experiments was to study the action of physio-
logical doses of oxytocin and vasopressin on active and passive behaviour as
well as an exploratory activity.

Methods

In the experiments, adult male R-Amsterdam albino rats were used, weighing 100 —
250 g. The animals were kept on a standard light-dark schedule (12 : 12), with the light period
starting at 6.00 a.m. Food and water were allowed ad libitum.

Active avoidance. Active avoidance conditioning was performed in a platform jumping
conditioning apparatus (Telegdy et al. 1968: Telegdy and Roézsahegyi 1971). The condi-
tional stimulus (CS) was the light of a 45 W electric bulb, while the unconditional stimulus
(US) was an electric shock of 1.0 mA delivered through the grid floor of the apparatus on the
paws of the rat. Ten conditioning trials were given daily in a fixed time schedule with 60 sec
average intertrial intervals. The criterion of learning was 80% or more conditioned response
(CAR) in three consecutive days. After reaching this criterion, extinction trials were run
without US. The criterion of extinction was a 20% level of performance reached in three
consecutive days.

*0On leave from the Institute of Physiology, Medical Academy Magdeburg. GDR.
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Passive avoidance. Passive avoidance behaviour was tested according to BoHUS et al.
(1970) and Kovacs et al. (1974). The box consisted of two compartments, a light and a dark
one connected by a hole. On the first day the untrained animals were placed in the light com-
partment for 180 sec and those entering the dark within 60 sec were selected for further studies.
On the second day, the animals entering the dark compartment received an electric shock of
1.0 mA for 1 sec. On the following days the animals were tested for the time spent in the
light compartment; this was expressed as an index of passive shock avoidance response
(PSAR).

Exploratory activity. Exploratory activity was measured with the same animals as
in the PSAR experiments. They were placed in an open-field box which consisted of 36 squares
measuring 10x10 cm each, during the first three days immediately before PSAR testing.
Activity was characterized by the total number of squares explored, the total number of
rearings and groomings and the defecation boluses produced during 3 min sessions for three
consecutive days.

Treatment. The animals received 30 mU/kg lysine-vasopressin (Sandoz, Basel) or 30
mU/kg synthetic oxytocin (Richter, Budapest) intraperitoneally in a volume of 0.5 ml 15—25
min prior testing. Control animals for vasopressin received the same volume of Ringer’s
solution and for oxytocin treatment the vehicle of oxytocin (Richter, Budapest). In the passive
avoidance test, all drugs were given daily over a period of 6 days; in active avoidance con-
ditioning, daily during acquisition and extinction.

Statistical analysis of the data was carried out by Mann and W hitney’s U test. The
probability level of 0.05 or less was accepted as a significant difference.

Results

Neither vasopressin nor oxytocin had any effect on acquisition of the
active avoidance reflex. However, in the extinction trials, vasopressin caused
a significantly higher rate of CARs than that observed in the control group
(p < 0.01).

Oxytocin resulted in a lower rate of CARs (p < 0.02) than the vehicle
treatment (Fig. 1).

Fig. 1. Effect of vasopressin and oxytocin on acquisition and extinction of conditioned

active avoidance reflex in rats. "vasopressin-treated group; A4 —/A: Ringer’s solution-

-treated group; £ —£ : oxytocin-treated group; Q —O vehicle for oxytocin-treated group.
In brackets the number of animals used. CAR: conditioned avoidance response
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Fig. 2. Effect of vasopressin and oxytocin on the passive shock avoidance response in rats.
Symbols as in Fig. 1

In passive avoidance behaviour, the PSAR of the vasopressin-treated
rats was shortened in comparison to the control group (p < 0.02). Oxytocin
showed a tendency to lengthen the PSAR, but the differences were not signif-
icant. The vasopressin-treated group showed a shortened PSAR after cessa-
tion of treatment, hut in this period the differences were not significant.
After cessation of oxytocin treatment there were no differences between the
previously drug-treated animals and the vehicle-treated control animals
Hg 2.

( ¢ Iz open-field activity there were no differences in ambulation rate,
grooming and rearing activity. The defecation rate in the vasopressin-treated
group was significantly lower than in the controls (p <[ 0.05; Table 1I).

Table 1

Effect of lysine-vasopressin and oxytocin on open-field activity

Treatment No. of rats Ambulation Rearing Grooming Defecation
Ringer-controls 20 49.7+13* 95+2.0 12.9+2.1 2.9+0.2
Lysine-vasopressin 20 54.2+7 8.2+0.5 11.1+0.4 0.9£0.1** m
Vehicle-controls 20 55.6+13 111+2.8 10.8+2.4 1.8+0.2
Oxytocin 20 56.5+13 8.4+2.4 10.6+2.5 1.8+0.2

*mean + S.E.
**p < 0.05
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Discussion

Physiological doses of vasopressin resulted in a similar delay of extinc-
tion of active avoidance behaviour as described earlier with higher doses of the
hormone (De Wied 1965. 1971, 1973: De Wied and Bonns 1966: Bohus
1971: Lande et al. 1971; Bohus et al. 1972) and the PSAR was shortened.
In passive avoidance, Bohus (1971) observed an increased avoidance latency
after pitressin administration. The discrepancy may have been due to dif-
ferences in the preparations, application schedules, and the behavioural
methods used.

Oxytocin treatment facilitated the extinciton of active avoidance
reflex and showed a tendency to influence the PSAR in an opposite direction
than did vasopressin. To our knowledge this is the first evidence that oxytocin
and vasopressin should influence higher nervous function in an opposite
manner.

The action of vasopressin and oxytocin is not mediated via the changed
general motor activity. If, however, one accepts that the defecation rate is an
index of emotionality, vasopressin might act at this level, too.

Although earlier no effect on animal behaviour could be observed after
oxytocin treatment, some electrophysiological data (Schulz et al. 1971, 1973:
Schwarzberg 1968: Schwarzberg and Unger 1970; Schwarzberg et al.
1973; Unger and Schwarzberg 1970) clearly indicate that vasopressin and
oxytocin in low doses are influencing neuronal single and multi-unit activity
and the EEG in an opposite direction in both rats and rabbits.

On the basis of the present data and those reported by the above authors
it is tempting to suggest that posterior pituitary hormones like vasopressin
and oxytocin have a modulating effect on brain function in mammals. Further
investigations are. however, needed to clarify the details of this action.
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EFFECT OF MIDBRAIN RAPHE LESION ON DIURNAL
AND STRESS-INDUCED CHANGES IN SEROTONIN
CONTENT OF DISCRETE REGIONS OF THE LIMBIC

SYSTEM AND IN ADRENAL FUNCTION IN THE RAT

By

I. Vermes, G. Telegdy and K. Lissak
INSTITUTE OF PHYSIOLOGY, UNIVERSITY MEDICAL SCHOOL, PECS

(Received March 15, 1974)

Serotonin level in the mesencephalon, hippocampus, septum, amygdala and
hypothalamus, and plasma corticosterone content have been measured at 08, 16 and
24 hours in midbrain raphe-lesioned animals.

Following electrolytic lesion of the midbrain raphe nuclei, the diurnal variations
of brain serotonin and plasma corticosterone level disappeared, the serotonin level
decreased by 50—75% in each brain area investigated and the plasma corticosterone
level increased about threefold of the normal morning level.

The stress response after ether and electric shock was facilitated in raphe-
lesioned animals and return to the starting value was delayed. The hypothalamic
serotonin level was lower than the control and did not change during stress.

The results suggest that the mesencephalic raphe nuclei are responsible for the
serotonin rhythm of the limbic system which shows a negative correlation with pitu-
itary-adrenal function.

A number of data show that the serotoninergic system in the brain
originates mainly from the raphe nuclei. The pericarya of the serotonin-
containing neurones are located mostly — if not exclusively — in the mid-
brain raphe nuclei (Dahistrom et al. 1965; Fuxe 1965; Anden et al. 1966;
Aghajanian et al. 1969). Electrolytic destruction of the midbrain raphe leads
to a remarkable decrease in the serotonin content of the brain (Heller and
Moore 1965; Jouvet et al. 1966; Kostowski et al. 1968; Rosecrans and
Sheard 1969; Kuhar et al. 1971, 1972) and a decrease in the activity of
tryptophan hydroxylase, the rate-limiting enzyme of serotonin synthesis
(Lovenberg et al. 1968) in the brain stem (Poirier et al. 1969; Kuhar et al.
1971, 1972).

Earlier we have presented evidence of the inhibitory role of the sero-
toninergic system on hypothalamo—pituitary-adrenal function. Serotonin
was able to inhibit the hypothalamic tissue-induced ACTH release in vitro
(Vermes et al. 1972; Telegdy and Vermes 1973). Intraventricular injection
or implantation of serotonin into the baso-medial hypothalamus inhibited
the stress response or the compensatory adrenal hypertrophy and hyper-
secretion (Vermes and Telegdy 1972; Vermes et al. 1973).
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In the present study the effect of midbrain raphe lesion on diurnal
serotonin rhythm of the mesencephalon, hippocampus, septum, amygdala
and hypothalamus, on the plasma corticosterone level, and on stress-induced
changes in hypothalamic serotonin and plasma corticosterone level was
investigated.

Methods

Adult male albino CFY rats weighing 185—235 g were used. The animals were kept
in artificial light, with 12-hour light and 12-hour dark periods. The light period started at
6 a.m. The animals were fed a standard diet and water was given ad libitum.

The electric lesion was done under pentobarbital (50 mg/kg b.w.) anaesthesia with a
stereotaxic apparatus using cathodal current (5 mA, 15 sec). The coordinates of the electrode
set according to the atlas of Bures et al. (1967): AP (sagittal plane), 7; L (lateral plane),
0; F (frontal plane), 7 mm. In control (sham-operated) animals the electrode was introduced
into the mesencephalon and than removed.

Localization of the lesion was verified in frozen brain sections of randomly selected
animals.

The effect of lesion on the brain serotonin and plasma corticosterone levels was tested
7 days after the operation.

For the determination of brain serotonin content the animals were killed by decapita-
tion, controls at 08,12, 16, 20, 24 and 04 hours, raphe-lesioned animals at 08, 16 and 24 hours.
The brain was rapidly removed and frozen, part of the dorsal hippocampus (80— 100 mg),
hypothalamus (20 mg), amygdala regions (15—20 mg), septal region (30—35 mg) and mesen-
cephalon including the raphe region (40—50 mg) were dissected. The serotonin level in the
different brain areas was measured by the method of Snyder et al. (1965).

Corticosterone level in peripheral blood was determined from the trunk blood collected
after decapitation, according to the method of Zenker and Bernstein (1958) as modified by
Purves and Sirett (1965).

For stress, the animals were placed for 2 min in ether vapour or exposed to electric
shock (alternating current 1.5 mA delivered to the pan for 5 sec every 15 sec during 2 min)
The animals were tested 30 and 90 min after stress.

Statistical analysis was done by Student’s i-test.

Results

A typical localization of the midbrain raphe lesion is shown in Fig. 1.

The animals showed a characteristic change in behaviour with increased
spontaneous motor activity, aimless rotatory movements, and hypersensi-
tivity to acoustic stimuli. The diurnal variations in the serotonin level in
different regions of the limbic system are presented in Fig. 2.

The serotonin level in the mesencephalon, septum and amygdala was
fairly constant between 08 and 16 hours. At the beginning of the dark period,
a sharp decrease occurred in these regions, with the minimum at 20 hours.
From that time on the level increased gradually, returning to the normal
value at 04 hours in the mesencephalon and amygdala and at 24 hours in the
septum. In the hippocampus and hypothalamus the serotonin level was fairly
constant between 08 and 12 hours, followed by a gradual decrease till 20 hours.
In the hypothalamus it gradually increased to the normal level at 08 hours
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but in the hippocampus remained at this low level until 24 hours, then returned
to the normal level at 04 hours.

The plasma corticosterone level showed an opposite trend. The minimum
was at 08 hours and the maximum at 20 hours.

Fig. 1. Localization of electrolytic lesion of the midbrain raphe. The arrows indicate the
lesion

On the seventh day following lesion of the midbrain raphe nuclei, in
each brain region the serotonin level varied between 50—75% of the original
morning level and was constant during the 24-hour period. The low level
obtained following the raphe lesion was in the minimum range of the normal
fluctuation. The plasma corticosterone content was high, threefold of the
normal morning level, and remained constant in 24-hour period.

The stress, whether ether or electric shock, induced in shem-operated
animals a sharp increase in the plasma corticosterone and a decrease in the
hypothalamic serotonin level (Table I). In midbrain raphe-lesioned animals
the stress response was facilitated, starting from a higher level and increased
almost parallel with the normal reaction. The rate of return to the starting
value was identical in the control and lesioned animals following ether stress
but it was delayed after electric shock. The hypothalamic serotonin level was
low in each case and did not change after exposure to stress (Table 1I).
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Fig. 2. Diurnal variation in serotonin content of discrete regions of the brain, and in plasma
corticosterone content of midbrain raphe-lesioned animals. Each vertical bar represents
the mean + S.E. of 14—58 rats. Dotted line: sham-operated; solid line: raphe-lesioned animals

Discussion

The brain serotonin level shows a remarkable diurnal fluctuation. Most
data agree in that the serotonin contant in the brain or in discrete areas of the
brain decreases sharply at the beginning of the dark period. This diurnal
rhythm is characteristic of the serotonin content of the whole brain of the
mouse (Albrecht et al. 1956) and of the rat (Dixiu and Buckley 1967;
Asano 1971; Okada 1971), of the telencephalon, diencephalon, and of the
main part of the mesencephalon and rhombencephalon (Bobillier and
Mouret 1971), of different cortical (Quay 1965) and subcortical areas (Quay
1968). Similar results have recently been reported by Heéry et al. (1972)
for the hypothalamus, cortex and brain stem. In the hippocampus and amyg-
dala an opposite tendency has been found (Scapagnini et al. 1971). Our results
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Table 1

Effect of midbrain raphe lesion on electric shock- and ether stress-induced
changes in plasma corticosterone level and hypothalamic serotonin content at
30 and 90 min following stress

Plasma corticosterone Hypothalamic serotonin
Time Group N L R
(min) ugl 100 ml signifmancr significance
P)
0 1. Control 29 8.7+1.56* 1.94%0.07

2. Lesion 18 28.0+2.37 p < 0.001 vs. 1 0.56+0.13 p< 0001 vs 1

Electric shock

30 3. Control 12 40.0%2.15 p< 0.001 vs. 1. 0.67%0.16 p < 0.001 vs. 1L

4. Lesion 14 61.7+3.20 p< 0.001 vs. 2. 0.38+0.08 NS vs. 2.

p< 001 wvs. 3 p< 005 wvs. 3

NS vs. 1. p< 005 wvs. 1

90 5. Control 1 12.6+2.92 p< 0.001 vs. 3. 2.32%0.12 p< 0001 vs. 3.
6. Lesion 12 38.5+2.34 p< 001 wvs. 2. 0.41+0.11 NS vs. 2.

p < 0.001 vs. 4. NS vs. 4.

p < 0.001 vs. 5. p < 0.001 vs. 5.

Ether stress

30 7. Control 16 41.2+ 1.90 p< 0.001 vs. 1 0.94+0.11 p< 0.001 vs. 1

8. Lesion 14 62.3x4.12 p< 0.001 vs. 2. 0.35+0.09 NS Vs, 2.

p< 001 wvs. 7. p< 001 ws. 7.

NS vs. L p< 005 wvs. 1

90 9. Control 16 105+ 1.52 p < 0.001 vs. 7. 2.26+0.17 p < 0.001 vs. 7.
10. Lesion 12 32.8+2.38 NS vs. 2. 0.42+0.12 NS vs. 2.

p < 0.001 vs. 8. NS vs. 8.

p < 0.001 vs. 9. p < 0.001 vs. 9.

*Values are means + S.E.
NS: Not significant
N: Number of rats

showed that in each brain area (mesencephalon, hippocampus, septum,
amygdala and hypothalamus) the serotonin level was lovest two hours after
the beginning of the dark period.

The plasma corticosterone rhythm shows an opposite behaviour (Guil-
temin et al. 1959; Critchlow et al. 1963; Cheifetz et al. 1968; Roézsahegyi
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et al. 1973), having the highest value at 20 hours. The same reversed correla-
tion was observed by Okada (1971) in adult rats and by Rézsahegyi et al.
(1973) in female rats. The present study has extended these data to show
that practically all regions of the limbic system displayed a similar pattern.
When the serotonin content was low, the plasma corticosterone was high,
supporting our conception that the central nervous serotoninergic system
exerts a tonic inhibition on the function of the hypothalamo—pituitary-
adrenal axis.

Following the electrolytic lesion of the midbrain raphe nucleus, the
brain serotonin level decreases (Heller and Moore 1965; Jouvet et al.
1966; Kostowsky et al. 1968; Rosecrans and Sheard 1969; Kuhar et al.
1971, 1972). Our findings too demonstrated that after a raphe lesion the sero-
tonin level decreased in each brain area investigated, the diurnal serotonin
rhythm disappeared, and the basal plasma corticosterone level was elevated
without showing a diurnal fluctuation.

In a different approach using 5,6-dihydroxytryptamine injection into
the raphe nuclei, which causes a selective degeneration in the serotoninergic
system, an elevated morning corticosterone level has been reported by Fuxe
et al. (1973).

In the raphe-lesioned animals, the response to stress was facilitated;
it started from a higher than normal level and increased to a much higher
value than in the controls. The present data supported the concept proposed
earlier that serotonin exerts an inhibitory action on the hypothalamo—pituit-
ary—adrenal system (Vermes and Telegdy 1972; Vermes et al. 1972; Telegdy
and Vermes 1973; Vermes et al. 1973). It seems that in the limbic system
serotoninergic transmission inhibits tonically the hypothalamo-pituitary—
adrenal system. The diurnal variation of serotonin in the limbic system is
inverse correlated to the plasma corticosterone level which would mean that
when serotoninergic inhibition is low, the plasma corticosterone is high. This
is in agreement with the data of Krieger and Rizzo (1969) who showed that
the diurnal rhythm of the plasma corticosteroid disappeared after the inhibi-
tion of the serotonin receptors in the cat. The actual magnitude of the adrenal
response to stress depends on the level of serotonin in the brain, especially in
the hypothalamus.
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3H-MELATONIN LEVEL IN CEREBROSPINAL FLUID
AND CHOROID PLEXUS FOLLOWING INTRAVENOUS
ADMINISTRATION OF THE LABELLED COMPOUND

By

B. Mess and G. P. Trentini*
INSTITUTE OF ANATOMY, UNIVERSITY MEDICAL SCHOOL, PECS

(Received March 26, 1974)

3H-melatonin and 3H-N-acetyl-serotonin (3H-NAS) were injected intra-
venously into adult male rats. Radioactivity in cerebrospinal fluid (CSF), serum, the
choroid plexus and the hypothalamus and mesencephalon was measured at different
intervals ranging from 1 minute to 12 hours. CSF showed a high activity. The peak
was reached 5 minutes after the injection of labelled melatonin, but even after 12 hours
a considerable degree of activity was detected. The choroid plexus contained 3—12
times higher counts per 100 mg tissue than the rest of the brain. The high level of
labelled melatonin in the choroid plexus was not due to the blood content of the
organ, since it was not affected by perfusion of the brain with physiological saline.
3H-NAS, like melatonin, was concentrated equally in the choroid plexus and the CSF.
It is concluded that the choroid plexus takes up indole-amines from the circulation and
secretes them into the CSF.

An important question raised by the Ciba Foundation’s Symposium
on the Pineal Gland (Wolstenholme and Knight 1971) was whether the
pineal gland secreted its bioactive principles (e.g. melatonin) into the blood
capillaries or into the cerebrospinal fluid (CSF). The possibility of a direct or
indirect intraventricular route of pineal secretion was categorically denied
by Ariens-Kappers (1971). On the other hand, Martini and Fioretti (1971)
provided evidence that melatonin prolongs the sleep induced by barbiturates
injected intraventricularly in the rat. Melatonin in the brain reaches a hundred
times higher level if introduced directly into the CSF than by the intravenous
route (Antén-Tay and Wurtman 1969; Antén-Tay 1971). Coltu et al. (1971)
reported that the intraventricular administration, but not the subcutaneous
injection, of melatonin restricted spontaneous ovulation in normally cycling
rats and concluded that the physiological route of melatonin secretion was
through the CSF. Furthermore there is, at least in certain species, a close
anatomical relationship between the pineal gland and the ventricular system
of the brain (Sheridan et al. 1969).

Morphologists have to agree with the main argument of Ariens-Kap-
pers (1971): *“...all light and electron microscopical data point to the
extrusion of the pineal products into the general blood circulation.” However,

* Permanent address: Department of Pathology, University of Modena, Italy
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the pharmacological and physiological data presented by Anton-Tay and
Wurtman (1969), Martini and Fioretti (1971), and by Collu et al. (1971)
seem equally convincing. The question therefore is still far from being proven.
Recently, Reiter (1973) has quoted it as one of the most important but
unsolved problems of pineal physiology. These points have made us to perform
additional experiments in an attempt to provide more data to clarifying the
problem.

Methods

Adult, intact, male albino rats (200—250 g body weight) under superficial ether anaes-
thesia were injected intravenously with 40 fid of 3H-melatonin (I.R.E., Belgium; specific
activity, 460 mCi/mmole; the radioactive product was purified and its identity confirmed by
thin-layer radiochromatography). Then 1, 2, 5, 10, 20, 30, 60, 120, 180, 360 and 720 minutes
later CSF was withdrawn by puncture of the cisterna magna. Immediately after this pro-
cedure the abdominal aorta was exposed and the animals were killed by exanguination. Radio-
activity in the CSF, serum, choroid plexus, the hypothalamus and the midbrain was measured.
All tissues were dissolved in 1 ml of Soluene (Packard) and activity was determined by a
Packard liquid scintillation counter, using the scintillation mixture, toluene : absolute ethanol
98 ; 2 vol./vol. In 1000 ml of this solvent 4 g of PPO and 0.04 g of POPOP were dissolved.
Each determination was made on a pool of 2 rats, and each experiment was repeated three
times. Thus, the data summarized in Tables | and Il represent mean values obtained in 6
rats. Radioactivity was calculated per 1 ml of CSF and of blood serum, and per 100 mg of the
various fragments of wet brain tissue.

In the next experimental series rats injected with 60 ,uCi of 3H-melatonin after with-
drawal of CSF and blood were perfused with at least 100 ml of physiological saline per rat and
the radioactivity of the brain and of the choroid plexus was counted in the perfused tissues.

In the final experiment, a labelled precursor of melatonin, 3H-N-acetyl-serotonin
(3H-NAS) was administered. The dose of radioactivity was the same as for melatonin. The
animals were sacrificed 12 hours after injection of the labelled compound. This experiment
was repeated only twice, so data in Table Ill represent means for 4 rats.

Statistical significance was calculated by Student’s I-test.

Results

Results for 3H-melatonin are summarized in Table |. Labelled mela-
tonin appeared in the CSF within 1 minute, the peak concentration was
reached within 5 minutes. Then the activity decreased but a considerable
amount was still detectable 12 hours after the injection.

In the serum, however, the activity continuously decreased from the
first minute. After 12 hours, it was nearly the same in the blood as in the CSF.

Among the different areas of the brain studied, the choroid plexus
showed the highest uptake; it was about 3—12 times higher than in other
parts of the brain. This ratio subsequently tended to increase. The difference
in activity between the choroid plexus, the hypothalamus and the mesen-
cephalon was equally highly significant at every point of times.

In order to exclude the possibility that the high concentration of labelled
melatonin found in the choroid plexus was due to the high blood content of
this organ rather than to melatonin uptake by the choroid tissue, these experi-
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Table 1

AH-melatonin levels in blood, CSF and different areas of the brain in the albino rat
(dose of melatonin = 40 /nCi/rat)

(CPM/mI of blood and CSF, and CPM/100 mg brain and choroid plexus)

Minutes after Blood Choroid* Hypo- Mesence-
Tr?jl(gctgghn serum CsF plexus thalamus phalon
| 43 230 9 950 6 306 2156 1879

2 29 838 10 698 5428 1735 1900

5 37 878 20 969 6606 1148 946

10 31 093 10 119 5202 1120 1140

20 22 123 8 800 3370 503 459

30 16 252 5 388 3419 470 481

60 8 046 3801 1840 425 348

120 2273 1000 1985 324 165
180 2 497 1636 999 210 242
360 1624 890 2140 149 187
720 873 793 1781 206 207

*The statistical difference in uptake between choroid plexus, hypothalamus and
mesencephalon was equally highly significant, p < 0.001

ments were repeated after perfusion of the brain with physiological saline
until the whole brain and the choroid plexus had become completely pale.
It is evident from Table Il, that this caused no significant change either in
the choroid plexus or in the rest of the brain. The slight increase of radio-

Table 11

3H-melatonin levels in choroid plexus, hypothalamus and mesencephalon, following removal
of blood by perfusion of the brain with physiological saline
(dose of melatonin — 60 pCifrat)

(CPM/mI of blood and CSF, and CPM/100 mg brain and choroid plexus)

Minutes
after Blood CSE Choroid* Hypo- Mesence-
melatonin serum plexus thalamus phalon
injection
2 100 038 43 380 8210 3206 3318
10 75 756 31 056 4625 2089 2160
30 57 099 7 634 3196 630 530
60 57 471 3770 1854 344 305
120 33 197 2794 1835 321 293

*The statistical difference in uptake between choroid plexus, hypothalamus and
mesencephalon was equally highly significant, p < 0.001
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activity, especially in the blood, was due to the higher dose of melatonin
injected.

In order to determine whether the choroid plexus and CSF take up
exclusively melatonin or also other related indole-amines too, :iH-NAS was
injected instead of melatonin. This compound was concentrated in the CSF
and in the choroid plexus nearly to the same extent as was melatonin, while
hypothalamic and mesencephalic activity was not higher than the back-
ground (Table 111).

Table 111

3H-N-acetyl-serotonin (N AS) levels in blood, CSF and different areas of the brain in the albino
rat 12 hours after intravenous injection (dose of NAS — 40 fiCijrat)

(CPM/mI of blood and CSF, and CPM/100 mg brain and choroid plexus)

Blood Choroid* Hypo- Mesence-
serum CSF plexus thalamus phalon
403 2747 587 155 190
241 2217 620 180 154
128 536 466 96 46
— 663 509 93 40
Mean = S.E. 257+79 1540+550 545i 31 131+21 107+31

*The statistical difference in uptake between choroid plexus, hypothalamus and
mesencephalon was equally highly significant, p < 0.001

Discussion

The results presented indicate that melatonin, NAS and probably other
pineal indole-amines (Wurtman et al. 1968) pass from the blood stream into
the CSF. The main difference between the results obtained with melatonin
and NAS was observed in the serum, hypothalamus and mesencephalon.
Twelve hours after 3H-NAS administration, the number of counts was con-
siderably lower than after labelled melatonin. The explanation of this finding
is not clear; it is conceivable that NAS degradation in blood occurs faster than
that of melatonin and its excretion is therefore also more rapid. This point,
however, requires further experimental substantiation.

Antén-Tay and Wurtman (1969) and Cardinali et al. (1973) dem-
onstrated that hypothalamus and midbrain are the cerebral areas which
have the highest 3H-melatonin concentration regardless to the route of ad-
ministration (intravenous, intraventricular or intracisternal). In the present
study, in which the level of melatonin in the choroid plexus was compared
with that in the hypothalamus and midbrain, it was apparent that uptake
by the choroid plexus was 3—12 times higher than by any of the mentioned
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areas at all intervals after injection. This indicates that the choroid plexus
concentrates intravenously administered indole-amines. It seems therefore
very probable that this organ, which is responsible for the secretion of CSF
(Rougemont et al. 1960; Maren 1967; Davson 1956), plays an active part in
the transport of indole-amines from the blood into the CSF. The fact that the
concentration of labelled melatonin did not decrease in the choroid plexus
following perfusion of the brain, clearly demonstrated it was not only in the
capillaries of the plexus that the compound was present. It appears that the
epithelial cells, the secretory elements of the choroid plexus, are taking the
indole-amines and secrete them into the CSF. Autoradiographic studies are
in progress in our laboratory to verify the proposed site of binding of labelled
melatonin.

Numerous data in the literature indicate that the choroid plexus takes
up and concentrates different organic compounds from the blood plasma.
Sandler and Welch (1967) reported a specific glucose-transport system of
the choroid plexus which would “pump” glucose from the blood into the CSF.
A previous autoradiographic study performed in our laboratory (Mess and
Kolousek 1962) has shown that on intravenous injection, 3S-methionine
reached much at higher concentrations in the choroid plexus than in other
areas of the brain. Other compounds, less physiologic than sugars and amino
acids, as e.g. Na-pertechnate-99 TC (Witcofski et al. 1968), or benzoleamide
(Broder and Oppelt 1969), are also collected by the choroid plexus and
secreted into the CSF.

An opposite direction of choroidal transport has, however, also been
shown, i.e. the choroid plexus transports different organic compounds also
from the CSF into the blood. Csaky and Rigor (1964) found twenty times
higher 14C-glucose concentrations in the choroid plexus than in the incubation
medium in an in vitro system. These authors therefore concluded to the
presence of a “sugar pump mechanism” in the choroid plexus, which would
transfer sugars from the CSF into the blood. Organic acid dyes are also trans-
ported by the choroid plexus into the CSF (Ral1l and Sheldon 1962).

Furthermore, there is evidence indicating the possibility of transport
from the brain into the CSF. Biogenic amines such as dopamine (Portig
et al. 1969), serotonin (Guildberg and Y ates 1968), or norepinephrine
Schandberg et al. 1968) may pass from the brain into the CSF. Cserr (1971)
assumed that the CSF would be a kind of transport medium between brain
and blood, which brought nutritive compounds to, and removed metabolites
from, the brain, both by an active transport through the choroid plexus.

On the basis of all these and the present results, it may be assumed
that the pineal body secretes its bioactive principles into the capillaries,
which are then drained into the large veins surrounding the organ (Ariens-
Kappers 1971). A possible venous blood flow from the pineal gland to the
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choroidal tissue of the suprapineal recess and the roof of the third ventricle
has been recently reported in the rat (Quay 1973). The choroid plexus, then,
functions as a “pump” secreting the indole-amines from the general circula-
tion into the CSF. Since in our experiments the highest rate of 3H-melatonin
was found in the hypothalamus and the midbrain within 1 minute after
intravenous injection, whereas the peak concentration in the choroid plexus
and CSF occurred at 5 minutes (Table I), the opposite direction of melatonin
transport cannot be excluded. However, as shown by several data in the
literature (Mess and Kolousek 1962; Sandler and Welch 1967; Wit-
cofski et al. 1968; Broder and Oppelt 1969) and by the findings after
intravenous administration of melatonin in the present experiment, the former
direction of melatonin transport, i.e. blood —mchoroid plexus —»CSF seems
to be more probable. The real direction of melatonin transport between blood.
CSF and brain tissue, as well as the physiological role of the pineal indole-
amines in the CSF, need further elucidation.
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ACTIVITY OF THE CORPUS STRIATUM OF CATS
DURING NATURAL SLEEP; A CORRELATION ANALYSIS
STUDY
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Activity of the sensorimotor cortex (Me), of the ventral posterolateral (VPL)
and ventrolateral (VL) nuclei of the thalamus, of the caudate nucleus (Cau), of the
globus pallidus (GP) and of the putamen (Pu) and the changes in their auto- and cross-
correlograms were studied during natural sleep in nine cats prepared for chronic testing.

The frequency of the spindles in superficial and slow-wave sleep was 12 to 17 c/s
in the sensorimotor cortex and in the two nuclei of the thalamus, 10 to 15 c/s in the
globus pallidus, and 9to 12 c/s in the caiu/ate nucleus. A comparatively stable frequency
and amplitude both in wakefulness and in slow-wave sleep characterized the putamen.

In all states a slow and a rapid component of significantly different relative
power and coherence were detected in CaCh‘of the investigated Structures. Practically,
only in the Me did the slow wave of 2 to 3 c/s dominate. The changes in the activity
of Me and VPL were the same in the various states, while that of VL resembled both
the first two and also that of the striatum. During REM sleep the rhytmic activities
of VL, Cau, GP and Pu were identical.

The activities of VPL and VL are usually synchronous to that of the other
structures; the phase relations are constant or change only slightly. Phase shifts appear
almost always in the relation of GP, Cau and Pu and change in the same direction as
sleep becomes deeper. The cross-coherence between the activity of various structures,
particularly in relation to the striatum, is lower in SWS.

The possible functional importance of spindle activity, of slow waves and of the
basal ganglia during sleep is being discussed.

Within the complex function of the corpus striatum the globus pallidus
plays a role mainly in postural and reflectory motions and the putamen
primarily in the regulation of the muscle tone, in close functional correlation
with the cortex and the non-specific nuclei of the thalamus. The caudate
nucleus has a paramount inhibitory or suppressor effect, its relationships are
limited mainly or entirely to the centrum medianum, the cortex and the puta-
men (Denny-Brown 1962). Since these functions are present also in the passive
changes of the level of wakefulness, we decided to study the frequency and
time relations of the electrical manifestations of the cortico-striato-thalamo-
cortical connections during sleep.
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Method

Nine adult cats of both sexes were prepared for chronic tests. Bipolar nickel-chromium
electrodes (diameter, 0.2 mm; uninsulated tip, 1 mm; intertip distance, 1 nun) were inserted
under sodium pentobarbital anaesthesia into the ipsilateral ventrolateral (VL) and the ventral
posterolateral (VPL) nuclei of the thalamus, into the caudate nucleus (Cau), the globus pallidus
(GP) and the putamen (Pu). There was a 2 mm distance between the epidural electrodes
(uninsulated disk surface, 1 mm?2) placed above the sensorimotor cortex (Me). The electrodes
were placed in a localization defined by the stereotaxic map (Jasper and Ajmone-Marsan
1954, 1961). Further disk electrodes were fixed on the supraorbital bone of frontal sinus for
the recording of eye movements (EOG) and into the cervical muscle for the detection of
changes in muscle tone. The outer end of the electrodes was soldered to a subminiature plug,
which were fixed to the cranial bone by means of dental cement. The localization of the elec-
trode tips was checked histologically at the end of the experiment.

Aw SWS REM REM
iifiiliiumiiiiiiiiiiimiiiiifiiiiiniimi

EOG 4 .
EMG V»*-4Vr*m *x
Me
Pu
P M« TKM
Cau

Fig. 1. Activity of cerebral structures at different levels of wakefulness. Upper channel:

time in seconds. Calibration: 300 for EOG, 150 /aY for EMG, 100 in the case of Me, GP

and Cau, and 50 fiY in the case of Pu lead. Note in the SWS — REM transition the retardation

of the activity characteristic of REM in Me, as compared to its appearance in the other struc-
tures and at the same time the occasional spindling section in GP

The experiment began 4 to 5 weeks after the operation by which time the animals had
completely recovered. The electric cerebral activity of the cat moving freely in a sound-
insulated cage was recorded through an artefact-free cable by an 8-channel Elema-Schénander
polygraph (Mingograph-8); its oscilloscope outputs were coupled to a 4-channel FM tape-
recorder. The EEG was continuously recorded on paper, while an unambiguous period of at
least 4 minutes duration of each successive stage of sleep was recorded on magnetic tape. After
cyclic fluctuations during adaptation to the environment has ceased, the signals of 3 to 4
sleep periods of each cat were stored.

For correlation analysis a correlator plug-in (NE 299 Corall-B) of the NTA 512/A
multi-channel analyzer was used. The integration time of the autocorrelograms was 3.5 min
(At = 6.4 msec; T= 0.82 sec); that of the cross-correlograms, 2.5 min (At = 2.56 msec;
r = 0.33 msec) in each time domain. The correlograms were written on a decimal printer and
XY -recorder. The measurements were carried out on the basis of criteria determined according
to former experiences (Sarkadi et al. 1971).

The level of wakefulness was defined in agreement with data in the literature according
to the following criteria (Fig. 1): 1) Awake (Aw): low voltage fast, irregular cortical activity.
Rapid, high, irregular EMG. High, coarse waved EOG when the animal is moving or sitting
with open eyes. 2) Drowsiness: beside the appearance of cortical sleep spindles there is no
change in EMG. Eye movements, if any, are high and coarse waved when the animal is sitting
with dropping or closed eyes. 3) Slow wave sleep (SWS): a cortical high amplitude activity
of 2 to 6 c/s is mixed with one of 8 to 12 ¢/s. On the EMG there is hardly any change in voltage;
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the curve is, however, more even and more rhythmical. There are practically no eye move-
ments. The animal settles itself comfortable, but can be awaked easily. 4) Fast wave sleep
(rapid eye movement, REM): cortically low voltage fast activity which is more regular than
in waking state. There is a definite decrease of amplitude in the EMC and a slight frequency
slow-down. The EOG shows a more or less continuous fluctuation of low voltage. The animal is
lying relaxed with slack head and limbs and can be awaked with difficulty by repeated strong
stimulation.

Results

In the majority of animals the most balanced and longest sleeps were
recorded in the late afternoon or evening, when, as a rule, 3 to 5 cycles inter-
rupted by a few brief wake intervals occurred during a period of 2 to 4 hours
of continuous sleeping. The duration of one cycle was on an average 30 minutes
within which SWS varied from 16 to 30 minutes. The REM stage lasted 10
to 17 minutes, but stages of 4 to 5 minutes were also recorded in agreement
with Passouant’s data (1970). A total of 44 SWS and 39 REM stages were
recorded and processed.

During drowsiness sections of spindles appeared in all structures. In
some of the animals spindles of lower voltage appearing on one or two occasions
could also be observed in the Aw and REM stages. The activity of Pu was
characterized by a relatively stable frequency and amplitude with hardly any
spindles. The frequency of the spindles varied between 12 and 17 c/s in Me,
YL and VPL, while in the GP it was between 10 and 15 c/s and in the Cau
9 to 12 c/s. Spindling in VL was not always accompanied by spindling in Me,
and the opposite case never occurred. In most instances spindling in VPL
coincided with spindling in the other structures, first of all in Cau and GP,
and also appeared sometimes during REM sleep, in this case always at a
frequency of 15 c/s. While in the other structures the duration of the spindles
varied between 8 and 12 sec, those in GP reached in one or two cats a maximum
of 20 to 40 sec. In a single animal the spindles of Cau appeared in all stages,
but only for a short period.

With the exception of Me the activity of every structure was mixed
with an activity of 4 to 6 c/s at all levels of wakefulness. In slow wave sleep
this activity became more intensive in every structure with the exception of
YL and appeared also in Me. Fast wave sections lasting from 10 sec sometimes
even to 90 sec were observed in all SWS stages, while slow wave groups
appeared in REM on one or two occasions and these were localized in one
of the cats to the GP alone. In another animal short alternations of fast and
slow wave sections occurred without an unambiguous detectability of the level
of weakfulness.

When passing from one sleep stage into another there was a simultaneous
change in the activity of the structures. In five cats in some transitions from
SWS to REM the YPL was ahead of Pu and the other structures, or Pu alone

Acta Physiologien Academiae Scientiarum Hungaricae 45,1974



236 A. SARKADI et al.

or together with VPL was lagging behind by 10 to 20 sec in relation to the
other structures. On one occasion Me was behind Pu, GP and Cau nuclei by
10 sec (Fig. 1). Though these findings were not consistent, the development
of the activity which characterizes fast wave sleep seemed to be delayed
mainly in the Pu.

In cats the autocorrelograms are mainly of the noise type, with a low
relative power of the rhythmic components (Fig. 2). In various stages of
wakefulness the following changes of activity were observed in the structures

Fig. 2. Autocorrelograms of the various structures from Aw to the REM state. Integration
time: 3.5 min. (dr = 6.4 msec; r = 0.82 sec). For explanation, see text

under investigation. In Me an activity of 12 to 14 c/s dominated in wakefulness.
In slow wave sleep an activity of 15 to 18 c/s of lower power was predominant,
superimposed on a rhythm of 2 to 3 c/s. In fast wave sleep the correlogram
was similar to that of the waking state with a dominant frequency identical
with the fast component of SWS. In YPL in wakefulness an activity of 11 to
14 c/s mixed with a very slow subharmonic component was predominant,
in SWS the fast component was less marked than before, while in REM
again the 15 to 20 ¢/s rhythm dominated. In VL the strongly noise-type activity
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was preponderant in all stages, within which a 4 to 5 c¢/s rhythm was detected
in the waking state. In SWS this rhythm was replaced by one of a frequency
of 8 to 10 c¢/s and in REM by a more marked activity of 5 to 7 c/s.

The shape of correlograms of these three structures were almost identical
in wakefulness and in fast wave sleep, though their dominant frequency was
faster in REM. In SWS there was a striking increase in correlability of slow
cortical activity with the simultaneous appearance of fast rhythmicity in
the VL.

Changes in the correlograms of Cau were similar to those of VL but for a
significantly more coherent activity. The dominant frequency in wakefulness

Mc & Cau Pu & Cau

Fig. 3. Two cross-correlogram series showing the changes in the mutual relations of the
activities of three structures. Note the disappearance of phase differences and the drop of
coherence to a minimum in SWS. Integration time: 2.5 min (At = 2.56 msec; T = 0.33 sec)

was 3 to 5 c¢/s, in SWS in a noisy environment it was 10 to 14 c/s, and in REM
51to 7 c/s. In GP in wakefulness there was a noise-type and mixed activity
of 11 to 13 c¢/s, 5to 7 c¢/s and 2 to 4 c/s frequencies. In SWS these were associ-
ated with a 0.5 to 1 c/s frequency while all these were replaced in REM by a
fairly coherent 5 to 7 c/s activity. The activity of Pu was similar to that of
GP, though with a more distinct fast component. In SWS a2 to 3 ¢/s rhythmic-
ity was observed. In REM a more coherent 4 to 7 c/s activity dominated.

The only difference between the correlograms of GP and Pu in wake-
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fulness and in SWS was the more marked slow components in the GP during
sleep. In REM the autocorrelograms of VL, Cau, GP and Pu were practically
the same.

Figure 3 is an example of changes of the cross-correlograms. In 41 cases
a phase difference was found, out of these 11 were observed in wakefulness,
9 in SWS and 21 in REM. The phase differences either ceased in SWS or
were significantly smaller than in the waking state. In a single animal the
activities were synchronous in all the investigated structures at all levels of
wakefulness, while in another animal a phase shift was found between two
structures in SWS, with synchronous activités in Aw and REM on the other
hand.

The activity in VPL and VL was most often synchronous with that of
the other structures, without change in the phase relations compared to the
other structures or between themselves, or with a minimum and generally
not unambiguous change. There was almost always a phase shift in the rela-
tions of the GP, Cau and Pu. Within these three structures — when investigat-
ing the phase shifts changing with the deepening of sleep in each cat — it was
found that the degree of phase-lag of Cau increased (or the degree of its adv-
ance decreased) in relation to the other two structures, while its advance to
Me decreased. At the same time the phase difference between the activities
of Pu and GP also increased.

In SWS the cross-coherence between the activities of the structures
generally decreased. This was particularly pronounced in the relationships
among Cau, GP, Pu and VPL. The least consistent was the change of cross-
coherence in the various stages between Me and the other structures.

On transition into REM, in animals in which the stage-specific activity
appeared somewhat sooner or later, this deviation was not related to the
direction of change of phase-shifts between these same structures.

Discussion

In cats during behavioural inhibition a characteristic cortical rhythm
of 12 to 16 c/s frequency appears which is ascribed to active suppressive or
inhibitory processes. During these periods, the animal is often fixed in some
unusual tonic posture and after the cessation of the inhibitory stimulus,
simultaneously with the appearance of the sleep spindles, it assumes a relaxed
position (Grastyan et al. 1959; Donhoffer and Lissak 1962; Roth et al
1967; Sarkadi and Tomka 1971). In the waking state of cats, during internal
inhibition or behavioural immobility, the accompanying somatic and viscero-
motor symptoms of the spindling rhythm appearing above the sensorimotor
cortex will be in qualitative agreement with those observed during drowsiness
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and slow wave sleep (Chase and Harper 1971). According to Howe and
Sterman (1972), a rhythm corresponding to the waking phase appears also
in the VPL and disappears on phasic motor activity, while the rhythms
corresponding to the sleep spindles appear primarily in the VL and to a lesser
degree in the centrum medianum in SWS. In this way the spindle rhythm
reflects presumably an active inhibitory function which is directed at the
suppression of the potential motion contents or motion possibility of a given
situation or state. According to this would the morphology of the cortical
spindles and the appearance of the spindles in the subcortical structures be
variable. Our finding of a coincidence in time of the VPL spindles with spindles
in the other structures, particularly in Cau and GP, would indicate that these
spindles reflect the appearance — on specific pathways — of a suppression
of muscle tone and potential motor intentions still vigorous in drowsiness and
slow wave sleep. This might be related to the fact that there is a close overlap
of spindle frequencies between Mc, VPL ami VL, as well as between GP and
Cau, and the overlap is the slightest between the first three and the last two
structures.

It has been suggested that the spindle activity reflecting the inhibitory
phasing function (“inhibitory phasing theory” of Andersen and Sears, 1964)
might be in equilibrium with the activity of the reticular formation. Andersen
and Andersson (1968) showed that the lateral thalamic nuclei and extensive
areas of the cortex are capable of maintaining their spontaneous spindle
forming capacity even without intact mesial line and intralaminar structures,
while the removal of the lateral thalamic nuclei led to the disappearance of
cortical spindles. The same authors (Andersen et al. 1967, cit. Andersen
and Andersson 1968) observed a definite decrease in the amplitude of spindles
as a result of a moderate reduction of cortical temperature. This decrease in
amplitude was not accompanied by a change in frequency. We have made
the same observation when studying the effect of cortical cooling in chronic
preparations (Sarkadi et al. 1972) and came to the conclusion that in super-
ficial sleep the reticular formation contributes indirectly to the appearance
of cortical spindles. In slow wave sleep, particularly in EEG periods containing
delta waves, bursts separated by quiet intervals longer than 200 msec occur
in the cells of the thalamic reticular nucleus (Mukhametov et al. 1970),
while the cells of VL show group discharges deviating from their base rhythm
just at the time of the appearance of spindles; and this is associated with a
complete inhibition of the cerebellifugal and corticofugal synaptic transmission
(Steriade et al. 1969; Steriade et al. 1971a, b), or a definite weakening of
it (Fition et al. 1971).

Thus, slow wave sleep is a heterogeneous process in which every cerebral
structure participates more or less pronouncedly and relatively actively or
passively. This might explain the fact that in SWS — as compared to the Aw
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and REM states — the noise-like nature of the activity of the investigated
structures was more pronounced and the phase differences and coherences
between these structures decreased considerably or disappeared. Calvet et al.
(1973) distinguished a heterogeneous and a homogeneous form in the deepening
of SWS. where the homogeneous form is characterized by negative slow
waves indicating an inhibited state, which appear more and more often and
over more and more extensive areas of the cortex. This inhibited state is pre-
sumably produced by an active phasing inhibition with an electrical mani-
festation of frequent spindling in superficial and occasional spindling in slow-
wave sleep.

Thus we might say that in cerebral electrical activity the transient phe-
nomena are the equivalents of temporary control processes accompanied by
active connections, while the average phenomena are characteristic of more
or less continuous functional states. The REM state seems to be such a homo-
geneous state in which the own internal and the mutual coherence of the activ-
ities of the investigated structures is reestablished though in a quality which
is different from that in Aw: the dominant activity of every structure is more
rapid; the rhythmic activities of YL, Cau, GP and Pu are identical in this
state only; the phase-shift of Cau to Me has decreased and to the GP and Pu
has increased.

The majority of efferent projections coming from the basal ganglia
originate in the globus pallidus and end in the ventro-anterior and ventro-
lateral nuclei of the thalamus from where they are projected in the direction
of the motor cortex. The globus pallidus participates functionally not only
in postural and motor reflexes, but also in the voluntar or instrumental motions
of limbs (DeLong 1971). It may further be assumed that the direct role of the
globus pallidus is decisive prior to the onset of movement (DeLong and
Ewarts 1971). This might be the result of the synthesis of a large amount of
information, since the injury of GP affects most seriously the performance of
discriminative conditioned motor reactions (Gambarian et al. 1970) and the
restorability of avoidance conditioned reflexes (Cherkes et al. 1972), that is,
processes which contain motor inhibition. The so called “arrest” behaviour
consists dominantly of motor inhibition and in its development the caudate
nucleus plays a decisive role (Ktingberg and Kunz 1972). According to our
results, the rhythm of the putamen approches unanimously the activities of
the other striatum nuclei only in REM sleep, when muscle tone reduced to a
minimum. In this way it may be assumed that the slow- rhythmic activity
of corpus striatum during REM reflects a state of continuous motor inhibition
extending also to the muscle tone. Such a state, however, can durably exist
only independently of external stimuli and integrative functions. Since,
according to our results the activity of and electrical relations between the
investigated structures differ during REM slightly, but detectably from those
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in wakefulness, it may be assumed that during REM the internal, intrinsic
activity of the various structures is recorded, but without the integrative
influences and functions present in the wakeful state.
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Susceptibility of mice to pentetrazole is increased by physostigmine and para-
oxone and decreased by neostigmine. Oxotremorine enhances the effect of pentetrazole
in low doses and inhibits it in high doses.

The seizure-facilitatory action of physostigmine is inhibited by the anticholin-
ergic drugs atropine and mecamylamine as well as by the amine oxidase inhibitors
nialamide and tranylcypromine.

In the development of epileptic seizures a role has been ascribed to the
cholinergic neurotransmission processes of the central nervous system. One
of the compounds most often used for producing model epilepsy is pentetra-
zole. This drug decreases the cerebral acetylcholine level in the rat (Giarman
and Pepeu 1962; Sitater 1971) and the guinea pig (Beani et al. 1969) but
does not influence it in the mouse (Consolo et al. 1972). This activity of
pentetrazole is connected to its effect enhancing acetylcholine liberation
(Mitchell 1963; Belesliiv et al. 1965). An inhibitory action of the drug on
acetylcholinesterase has also been described (Mahon and Brink 1970). The
acetylcholine level of the rat brain is decreased also by electroshock (Richter
and Crossland 1949), whereas the repeated application of pentetrazole in-
creases the acetylcholinesterase activity (Modak and Stavinoha 1972).

There is some disagreement concerning the influence of cholinesterase
inhibitors on seizure susceptibility. When injected into the cerebral ventricle,
di-isopropyl fluorophosphate (DFP; Feldberg and Sherwood 1954) and
physostigmine (Belesltin et al. 1973) elicit seizures in the cat. A similar effect
has been observed after DFP and tetraethylpyrophosphate (TEPP) in the dog
(Edery 1962), as well as after the injection of DFP into the carotid artery-
in the rabbit (Friedman et al. 1949). Williams and Russel (1941) have shown
physostigmine to inhibit the petit mal-like EEG manifestations induced by
hyperventilation in humans when applied in low doses but to enhance them
in high dosage. Physostigmine inhibits the EEG manifestations evoked in
this way also in the cat (Darrow et al. 1944), in which species it also inhibits
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the appearance of penicillin-induced spike potentials (Funderburk and Case
1951). According to our earlier data, physostigmine injected intracerebrally
causes tremor in the mouse; seizures, however, occur seldom and after large
doses only. In sum, the data on the influence of cholinesterase inhibitors on
seizure susceptibility are contradictory (see also Machne and Unna 1963).

Only few authors have investigated how cholinesterase inhibitors
would modify the susceptibility to convulsants. According to the data of Hyde
et al. (1949), the effect of convulsants applied topically on the cerebral cortex
of the cat is not influenced by intravenous DFP, and decreased by physo-
stigmine and neostigmine. Bay'liss et al. (1957) showed that DFP did not
influence the pentetrazole sensitivity of rats. In this same species, Worum
and PORSZASZ (1968) demonstrated physostigmine to increase the susceptibil-
ity to electroshock. In the mouse, the electroshock threshold is not influenc-
ed by physostigmine (Chen et al. 1968).

Of the centrally acting cholinomimetics, pilocarpine elevates the electro-
shock threshold in the rat (Worum and Pérszasz 1968), and the same effect
has been observed after large doses of oxotremorine in the mouse (Chen et al.
1968).

In an attempt to obtain further data on the role played by cholinergic
transmission in seizure activity, we have investigated how cholinesterase
inhibitors influenced the susceptibility of the mouse to pentetrazole convul-
sions. After having proved the seizure-facilitatory effect of cholinesterase
inhibitors, we studied the type of cholinergic receptor on which this effect is
brought about and the influence of various anticholinergic compounds on
the facilitation. Assuming an interaction to exist between the amines of the
central nervous system the influence of amine oxidase inhibitors on the effect
of cholinesterase inhibitors was also investigated.

Methods

The experiments were performed on Swiss mice of both sexes. The animals were placed
in individual plastic cages 30—60 min prior to the experiments and treated in a randomized
way.

Pentetrazole, in the form of a solution of 5 ing/ml, was injected into the tail vein of the
animals, according to the method of Orloff et al. (1949). The dose causing tonic convulsions
was expressed in terms of m1/10 g of body weight. The compounds investigated were injected
subcutaneously (s.c.), intraperitoneally (i.p.) or intracerebrally (i.cer.) according to Haley
and McCormick (1957).

The results were evaluated with two- and three-way analysis of variance (ANOVA).

The drugs used were as follows: atropin sulphate (Ph.Hg.V1.); mecamylamine (EGYT);
neostigmine bromide (Stigmosan, Chinoin); nialamide (Nuredal, EGYT); oxotremorine oxalate
(Institute of Experimental Medicine, Hungarian Academy of Sciences); liquid parafin (Ph.Hg.
V1.); paraoxone (Chinorto, Chinoin); pentetrazole (Tetracor, Chinoin); physostigmine salicylate
(Ph.Hg.V1.); tranylcypromine sulphate (Smith Kline and French). The doses mentioned refer
to the corresponding salts.
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Results

Susceptibility to pentetrazole seizures was not influenced by 0.03—0.2
mg/kg of physostigmine s.c., or if so, to a very slight extent only (Table I).
Since even higher closes were not more effective but caused muscular fascic-
ulation, it was assumed that the peripheral actions of the drug might inter-
fere with its central effects. To eliminate this factor we injected the drug
i.cer. and found that by this route of administration, it augmented the pen-
tetrazole effect constantly and very considerably (Table I).

Table 1

Influence of physostigmine on pentetrazole seizure threshold in the mouse. Convulsant doses
of pentetrazole in ml/10 g

Mean + S.E.
Compound and dose, Route of Time of Dose of
'”e/_l'# ) administration treatment n pentetrazole
mg/aninia) i.cer.
NacCl S.C. 30 min 33 021 0.015
Physostigmine, 0.03 s.C. 30 min 32 0.19 0.015
Physostigmine, 0.20 S.C. 30 min 32 0.18 0.008
NaCl i.cer. -10 min IS 0.19+0.014
Physostigmine, 0.002 i.cer. 10 min 15 0.14 0.005
Physostigmine, 0.005 i.cer. 10 min 15 0.12 0.009

By the s.c. route only 0.2 mg/kg physostigmine was effective (p 0.05)
By the i.cer. route both doses were effective (p < 0.01)

Our assumption concerning the peripheral effect of physostigmine was
indirectly corroborated by the finding that neostigmine, a drug not penetrating
into the central nervous system, instead of facilitating inhibited the convul-
sions induced by pentetrazole (Table LlI).

Table 11

Influence of neostigmine on penletrazol seizure threshold in the mouse.
Convulsant doses of pentetrazole in ml/10 g
Mean + S.E. Twelve mice in each group

Compound and dose, Time of Dose of

mg/kg s.c. treatment pentetrazole
NacCl —30 min 0.19+0.014
Neostigmine, 0.15 —30 min 0.18+0.006
Neostigmine, 0.20 —30 min 0.30+0.017

Neostigmine in a dose of 0.2 mg/kg was effective, p < 0.01
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The influence of the anticholinergic agents atropine and mecamylamine
on the seizure-potentiating effect of physostigmine is shown in Table 11I.
The effect ofi.cer. injected physostigmine was abolished by 2 mg/kg of atropine
and decreased by 2 mg/kg of mecamylamine.

Table 11

Influence of atropine and mecamylamine on the seizure-facilitalory effect of physostigmine
in the mouse. Convulsant doses of pentetrazole in mlfl0 g.
Mean + S.E. Physostigmine treatment: 0.005 mg/mouse, i.cer.

1st treatment, 2nd treatment, . Dose of

s.c., —60 min i.cer.,, -10 min it pentetrazole
NacCl NacCl 10 0.17+ 0.011
NaCl Physostigmine 10 0.11+0.010
Atropine, 2 mg/kg NacCl 10 0.19+0.014
Atropine, 2 mg/kg Physostigmine 10 0.18+0.014
NaCl NacCl 20 0.21+0.010
NacCl Physostigmine 20 0.12+0.010
Mecamylamine, 2 mg/kg NaCl 20 0.20+ 0.010
Mecamylamine, 2 mg/kg Physostigmine 20 0.17+0.010

Atropine abolished, mecamylamine inhibited but did not abolish, the effect of phyé&o.
stigmine
There was an interaction in both cases, p < 0.01

One mg/kg of paraoxone, given three hours prior to the administration
of pentetrazole, was found to augment the seizure susceptibility of mice;
this effect of paraoxone was counteracted by atropine (Table 1V).

Diminution of the cerebral catecholamine and serotonin level facilitates
(Chen et al. 1954), and its augmentation inhibits (Procop et al. 1959), the

Table IV

Influence of atropine on the seizure-facilitalory effect of paraoxone in the mouse.
Convulsant doses of pentetrazole in ml/10 g.
Mean = S.E. Twelve mice in each group

1st treatment, 2nd treatment, Dose of

s.c., —180 min s.c., -120 min pentetrazole
Paraffin NacCl 0.19+0.019
Paraoxone, 1mg/kg NacCl 0.11+0.005
Paraffin Atropine, 5 mg/kg 0.22+0.015
Paraoxone, 1 mg/kg Atropine, 5 mg/kg 0.23 + 0.020

Interaction, p < 0.01. Paraoxone was effective, atropine inhibited its effect

Acta Physiologica Academiae Scientiarum Hungaricae 45, 1974



EFFECT OF IHOLIKESTKRASE INHIBITORS 247

appearance of seizures. Thus, we have investigated the influence of amine
oxidase inhibitors elevating the cerebral amine level on the physostigmine-
induced facilitation. As seen from Table Y, the two amine oxidase inhibitors,
tranylcypromine and nialamide, completely inhibited the seizure-potentiating
activity of physostigmine in doses not influencing the susceptibility to pen-
tetrazole.
Table V
Influence of tranylcypromine and nialamide on the seizure-facililatory effect of physostigmine

in the mouse. Convulsant doses of pentetrazole in ml/10 g. Mean + S.E. Physostigmine treatment:
0.005 mgfmouse i.cer. Twelve mice in each group

Time of 2nd treatment, Dose of

1st treatment ip. treatment i.cer., —20 min pentetrazole
NaCl —80 min NacCl 0.18 + 0.012
NaCl —80 min Physostigmine 0.11 + 0.008
Tranylcypromine, 10 mg/kg 80 min NaCl 0.16+0.006
Tranylcypromine, 10 mg/kg —80 min Physostigmine 0.20+£0.012
NaCl —24 hours NacCl 0.18+0.012
NaCl 24 hours Physostigmine 0.12+£0.005
Nialamide, 100 mg/kg 24 hours NaCl 0.18+0.011
Nialamide, 100 mg/kg —24 hours Physostigmine 0.21 +0.006

Physostigmine was effective in both series of experiments. Its effect was inhibited
by tranylcypromine and nialamide, p < 0.01

Since atropine inhibits the seizure-facilitatory effect of cholinesterase
inhibitors, the muscarine receptors of the central nervous system may be
assumed to play a part in this effect. Thus, we investigated how oxotremorine,
a drug of specific muscarinic activity and devoid of nicotine-like action
(Hastett 1963), would influence seizure susceptibility. The results of these
experiments are shown in Table VI. As seen, low doses (0.01—0.02 mg/kg)
of oxotremorine increased seizure susceptibility, medium doses were ineffective
and high doses (0.1—0.6 mg/kg) inhibitory.

Discussion

According to our experiments, cholinesterase inhibitors increase the
susceptibility of the mouse to pentetrazole convulsions by their central
action. Neostigmine, a drug possessing exclusively peripheral activity, in-
hibits the effect of pentetrazole. A similar, i.e. peripheral, activity of physo-
stigmine is assumed to diminish the drug’s own facilitatory action of central
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Table VI

Influence of oxolremorine on the pentetrazole seizure threshold in the mouse. Convulsant doses
of pentetrazole in ml/IO g. Mean ®mS.E. Five-day experiment, with 5 animals in each group
on the first three days and with 7 animals on the 4th and 5th days

Day of Oxotremorine treatment, mg/kg, i.p., 30 min before pentetrazole
experi-
m’?ent 00 0.01 0.02 0.05 0.1 0.2 04 0.6
| 0.14 0.11 0.13 0.16 0.19** 0.21**
+0.010 +0.010 +0.010 +0.016 +0.010 +0.01
2 0.11 0.11 0.14** 0.16** 0.18** 0.19**
+0.002 +0.002 +0.005 +0.004 +0.008 +0.003
3 0.12 0.12 0.14 0.15* 0.16** 0.21**
+0.003 +0.01 +0.01 +0.003 +0.007 +0.005
4 0.15 0.10** 0.11** 0.13 0.17*
+0.008 +0.001 +0.002 +0.004 +0.007
5 0.15 0.15 0.18** 0.14 0.24**
+0.003 +0.005 +0.003 +0.002 +0.007

ANOVA-Dunnett test. The values significantly differing from controls not treated
with oxotremorine (0.0 mg/kg): * < 0.05, **p < 0.01

origin. This is why physostigmine is definitely effective after i. cer., but only
slightly after s.c. application. It should be noted that physostigmine elicits
marked tremor when injected i. cer; this occurs rarely after s.c. administration
and is difficult to evaluate because of the muscular fasciculation (Molnar
et al. 1967).

The two groups of cholinomimetics produce different central nervous
effects: nicotine causes convulsions whereas oxotremorine and arecoline
evoke tremor. It has been assumed that two types of cholinergic receptors,
i.e. muscarinic and nicotinic (M and N), are present in the central nervous
system (Pfeiffer et al. 1967). The first type is inhibited by atropine, and the
second type by mecamylamine.

The question arises of what type of receptor might be involved into
the facilitatory action on pentetrazole convulsions of cholinesterase inhibitors
which elevate the endogenous acetylcholine level in the brain. According to
our results, mecamylamine decreases and atropine abolishes the effect of
physostigmine. Accordingly, both N and M receptors must figure in the
facilitation. In the knowledge of the convulsant action of nicotine, one does
not have to add anything particular to its effect exerted on N-receptors.
Accordingly, the nicotine-like activity of cholinesterase inhibitors and of
endogenous acetylcholine plays a part in the facilitation. The role of muscarinic
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receptors in the development of seizures is more debated. According to Cox
and Potkonjak (1970), oxotremorine causes convulsions in the rat; in our
experiments, this was seen to occur exclusively after reserpine pretreatment
(Phan et al. 1974). Carhachol elicits convulsions after i.cer. injection in the
mouse. The compound has a dual site of action (M and N); still these seizures
are prevented by atropine (Decsi et al. 1963). Atropine inhibits the seizure-
facilitatory action; thus we assume that central M receptors are also playing
a part in this action of the cholinesterase inhibitors. This assumption is cor-
roborated by the finding that low doses of oxotremorine, a drug of primarily
M activity, diminish the convulsant dose of pentetrazole, just like the cholin-
esterase inhibitors do. Large doses of oxotremorine inhibit pentetrazole con-
vulsions. These results are in accordance with the observation of Chen et al.
(1968) who found low doses of oxotremorine (0.25 mg/kg as fumarate salt)
to diminish, and high doses (2.0—4.0 mg/kg !) to elevate, the electroshock
threshold. The mechanism of the anticonvulsant action of oxotremorine was
not analyzed in the present experiments; this action may be a consequence
of the ergotropic stimulatory action of the compound. This action is marked
in the cat and manifest itself with a rage reaction and with signs of sympathetic
excitation (Gyorgy et al. 1971a). The effect is latent in the mouse: after re-
peated administrations the drug counteract the gradual decrease of spontane-
ous motility (Gysrgy et al. 1971b); while the hypermotility-inducing effect
of amphetamine is augmented by tremorine pretreatment in the mouse
(unpublished data). Ergotropic excitation, on the other hand, is known to
diminish seizure susceptibility (Procop et al. 1959).

As regards seizure facilitation, the monoamines and acetylcholine are
probably of antagonistic activity in the central nervous system. (Administra-
tion of amine oxidase inhibitors counteracted the potentiating effect of physo-
stigmine). Since amine oxidase inhibitors elevate the level of the catechol-
amines and of serotonin, it is an open question which of the amines might be
figuring in the above antagonism. Experiments in this direction are now
in progress in this laboratory.
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Intracellular recordings of rabbit right atrial tissue were obtained under the
influence of the neuroleptic agent droperidol. A shortening of action potential duration,
dV/dt, occurred, the rate of discharge diminished and the heart stopped after long
exposure to the drug. In latent pacemaker cells, the amplitude of diastolic depolariza-
tion and overshoot decreased. In contrast, true pacemaker cells increased in amplitude;
their automatism was not affected by the drug.

It is concluded that high concentrations of or long exposure to, the drug cause
exit blockade of impulses generated at the sinus node.

Droperidol is a neuroleptic drug. Its pharmacological properties have
extensively been studied (Janssen et al. 1963, 1965a, b). Its cardiovascular
effects include a slight lowering of blood pressure as a result of peripheral
vasodilatation (Shaper et al. 1963; Toruncha et al. 1972), a lack of influence
on the mechanical properties (Toruncha et al. 1974), and an antiarrhythmic
effect in ectopic ventricular rhythms (Dahigren 1970; Long et al. 1967).
Its action on heart cell membranes was studied by intracellular recordings by
Hauswirth (1968). This author observed a slowing of the rate of increase and
ashortening of the duration of the action potentials with a prolonged functional
refractory period, without any significant change in resting potential and
membrane resistance. As an explanation, these effects were attributed to
inhibition of the Na+-transporting system of the cell membrane. Kern et al.
(1971) confirmed these results by voltage-clamp measurements and they re-
ported a progressive reduction of the amplitude of the action potential. This
research was conducted in non-automatic tissue and, in both cases, prolonged
exposure to the drug or high dosage resulted in complete and irreversible
impulse arrest.

With the purpose of determining whether this effect of droperidol was
due to a disturbance of impulse formation or to a conduction blockade, it was
decided to study the action potentials of automatic atrial cells and their cor-
relation with those encountered in non-specialized conducting tissue.
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Methods

The right atrium from rabbits of both sexes killed by a blow on the neck was employed.
The area limited by the atrial septum, the cristae terminélis, the base of the superior vena
cava and the coronary sinus, were explored with floating micro-electrodes of less than 0.5 tip
diameter and a resistance between 20 and 50 Megaohms. Tyrode solution of the following
composition was used: NaCl, 124; KC1, 3.0; CaCl2 2.5; NaHCO03, 15.0; MgCl2, 1.2; NaH2P 04
1.2; glucose, 5.5 mM. The solution was aereated with 95% 02and 5% CO,, the temperature
was maintained at 31—32°C. Automatic cells of three types (Valladares and Polunin
1972), all with marked diastolic depolarization, and non-automatic cells were observed before
and after addition of droperidol to the bathing solution. In some cases, it was possible to follow
the changes caused by the drug in one cell throughout the experiment, in others an average
observation of at least 10 cells was registered.

Droperidol (Janssen Pharmaceutica, Beerse, Belgium) was employed. The stock solu-
tion contained tartaric acid, of a pH between 3 and 4. Test solutions containing 1 0 droperidol
were obtained by adding appropriate amounts of the stock solution to the tyrode solution
in the bath.

Results

The influence of droperidol on the shape of the action potential of auto
matic cells after 10 and 30 minutes of exposure of the tissue to a concentration
of 10“3 M of the drug is illustrated in Fig. 1. The amplitude of the action po-

500 msec

c 30 min

Fig. 1. Intracellular recordings of pacemaker (T.P.), latent pacemaker cells (L.P.), and
non-automatic cells (N.A.), under the influence of 10~5 M droperidol. C: Control, before drug

tential increased in the cells in the central part of the sinus node, described
by Hoffman and Cranefield (1960) as true pacemaker cells, and as group |
by Valladares and Polunin (1972). In contrast, the action potential of
latent pacemakers or group Il decreased in height. Non-automatic cells re-
sponded with a diminished action potential and with a marked delay of the
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increase (see Fig. 1). Diastolic depolarization decreased, and in some cases
was abolished only in latent pacemaker cells, while no significant change of
this parameter was observed in true pacemaker cells. All the potentials were
shortened in duration with the duration of exposure to the drug. The frequency
of discharge also decreased with time, until a total arrest had occurred after
60 minutes in latent and non-automatic cells. In true pacemakers it was pos-
sible to register activation for more than 90 minutes.

Table 1

Parameters of atrial fibre action potentials under the influence of droperidol

Cell HP., 0sS, DDA, APD, R.R.,
typ. 1 mv mv mv msec V/sec
T.P. 2% C 53.0£1.4 7.0 £0.21 16.0+£0.5 266 + 9.2 180 =+ 6.4
1) 50.8+1.8 8.9*+0.18 15.6+0.3 174**+ 3.5 172+ 7.0
L.P. 20 C 84.0%£1.7 222 *1.1 9.2+0.2 226 +11.4 221 *11.2
1) 78.9+2.1 16.3*+1.2 7.0£0.21 108** + 7.2 132**+ 8.0
N.A. 16 c 87.3+x2.1 254+ 1.4 — 186 + 9.0 328 +12.7
D 81.2+1.8 16.7*+ 11 101**+ 7.1 183**+ 8.1

R.P.: resting potential; O.S.: overshoot; D.D.A.: diastolic depolarization amplitude;
A.P.D.: action potential duration; R.R.: rate of rise of phase O; T.P.: true pacemaker;
cells; L.P.: latent pacemaker cells; N.A.: non-automatic cells; C: control values; D: after
10-5M droperidol

*p < 0.05 from control value; **p < 0.01 from control value

Results for 26 measurements on true pacemaker cells and 40 other types
of automatic atrial cell, and 46 without automatism, can be seen on Table I.
These observations were made after 20 minutes exposure to the drug at a
concentration of 10 _& M.

Discussion

Prolonged exposure of non-automatic tissue to droperidol at high con-
centrations resulted in inexcitability preceded by a marked decrease in ampli-
tude, duration and rate of increase of the action potential. Automatic latent
pacemakers seemed to undergo similar changes and in addition tended to lose
their diastolic depolarization. In contrast, the action potentials from true
pacemaker cells gained in amplitude and did not alter their diastolic depolariza-
tion. Although no proof could be obtained that these changes had occurred
simultaneously in all three types of cell because only one micro-electrode was
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used, we still assumed it in view of the stability of the results and the randomiz-
ation of measurements.

The relationship of the different functional structures of the heart is well-
known (Paes de Carvalho et al. 1959; Wagner et al. 1966; Hogan and D avis
1968; Strauss and Bigger 1972) and it is generally accepted that the sensi-
bility of the response of myocardial cells differs and that the sinus node is
the least labile of the structures involved (Gelband et al. 1972; Ten Eick
et al. 1971).

Thus, droperidol exerts a depressive effect on latent pacemakers and non-
automatic atrial tissue, simultaneously relieving the true pacemaker cells
from an inhibitory influence.

Considering that true pacemaker cells retain their automatism the neigh-
bouring structures become inexcitable, the immediate cause of cardiac arrest
would seem to be due to an exit blockade of the sinus node impulse.

It is concluded that droperidol causes exit blockade of impulses generated
at the sinus node.
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ON SKELETAL MUSCLE
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The mechanism of the depolarizing action of veratrine was investigated on the
frog sartorius muscle.

1. Veratrine, applied after the removal of chloride ions from the extracellular
space, caused the muscle to depolarize unchanged.

2. After removal of extracellular potassium, 0.1 mM of veratrine did not de-
polarize during the 2 3 hours of observation or, if so, only during a considerably longer
period of time than in Ringer’s solution containing 2.5 mM of potassium.

3. The characteristic depolarizing effect of 0.1 mM veratrine failed to come about
in hypertonic solutions of different composition (normal Ringer + 150 mM NaCl;
normal Ringer 300 mM sucrose; normal Ringer 300 mM glucose) in spite of
persisting functioning of the spike-channel under these conditions.

4. A single electric stimulus applied in an appropriate phase of the latency
period between veratrine application and the development of depolarization, was
found to trigger the appearance of veratrine depolarization.

In previous experiments it has been shown that veratrine does not de-
polarize the muscle in a sodium-free (choline) Ringer. In fact, the muscle
previously depolarized with veratrine in normal Ringer will be fully repolariz-
ed in choline-Ringer, in spite of the continued presence of veratrine. The
depolarizing effect of veratrine is counteracted by tetrodotoxin (10-7 g/ml)
in a reversible way (Varga et al. 1972a). These observations and the data
in the literature on neural structures show that the depolarizing effect of
veratrine is a sodium-dependent process in the skeletal muscle. In accordance
with this, we observed an increase of Na-influx and of [Na], under the effect
of veratrine (Varga et al. 1972b). All this proves the role played by sodium
ions in the depolarizing action of veratrine. On the other hand, the role of
potassium and chloride ions is not quite clear.

The role of Cl- transport was first raised by Shanes et al. (1953) who
studied the characteristic changes of negative after-potentials upon the effect
of x'eratrine. On the other hand, Sperelakis and Pappano (1969) found an
unaltered depolarizing effect of veratrine on heart cells kept in chloride-free
milieu (tissue culture) as compared to that observed in chloride-containing
milieu. The role of potassium was first emphasized by Racq (1939), and
later Shanes (1952) showed that K-efflux from the nerve increased under the
effect of veratrine. We too observed a transient increase in the rate coefficient
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of K-efflux in the frog sartorius upon the effect of the drug. However, the
potassium content calculated for the dry-substance of the muscle remained
unchanged and it was only the concentration of potassium which diminished
in proportion to the water uptake (Varga et al. 1972b). On the basis the above
data it seemed interesting to complete our previous investigations concerning
veratrine depolarization with the experiments to be reported below.

Methods

The experiments were performed on the sartorius muscle of the frog Rana esculenta,
between April, 1971, and May, 1973. Seasonal alterations were observed only a few winter
frogs. These observations, perhaps useful in connection with the mechanism of the depolarizing
effect of veratrine, will be published elsew here. The muscle was prepared under the microscope,
than kept in Ringer’s solution for 30 min, and only those muscles were used in the experiments
the fibres of which had remained intact. Intactness of the preparations was checked at the
end of the experiment microscopically and on the basis of recovering of membrane potential
as well as by controlling electrical excitability.

The experiments were performed on pairs of muscle. A great number of observation
had revealed considerable individual deviations in latency and magnitude of the depolariza-
tion, the height of the amplitude of oscillation, its frequency, etc. For these reasons only results
obtained on pairs of muscle can be compared reliably.

The sartorius muscle was stretched to 4/3 of its slack length and fixed in a separating
chamber, originally constructed for separation of the pelvic part of the muscle, practically free
of end-plates (Pezard and May 1937), from its distal, so-called neural, part (Gesztelyi and
Kovacs 1970). In addition, the separating chamber allows a continuous recording of the
potential difference between the two parts of the muscle, separated with a rubber diaphragm.
This latter not only separates the solutions on the two sides but, in an ideal case, also insulates
electrically the surface of the muscle membrane pulled through it. Thus, in practice, it is the
mean potential difference of the fibres of the two muscle parts which can be recorded from
the incubation solutions (Gesztelyi 1973). The potential was measured by means of the
amplifier of a Keithley 604 type electrometer. The output signal of the amplifier was recorded
from a DISA Universal Indicator oscilloscope by means of a photorecorder. The slow (7.5
min/div) horizontal deflection corresponding to the beam of the oscilloscope was ensured by
means of an external generator constructed for this purpose.

Since we explicitly wanted to study the effect of veratrine on the muscle membrane,
the drug was always applied on the aneural part of the muscle in the separating chamber.
The veratrine spikes of the aneural muscle part could pass through the rubber membrane from
one compartment of the separating chamber to the other part of the muscle. To prevent this,
the neural muscle part was incubated in Na-free (choline) Ringer. The solutions were changed
at 10— 15 min intervals on both the aneural and neural parts.

Intracellular potential measurements were carried out with microelectrodes of the
Ling-Gerard type (Ling and Gerard 1949). The tip potential of the electrodes was under
—5 mV, its resistance between 5 and 10 Mohm (Adrian 1956). The membrane potential was
measured with a Keithley 604 type electrometer. The membrane potential was determined
on the basis of 5—10 measurements in each case.

Triggerability by an electric stimulus of the veratrine depolarization was studied by
means of a DISA Multistim apparatus. As stimulating electrodes, platinum plates, 3.5 x 0.3 mm
in size and placed parallel at a distance of 6 mm, were used. The amplitude of the impulse was
2.5-fold of the voltage corresponding to the stimulus threshold, the impulse width was 0.1 msec.

Composition of the solutions used is shown in Table I; their pH was 7.0 and their
temperature between 20 and 23 °C.

A veratrine preparation made by Merck was used in the experiments. Its veratridine
content, determined by a procedure prescribed by the factory was 33.3%. The other 2/3 of
the alkaloid preparation was cevadine (Varga et al. 1972a). The two alkaloids have an identical
depolarizing effect on skeletal muscle (Fairk 1961; Varga et al. 1972a).

Choline chloride (Reanal), used for replacement of sodium, was recrystallized twice
before administration. Tetrodotoxin (TTX, Sankyo) as well as d-tubocurarine (Sigma Chemical
Co.) was recrystallized three times. All solutions were freshly prepared before use.
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Results

Investigation of tlte depolarizing effect of veratrine in chloride-J'ree milieu.
In these experiments we studied whether the removal of [CI](¢ would cause
any significant change in the extent and time-course of the veratrine-induced
depolarization. As known from the results of Hodgkin and Horowicz (1959),
the muscle will be depolarized on an abrupt diminution of the chloride content
of the Ringer’s solution. This depolarization is a reversible one soon followed
by repolarization even in chloride-free Ringer. Thus, when the membrane

Fig. 1. Investigation of the depolarizing effect of veratrine in [CI~]0-free milieu. Both mem-
bers of the muscle pair were placed separately in a separating chamber. The aneural part of
one muscle (A) was equilibrated in chloride-free (sulphate) Ringer (Table I, E), the neural
partin choline-sulphate-Ringer (Table I, F) for 90 min before veratrine treatment. The aneural
part of the control member (B) of the muscle pair was kept, similarly for 90 min, in a solution
containing 80 mM Na, 1 mM Ca and 121 mM CI (Table I, G), while the neural part in a solution
of similar composition but containing choline instead of Na (Table I, H). Experiment reference:
37/46-111

potential had returned its original value, the sulphate-Ringer in the aneural
part was replaced by a sulphate-Ringer containing 0.1 mM of veratrine.
A typical experiment is shown in Fig. 1.

As seen from Fig. 1, the depolarizing effect of veratrine took place in
a chloride-free milieu, too. There was no difference either in the time of ap-
pearance or the extent of depolarization in the average of 9 experiments.

The potential change seen in the “control”, i.e. chloride-containing,
Ringer differed from the characteristic pattern observed in normal Ringer
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Normal Ringer

N a+-free (choline) Ringer

K+-free Ringer

K +- and Na+-free (choline) Ringer
Cl“-free (sulphate) Ringer

Cl“- and Na+-free Ringer

Ringer with reduced Na+ and Ca2+
content

N a+-free Ringer with reduced
Ca2+ content

Hypertonic solution containing
270 mM NacCl

Hypertonic solution 270 mM choline

Hypertonic solution containing
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N a+-free hypertonic solution containing
300 mM sucrose

Hypertonic solution containing
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N a+-free hypertonic solution
containing 300 mM glucose

*TRIS base was adjusted with ortho-phosphoric acid to pH 7.0 at 22 °C
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under the effect of veratrine. Comparison of curve B in Fig. 1 with the control
curves shown in Figs 2—6 revealed a striking difference in both the magnitude
and character of the first wave of oscillation. This difference was probably
due to the fact that the amount of ionized calcium was lower (1 mM, see
Hodgkin and Horowicz 1959) in the sulphate-Ringer applied on muscle A
(Table I, E) than in normal Ringer’s solution. The same was true for the sodium

Fig. 2. Investigation of the depolarizing effect of veratrine in K-free milieu. One member

of the muscle pair was equilibrated in K-free Ringer (aneural part: C; neural part: D, Table I)

for 90 min (lower curve). The aneural part of the control muscle (upper curve) was kept in

normal Ringer (Table I, A), the neural part in choline-Ringer (Table I, B), both for 90 min.

To prevent the possible disturbing effect of potassium traces, the agar bridges were prepared

with K-free. and not with normal Ringer solution in these experiments. Experiment
reference: 37/3

content; we therefore applied 1 mM CaCl., and 80 mM Na also in the Ringer’s
solution of the “control” muscle (B).

Depolarizing effect of veratrine in K -free Ringer’s solution. In some ex-
ploratory experiments, the aneural part of the muscle in the separating cham-
ber was kept in K-free Ringer’s solution (Table I, C) for 30—60 min before
veratrine treatment. In two out of seven experiments no depolarization
occurred under the effect of 0.1 mM veratrine within 80 and 120 min, respec-
tively. In further five experiments a depolarization was though observed but
this occurred after 58 + 27.2 min on the average, in contrast to the average
latency of 25.3 + 10.4 min seen in the case of the other member of the muscle
pair incubated in normal Ringer.

In view of the wide scattering of the results, in further experiments the
duration of incubation in K-free Ringer was prolonged to 90 min. In addition,
unlike in the exploratory experiments, the neural part serving as reference
basis w'as also immersed into K-free Ringer. A characteristic record of an
experiment performed in this way can he seen in Fig. 2.
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As seen from Fig. 2, by the 14th min veratrine had induced a well-
defined depolarization in the muscle kept in Ringer solution containing 2.5
mM potassium while a depolarization of only about 5 mV could be observed
in the muscle kept in K-free Ringer for 90 min, even in the 180th min of in-
cubation. The effect of K-free Ringer antagonizing veratrine depolarization
was reversible; a depolarization equal in magnitude to the control developed
18 min after substitution of the K-free solution with veratrine-containing
normal Ringer. In 11 similar experiments, veratrine depolarization developed
in 21.5 + 13.7 min in the control muscles, while in the muscles preincubated
in K-free Ringer no depolarization was seen in any case during observations
for 120—240 min (mean, 163 + 28.3 min). Comparison of the two curves
demonstrated in Fig. 2 reveals a considerable difference in the oscillation
reaction of the control muscle and the muscle pretreated in K-free Ringer.
The cause of this difference which was observed in every experiment, has not
been investigated.

When evaluating the experiments, one will naturally be faced by the
question of whether the development of veratrine depolarization was retarded
and inhibited by the absence of potassium ions or by the hyperpolarization
due to their absence. Therefore, we measured the membrane potential by means
of intracellular microelectrodes in 430 superficial sartorius muscle fibres
incubated in K-free Ringer solution for 60 min. Of the 430 fibres investigated,
336 were hyperpolarized with 23.9 A 83 mV and 94 depolarized with 27.5 «
— 13.9 mV on the average. Hyperpolarization, once it had developed, remained
practically unchanged for 4—5 hours. This finding, and also our data on the
ratio of hyperpolarized to depolarized fibres differ from the results of Akiyama
and Grundfest (1971). The discrepancy may have been due to the different
experimental conditions. The authors mentioned prepared and isolated fibres
from the semitendinosus muscle of Rana pipiens and used this specimen for
following changes in resting potential caused by the K-free solution. In con-
trast, our measurements were performed on the superficial fibres of the sarto-
rius muscle of R. esculenta. The fact, however, that the membrane potential
even of the superficial fibres was of opposite direction and changed within
wide limits means that the residts for potential changes measured on the
superficial fibres were a priori inadequate for answering the above question.
Therefore, we used Gesztelyi’s method (1973) and in seven further experi-
ments followed the potential change of the aneural muscle part kept in K-free
Ringer’s solution with respect to the neural one. Under these conditions a
hyperpolarization averaging 5.5 + 2 mV was found which developed in about
60 min and lasted without change for hours.

Effect of hypertonicity on veratrine depolarization. The observations con-
cerning the dependence of veratrine depolarization on sodium concentration
are quite unequivocal (Urbricht 1969). In full accordance with this,
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Uitbricht and Fracke (1965) as well as Uirbricht (1969) found the after-
potential increasing effect of veratrine to become even more marked when
the sodium concentration of the Ringer solution was raised to the 2— 3-fold.
These authors applied the Na-rich solution for the short period of 15 sec, in
order to avoid the side-effects of the hypertonic solution. It seemed therefore
desirable to employ solutions of high sodium concentration in our exper-
ments. As known from the results of Hodgkin and Horowicz (1957),

Fig. 3. Effect of hypertonicity on veratrine depolarization. One member (lower curve)

of the muscle pair was equilibrated in hypertonic solution (aneural part: I; neural part: J;

Table 1) for 45 min before veratrine treatment. The aneural part of the control muscle (upper

curve) was kept in normal Ringer (Table I, A), the neural part in choline-Ringer (Table I, B)
for the same period. Experiment reference: 35/78-11

although an unchanged action potential can be demonstrated in skeletal
muscle after treatment with hypertonic solutions, but the mechanical re-
sponse fails to occur. It was therefore hoped that in muscle incubated in a
sodium-rich solution the mechanical answer sometimes disturbing the record-
ing will be absent and, on the other hand, that the depolarization will be
more marked owing to the high sodium concentration.

In these experiments, 150 mM NaCl was added to normal Ringer’s
solution, and the aneural part of the muscle placed into the separating chamber
was treated with it for 45 min. After this pretreatment, a hypertonic solution
containing 0.1 mM veratrine was applied on the aneural part. A typical ex-
periment is shown in Fig. 3.

As seen from Fig. 3, the otherwise characteristic potential change failed
to develop under the effect of veratrine in the muscle incubated in hypertonic
solution during the 120-min observation period. This inhibitory effect of the
hypertonic solution was reversible since, when in the 120th min the muscle
had been transferred into isotonic Ringer’s solution similarly containing
0.1 mM of veratrine, the depolarizing effect reappeared in ten of experiments.
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Further experiments were performed with a solution made hypertonic
with 300 mM of sucrose, in order to decide whether it was really the hypertoni-
city and not the augmented sodium concentration which had antagonized
the effect of veratrine.

As seen from Fig. 4, depolarization in the control muscle began with a
characteristic oscillation wave by the 29th min of treatment with 0.1 mM
of veratrine. No similar potential change was observed during the 140-min

01 mM veratrine in hypertonic Ringer
(300 mM saccharose ¢ NR) j_ 01 mM veratrine

Fig. 4. Investigation of the depolarizing effect of veratrine in hypertonic solution. One
member (lower curve) of the muscle pair was equilibrated in hypertonic Ringer solution
(aneural part: K; neural part: L, Table 1) for 45 min before veratrine treatment. The aneural
part of the control muscle (upper curve) was kept in normal Ringer (Table I, A), the neural
part in choline-Ringer (Table I. B) for the same period of time. Experiment reference: 35/67-11

observation period in the solution made hypertonic with sucrose. However,
when the muscle was taken out from the hypertonic and put into an isotonic
solution, a characteristic depolarization and oscillation developed after 8.5 min
(seven experiments).

Similar results were obtained in six further experiments in which the
Ringer’s solution was made hypertonic with 300 mM of glucose. A typical
record is shown in Fig. 5.

As seen from Fig. 5, the characteristic veratrine depolarization developed
in both members of the muscle pair by the 8th and 13tli min, respectively.
By the 38th min of the experiment, the aneural part of one member of the
muscle pair was transferred into a hypertonic solution (Table I, M) containing
the same amount of veratrine. Oscillation immediately stopped and, though
slowly, a repolarization took place. This process, too, proved reversible since
returning the muscle into the veratrine-containing isotonic solution resulted
in depolarization and oscillation by the 11th min.
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Can the development of veratrine depolarization be triggered by electric stim -
ulus ? As stated in our first experiments, the neural muscle section was
depolarized considerably sooner (5.7 + 2.5 min in the average of 24 experi-
ments) then the aneural part not containing neural elements (14 + 7 min
in the average of 167 experiments). This observation had already raised the
possibility that the cause of the difference might be the spike developed on,

Fig. 5. Effect of hypertonicity on veratrine-induced depolarization. Both members of the
muscle pair were in normal Ringer solution before veratrine treatment. Experiment reference:
34/116

and propagated from, the post-synaptic membrane under the effect of veratrine,
which spike could possibly trigger the otherwise slowly developing veratrine
depolarization. This assumption was substantiated by the observations of
Uitbricht and Fracke (1965) as well as Meves (1966).

In the course of these experiments, on one member of the muscle pair
we determined the time necessary for the development of the depolarizing
action of veratrine. Depolarization was considered to begin at the appearance
of the first high depolarization wave. Then the other member of the muscle
pair was treated in a similar way, with the difference that an electric im-
pulse was given to the muscle through the external electrodes during the
latency period between veratrine treatment and development of the expected
depolarization.

One of such 15 experiments is shown in Fig. 6.

As shown by the lower curve in Fig. 6, no depolarization occurred in
the control muscle up to the 29th min. Thereafter, a characteristic depolariza-
tion wave of nearly 30 mV appeared, followed by a characteristic oscillation.
On the other member of the muscle pair depolarization and oscillation induced
by the stimulus given in the 11th—12th min of veratrine treatment. Thus,
this observation unequivocally showed that veratrine depolarization can in
fact be triggered by an external stimulus. However, some external stimuli
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applied in various phases of the latency period were ineffective. This usually
occurred in cases when the external stimulus had been applied within the first
quarter of the latency period of the control muscle. In such cases it was
the sum of action potentials elicited by the external stimulus which could be
recorded, in addition to the characteristically prolonged after-potential due
to the presence of veratrine. This was followed by an interval of some length

01 mM veratrine

Fig. 6. Effect of electrical stimulus on the latency period of veratrine depolarization. For
explanation, see text. Experiment reference: 33/99

and then by spontaneous depolarization and oscillation at about the same
time as in the control muscle. Thus, the development of veratrine depolariza-
tion can be triggered by an external stimulus applied at the appropriate point
of time.

Discussion

The results described above showed the muscle depolarizing effect of
0.1 mM of veratrine to be identical in chloride-free or normal Ringer’s solution.
Accordingly, no significance can be ascribed to chloride ions in the depolarizing
effect of veratrine.

It was further demonstrated that on the effect of 0.1 mM veratrine
no depolarization occurs in muscles incubated in K-free Ringer or, if so,
then after a considerably longer period of time only. The question arises
whether it is the presence of [K]O0 to which importance has to be ascribed
in the mechanism of veratrine depolarization or is it the hyperpolarization
due to potassium deficiency which antagonizes the veratrine effect ? According
to data in the literature, the hyperpolarized membrane exhibits a decreased
sensitivity to veratrine, and what in more, the veratrine action already de-
veloped will cease upon the effect of a suitably strong anelectrotone (Frecken-
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stein and Richter 1953; Ulbricht 1969). It is, however, questionable
whether the hyperpolarization measured by us was really sufficient for antag-
onizing the depolarizing effect of veratrine. In the lack of any direct evidence,
we are reduced to assumptions for the time being.

The results described unequivocally prove that the depolarizing effect
of veratrine on muscles treated with hypertonic solutions of different compo-
sition can be counteracted in a reversible way. This observation is especially
interesting in the light of the findings of Hodgkin and Horowicz (1957)
who proved that action potential can be generated on muscle fibres incubated
in hypertonic solution. This was observed also under the conditions of our
experiments. The question is whether the fact that action potential can be
generated on the membrane and, at the same time, veratrine does not de-
polarize could he explained by the non-identity of the sodium-channel, in-
volving in veratrine depolarization, with the spike-channel? In our opinion,
another explanation is also possible. According to Ulilbricht’s (1972a, b)
convincing conclusions, no nene channels will be open up made the effect
of veratrine but the spike-channel will undergo certain modifications. To ex-
plain our observations on the basis of this theory, we may assume that a
hypertonicity may render impossible the modification of the sodium-channel
which modification would otherwise be brought about by the veratrine effect.

According to our findings, the depolarizing effect of veratrine is counter-
acted by any of the three different hypertonic solutions applied. This raises
the question whether the changes in water content would not deserve special
attention in future investigations into the mechanism of A'eratrine depolariza-
tion. In this respect, the pertaining literature fails to give directly utilizable
information. We have already called attention to the fact that the Avater
content of the muscle will be augmented upon the effect of veratrine treat-
ment (Varga et al. 1972b). In the present experiments, 0.1 mM veratrine in
isotonic Ringer’s solution caused a 16.1 : 4.8% increase in the Avet Aveight
of the muscle during 60 min (mean of 40 experiments). On the other hand,
the wet weight diminished by 22—25% in various hypertonic solutions
during the 90-min pretreatment (eight pairs of muscle each). No swelling
under the effect of Aeratrine Avas observed in such a milieu. Thus, it seems
on the basis of these data that veratrine will depolarize the muscle in the case
Avhen the Avet weight of the muscle increases, i.e. in the case of a Avater uptake.
Whether this water uptake is causally associated Avith the mechanism of
depolarization, or is just an accompanying phenomenon, cannot yet be
ansAvered.
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1. The effects of polymethylene-bis-trimethylammonium analogues (BTM)
with 3 to 20 methylene groups between the two nitrogen atoms were studied on the
frog’s rectus abdominis muscle. Type of action, activity and affinity constant (Ka)
of the compounds were determined.

2. The relation between the type of action of the compounds on a skeletal
muscle and their affinity constant (Ka) to the acetylcholine receptor was established.
The compounds with a low Ka (BTM-4 BTM-6; Ka= 3.3 10 X105) proved to be
weak antagonists; compounds with intermediate Ka value (BTM-7 BTM-14; Ka
= 3.3 X101— 2.1 xIO6) were partial agonists; and the compounds with high K,
values (BTM-15 BTM-20; KO0= 6.7 X 10e — 2.9 XIO7) acted as strong antagonists.
The affinity constant of the agonist BTM-3 was not determined.

3. The results obtained showed that any BTM compound bound strongly enough
to the receptor exerts an acetylcholine-like action. In other words, the dissociation
constant of an agonist-receptor complex has to be near the optimum. The compounds
readily forming a drug-receptor complex are strong antagonists, while those with a
slight affinity are weak antagonists.

4. The mechanism whereby affinity constants modify the type of action of a
compound on the acetylcholine receptor, is discussed.

A trimethylammonium structure of the cationic group of mono- and
bis-quaternary compounds was found to be the best for depolarizing skeletal
muscles (Barlow and Ing 1948; Ing 1949; Holton and Ing 1949; Ariens
and De Groot 1954; Barlow 1955; Cavallito 1967; Barlow et al. 1971).
Strong agonists such as polymethylene have a lepto (Bsvet et al. 1951)
structure with an intercationic chain on the whole length or, at least, in the
neighbourhood of the cationic group (Cavallito and Grey 1960; Danilov'
et al. 1966, 1968, 1972a, h). This chemical character may provide optimal
conditions for the quaternary nitrogen atom to approach the anionic site
of the receptor and “neutralize” its charge (Van Rossum and Ariens 1959;
Ariens et al. 1964). The direct bond of a methonium-cationic group with a
pachi-structure leads to a decrease or loss of the depolarizing properties,
even if the middle part of the chain remains in lepto form. The result is the
same if the volume of the cationic group is increased (Barlow et al. 1971).
There are, however, metlmnium compounds with lepto-structure which are
devoid of depolarizing property. For example, a non-depolarizing type of
action is produced bv the higher homologues of alkyltrimethylammonium
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(Phittipot and Dallemagne 1951; Ariens et al. 1956; Paton 1961), by the
polymethylene-bis-trimethylammonium series (Barlow and Zoller 1964),
and by penta- and hexamethylene-bis-trimethylammonium (Paton and
Zaimis 1949; Thesleff and Unna 1954; Barlow and Zoller 1964). The
non-depolarizing property of higher homologues of these series may be ex-
plained by the fact that these compounds form a stable complex with the
receptor (Paton 1961).

It is not clear why penta- and hexamethylene-bis-trimethylammonium
have no depolarizing effect. Earlier we had suggested (Danilov 1968) that an
agonist must strongly adsorb to the receptor. In order to check this sup-
position the type of action of polymethylene-bis-thimethylammonium (BTM)
compounds has been studied on the frog rectus abdominis muscle. The
affinity constants of the compounds were also determined. The results ob-
tained are presented in this paper.

Methods

The rectus abdominis muscle of the frog Rana temporaria was used. Nine or ten muscles
were mounted in an organ hath containing 200 ml of frog-Ringer’s solution at 20—22 °C. Neo-
stigmine in a concentration of 2 X10~6g/ml was added to the solution which was bubbled with
air. The ability of each compound to produce muscle contraction was examined. Acetylcholine-
like compounds were added at different concentrations and the contractions produced were
recorded isotonically and read on a millimetre scale. Cumulative dose-response curves (Ariens
1964) were plotted and the concentration required to produce half of the maximum concentra-
tion (EC50; D2 in terms of Ariens [1954]) was calculated.

Some of the compounds studied proved partial agonists, therefore the maximum re-
sponse was expressed as a fraction of the maximum response produced by 0.1 N KC1. This
fraction was characteristic of the intrinsic activity (Ariens 1954, 1964) or efficacy (Stephen-
son 1956) of the compounds.

Since depolarizing drugs are able to produce desensitization, and this was, in fact,
expected in those experiments where the doses were added cumulatively, therefore with drugs
like BTM-7, BTM-11 and BTM-14, the maximum response and the EC5value were determined
also by a non-cumulative technique. In these experiments the drugs was washed out after each
concentration tested and an interval of 30 min was kept before the next concentration was
added.

In another series of experiments the affinity constant (Kfl) was also determined on the
rectus muscle. Since all the compounds tested except BTM-3 proved partial agonists, their
Ka values were determined by the methods of Stephenson (1956), and of Barlow et al
(1967). In cases where the maximum response was less than 0.5, the affinity constant of the
compounds was determined by both methods (see Barlow et al. 1967). If the maximum response
amounted to 0.5 or higher, the affinity constant of the partial agonists was determined by
the method of Barlow et al. (1967). Tétraméthylammonium (TMA) or acetylcholine (ACh)
were used as full agonists. Muscle contraction was registered 20 min after the addition of a
partial agonist and 10 min after the administration of TMA or ACh. The Ka value of BTM-3
was not determined, this compound being a full agonist. The antagonistic activity was
studied in 9—10 muscles simultaneously. The value for A2 (Schild 1957) that concentration
of the compound which doubled the concentration of ACh to produce the same response as
in the absence of the antagonist, was also estimated. The antagonist was left in contact with
the tissue for 20 min, while the agonist (ACh) for 10 min. The Ka value for the compounds
studied were calculated from the values of A2

The compounds BTM-3, BTM-4, BTM-5, BTM-7, BTM-8 and BTM-9 (see Table 1)
were synthetized by 1. Ya. Kvitko (Technological Institute, Leningrad). The compounds
BTM-11 to BTM-20 were kindly supplied by Prof. R. B. Barlow. In addition, hexaméthonium
(BTM-6) and décaméthonium (BTM-10) were used.
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Results

Type of action. Of the whole BTM series, only BTM-3 proved a full
agonist. The other compounds did not contract the muscle or failed to produce
a maximum response. The compounds with the shortest (except BTM-3)
intercationic chain (BTM-4, BTM-5, BTM-6), or with the longest inter-
cationic chain (BTM-15—BTM-20) were antagonists. The compounds BTM-4,
BTM-5 and BTM-6 turned to he weak antagonist (A2= 1—3x10~4 M) and
the compounds BTM-15 and BTM-20 very strong ones (A2from 10~? M to
3.5 X 10~8 M). However, the compounds with 7 to 14 methylene groups in
the inter-cationic chain possessed acetylcholine-like properties. All of them
proved to be partial agonists. The highest muscle contraction was produced
by BTM-12. The average maximum response with this compound was 0.84.
A decrease or increase of the number of methylene groups in the intercati-
onic chain was accompanied by a lowering of the maximum response (Table 1).

Table 1

Cholinomimetic and cholinolylic activity of polymethylene-bis-trimethylammonium
compounds on frog rectus abdominis muscle

(CH)3- N- <CH3n- N - (CH,)S

Compound n ec, Max. A, K.

resp.

BTM-3

w

1.2£0.12x10-* (9) 096

BTM-4 4 3.1£0.6x10-* (9  3.3%0.14 xIO3 (9)
BTIM 5 5 1.2+0.1x10-* (9)  8.3+0.15 xIO3 (9)
BTM 6 o 1.04£0.04x 10-1 (9  10+0.009 x 101 (9)
BTM 7 7 1.2+0.09xI0-* (9) 042 3.3+0.9 x10° (3)
BTM-8 8 4.0+0.24x10-5 (9) 0.34 6.0£0.0 xI01 (2)
BTM-9 o 1.3+0.12x10-5 (10) 0.37 4.8+15 xIO* (3)
BTM 10 10 51+0.46x 10-e (11) 072 82+21 xI01 (4
BTM-11 11 41+0.13x10-6 (10) 071 4.6+ 17 XIO1l (7)
BTM 12 12 3.3:0.25x 10~° (12) 084 1.4+0.3 X105 (s
BTM-13 13 3.8+0.4 X10-« (9) 062 3.440.6 XIO5 (4)
BTM 14 14 2.9:0.51x10-« () 030 21+0.15 x 108 (2)
BTM-15 15 1.540.08x 107 (9) 6.7+ 0.07x 10i (9)
BTM-16 16 1.340.02 x 10-G(10)  7.8+0.05 x 10" (10)
BTM-17 17 3.45+0.2x10-8(10)  2.9+0.04 x 107 (10)
BTM-18 18 3.5£0.38x 10~8 (9) 2.860.07 x 107 (9)
BTM-20 20 1.0+0.76x10-7(10)  1.0£0.4 X107 (10)

Numbers indicate mean values + standard error. The number of estimations is shown
in parentheses
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The agonistic effect may lead to inactivation (desensitization) of the
receptors (Thesleff 1955; Katz and Thesleff 1957; Gissen and Nastuk,
1966; Rang and Ritter 1970). Using the cumulative dose—esponse method
an inactivation of the receptors can be expected.

It is also known that, as a result of the influence of the compounds
with different structure, the rate and the degree of desensitization of the
receptors may be different (Rang and Ritter 1970). Therefore, the rate of
weaking of the effectivity of the studied compounds might be different as well.
It was impossible to exclude the possibility that the decrease of the stimulating
effect of higher BTM homologous resulted from a more rapid development
of stronger desensitization. For this reason, the compounds from BTM-11
to BTM-14 and BTM-7 were studied under conditions where a discrete dose-
response was registered, i.e. the muscle was washed out after application
of each concentration of the compound. Under these conditions only a slight
receptor desensitization was observed.

The results of these experiments are presented in Table Il. The maximum
responses to all partial agonists was somewhat higher than the maximum
responses observed with the cumulative dose—response method. However,
the difference did not prove significant. In addition it was of the same degree
for BTM-7 and for the compounds with a longer intercationic chain.

Hence, if an inactivation of receptors took place, it still did not explain
the decrease or loss of acetylcholinomimetic activity of the higher homologues
of the series.

Affinity of the compounds to the receptor. AS expected (Stephenson
1956; Paton 1961) with the increase of the number of methylene groups,

Table 11

Acetylcholinomimetic action of some polymethylene-bis-trimethylammonium compounds
determined by cumulative and non-cumulative techniques

Cumulative curve Non-cumulative curve

Compound Maximum Maximum
ECst re(s&?)se ECD rea;\)/lo'_\n’)se

BTM -7 1.2+0.09x 10-4 0.42 3.5+0.3 XIO-5 0.43
BTM 11 41+0.13 x 10-6 0.72 2.5+0.2 XI0“6 0.80
BTM 12 3.8£0.40X 106 0.84 i.6+£0.iixi0-6 0.86
BTM 13 3.3£0.25x 10-6 0.62 1.2+0.07x10-6 0.76
BTM 14 2.9+0.51x10-6 0.30 9.9+0.16x10-7 0.36

the affinity constant of the compounds also increased (Ka; Table I). Moreover,
there was a great difference in the value of Ka of the extreme members of the
series; Ka of BTM-17 and of BTM-18 was higher by four orders than those
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of BTM-4, BTM-5 and BTM-6. Such a degree of increase in Kt can be reached,
when the addition of one methylene group leads to a twofold increase of Ka
It is apparently caused by an increase in the Van-der-Waals forces. But a uni-
form increase in KO along with the lengthening of intercationic chain did not
always occur, and sometimes even a decrease of Knwas observed. The decrease
of the K(of BTM-20 as compared with that of BTM-18 might have been caused
by an excessive rise in the hydrophobic property of the molecule and by a
decrease of its water solubility. It is also possible that, in spite of the flexi-
bility of the molecule, the distance between the cationic groups of BTM-20
did not correspond to the mutual disposition of the anionic sites of the neigh-
bouring receptors (Khromow-Borisov and Michetson 1966). The pronounced
inconsistency concerning changes in Ka was also observed with compounds
BTM-10, BTM-11 and BTM-13, i.e. partial agonists with a maximum response
of more than 0.6. The method used for the definition of Ka of such partial
agonists may not have been quite adequate, but there could be no doubt
concerning the correctness of the Kavalues for the other compounds, especially
for antagonists.

Thus, the type of action of the BTM compounds on the frog rectus abdo-
minis muscle was modified together with the change of Ka. The compounds
with low Ka proved to be weak antagonists. An increase in the value for Ka
was accompanied with a change in the character of the molecule and weak
antagonists (BTM-4 to BTM-6), partial agonists (BTM-7 to BTM-14) and
strong antagonists (BTM-15 to BTM-20) were produced. The maximum
response increased gradually up to 0.84 (BTM-12) and with the compounds
BTM-13 and BTM-14. it decreased to 0.62 and 0.30. respectively.

Discussion

The affinity constant (Ka) is defined as the ratio of the rate constant
of association (K,) and dissociation (K2):

K

K,

Theoretically, an increase of Ka can be the consequence of an increase
of or a decrease of K2 or of a simultaneous increase of Kj and decrease of
K2. The rate of association of the ammonium ion with a cholinoreceptor is
apparently determined by the strength of ionic attraction of the cationic
group to the anionic site of a receptor. Since the structure of the cationic
groups of the compounds studied is the same, therefore the strength of their
ionic attraction can not differ essentially. It is difficult to understand, wrhy the
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addition of methylene groups to the intercationic chain should lead to an
increase in Kr With the increase of the number of methylene groups a decrease
of Ka is expected. In the guinea pig ileum, the Kj values for alkylmethyl-
ammonium compounds did not change considerably, but the dissociation
constants decreased by 250% on lengthening of the alkyl radical (Paton
1961).

One may consider that the increase in Kaaccompanying the lengthening
of the intercationic chain in the BTM series is a result of the decrease of the
dissociation constant but not of the increase in Kr

The “occupation” theory does not consider the influence of the affinity
on the type of action of a compound and from the point of view of this theory,
the efficacy (“intrinsic activity”) does not depend on the association and dis-
sociation constants (Ariens 1954; Stephenson 1956; Ariens et al. 1957;
Ariens and Simonis 1968). According to the rate theory (Paton 1961, 1964,
1972; Paton and Waud 1961), the type of action of a compound on the re-
ceptor is defined by the dissociation constant of the drug-receptor complex.
For all that the higher the K2 the higher the efficacy. A compound with a
low K2value is an antagonist, with an intermediate value it is a partial agonist.
On the grounds of the rate theory, the loss of acetylcholinomimetic properties
of compounds from BTM-15 to BTM-20 is easy to understand. These compounds
possess the highest affinity to the receptors and form, apparently, the most
stable complex with the receptors. It is also understandable that the maximum
response to the compounds BTM-13 and BTM-14 is lower than that to BTM-12.
However, on the basis of this theory it is difficult to explain the absence of
acetylcholinomimetic properties of the compounds BTM-4, BTM-5 and BTM-6,
as their K,, values are the smallest and they seem to form the least stable
complex Mith the receptors.

It is also difficult to understand the successive increase of the maximum
response to the compounds from BTM-7 to BTM-12 with the increase of the
number of methylene groups in the intercationic chain and tvith the successive
increase in Ka.

The acetylcholinomimetic property of the BTM was observed in the
compounds Math a moderate (but not minimal) Ka. This was in agreement
with our earlier finding (D anitov 1968) that the depolarizing actionis char-
acteristic of such ammonium compounds which are able to absorb enough
to a cholinoreceptor of subsynaptic membrane with Yan-der-Waals forces
or with other short-radius bonds. The stability of the adsorption, however,
is not excessive. Such a dependence of the type of action upon the life of a
drug—receptor complex is understandable provided the dissociation constant
is one of the factors which exert an influence on it. The dissociation constant
affects the ability of the molecule to induce a transition of the receptor into
the “excited” state (possibly, the transition to conformation which opens the
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ionic channels), anil the quantity of free receptors and the number of com-
pound-receptor complexes which are formed in a time-unit, as it was supposed
by the kinetic theory.

The process of the transition of a receptor from the resting state into
the “excited” one seems to take some time. The life of an agonistic receptor
complex may correspond to the duration of this process. This interaction
depends on the dissociation constant of the complex. Since the ionic forces
are too short-acting, they can not bring about this interaction. They have
to be supplemented with a necessary quantity of short-radius forces or bonds,
e.g. by Van-der-Waals forces. If they are still not strong enough, the “excite-
ment” of the receptor fails to occur. In this case the compound is deprived
of its cholinomimetic property. BTM-4, BTM-5 and BTM-6 are the compounds
of such type. The addition of methylene groups to the intercationic chain
(BTM-7, BTM-8, etc.) leads to an increase of the life-time of a complex pro-
viding a longer period for the development of the “excitement”.

The stronger the relation between the period of existence of a drug-
receptor complex and the time needed for transforming the receptor from
the resting state into a complete “excitement”, the stronger is the cholino-
mimetic activity; and the maximum response increased with the compounds
from BTM-7 to BTM-12. Of course, not only the compounds which are able
to adsorb enough to a cholinoreceptive surface can be agonistic but also
those which have a lepto-structure.

The trigger role of the receptor in depolarization of the postsynaptic
membrane lasts for some time and occurs independently of the fact whether
or not the receptor—agonist complex exists. In the first case the receptor
remains occupied and does not function, while in the second case it is ready
to repeat complex formation with the agonist and to produce “excitation”.

The further course of events will be limited and determined by the dis-
sociation constant in accordance with Patoin’s rate theory. If a compound
is able to “excite” the receptor, then depolarization of the postsynaptic
membrane takes place only in those cases when a necessary number of recep-
tors is excited simultaneously. Therefore, a minimal number of free receptors
is necessary. During the action of higher homologues of the BTM series, in
the period of equilibrium, the number of occupied receptors becomes so great,
that not enough new complexes are formed in a time unit and therefore
a threshold depolarization of the postsynaptic membrane can not be reached
although the combination of a molecule with a receptor leads to “excitation”
of a receptor. Before the equilibrium is attained in the system, the major part
of the receptors is free, therefore the threshold depolarization is not yet
reached. This is probably due to the fact that the molecules of the compound
added to the intact tissue fail to reach the receptors simultaneously. Ex-
citation of the receptors at different times does not produce threshold de-
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polarization. This hypothesis seems to contradict the observation that the
shortest compound, BTM-3, proved to be a full agonist. This compound,
unlike the others from this series, might interact with cholinoreceptive surface
so as tétraméthylammonium (TMA) does, i.e. by a single cationic group.
All three methyl radicals of the cationic group may adsorb to the hydrophobic
area of the anionic site of the receptor.

If the second cationic group of a longer molecule comes into ionic inter-
action with the neighbouring receptor or with the negatively charged group
of a cholinoreceptive surface which is not the anionic site of the receptor
(Girr 1959), then probably only two methyl radicals of one or two cationic
groups adsorb to the anionic site of the receptor, and the firmess of the ad-
sorption may be insufficient (BTM-4, BTM-5, BTM-6) if it is not intensified
by the Van-der-Waals forces of the chain. The importance of the adsorption
of one methyl radical is obvious if we compare the activity of ACIli with its
tertiary analogue [(CH3).,N—CKL—CH2—0O—CO—CH3] on the isolated
electroplax preparation (Rosenberg et al. 1960) and on the frog rectus ab-
dominis muscle (Fruentov 1962) at pH 7.0. At this pH the compound is
completely ionized at the expense of the addition of hydrogen proton. Never-
theless, it proved to be 200 times weaker than ACh, owing apparently to the
absence of one methyl radical in its cationic group. The second cationic group
of the compounds BTM-4, BTM-5, BTM-6 changed the property of the mole-
cules so that they fail to exert an acetylcholinomimetic activity. Similar
findings have been published concerning alkyl-trimethylainmonium com-

pOUndS [(CHJ)3N—(CH2),,CH3, Stephenson 1956: Paton 1961; Ariens
1964]. Moreover. butyl-TMA and pentyl-TMA were the strongest agonists.
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A total of 67 women taking oral contraceptives containing different agents
was studied and compared to healthy controls. Contraceptive drugs containing oestrogen
caused a decrease in antithrombin 111 (AT I11) activity. This decrease was more fre-
quent in women taking pills of high oestrogen content (100 /jg) and was more consistent
when using serum in the presence of heparin. The phenomenon may serve as a screening
method revealing a tendency to decrease of AT 11l activity. The decrease in AT 111l
activity in itself does not necessarily mean thromboembolism, but in the presence
of other predisposing factors it may become an important cause of thrombosis.

Jordan (1961), when reporting on the occurrence of pulmonary embol-
ism in a woman who had oestrogen-progestagen therapy for endometriosis,
suggested that the use of these hormonal agents might predispose to thrombo-
embolic episodes. Since then, numerous cases of venous and arterial throm-
botic disease have been reported (Kilpatrick et al. 1968; Kohler 1971;
Gaszner et al. 1974) and statistical studies (Markush and Siegel 1969;
Doll and Vessey 1970; N esterholm 1971) showed that the incidence of
thromboembolic disturbances increased in those taking the pill. The manner
in which oral contraceptives cause thromboembolic disease is not completely
understood.

In the present investigation, AT 11l activity in plasma and serum of
women taking contraceptive pills of different composition has been studied
and compared to that of healthy controls who had never taken oral contra-
ceptives or had any form of steroid treatment.

Methods

Table | shows our material. Of the 67 women, 31 were taking Infecundin®, a pill with
a high oestrogen content, and 36 Bisecurin®, a pill with less oestrogen.

The trhombin-inactivating capacity of plasma and serum was estimated after incuba-
tion with a thrombin solution of constant activity, according to the medhod of RAK (1969).

In addition to this basic activity, AT Ill was determined in the presence of 0.25 IU/m1 heparin
which normally increases thrombin inactivation. However, according to our preliminary
results, with samples of a decreased basic AT IIl activity a paradoxical reaction occurs in
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that heparin causes a further decrease in thrombin inactivation (Rakéczi et al. 1974). This
phenomenon may, in some cases, precede the decrease in basic activity observed in women
taking oral contraceptives.

The X2test teas used to assess the significance of the results.

Results
The changes of plasma AT IIll activity in our material are summarized
in Table Il. In the control group a decreased basic activity was found in one

case and in 3 cases a paradoxical heparin effect occurred. In the plasma of

Table 1|
Patients
No. of Mean age, Mean duration of drug
Group patients years administration, months
Control 33 27 —
(19 36)
Infecundin®
2.5 mg norethynodrel +
0.1 mg mestranol 31 26 5
(21-35) (2-20)
Bisecurin®
1.0 mg ethynodiol diacetate + 36 28 8
0.05 mg ethyniloestradiol (20-38) (2-14)
Table 11
Antithrombin 111 activity in plasma
Group Normal Decreased HES;??# XEI%ZLt
Control 32 1 3
n= 33 97% 3% 9 % \
X2 = 4.8; p< 0.05
Infecundin® 23 6 5
n= 29 79% 21% 17% X2= 4.2
x2 = 3.5; p =0.05 p = 0.05
Bisecurin® 34 2 10 /
n= 36 94% 6% 28%
women taking Infecundin® basic AT Il activity decreased in 6 cases out of 29.

This was significantly different from the control group at the 5% level, and
was on the borderline of significance from the controls and of the Bisecurin®
group. There was no difference in the basic AT Il activity between the Bi-
securin® group and the controls, whereas the paradoxical effect of heparin
was more frequent in the Bisecurin® group.

Acta Physiologica Academiae Scientiarum Hungaricae 45,1974



OESTROGEN CONTAINING ORAL CONTRACEPTIVES 283

The results were more consistent with serum AT 111 (Table IIl). While
its activity was normal in all the controls and except for one single case in
the Bisecurin® group, it decreased in 13 out of 29 cases in the Infecundin®
group. The difference was highly significant as compared to the controls,
and significant at the 1% level vs. the Bisecurin® group. The same tendency
could he observed in respect of the paradoxical heparin reaction which is

Table 111
Antithrombin 111 activity in serum
Control Normal Decreased h;f;?i?]oélf?:&
Control 26 0
n= 26 100% n%o
X3= 13.9; p < 0.001 X2= 115.4; p< 000 —
Infecundin® 16 13 16
n= 29 55% 45% 55% X3= 38
X3= 9.2; p< 0.01 p <c 0.05
Bisecurin® 1
n= 20 5%

supposed to be an earlier and more sensitive sign than the decreased basic
activity of AT III.

Fig. 1 demonstrates an individual case observed continuously before
starting, during use, and after discontinuation of Bisecurin®. During the first
cycle after starting the pill, basic activity decreased somewhat but remained
in the normal range, whereas the heparin effect became paradoxical. In the

--—------Ser um ¢heparin Incubation time min
-=------- - Serum
Fig. 1. Serum AT Ill activity in a women before, during and after taking the pill
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second cycle, both basic AT II1l activity and heparin effect showed a severe
disturbance in thrombin-inactivation. After having discontinued the pill,
in the first cycle there was already a rebound effect both in the reaction to
heparin and in basic activity. The original values, observed before the pill,
were restituted in the 3rd cycle.

Discussion

The mechanism leading to thrombotic phenomena during the use of
oral contraceptives is not understood. Many changes in coagulation factors
have been reported in patients taking oral contraceptives; they include changes
in procoagulants, in platelets, and in the velocity of blood flow. Increases in
clotting factors I, 11, VI, VII, IX and X (Hodges 1968; Dugdale and Masi
1971), and a decrease in fibrinolytic activity have been reported (Dugdale
and Masi 1971; Asbeck et al. 1971).

Platelet function may also be effected and especially platelet aggregation
is accelerated (Polter et al. 1969; Dugdale and Masi 1971).

Changes in the velocity of blood flow and lesions of the vascular intima
are believed to be important factors in predisposing to thrombosis formation.
Endothelial proliferation and subintimai fibrosis have been observed in the
arteries of some women who while on the pill died of pulmonary thrombo-
embolism (lrey et al. 1970). The distensibility of peripheral veins increases
and the linear velocity of venous flow is reduced in women receiving oral
contraceptives (Goodrich and Wood 1964).

Recently, several authors (Fagerhol et al. 1970; von Kaulla et al
1971; Zuck étal. 1971; Larsson-Cohn et al. 1972; Zuck and Bergin 1973)
have suggested the importance of the decreased AT 11l activity in the develop-
ment of thromboembolic episodes. AT Ill, an alpha-2-globulin of a molecular
weight of about 65.000 is the main physiological clotting inhibitor (Abild-
gaard 1967) acting on thrombin (Abildgaard et al. 1970) as well as on the
activated factor X (Xa), which is the principal enzyme in blood coagulation
(Marciniak 1973).

Individuals with a congenital deficiency of AT Ill have a tendency
to thromboembolism (Egeberg 1965). Low antithrombin 11l values are
frequently observed in patients with thromboembolic disease (von Kaulla
1967), in disseminated intravascular coagulation (Lasch et al. 1961) as well
as in severe liver cirrhosis (Mannucci et al. 1973). Antithrombin 111 con-
centrates injected intravenously prior to thromboplastin administration
prevent intravascular clotting (Mann et al. 1969).

We have now found that the pills containing oestrogen cause a decrease
in AT 111 activity. This decrease is more frequent in woman taking pills of
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a high oestrogen content, and more consistent when using serum in the presence
of heparin. The phenomenon may serve as a screening method for revealing
a tendency to the decrease of AT IIl activity. Some authors have reported
a connection between the dose of oestrogen and the degree of decrease in serum
AT 111 activity (Howie and Prentice 1973). The so-called “low dose pro-
gestagen pill”, which is probably devoid of the risk of thrombosis, did not
lead to any reduction in the AT IIl level. Further studies have in fact shown
that such pills increase the AT Il level (Bergsjo et al. 1972).

The decrease in AT IIl activity in itself does not necessarily lead to
thromboembolism. A fall of AT IIl activity only means a loss of protection
against the consequences of thrombin traces present in the circulation. This
loss of protection together with a rise induced by oral contraceptives in the
activity or concentration of various clotting factors does not imply a formation
of intravascular clots, but it might generate a certain propensity to it. If,
however, the homeostatic equilibrium is further disturbed by prolonged stasis,
vascular endothelial damage, fever, postsurgical hypercoagulability, etc.,
intravascular clotting may well be precipitated. In such instances the increased
AT 11l activity may become an important factor in the manifestation of
thrombosis.

LITERATURE

Abildgaard, U.: Inhibition of the thrombin-fibrinogen reaction by antithrombin Ill. studied
by N-terminal analysis. Scand. J. clin. Lab. Invest. 1967, 20: 207 —216.

Abildgaard. U., Fdgerhol, M. K., Egeberg, O.: Comparison of progressive antithrombin
activity and the concentration of three thrombin inhibitors in human plasma. Scand.
J. clin. Lab. Invest. 1970, 26: 349 —354.

Asbeck, F., Lechler, E., van de Loo, J.: Das Verhalten des fihrinolytischen Systems unter
Ostrogen-Gestagen-Kombinationen. In: Marx, R., Tries, H. A. (Eds): Sexualhormone
und Blutgerinnung. F. K. Schattauer Verlag, Stuttgart, New York 1971, pp. 133 —141.

Bergsjo, P., Fagerhol, M. K., Abildgaard. U.: Antithrombin Ill concentration in women
using low-dosage progestogen for contraception. Amer. J. Obstet. Gynec. 1972, 112:
938  940.

Doll, R.,, Wessey, M. P.: Evaluation of rare adverse effects of systemic contraceptives. Brit,
med. Bull. 1970, 26: 33 38.

Dugdale, M.. Masi, A. T.: Hormonal contraception and thromboembolic disease: Effects of
the oral contraceptives on hemostatic ineehanismus. A review of the literature.
J. chron. Dis. 1971, 23: 775 785.

Egeberg, O.: Inherited antithrombin deficiency causing thrombophilia. Thrombos. Diathes.
haemorrh. (Stuttg.) 1965, 13: 516 530.

Fagerhol, M. K., Abildgaard, V., Bergsjo, P.,Jacobsen.J. H.: Oral contraceptives and low
antithrombin 11l concentration. Lancet 1970, 2: 1175.

Gaszner, P.. Herr, Gy., Mezei. B.: Infecundin okozta agyi thrombosis thrombolyticus
therapiajarél. Orv. Hetil. 1974, 115: 924 —927.

Goodrich, S. M., Wood, J. C.: Peripheral venous distensibility and velocity of venous blood
flow during pregnancy or during oral contraceptive therapy. Amer. J. Obst. Gynec.
1964, 90: 740-746.

Hodges, R. M.: The effects of oral estrogen-progeston compounds on blood coagulation fac-
tors. Int. J. Fertil. 1968, 13: 349 353.

Howie. P. W., Prentice, C. R. M.: Antithrombin 111 and oestrogen content of oral contra-
ceptive. Lancet 1973, 1. 1455—1456.

Ada Physiologien Academiae Scienliarum Hungaricae 45, 1974



286 I. RAKOCZI et al.

Howie, P. W., Mallinson, A. C., Prentice, C. R. M., Horne, C. H.: Effect of combined
oestrogen-progestogen oral contraceptives, oestrogen and progestogen on antiplasmin
and antithrombin activity. Lancet 1970, 2: 1329—1332.

Irey, N. S., Manion, W. C., Taylor, H. B.: Vascular lesions in women taking oral contra-
ceptives. Arch. Path. 1970, 89: 1—8.

Jordan, W. M.: Pulmonary embolism. Lancet 1961, 2: 1146—1147.

von Kaulla, E., von Kaulla, K. N.: Antithrombin Ill and diseases. Amer. J. Clin. Path.
1967, 48: 69-80.

von Kaulla, E., Droegemueller, W., Aoki, N., von Kaulla, K. N.: Antithrombin IIl
depression and thrombin generation acceleration in women taking oral contraceptives.
Amer. J. Obst. Gynec. 1971, 109: 868-873.

Kilpatrick, Z. M., Silverman, J. F., Betancourt, E., Farman, J., Lawson, J. P.: Vascular
occlusion of the colon and oral contraceptives. New Engl. J. Med. 1968, 278: 438 —440.

KOHLER, G. K.: Zerebrale Durchblutungstérungen unter hormonalen Kontrazeptive. In:
Marx, R., Thies, H. A. (Eds): Sexualhormone und Blutgerinnung. F. K. Schattauer
Verlag, Stuttgart, New York 1971, pp. 227 —235.

Larsson-Cohn, U., Fagerhol, K., Abildgaard, U.: Concentration of antithrombin 111 during
combined and progestogen-only oral contraceptives treatment. Acta obstetr. Gynec.
scand. 1972, 51: 315-317.

Lasch, H. G., Rodriguez-Erdmann, F., Schimpf, K.: Antithrombin IIl und Anti-Blut
Thrombokinase bei experimenteller Verbrauchskoagulopathie. Klin. Wschr. 1961,
39: 645-650.

Mann, L. T., Jensenius,J. C., Simonsen, M., Abildgaard, U.: Antithrombin IIl: Protection

against death after injection of thromboplastin. Science 1969, 166: 517 —518.
Mannucci, L., Dioguardi, N., Del Ninno, E., Mannucci, P. P.: Value of Normotest and

antithrombin 111 in the assessment of liver failure. Scand. J. Gastroent. 1973, 8: Suppl.
19: 103-107.

Marciniak, E.: Factor-X inactivation by antithrombin 111: evidence for biological stabiliza-
tion of factor Xa by factor V-phospholipid complex. Brit. J. Haematol. 1973, 24:
391-400.

Markush, R. E., Siegel, D. G.: Oral contraceptives and mortality trends from thrombo-
embolism in the United States. Amer. J. Publ. HIth 1969, 59: 418- 434.

Poltler, L., Priest, C. M, Thompson, J. M.: Platelet aggregation during oral contraception.
Brit. med. J. 1969, 4: 273 —274.

Rak, K.: A plasma és serum progressziv thrombin-inaktival6 képessége (antithrombin 111l
aktivitds) mdjcirrhosishan. Magy. belorv. Arch. 1969, 22: 3—S8.
Rakéczi, |., Nagy,|., Gati, |., Doszpod,J., Szigetvari,|.,Than, E., Preisz,J., Hadnagy,J.:
Infecundin hatdsa a véralvadéasra. Magyar N&6orv. Lap. 1974, 37: 253—258.
Westerholm, B.: Incidence of thromboembolism in oral contraceptive in the United King-
dom and Scandinavia. In: Marx, R., Thies, H. A. (Eds): Sexualhormone und Blut-
gerinnung. F. K. Schattauer Verlag, Stuttgart, New York 1971, pp. 213 —222.

Zuck, F. F., Bergin, J.: Thrombotic predisposition associated with oral contraceptives.
Obstet, and Gynec. 1973, 41: 427-431.

Zuck, T. F., Bergin,J. J.,, Raymond, J. M., Dwyre, W. R.: Implications of depressed anti-
thrombin Il activity associated with oral contraceptives. Surg. Gynec. Obstet. 1971,
133: 609-614.

Istvdn Rakoczi, Ilvdn Szigetvari, Janos Hadnagy, Istvan Gati
Orvostudomanyi Egyetem, Szulészeti és N&gyogyaszati Klinika,
H-7601 Pécs, Edesanyak utja 15—17, Hungary

Ibolya Nagy, Hajna Losonczy
Orvostudomanyi Egyetem, |. Belgyo6gyaszati Klinika,
H-7643 Pécs, Ifjusag u. 31, Hungary

Acta Physiologiea Academiae Scientiarum Hungaricae 45,1974



Ada Physiologica Academiae Scientiarum Hungaricae, Tomus 45 (3 4), pp. 287 292 (1974)
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OR POTENTIATED BY AMPHETAMINE
AFTER UNILATERAL
BRAIN LESIONS IN THE RAT
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(Received March 29, 1974)

An apparatus has been constructed for the quantitative recording of drug-
induced or electrical stimulus-evoked turning behaviour in the rat. It differentiates
between rotations in different directions and provides a complete record of the animal’s
turning behaviour without the need for supervision. Its electronic component consists
of logic units which are commercially produced as behavioural programming equip-
ments.

Unilateral lesions in the nigrostriatal dopaminergic pathway of the rat
induce mild asymmetric posture (Ainden et al. 1966a; Ungerstedt 1971)
which can be converted into vigorous rotation toward the lesioned side of the
brain by administration of amphetamine (Ungerstedt and Arbuthnott
1970; Marsden and Guitdberg 1973; Christie and Crow 1971, 1973) or
ephedrine (Christie and Crow 1971). Unilateral damage to the norepinephrine-
containing pathways of the dorsal mesencephalic tegmentum produces contra-
lateral asymmetry which is potentiated by amphetamine into an active
rotation toward the non-lesioned side (Marsden and Guidberg 1973). Since
the unilateral lesions of these structures cause dopamine and norepinephrine
depletion (Anden et al. 1966a, b; Faurr and Laverty 1969), and because
amphetamine causes the release of these catecholamines from the central
neurons (Carisson 1970), ipsilateral and contralateral turning behaviour
induced or potentiated by amphetamine and ephedrine are caused by dopamine
and norepinephrine release by the non-lesioned side of the brain.

Measurement of this amphetamine-induced turning behaviour is impor-
tant when the effect of various drugs on the function of the catecholamine-
containing neurones is studied. An electromechanical apparatus for quanti-
tative estimation of this behavoiur has been described by Ungerstedt and
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Arbuthnott (1970). However, with their apparatus the animals must be
observed constantly if the direction of the rotation is an important variable.
Barber etal (1973) have improved this apparatus to differentiate automati-
cally between rotations in different directions.

We have worked out a similar method for the simultaneous measure-
ment of clockwise and counter-clockwise turning behaviour and to provide

flip-flop A
photocell A ecounter A

— counter 0

photocell B flip-flop B

Fig. 1. Block diagram of the electronic unit

a complete record of the direction of rotations without the need for super-
vision. The advantage of this apparatus over that described by Barber et al.
1973) is that its electronical unit can be built by using logic units which are
commercially produced as behavioural programming equipments (e.g. Massey
Dickinson Co.; Digi Bit logic packages of BRS Foringer, etc.). In addition,
the method allows a quantitative evaluation of turning behaviour elicited
by subcortical electrical stimulations (Grastyan et al. 1968; Szabs 1972).
The apparatus consists of two main components, viz. (a) an electronic
unit (Fig. 1), and (b), an experimental cage in which the animal is harnessed
and connected through a coaxial cable to a freely rotating holed disk (Fig. 2).
The coaxial cable is about 1 m in length and can be used to connect the stim-
ulator with the brain when intracranial electrical stimulations are applied.
Since coaxial cables cannot be twisted around their longitudinal axis but bend
easily in each direction, the harnessed animal move rather freely in the
cage. The electronic unit contains two photocells, two Schmitt triggers and
two bistable multivibrators (“memory unit”) with static reset. The outputs of
the electronic unit are fed into a two-channel chart recorder and they can
also be used to operate electromechanical or decadic counters giving sep-
arate totals of the number of clock-wise and counter-clockwise turnings.
The timing sheet of the electronic unit is shown in Fig. 3. When the
holed rotating disk (Fig. 4) moves clockwise, it interrupts first the light beam
activating photocell A and then photocell B. When the rotating disk moves
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Fig. 2. Schema of the apparatus

clockwise movement counter-clockwise movement

photocell A

Fig. 3. Timing sheet of the electronic unit
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counter-clockwise, the output of photocell B will be at first zero, and then
after a delay the output of photocell A will decrease. The photocells are fixed
in such a manner that the two beams let through the holes of the rotating disk
are interrupted consecutively, and in reversed order if the direction of rotation
is reversed. The outputs of the photocells operate Schmitt triggers to obtain

Fig. 4. Rotating disk and optimum position of the photocells in respect to[the[holes of the disk

amphetamine

Fig. 5. Turning behaviour of satiated (filled circles) and food deprived (open circles) rat

after 5 mg/kg amphetamine given following unilateral lesions of globus pallidus. Solid line:

turnings toward the lesioned side of the brain. Dotted line: turning toward the non-lesioned
side of the brain

a sudden change in voltage of the output signal when no sufficient amount
of light arrives to the photocells (Fig. 3). The output of each Schmitt trigger
is connected to the input of a direct-coupled bistable multivibrator (Fig. 2,
flip-flop A and flip-flop B), respectively. The static reset of flip-flop A is given
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by photocell B through Schmitt trigger B and that of flip-flop B is provided
by Schmitt trigger A. When no light arrives to photocell A, the static reset
of flip-flop B does not operate. Therefore, this flip-flop can he set by the
Schmitt trigger B when the light beam for photocell B is also interrupted as
the rotating disk moves clock-wise. In the case of counter-clock-wise rotation,
flip-flop A will respond, since only this multivibrator does not receive a static
reset signal when the rotating disk interrupts the light beam which activates
photocell B. Therefore, flip-flop A can he set at the moment when no sufficient
amount of light arrives to photocell A.

The apparatus has been found to be convenient and reliable in routine
use. Spurious counts recorded may, however, he whenever the animal — and
thus the rotating disk — stops in such a position that one photocell is covered
but the light beam belonging to the other photocell is not yet interrupted
and the rotating disk oscillates due to head movements. The number of such
false counts can he minimalized if the rotating disk has not more then four
holes and the photocells are fixed so that I/16th of a turn is needed for inter-
rupting both beams consecutively. This photocell arrangement is show'n in
Fig. 4.

A typical result obtained with the apparatus is shown in Fig. 5. After
unilateral pallidal lesions, dl-amphetamine (5 mg/kg intraperitoneally) induces
turning toward the lesioned side of the brain, hut the number of these drug-
induced turns of the same rat considerably decrease following food deprivation
for 24-hours.

LITERATURE

Andén, N. E., Dahistrom, A., Fuxe, K., Larsson, K.: Functional role of the nigro-neo-
striatal dopamine neurons. Acta pharmacol. (Kbh.) 1966a, 24: 263- 274.

Andén, N. E., Dahlistréom, A., Fuxe, K., Larsson, K., Olson, L., Ungerstedt, U.: Ascend-
ing monoamine neurons to the telencephalon and diencephalon. Acta physiol, scand.
1966b, 67: 313-326.

Barber, D. L., Blackburn, T. P., Breenwood, D. T.: An automatic apparatus for recording
rotational behaviour in rats with brain lesions. Physiol. Behav. 1973, 11: 117 —120.

Carlsson, A.: Amphetamine and brain catecholamines. In: Costa, E.. Grattini, S. (Eds):
Amphetamines and Related Compounds. Raven Press, New York 1970, pp. 289 —300.

Christie, J. E., Crow, T. J.: Turning behaviour as an index of the action of amphetamines
and ephedrines on central dopamine-containing neurones. Brit. J. Pharmac. 1971,
43: 658-667.

Christie, J. E., Crow, T. .J: Behavioural studies of the actions of cocaine, monoamine oxidase
inhibitors and iminodibenzyl compounds on central dopamine neurones. Brit. J. Phar-
mac. 1973, 47: 39-47.

Faull, R., Laverty, R.: Changes in dopamine levels in the corpus striatum following lesions
in the substantia nigra. Exp. Neurol. 1969, 23: 332 —340.

Ghastyan, E., Szabs, L, Molnar,P., Kolta, P.: Rebound, reinforcement and self-stimulation.
Comm, behav. Biol. 1968, 2A: 235 —266.

Marsden, C. A., Guldberg, H. C.: The role of monoamines in rotation induced or potentiated
by amphetamine after nigral, raphé and mesencephalic reticular lesions in the rat
brain. Neuropharmacology 1973, 12: 195—211.

Szabé, |.: Drive-decay theory of instrumental self-stimulation: motor correlates. Acta physiol.
Acad. Sei. hung. 1972, 42: 255 —265.

Ada Physiologien Academiae Scietiarnum llungaricae 45,1974



292 I. SZABO, L, NEMETH

Ungerstedt, U.: Strital dopamine release after amphetamine or nerve degeneration re-
vealed by rotational behaviour. Acta physioi. scand. 1971, Suppl. 367: 49—68.
Ungerstedt, U., Arbuthnott, G.: Quantitative recording of rotational behaviour in rats
after 6-hydroxydopamine lesions of the nigro-striatal dopamine system. Brain. Res.

1970, 24: 485—493.

Imre Szabs, L&szl6 Neémeth

Orvostudomanyi Egyetem, lIdegélettani Akadémiai Tanszéki Kutato-
csoport,

H-7643 Pécs, Szigeti Gt 12, Hungary

Acla Physiologica Academiae Scientiamm Hungaricae 45,1974



Adu Physiolngicu Academiae Scientiarum Hungaricne, Tomus 45 (3 4), pp. 293—295 (1974)
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A conditioned avoidance response has been elaborated in automatic shuttle
boxes in rats and the effect of post-trial nicotine treatment on learning performance
was measured. The auimals were individually qualified as poor or good learner accord-
ing to their first day, i.e. pretreatment, performance. Nicotine in a dose of 0.05 mg/kg
had no significant effect, while in doses of 0.10—0.20 mg/kg it facilitated the acquisi-
tion of the conditioned response, however, only in the group of good learners.

Nicotine is claimed by many authors to enhance acquisition of new
behaviour in animals. Its learning-facilitating effects seems, however, to be
dependent on many experimental variables. The dose applied (Battig 1969;
Erickson 1971), the interval between administration and experiment (E ssman
1969), the fact whether the nicotine was given before or after training (E rick-
son 1971), the strain of the animals (Bsvet et al. 1966) and the learning para-
digm itself (Garg 1969) are relevant in determining or modifying the behavi-
oural effect. In our experiments carried out for testing some of the above
mentioned results concerning the nicotine effect on avoidance conditioning,
we encountered a further factor which seemed to be crucial in determining
the drug’s effect, namely the animals individual learning capacity.

A total of 100 male Long-Evans hooded rats was used. The animals
were conditioned in automatic shuttle boxes according to Bsvet et al. (1966).
They were given 75 trials per session on 5 consecutive days. In each trial, the
intertrial interval (15 sec) was followed by a 15 sec conditional light stimulus
(CS) overlapping a 5-sec scrambled foot-shock (1 mA). The rats avoided the
shock by running into the adjacent compartment within 10 sec after the onset
of the stimulus. Nicotine hydrogene tartrate dissolved in saline was injected
in doses of 0.05, 0.10, or 0.20 mg/kg intraperitoneally immediately after the
daily sessions (doses are expressed as base). Nicotine was administered post-
trially to control its effect on memory consolidation. In the course of stat-
istical evaluation animals were divided into two groups according to their
performance in the first session, before the first nicotine injection. A 7% per-
formance criterion halved the population; those performing above the criterion
on the first day were qualified as good learners, the others as poor learners.
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Experimental days

Fig. 1. Effect of nicotine on performance of poor learners. Ordinate: per cent of conditional
reactions within the session. Conditional reaction means passing into the safe compartment
of the shuttle box upon onset of conditional light stimulus. Mean + S.E.

1 t t t r
1 2 3 6 5

Experimental days

Fig. 2. Effect of nicotine on learning performance of good learners. For further explanation
see Fig. 1
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No preselection was applied. Animals were randomly assigned into the control
or one of the treated groups 3 days before the first session and qualified as
good or poor learner only for statistical evaluation. The 7% criterion was
chosen because taking this value the whole population could be halved, 49
respectively 51 animals were qualified as poor or good learners on the basis
of the first day performance, i.e. according to their learning capacity displayed
before the first treatment, which took place after the first session.

As Fig. 1 shows, nicotine failed to facilitate the learning performance
of the poor learners. Moreover, animals treated with 0.05 or 0.20 mg/kg
showed a slightly lower avoidance level than the controls, but this difference
was not significant statistically. On the other hand, nicotine treatment with
higher doses improved the performance of the good learners, i.e. of the animals
displaying an above-average performance already on the first day (Fig. 2;
0.001 <c P <c 0-01 according to Student’s i-test comparing the groups treated
with 0.10 or 0.20 mg/kg nicotine to the controls; t was calculated from the
pooled data of the 2nd to the 5th day. With the animals treated with 0.05
mg/kg of nicotine, the difference observed was not significant).

At present we cannot give any comprehensive explanation of the un-
expected finding. According to some data (Orsingher and Fulginti 1971,
1973) nicotine elicits its behavioural effect through central and peripheral
sympathetic stimulation. If the poor learners are fearsome, overstimulated
individuals, an additional excitation brought about by nicotine will only
deteriorate the conditional reflex performance, while in others the same stim -
ulation may improve it.
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Stress response and self-stimulation behaviour of 12 to 17-day-old rats were
investigated. Stressors, such as are intraperitoneal injection of histamine in a dose of
4 mg/kg b.w. or electric footshock, increased plasma corticosterone level 20 min after
application in animals older than 15 days. Self-stimulation could be elicited in the medial
forebrain bundle (MFB) as early as on the 14th—15th day of life. Self-stimulation for
20 min in 15 to 17-day-old rats, and 20-min “passive” electrical stimulation of MFB
with similar stimulus parameters in 12 to 14-day-old animals caused a significant increase
in plasma corticosterone level. Since both the stress response and self-stimulation behav-
iour appear at the same age it can be assumed that the brain structures, and the con-
nection between brain stem and hypothalamus in particular involved into the organiza-
tion of stress response and self-stimulation, are, either identical at least in part, or dis-
play a parallel postnatal development. Direct electrical stimulation of the hypothalamic
structures is capable of activating the hypothalamo-pituitary-adrenocortical system
also in 12 to 14-day-old animals.

In the last years several findings suggested an interaction to exist between
the hypothalamo—pituitary-adrenocortical system and self-stimulation. In-
creased adrenocortical activity was observed during self-stimulation in rats
(Uretsky et al. 1966; Sadowski et al. 1972) and monkeys (McHugh et al.
1967), but a decreased one in cats (Endroczi et al. 1967). On the other hand,
corticosteroid treatment or adrenalectomy influence the rate of self-stimulation;
the frequency decreases after injection of the hormone and transiently rises
following the removal of the adrenals (Hartmann and Koirtay 1971). On the
basis of the data mentioned above the hypothalamo-pituitary-adrenal system
has been supposed to play a modulatory role in the organization of self-stimu-
lation behaviour.

In rats, however, the responsiveness of the hypothalamo-pituitary-
adrenal axis is questionable as for as the first two weeks of life are concerned.
The different stressors (cold, adrenaline, histamine, ether, electric shock, etc.)
used for testing adrenal function proved to be effective at different ages
(lrwin et al. 1950; Jairter 1949, 1950; Endroczi and Toth 1955, Rinefret
and Hane 1955; Baco and Fischer 1956; Eskine 1957; Grégoire 1957;
Schapiro et al. 1962; Baca and Chiodi 1965; Hattmeyer et al. 1966; Levine
et al. 1967; Zahrow et al 1968; Mitkovic and Milkovic 1969; Gray 1971).
Direct electrical stimulation of the rat’s tuber cinereum elicited ACTH release
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only from the 10th day of life on (Endréczi et al. 1957). Since earlier experi-
ments have heen shown that the 14 to 15 days postnatal represent the youngest
age in rats when the self-stimulation can be induced in the lateral hypothalamic
region (Hartmann 1970), the present experiments were carried out in order to
analyse how the function of the hypothalamo—pituitary-adrenal system would
be influenced by histamine-induced or electric stress, lateral hypothalamic self-
stimulationandthe ,,passive” electrical stimulation ofthe samebrain structures.
In addition, the experiments aimed at revealing possible correlations between
the time ofthe first appearance of self-stimulation and stress response in young
rats.

Methods

The experiments were carried out on 12 to 17-day-old R-Amsterdam rats of both sexes.
The date ofbirth wasrecorded with an accuracy of 812 hours. To ensure homogeneity of weights
and rates of development only litters of 8—10 per cage were used. Each litter was housed
individually, in air-conditioned room with 12-hour light and dark periods. Standard laboratory
food pellets (LATI. Goddll6) and water were available ad libitum. From the seventh day of life
on the offsprings were handled for some minutes every day. Of the youngest rats only those
with opened eyes were used.

Implantation of electrodes. This procedure was performed in each age-group on the day
before the test. The animals were anaesthetized with pentobarbital (Nembutal) and the head
fixed with a special head-holder applied to a stereotaxic apparatus. A bipolar stainless steel
electrode insulated except for the tip was introduced into the medial forebrain bundle (MFB)
in the antero-lateral hypothalamus and fixed to the skull with acrylate. After the operation
the rats were placed back to their cage.

The stereotaxic coordinates were checked in every age-group by making several electro-
lytic lesions in various hypothalamic areas and locating them in frozen sections.

Establishment of stimulus parameters. Early in the morning on the day after operation
the animals were trained to press a lever for rewarding brain stimulation (0.1—0.2 sec train of
rectangular 0.2 msec impulses at a frequency of 100 Hz). The amplitude of impulses was adjust-
ed individually to a value slightly higher than the threshold of self-stimulation. This test lasted
5— 10 min and served to determine the parameters adequate for stimulation. The youngest
rats, 12 to 13-day-old ones used in the experiments were also trained, but they did not display
any pedal pressing; only searching behaviour was observed upon stimulation in some cases.

Experimental test. The experiments were performed on the day following operation
between 12.00 and 14.00 hr. The rats of each age-group were divided into four groups with at
least two animals from each litter.

Group I: Intact animals. After the intraperitoneal injection of 0.1 ml physiological NaCl
the rats spent 20 min in the test-box and were immediately decapitated afterwards.
Group Il: Histamine-treated animals. A dose of 4mg/kg b.w. of histamine (Peremin®?

Chinoin) was injected intraperitoneally. After 20 min spent in the test-box the rats were decapi-
tated.

Group Ill: Operated controls. The cables were connected to the implanted electrodes,
but no stimulation was applied. The animals were placed into the test-box for 20 min and then
decapitated.

Group IV/A: Self-stimulating animals. After 20 min self-stimulation with the individ-
ually adequate stimulus parameters determined in the morning session the rats were decapi-
tated.

Group IV/B: This sub-group included younger (12 to 14-day-old) animals who showed
no pedal pressing. The animals were stimulated externally with stimulus parameters similir
to those used in Group IV/A, and designated as “passively” stimulated rats. The animals were
decapitated after 20 min.

In order to check the effectiveness of histamine, some of the 13-, 15- and 17-day-old
animals were subjected to an electric footshock (5 mA, 5 sec) as a stressor. They were decapi-
tated after 20 min spent in the test-box.
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Corticosterone determination. The blood collected after decapitation was centrifuged and
plasma corticosterone level determined with the spectrofluorimetric method of PURVES and
Sirett (1965).

Histological control. The brains were fixed in 10% formol. Localization of electrode was
made in frozen sections according to the method of Guzman-Flores et al. (1958). Only animals
with accurate electrode localization were included into the statistical evaluation.

Statistical evaluation was made according to Student’s t-test.

Results
Self-stimulation behaviour

In full agreement with our earlier results 12- to 13-day-old rats did not
show self-stimulation. Only two out of the 10 animals of 14 days pressed the
pedal, but even those with very low' frequency only. From the age of 15 days
on every rat pressed the lever for rewarding stimulation and the frequency of
pedal-pressing gradually increased with increasing age (8«200—600 responses
per hour; Tahié 1).

Table 1

Frequency of self-stimulation in young rats

Mean of pedal- Mini_mum and
Age in days No. of pressing per maximum of
animals 20 min pressings per
20 min
14 2 77 54 and 100
15 8 90 66 and 109
16 8 113 75 and 187
17 8 124 75 and 194

Effect of intraperitoneal histamine injection

Twenty min after intraperitoneal histamine injection the plasma cortico-
sterone level did not change in 12 to 13-day-old animals when compared with
NaCl-treated controls (Group Il vs. Group 1). A slight, but not significant
increase was found in 14-day-old rats. The elevation of plasma corticosterone
level became significant at the age of 15 days, and was more pronounced in
older animals (Table II).

Effect of electric foolshock

In order to exclude the possibility that young rats are insensitive to the
histamine dose applied 13-, 15- and 17-day old animals were stressed with an
electric footshock. There was no significant difference in changes of plasma cor-
ticosterone level following histamine injection or electrical stress (Table 11).
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Table 11

Effect of intraperitoneal histamine (4 mg/kg b.iv.) and electric footshock on
plasma corticosterone level (jug/100 ml plasma)

Mean + S.D.
Age in Group I, i.p. phys. Group I, i.p. histamine
days NacCl [electric footshock]* P
12 6.6+ 1.3 (8) 7.2+ 1.0 (8) N.S.
13 6.5+1.2 (8) 6.5+ 1.5 (8) N.S.
[6.9+1.9 (6)]*
14 8.3+ 0.7 (8) 10.3+2.0 (9) 0.05 < p < 0.1
15 7.7+ 15 (8) 12.3+2.4 (8) <0.01
[12.1+ 2.1 (6)]*
16 7.8+1.7 (8) 14.0+2.0 (8) <0.001
17 8.3+ 1.3 (8) 19.0+ 3.0 (8) <0.001

[18.0+1.8 (6)]*

In brackets: number of animals
*plasma corticosterone level after electric footshock
N.S.: not significant

Effect of iipassive,” stimulation and self-stimulation

When compared with the operated but not stimulated group, both
“passive” electrical stimulation and self-stimulation of MFB significantly
increased plasma corticosterone level (Group IV vs. Group IlI; Table I11).
Table 111 also shows the plasma corticosterone level of two self-stimulating
14-day-old rats. The plasma corticosterone level of the 16 to 17-day-old oper-

Table |11

Effect of “passive” stimulation and self-stimulation in M FB on plasma cortico-
sterone level (p.g/100 ml plasma) in young rats

Mean + S.1J.
Age in Group 111, operated Group 1V, stimulated
days control animals animals P
12 7.5+1.5 (8) 119+ 1.5 (8)* <0.01
13 7.9+ 1.7 (8) 11.1+ 1.4 (8)* <0.01
14 9.0+ 2.4 (8) 13.6+ 2.4 (8)* <0.01
12.8 and 14.4 (2)
15 10.1+ 2.7 (8) 141+ 2.0 (8) <0.05
16 9.9+0.7 (8)** 12.9+2.5 (8) <0.05
17 10.7+ 1.6 (8)** 20.0+2.5 (8) <0.001

In brackets: number of animals
* “passively” stimulated animals
** significantly higher (p < 0.05) vs. Group | (see Table 1I)
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ated control animals was significantly higher than that of the NaCl-treated
controls (Group 1), presumably because of the stressor effect of the electrode
implantation performed on the day before.

Discussion

Data concerning the age at which stress response of rat’s hypothalamo-
pituitary-adrenal system appears are contradictory. In our investigations an
elevation of plasma corticosterone level after i.p. histamine injection could be
first observed in 14- to 15-day-old, and a long-term stressor effect of the opera-
tion in 16-day-old animals. The possibility that one of the components of
hypothalamo-pituitary-adrenal system in younger rats fails to secrete the
required hormone (CRF, ACTH, corticoids) can be excluded. Schapiro et al.
(1962) suggested that i.p. ACTH injection increases plasma corticosterone level
in the rat from the first day of life. It was also shown that the pituitary gland
secreted ACTH as early as in the first postnatal week (Jairter 1951; Schapiro
1962). Hiroshige and Sato (1970, 1971) revealed the eminentia mediana to
contain CRF in 2-day-old rats, but the increment of the CRF activity after
stress became significant on the 14th postnatal day only. According to our
own data the electrical stimulation of MFR region elicited a significant increase
of plasma corticosterone level in age-groups in which histamine or the electric
footshock proved to be ineffective. These data and the ineffectiveness of both
stressors renders it improbable that it is only the low sensitivity of younger
rats to histamine which is responsible for the absence of elevated plasma corti-
costerone level; rather, the findings indicate a lack of other mechanisms in-
volved in the stress response in adults. Although the structures through which
histamine elicits its stressor effect are not accurately known it can be supposed
from the ineffectiveness of electric footshock that the afferent pathways from
brain stem to hypothalamus are immatured at this age. Some other findings
also support this assumption. The circadian rhythm of the hypothalamo-
pituitary-adrenal system in the maintenance of which the subcortical structures
and connections play an important part (Garicich et al. 1965), also appears
at the third postnatal week in the rat (Hiroshige and Sato 1970). The imma-
turity of mesencephalic-basal forebrain connections in rats before 14 to 15
days of age was demonstrated by Endroczi and Hartmann (1968) in studies
on the appearance and maturation of evoked potentials in brain stem and fore-
brain.

On the other hand, the importance of brain stem—forebrain connections
in the organizaton of self-stimulation behaviour was emphasized by many
authors (Deutsch and Howarth 1963; Endroczi et al. 1967; etc.). The pres-
ent observations, according to which 14 to 15 days represent the youngest age
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at which pedal-pressing self-stimulation will develop in MFB, can also be
explained with the maturation of this connections.

On the basis of the coincidence that both self-stimulation behaviour and
stress response of hypothalamo-pituitary-adrenal system to intraperitoneal
histamine injection or electric footshock appear on the 14 to 15th postnatal
day one can assume that brain structures and connections involved in the
two processes either come to maturity parallelly at identical point of time, or,
that the same structures play a part both in self-stimulation and stress mecha-
nism.
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Recensiones

Zsuzsa Hollan
Haemoglobinok és liaemoglobinopathiak

280 pages, with 128 figures and 24 tables.
Akadémiai Kiad6, Budapest 1972

In the preface of her book the authoress points at the increasing gap separating basic
from clinical research, although the unfamiliarity with the results of basic research is a hinder-
ance in diagnostic and therapeutic work. One of the aims of the book is to bridge over this
gap, and this intention is tackled in an exemplary way. The book alloys the most abstract
molecular-biological data with practical observations seemingly insignificant at first sight.

Chapter 1 deals with the structure, development and function of the haemoglobin
molecule, and the second one with its polymorphism. They summarize the pertinent knowl-
edge in such a way as to make it understandable even for readers without any particular
expertness in either biology or haematology.

Chapter 3 describes the haemoglobinopathies, among them the rare cases of beta-tlialas-
saeinia recognized by the authoress in Hungary.

Chapter 4 deals with labile haemoglobins; these deviations rare forms are of importance
in both research and practice as they lead to haemolytic anaemia. Mainly on the basis of own
investigations, the pathomechanisin of inclusion formation is described together with the clin-
ical course and treatment of labile-haemoglobin disease.

Chapter 5 discusses the haemoglobinopathies causing congenital cyanosis, and
M-haemoglobin disease. Characteristics of the cases observed in Hungary are described in detail.
It is really exciting to follow the discovery of a new haemoglobin-anomaly starting from cya-
nosis as the only symptom.

Chapter 6 describes the haemoglobinopathies causing polyglobulia, diseases which have
been recognized in the last years. Correct diagnosis in these cases is of importance not only
for the fate of patients; the authoress was the first to obtain evidence of the alpha-chain being
coded by at least two genetic locus-pairs also in human haemoglobin. This is a discovery of
considerable molecular-genetic significance.

Chapter 7 deals with the geographical distribution of haemoglobinopathies and with
population-genetic problems. All the haemoglobinopathies, which concern several million
individuals, are beta-chain variants. The study of these deviations has created geographic
haematology, a branch of important in future anthropological research.

Finally, Chapter 8 shows the perspectives of genetic research. The idea does not seem
unreal that just these or similar molecular-biological and genetic research will lead to the
elaboration of a causal therapy of hereditary diseases by means of a transfer of normal genetic
information (“genetic engineering”).

This monograph on haemoglobins and haemoglobinopathies fills a real gap and its
reading is enjoyable from beginning to end.

The book is indispensable for the clinician and all those interested in molecular biology
and genetics. The beautiful illustrations deserve particular mention; they greatly contribute
to the value of the text.

Ibolya Nagy
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K. Lissak (Ed.)
Hormones and Brain Function

Publishing House of the Hungarian Academy of Sciences,
Budapest, and Plenum Press, New York 1973. 529 pages

The volume presents the Max Keiss memorial lecture and forty-five papers delivered
during the Second Congress of the International Society of Psychoneuroendocrinology or-
ganized by Professor K. Lissak, and held in Budapest, Hungary, from July 1 to 3, 1971.

An outstanding assembly of internationally respected scientists reports on some of the
most crucial aspects of the exciting field of psychoneuroendocrinology in this volume. The
advances disclosed are of remarkable importance. Starting with the neonatal and ontogenetic
aspects of the brain—pituitary system, it has been fascinating to learn of the uncommitted
nature of its embryonic matrix and the role of perinatal hormonal actions in determining its
development and subsequent sexual polarization or disturbances in maturity. Sections I,
I1l, IV and V deal with the control, biosynthesis, and release of pituitary hormones: psycho-
pharmacology, and neurochemical bases of drug actions; hormonal influences on brain func-
tions; and clinical neuroendocrinology. Reports on these topics and other clinical areas of
research show the current status and concepts of the field and the vigour with which the So-
ciety attempts to fulfil its mission of bringing psychiatry and neuroendocrinology together
to ensure an improved approach to the treatment of mentally disturbed patients.

The papers and bibliographies will be most helpful to workers in this field, and the very
well produced volume is a reference book indispensable in every self-respecting medical library.

B. Flerko

E. Bromser, A. Kleinzeller (Eds)
Current Topics in Membranes and Transport

Volume 4. Academic Press, New York, London 1973.
X X1l + 351 pages, with 21 figures and 14 tables.
Price: US $ 28.50; £ 13.70

This volume is dedicated to the memory of Aharon Katzir-Katchalsky (1913—1972).
The biographical appraisal is written by S. R. Caplan; it contains the bibliography of the
principal publications of Katchalsky on membrane phenomena.

The four chapters of the volume contain: The Genetic Control of Membrane Transport
by Cosolyn W. Stayman; Enzymic Hydrolysis of Various Components in Biomembranes and
Related Systems by Manhendra Kumar Jain; Regulation of Sugar Transport in Eukaryotic
Cells by Howard E. Morgan and Carl F. Whitfield; Secretory Events in Gastric Mucosa
by Richard P. Durbin. The volume ends with an author and subject index.

This 4th volume of the series Current Topics in Membranes and Transport will be an
important source of information for all research workers interested in biological transport in

the fields of biochemistry, biology and physiology.
K. Lissak

Olga Hudlicka
Muscle Blood Flow, Its Relation to Muscle Metabolism and Function

Swets and Zeitlinger N. V., Amsterdam 1973. VIII +
219 pages, 47 figures. Price: Dutch FI 54.—

In the six chapters of the monograph, the authors discuss in Chapter 1, the Anatomy
and histology of muscle circulation; Chapter 2: Basic mechanisms regulating muscle blood
flow: adaptation of muscle blood flow to systemic circulatory changes; Chapter 3: Humoral
mechanisms affecting muscle circulation; Chapter 4: Nervous regulation of muscle circulation;
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Chapter 5: Muscle metabolism and blood flow; Chapter 6: Disturbances of muscle circulation.
The volume concludes with abundant references and an author and subject index.

The monograph provides a large number of references from the last century up to 1972.
The book will be interesting for physiologists, biochemists and pathophysiologists.

K. Lissak

T. Kawai
Clinical Aspects of the Plasma Proteins

lgaku shoin LTD, Tokyo, and Springer-Verlag, Berlin, Heidelberg, New York 1973.
XVI + 464 pages, with 278 figures, 90 tables and 20 colour plates.
Price: DM 136.-; US $ 52.40

This book is the partly revised English edition of the monograph “The Plasma Pro-
teins, Their Fundamental and Clinical Aspects” published in Japanese in year 1969. The first
part discusses the fundamental and physiological properties of plasma proteins, but the most
significant part deals with the pathophysiology of the plasma protein abnormalities. They
are well-known to cause functional disorders of the tissues and, inversely, the pathologic
changes of tissues may result in plasma protein alterations.

The book consists of four sections. Section I, Introduction discusses in Chapter 1 the
Fundamental Structure of Proteins, and in Chapter 2 the General Principles of Protein Frac-
tionation. Section 11, Properties of Individual Plasma Protein Components. In Chapter 3,
Plasma Proteins Included in the Albumin Fraction are discussed; in Chapter 4, Plasma Proteins
Included in the a,-Fraction; in Chapter 5, Plasma Proteins Included in the a2Fraction; in
Chapter 6, Plasma Proteins Included in the ~-Fraction; in Chapter 7, Fibrinogen and its De-
gradation Products; in Chapter 9, Glycoproteins and Lipoproteins. Section IlIl deals with the
Metabolism of the Plasma Proteins. Chapter 10, General Survey of the Plasma Protein Metab-
olism; Chapter 11, Synthesis of the Plasma Proteins; Chapter 12, Bodily Distribution of the
Plasma Proteins; Chapter 14, External Loss of the Plasma Proteins. Section IV discusses
the Diagnosis and Pathogenesis of Plasma Protein Abnormalities. Chapter 15: Diagnostic
Approaches in Plasma Protein Abnormalities; Chapter 16, Variations in the Measurement
of the Plasma Proteins, Chapter 17, Interpretation of Serum Protein Patterns; Chapter 18,
Plasma Protein Changes in Malnutritional Conditions; Chapter 19, Plasma Protein Changes
in Protein-losing Conditions; Chapter 20, Plasma Protein Changes in Hepatic Disorders;
Chapter 21, Plasma Protein Changes in Acute Phase Responses; Chapter 22, Plasma Protein
Changes in Polyclonal Hyperimmunoglobulinemia; Chapter 23, Plasma Protein Changes in
M-Proteinemic Type; Chapter 24, Abnormal Plasma Proteins; Chapter 25, Defect Dysprotein-
emias; Chapter 26, Hyperlipoproteinemia; Chapter 27, Plasma Protein Changes in Pregnant
and Fetal Periods. Each section is complete with abundant references. The volume ends with
a subject index.

The volume will be a very valuable source of references for workers in the clinical
laboratory, clinical pathology and biochemistry.

K. Lissak

B. Jirgensons
Optical Activity of Proteins and Other Macromolecules

Molecular Biology, Biochemistry and Biophysics, Vol. 5. Second,
revised and enlarged edition. Springer-Verlag, Berlin, Heidelberg, New York 1973.
1X -f- 199 pages, with 71 figures. Price: DM 59.80; US $ 23.10

W ith the application of physical methods in the study of the structure of proteins and
other biological macromolecules, great advances have been made in protein chemistry. Par-
ticularly the optical rotatory dispersion (ORD) proved successful in solving structural prob-
lems. The purpose of the monograph is to introduce the reader in the use of spectropolari-
metric methods and to their applications in the problems of molecular biology. The first edition
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of the monograph was published by Springer-Verlag in 1969, under the title: Optical Rotatory
Dispersion of Proteins and Other Macromolecules. During the last ten years, optical rotatory
dispersion and circular dichroism (CD) have established themselves fully as leading methods
in the study of conformational transitions of peptides, proteins, and various other lyopolymers
in solution.

The contents of the volume are as follows. Chapter I, The Realm of Proteins. Structural
Features. The Phenomenon of Optical Activity. Historical Highlights. Chapter Il, The Phenom -
ena of Optical Activity. Terms and Definitions. Theoretical Considerations. The Drude and
M offitt Equations. Chapter Il1l, Polarimeters and Spectropolarimeters. The Measurement of
Onptical Activity. Chapter IV, Optical Activity of Amino Acids, Peptides, and Proteins. Chap-
ter V, The Optical Rotatory Dispersion of Polyamino Acids and Proteins. Measurements
in the Visible and Near Ultraviolet Spectral Zones. Chapter VI, The Far Ultraviolet Cotton
Effects of Synthetic Polyamino Acids. Chapter VII, The Cotton Effects of Conformations
of Proteins. Chapter VIII, Cotton Effects and Conformations of Nonhelical Proteins. Chapter
IX, Optical Activity of Structural Proteins. Chapter X, Optical Activity of Nucleoproteins,
and Histons. Chapter X1, Optical Activity of Glycoproteins and Lipoproteins. Chapter X1l
Concluding Remarks.

The volume ends with a list of references and a subject index.

The book is a very important reference work for workers and postgraduate students
of molecular biology, biochemistry and biophysics.

K. Lissak

T. Ando, M. Yamasaki, K. Suzuki
Protamines: Isolation, Characterization, Structure and Function

Molecular Biology, Biochemistry and Biophysics, Vol. 12.
Springer-Verlag, Berlin, Heidelberg, New York 1973.
IX + 114 pages, with 24 figures. Price: DM 48.—; US $ 19.70

The history of nucleoproteins dates back to over a century. In the nucleoproteins
nucleic acids combine in some manner with proteins. They are found in most living cells.
The term “protamine” was given by Miescher (1874), but he failed to observe the protein
nature of protamine, and after 20 years Kossél and his collaborators found complexes of nu-
cleic acid with various kinds of protamine. Protamine was considered important in view of
its occurrence in cell nuclei. It proved to have the simplest amino-acid composition among the
proteins. After the second World W ar, a remarkable progress was made in chemical methods
and techniques, which revolutionized the field of protein chemistry. The Japanese research
group of Tokyo under the leadership of Professor T. Ando w#s able to add new points to the
results concerning the chemical structure of protamines. The studies of this group have estab-
lished a general means of determining the primary structure of each component of protamine.

The contents of the volume are: Chapter |, Introduction. Chapter Il, Distribution of
Nucleoprotamines and Protamines. Chapter IIl, Preparation of Nucleoprotamines and
Protamines. Chapter IV, Composition. Chapter V, Molecular Weight. Chapter VI, Chemical
Structure of Nucleoprotamines and Protamines. Chapter VII, Heterogeneity of Protamines
and Homogeneous Molecular Species of Protamines. Chapter VIIlI, Chemical Structure of
Homogeneous Molecular Species of Protamines. Chapter I1X, Physical Structure of Nucleo-
protamines and Protamines. Chapter X, Properties and Functions.

The volume ends with abundant references and with a subject index. It will be interesting
for molecular biologists, biochemists and biophysicists.

K. Lissak
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V. Neuhoff (Ed.)
Micromethods in Molecular Biology

Molecular Biology, Biochemistry and Biophysics, Vol. 14.
Springer-Verlag, Berlin, Heidelberg, New York 1973.
XV + 428 pages, with 275 figures and 23 tables.
Price: DM 98.—; US $ 40.20

The book contains contributions by G. F. Baiir, P. Dormer, J. E. Edstrém, U. Lee-
mann, G. M., Lehrer, F. Ruch, H. G. Zimmer; it is a treasury of selection of up-to-date
practical methods of molecular biology, based on the authors own experience in whose labo-
ratories the methods described are performed routinely.

The contents of the book are as follows. Chapter 1: Micro-Electrophoresis on Polyacryl-
amide Gels by V. Neuhoff; Chapter 2: Micro-Determination of Amino Acids and Related
Compounds with Densyl Chloride by V. Neuhoff; Chapter 3: Micro-Determination of Phospho-
lipids by V. Neuhoff; Chapter 4: Micro-Diffusion Techniques by V. Neuhoff; Chapter 5:
Capillary Centrifugation by V. Neuhoff; Chapter 6: Micro-Electrophoresis for NNa and
DNA Base Analysis by J. Edstrom E. and V. Neuhoff; Chapter 7: Determination of the Dry
Mass of Small Biological Objects by Quantitative Electron Microscopy by G. F. Baiir; Chapter 8:
The Construction and Use of Quartz Fiber Fish Pole Balances by G. M. Lehrer; Chapter 9:
Microphotometry by H. G. Zimmer; Chapter 10: Cytofluorometry by F. Rush and U. Lee-
mann; Chapter 11: Quantitative Autoradiography at the Cellular Level by P. Dormer;
Chapter 12: Micro-Dialysis by V. Neuhoff; Chapter 13: Micro-Homogenisation by V. Neu-
hoff; Chapter 14: Wet Weight Determination in the Lower Milligram Range by V. Neuhoff,
Chapter 15: Micro-Magnetic Stirrer by V. NEUHOFF: Chapter 16: Production of Capillary
Pipettes by V. Neuhoff. The volume is complete with a subject index.

This book is a very important help and reference work in the daily work of molecular
biology laboratories.

K. Lissak

P. R. Stewart, D. S. Letiiam (Eds)
The Ribonucleic Acids

Springer-Verlag, Berlin, Heidelberg, New York 1973.
XV + 268 pages, with 56 figures and 14 tables.
Price: DM 45.40; US $ 20.50

This volume is based on a postgraduate course organized by the University of Canberra
“to attempt to provide a comprehensive, though not excessively detailed outline of biological
roles of RNA”.

The eleven chapters of the book deal with the most important basic knowledge related
to ribonucleic acids (RNA), with the aim of supplying the postgraduate student with directives
in the vast literature on RNA. The chapters give the whole material of the course.

Chapter 1: RNA in Retrospect by D. S. Letiiam, P. R. Stewart and G D. Clark-
Walker; Chapter 2: Transcription by G. M. Polya; Chapter 3: Nuclear RNA by H. Naora;
Chapter 4: Messenger RNA by A. J. Howells; Chapter 5: Transfer RNA and Cytokinins
by D. S. Letiiam; Chapter 6: Ribosomal RNA by L. Dalgorna and J. Shine; Chapter 7:
Translation of Messenger RNA by G. D. Clark-Walker; with an Appendix on the Inhibitors
of Translation by P. R. Stewart; Chapter 8: Mitochondrial RNA by P. R. Stewart; Chapter 9:
Chloroplast RNA by P. R. Wiiitfeld; Chapter 10: Viral RNA by A. J. Gibbs and J. J.
Skehel; Chapter 11: lIsolation, Purification and Fractionation of RNA by P. R. Stewart;
Subject Index.

The book is a useful basic text for postgraduate students of biology, biochemistry,
biophysics and physiology, but will be a good introduction for everybody interested in the
problems of molecular biology.

K. Lissak
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E. K. F. Bautz, P. Karlson, H. Kersten (Eds)
Régulation of Transcription and Translation in Eukaryotes

Springer-Verlag, Berlin, Heidelberg, New York 1973.
VIl + 349 pages, with 131 figures.
Price: DM 68.-; US $ 27.90

The volume contains the proceedings of the 24th Mosbach Colloquium held in April,
1973, in Mosbach, Germany, under the auspices of the Gesellschaft fiir Biologische Chemie.

The 18 papers presented by a group of internationally outstanding scientists are pointed
in five main chapters: Chromosome Structure and Function, Transcription I, Transcirption II,
Translation I, Translation Il. Each paper was followed by discussions which greatly increase
the value of the book. Instead of a broad topic the subjects discussed at the Symposium were
concentrated on a few aspects of gene expression in reasonable detail. Dr Bautz pointed out
that “the symposium was concentrating on four questions, which are most basic to an under-
standing of the mechanism of transcription and translation and for which fragmentary but
nontheless reliable experimental results have become available within the last few years.
These are the structure of chromatin, the synthesis of messenger RNA, the structure of the
active ribosome, and the role of inactivation factors in protein synthesis”.

The book presents an informative survey of what is known presently and also what
we need to know in order to understand the molecular mechanisms by which gene expression
is regulated. This very important source of informations will be an indispensable reading for
biochemists and biologists interested in the recent problems of molecular biology.

K. Lissak

H. Precht, J. Christophersen, H. Hensel, W. Larcher (Eds)
Temperature anti Life

Springer-Verlag, Berlin, Heidelberg, New York 1973.
XX - 779 pages, with 263 figures. Price: DM 142.—; US $ 58.30

The present volume is a revised and enlarged English version of the German book
“Temperatur und Leben” by H. Precht, J. Christophersen, H. Hensel. The main theme
of the book is the adaptation of organisms to changing temperatures. The present book was
written with the contributions by K. Brick, D. M. Gates, B. Havsteen, U. Heber, I. L.
Ingrahm, H. D. Jankowsky, H. Laudien, K. Napp-Zinn, A. Pisek, P. Paths, K. A. San-
torius, A. Vegis; it presents a complete survey of the whole subject of thermoregulation of
living organisms, microorganisms, plants and homeothermic organisms including man. Each
chapter concludes with abundant literature and the volume ends with a subject index.

The book is very important especially for biologists working in microbiology, botany,
zoology and medicine, and interested in thermoregulation.

K. Lissak

W. Wieser (Ed.)
Effects of Temperature on Ectothermic Organisms

Ecological Implications and Mechanisms of Compensation.
Springer-Verlag, Berlin, Heidelberg, New York 1973.
X1 + 298 pages, with 126 figures. Price: DM 66.—; US $ 27.10

The book contains the Proceedings of a Symposium held at Obergurgl, Austria, from
4 to 8 September, 1972. The concept on which the Symposium was based on the witty draft
“there are two sides to the coin mechanism and ecology”. The nearly sixty participants pre-
sented 26 papers in the fields of mechanism, ecology and cold resistance.
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The book is an important source of informations and references for research workers
and postgraduate students in physiology, zoology and ecology, interested in the field of thermo-
regulation.

K. Lissak

H. Bartels, K. Riegel, J. Wenner, H. Wulf
Périnatale Atmung

Physiologische Grundlagen und therapeutische Konsequenzen.
Springer-Verlag, Berlin, Heidelberg, New York 1972.
X1l -~ 101 pages with 50 figures. Price: DM 22.—; US $ 7.

The oxygen needed by the fetus is transported through the maternal respiratory system,
maternal blood and the placenta before it reaches the fetal blood. There are differences in the
process of gas-exchange in the lung and placenta. To understand the dramatic physiological
changes taking place when fetal circulation and breathing are switching over from the intra-
uterine type to that existing in extrauterine life, the analysis of the details of gas transport
in maternal and fetal blood is of a vital importance.

The first chapter of this book is a review of the physiology of gas-transport in the lung
and blood, analyzing the buffer capacity of the blood, the role of circulation in gas-transport,
and the regulation of respiration. The second chapter deals with pulmonary ventilation during
pregnancy, the functions of maternal and fetal blood in ventilation; the mechanism of gas
exchange in the placenta. The details of uterine blood flow are also discussed. A separate
chapter is devoted to the problems of gas exchange and gas transport in the placenta during
labour. The most detailed part of the book analyzes the factors of gas exchange in the immediate
postnatal period and the fifth chapter summarizes the special details of treatment indicated
in various cases of perinatal respiratory failure.

W ithout oxygen, there is no human life. Without transport, there is no oxygen for
the human fetus. Without adequate therapeutic measures, there is no future for the newborn
suffering from respiratory failure. The book deals with the up-to-date answers to the majority
of questions related to the problems mentioned above. It is therefore an excellent and indis-
pensable guide for those, who have to take the responsibility for human life in utero, and
also immediately after it.

G. I1lei

K. Eckoldt, C. Pfeiffer, R. Winter (Eds)
Physiologie und Pathophysiologie des Warmehaushalts

Ergebnisse der experimentelle Medizin, Vol. 11.
Verlag Volk und Gesundheit, Berlin 1973. 257 pages.
Price: M 28.15

The volume contains the contributions presented at a symposium organized jointly
by the Physiological and the Pathophysiological Societies of the German Democratic Re-
public in May, 1971. The contributions covering a wide field are published in extenso with the
pertaining literature, but without the discussions. It is regrettable that two years elapsed
between the symposium and the publication of its valuable material. Nevertheless, the volume
is useful as a source of information on the work performed in the German Democratic Re-
public in this field. In addition, some contributions from other socialist countries are included.

Sz. Donhoffer
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E. Schénbaum, P. Lomax (Eds)
The Pharmacology of Thermoregulation

Proceedings of a satellite symposium held in conjunction with the fifth International Congress
on Pharmacology, San Francisco 1972. S. Karger, Basel, Miinchen, Paris, London, New York,
Sydney 1973. X1V + 583 pages, with 159 figures and 44 tables.

Price: DM 169.-; £ 23.80; US $ 58.30

As pointed out in the preface, the title of this volume fails to indicate the wide range
of the contributions which cover beside pharmacological aspects many other problems of the
physiology and pathophysiology of thermoregulation, including clinical observations. In
addition to the fairly extensive references listed in the individual contributions, a cumulative
list of references (1227 items), and a useful subject index of 16 pages enhance the value of the
volume. Discussions are not included in detail. The main points which arose in the course
of the discussions have been summarized by the editors in 5 pages. The contributions maintain
a high level throughout the well edited and finely produced volume.

Sz. Donhoffer

V. Sigusch
Ergebnisse zur Sexualmedizin

W issenschafts-Verlag, Koln, Basel, Minchen, Paris, London, New York, Sidney 1973.
2nd Edition. 186 pages, with 26 figures and 10 tables. Paperback.
Price: DM 12.—; US $ 4.05

Research of sexual behaviour had begun in the first decades of this century; it gained
independence as a new branch of science in the forties. Before World War Il its main fields
were biology, zoology, endocrinology and neurophysiology; nowadays, the theory and practice
of sexuality, determined by social relations and grounded biologically, is the common work
of physicians, sociologists and psychologists.

From the middle 50’s up to 1970 the leading personality of German sexology was Hans
Giese; his contributions were especially important in the field of psychopathology. A quite
new, existentiallistic-phenomenological school with many psychiatrists has developed around
Giese. The author of the present book was also a pupil of this school, and now he is the leader
of the Department of Clinical Sexology at the University of Frankfurt am Main. In his book,
he gives a survey of modern sexual-pathological, physiological and sociological knowledge
and the tasks of sexual medicine. His starting point is the fact that, while the number of
patients with sexual problems, conflicts and behavioural disturbances is extremely high and
continuously increasing, sexual-medical education and expertness of the medical students
and physicians is still one-sided and imperfect.

Chapter 1 of the book surveys the reality of the creation of sexual medicine as an in-
dependent branch of science in the light of the most recent results. It outlines the 26 items of
the author’s two-semester university lectures which deal with the problem according to di-
dactic points of view, without aiming at completeness. As starting basis the author lays down
seven thesis concerning the relationship of medical science and sexuality.

The history of medicine is at the same time, the history of a struggle against sexuality.
In medicine, sexuality means malady, abnormality, perversities and criminology.
Medicine regards sexuality as first and foremost a reproductive function.

Medical science ignores the pleasure-giving function of sexual life.

. Medical science does not strive after susceptibility to sexuality, after the emancipa-
tion of sexuality; it aims at its “conservation by elimination”.

6. The sexual morals of medicine are oppressive, rigidly insisting upon traditions.

7. A study of sexuality within the frame of medical sciences is not desirable, and
sexual medicine does not even exist.

These theses actually outline the prejudicial system developed within medicine and
existing even at present; at the same time, the thesis serve as working hypothesis for the
creation of sexual medicine.

GEWON
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Chapter 2 deals with the physiology and psychology of sexuality, differentiating the
éenital and extragenital sexual reactions of females and males. The human sexual-psycho-
logical reactions are, of course, different in the two sexes. It is especially difficult to approach
the problem of female orgasm. No similar reaction occurs in animals. In women the orgasm
is not coupled with such a well-defined physiological event as is the ejaculation of males.
Further differences between the two sexes can be found in 1. the running-up curve of sexual
excitation; 2. subjective experience of the orgasm; 3. content of the orgasm; 4. duration of
the refractory period following orgasm; 5. sensation of satisfaction caused by consecutive
orgasms. Female orgasm presumably takes place entirely within the nervous system, and its
mechanism is of psychological nature.

At the end of this chapter the author describes some own experiments to demonstrate
the differences in the reactions of the two sexes. The emotional and autonomic reactions evoked
by psychosexual stimulation by means of sex films and diapositives are compared in male
and female groups. The results refute the myth propagated even today concerning the unlike
character of psychosexual excitability in the two sexes. The antisexual, dual morals of civilized
countries punishes more severely and suppresses more strongly the sexual manifestations
of girls than those of boys of similar age. No sexual interest and desire were allowed to develop
in the woman; most girls of the traditional education became frigid. The mother opposing
sexuality damages the sexuality of her son, which leads to homosexuality and other disturb-
ances of sexual behavior; and she passes her own frigidity, her own emotional immaturity
to her daughter.

Chapter 3 describes the investigations performed with sociological methods of
V. Sigusch, G. Schmidt and H. Giese.The basis of sexual sociology has been laid down by
A. C. Kinsey in his book on American sexual behaviour. After Kinsey, comprehensive in-
vestigations have been started also in Europe; in 1953 L. Freideburg published the results
of a German analysis similar to the Kinsey report. Sigusch then describes the sexual behavi-
oural patterns of three classes of society, based on analyses performed on workers and uni-
versity students between the age of 20 and 21 as well as on secondary class students between
16 and 17 years of age. Investigation of the latter age group is of special significance since
youth today also wittingly emphasizes the peculiar characteristics of the transition from
childhood to adulthood. The special culture of the young, their contentions and system of
value form the so-called “youth culture”, the sexual standards of which are described in detail.

The closing part of the book deals with sexual deviations; it is the common work of
G. Schmidt, E. Schorsch and V. Sigusch. Schorsch outlines the relationship of sexual
deviations and the general attitude to illness as follows.

1. According to the traditional psychiatric concept any deviation in sexual behaviour
is abnormal and pathological.

2. A sexual deviation is not necessarily an abnormity or illness but, first of all, such
a rare behaviour which offends the moral laws of the society.

3. Some sexual deviations are only variants of sexual behaviour, with intact person-
ality.

4. Since sexual deviation does not necessarily mean a psychopathological syndrome,
the mere existence of a sexual deviation does not mean an indication for treatment.

5. When the individual experiences his sexual deviation as an “illness”, this awareness
of malady is often a reaction to the intolerance of the environment, or, the manifestation
of the internalization of the operative morals.

6. Treatment of sexual deviants should aim at liberating the deviations sexuality and
not at freeing them from it.

Finally, taken into account the points mentioned above, the authors make suggestions
for a reform of the criminal sexual law. This detour also shows that the borders of sexual
medicine as an independent branch of science can be outlined only by means of a complex
approach.

The book‘s construction shows the author’s endeavour to bring in harmony the con-
ceptions of psychophysiology, psychoanalysis, dynamic psychiatry and personalistic psychol-
ogy. At the same time it shows the complexity of approaching sexual problematics and calls
attention to the prejudices of the medical and lay attitude.

A. Stark
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PE3IOME

AVICK-3NEKTPO®OPETUYECKOE WCCNEJOBAHUE BE/IKOB CbIBOPOTKM _
MATEPUHCKON KPOBW, KPOBM MYMOYHbIX COCYAOB W OKOJIOMN/I04HOWA
XUAKOCTU

I TAH, I UANTEW n N. YEX

Y 25 6GepeMeHHbIX >KeHLUWMH WCCNefoBanu [AWCK-3n1eTpodope3oM 6Genku CbIBOPOTKM BO
BpeMsi 6epeMeHHOCTM M Yepe3 BOCEMb Hefdenb nocne pofos. Kpome Toro, aHanM3mMpoBany cocTas
6e/IKOB aMHUOTUYECKOM XKUAKOCTU M KPOBM MYMOYHBIX COCYHOB (apTepuasibHOi 1 BEHO3HOM).
KonunyecTBeHHble M Ka4eCTBEHHble N3MEHEHWS, 6eNIKOB MaTePUHCKON KPOBMW, MMEBLUME MECTO BO
BpeMsi 6epeMeHHOCTU, OTCYTCTBOBa/IM B KPOBM MYMOYHbIX COCYL0B, B @aMHMOTUYECKON XUAKOCTM
1 B CbIBOPOTKE KPOBU TOM XKe >XEHLUMHbI Yepes BOCeMb Hefesb noc/e pogos. CUMTaoT, YTO KOMM-
YeCTBEHHble M3MeHeHWsi 6GenkoB, XapakTepuaytoLine 6epeMeHHOCTb, CBOAATCSH K MOBbILLIEHUIO
CoAepXaHus BbICTPbIX ¥ Mef/IEHHbIX NOCTaNbOYMUHOB U TpaHC(heppuHoB. B nonosuHe cnyyaes
B CbIBOPOTKE MaTEPUHCKONM KPOBW Obli 06HapPY>KeHbl ABe GenkoBble tpakuum (npotenH! Gepe-
MEHHOCTW 1 MpPOTenH2 6epeMeHHOCTN) B 06/1aCTW anba-2-rnobynnH, He NpeAcTaBfieHHble HU Y
OAHOr0 BKAA XXMBOTHbIX.

SOPEKT MPOCTAMMNMAHANHA E, HA COCTAB CBOBOJHbLIX XWNPOBbIX KNCNIOT
B CbIBOPOTKE KPOBW KPOJ/IMKOB

M. . MUXANNOB

Wccnepoanca athdekT npocTarnaHavHa E, Ha cocTaB CBOGOAHBLIX XMPOBbLIX KWCMOT B
CbIBOPOTKE KPOBW KPOJIMKOB C MOMOLLBIO Fa30BO/ Xpomatorpagmu. bbino ycTaHOBAEHO, 4TO
YPOBEHb HEHACBILLEHHbIX XXMPOBbIX KUCAOT (/IMHONEBONW, HEMTAHON M apaxWAoHOBOW KUCAOT
noBbIlWancs. B To e BpemMs NPOMOPLMSA HACbILLEHHbIX XMPOBbIX KUCMOT (3a WCKIOYeHUEM
CTeapMHOBO KMCNOTbl) YMeHbLUanachb. Pe3ynbTaTbl 06CYX4AlOTCH Ha OCHOBAHUW W3BECTHbIX
MeTabonmyeckmx agekToB npocrarnaHanHa E,.

OENCTBME TEHOTOMWWN HA COCTAB NUMWAOB MbILLL, C PA3INYHBIMY
BMONOIMMYECKNMU dYHKUNAMN

N. XEWHEP, N. IOMOHKOLI n M. BAPFA

Yepes ofHy 1 [iBe Heflenn nocrie TEHOTOMUM Y KPbIC UCCNeoBani CocTas AMMUA0B TOHN-
yeckoii m. soleus, MPOMEXYTOYHOro Tuna (CogepXallelt TOHUYECKMe N TeTaHNYeCKne BOSIOKHA)
m. gastrocnemius v TeTaHM4ecKol m. vastus lateralis. Uepes ogHy Hegento noce onepawuyMmKonu-
YeCTBO TPUIMLEPMAOB ¥ (OChHONMNMAOB BO3POCIO TOMbKO B TOHMYECKMX Mbllilax. 3T0 BO-
3pacTaHue 6bi10 60nee BbIpaXXEHO MOCMe ABYX HedeNb. B 3T0 BpemMs KOMMYECTBO BbILIEYMO-
MSAHYTBIX MMUL0B BO3PACN0 TaKXe B MblLLLE MPOMEXYTOYHOro Tuna. C Apyroi CTOPOHbI B Te-
TaHWYEeCKOI MbILLLE COCTaB NMMNWAOB HE U3MEHWIICA 3HAYNUTENbHO AaXke Yepe3 ABe Hefenu rocne
TeHoTOMUM. KOAMYeCcTBEHHble M3MeHeHWs (ocoNMNUA0B TOXe MOrM ObiTb 06HapYXeHbl B
TOHWYECKOW MblllLe 4epe3 [Be Hedenu nocne TEHOTOMWMM: BO3POC/IO COAEPXaHWe >XMPHOro
anbfernaa XonmH-hocdaTnaos 1 He-XoNMH-hocthatiaos. OnNnCaHHbIe U3MEHeHUs docgonuninaos
B TOHWYECKOM MbILLLE MOC/e TEHOTOMUW MOT/IM 6bITb MPefoTBpalleHb! BbIMOHEHHON OfHOBpE-
MEHHO C TeHOTOMUeW [eHepBaLueil.



BAVNAHWME MOBbLILULEHHOIO BEHO3HOIO JAB/IEHUVA KPOBU HA
BHYTPUMOYEYHYO TEMOANHAMUWKY

r. KEBEP, /1. . XAPWWHI un 1. XAPWUWHI

B akcnepumeHTax Ha cobakax nog HemMOyTanoBbiM HapKO30M OblIO WCCMEdOBaHO Aeit-
CTBME MOBbILIEHUS BEHO3HOTO [ABNEHUS HA BHYTPUMOYEUHYIO LMPKY/IALUMIO KPOBU. BeHosHoe
AaB/ieHne Nosbiwany Ao 30 MM pT. CT. MyTeM 4acTUYHOTO MEpPexXaTust BeHbl HA IeBON CTOPOHE
noukn. O6LMin peHanbHbI KpoBoTOK (TRBF) uamepanca nytem c6opa BbITEKAOLLEN KPOBU.
MoyeyHbIli, KOPTUKaNbHbIA U MeLYNNAPHbIA KDPOBOTOK M3MePANMCh aKCTpakuveid Rb un3 TkaHu
(Rb—RBF) TRBF He n3mensncs, B 710 BpeMsi Kak Rb—RBF yMeHbLUancs nponopuuoHanbHoO
YMEHBLLEHWIO pa3HULbl apTepnasibHO-BEHO3HOI0 AaBneHuns. MNpuyemM CHUXEHVE KPOBOTOKA, B Me-
OYNNApHOM BelLecTBe 6bI10 60MbLLIMM, YeM B KOPTUKaSbHOM. B KOHTpOse He 6bi10 06Hapy>KeHo
Takoi pasHuubl Mexxay TRBF n Rb—RBF. Bbino Takxe ycTaHoBneHo cHwkeHne OFR, Konu-
YyecTBa MOYM U BblAeNEHNs HaTpua. Kak rnokasana akCcTpakuma Rb, pegyKums KpoBOTOKa MOXeT
00BACHATLCA NepepacnpefieNeHNeM KPOBU U3 HYTPULIMOHHBIX KanuispoB B HEHYTPULMOHHBIE.
KanbKynauusa conpoTWBNEHUA COCYAOB MO3BOAWIO MPefnonoXuTb, YTo MepepacnpefeneHune
KPOBOTOKa MOXeT OblTb NOKann30BaHO, rNasHbIM 00pa3oM, B MOCTIIOMEPY/IAPHOM CerMeHTe
IOKCTa-MeaynnspHoOi LUPpKYN[aLun.

BINAHNE TUMOKCUN HA TEPMOPEIYNATOPHYHO TEMAOMPOAYKLUUNIO WU
TEMIMEPATYPY TENA Y HOBOPOXAEHHbLIX N MON10AbLIX MOPCKNX CBUHOK

M. ®APKALWL n C. JOHXO®DEP

Ha MOpCKMX CBMHKax B Bo3pacTe MeHee yeM 48 yacos, 3—6 fHei, 7—9 aHeid, 10—20 aHel
n 30—60 aHelt npu BHelHel Temnepatype (Ta) 20°C nccnefoBasn M3MEHeHVe TeMMepaTypbl B
TONCTOM KuLeyHuKe (Ta) n Tennonpogykummn (V02), BblAepXUBas XMUBOTHbIX Npu 12% 02u npu
8% 02 [ina cpaBHeHWs1 UCMOMb30BAIUCL AaHHblE, NONMyYeHHble B aHANOrUYHbIX YCMOBUAX Ha
B3POC/IbIX MOPCKUX CBUHKAX. Jkcnosuums npu 12% 02 He BbisbiBaia U3MeHeHWid V02 Hi B
OfHO 13 BO3PACTHBIX TPYNN XUBOTHBIX, OAHAKO MOC/E OKOHYaHWs IKCNO3ULmKM BennduHa V 02
3HaUMMO BO3pacTana B rpynnax ot 7 aer. Mpu skcnosuumm 12% 02 cpefHve BENMUYNHBI 13-
MeHeHuii Tennonpoaykuyuu (/102), 3aperucTpupoBaHHbIX B OTAE/IbHLIX HAO/IOAEHUAX, NOKasaiu
3HaUNTeNbHOE MOBbILLEHWE TEMONPOAYKUMK B rpynnax 3—6 AHeid n 7—9 gHeid. Bbino ycTaHo-
B/IeHO, YTO pacnpefesnexune A O, npy 3kcnosnuuum 12% 02 cTaTUCTUYECKM OT/IMYAETCS Y rpynn
YXMBOTHbIX B BO3pacTe MeHee 10 [Hell OT 6onee CTapLiMX BO3PacTHbIX rpynm. W HaobopoT, npu
akcnosuuun 12% O, nmenocb 3HaunTeNlbHoe CHMXeHne TCBO BCeX BO3PAaCTHbIX rpynnax. 3ta
peakums 6bina MeHée BbipaeHa B rpynnax 3—6 u 7—9 [iHeil N0 CpaBHEHWIO C MIaAWUMK 1
CTapwnMmn rpynnamu >XXMBOTHbIX. B0o BCex BO3pacTHbIX rpynnax T2Bo3pacTana B BbiCLUel CTe-
MeHN 3HA4MMO MoC/ie OKOHYAHMs 9KCMO3WLMW. PacnpefeneHne ATC B BO3PaCTHbIX Fpynnax
3—6 aHel n 7—9 AHeil 3HAYMMO OT/IMYANOCh OT TaKOro B rpynnax MeHee yem 48 yacos, 10—20
1 30—60 fAHeid, HO He 6b10 06HAPYXKEHO PasNNYMIA B pACTIpefeneHnn AT CMexXay Tpems nocnef:
HVMMW BO3pacTHbIMK rpynnamu. Mpu akcnosmummn 8% 02kak T¢ Tak 1V 02CcHUXanucs B BbiCLIEN
CTEeNeHn 3Hauynmo. ocne OKOHYaHuA akcno3uumm V 02 Bo3pacTan Bbllle NPe3KCrno3nNLMOHHOIOo
ypoBHA. TakXe WMeno MecTo 6bICTpoe COMyTCTBYOLLee Bo3pacTaHue Tc Mpu akcnosuuuu
XUBOTHBIX B 8% O, ..1VO, 6bl/1a 3HAUYNTENIbHO MEHBLLIE B [iBYX CaMbIX MAaAWMX rpynnax, Yem B
CTapwmx rpynnax HOBOPOX[AeHHbIX. PacnpefeneHne A Q2 BblYMCNEHHOE 1A TPeX MnafLinx
rpynn, B3ATbIX BMECTE, OT/IM4A/I0Ch OT TaKOBOrO B OOLLEN rpynne HOBOPOXAEHHbIX oT 10—20
aHeii n ot 30—60 AHeil. Hambonbliaa AT CHabntoganack Npu skenosvumn 8% 021 6Gbina noutw
OJMHaKOBOI B BO3PaCTHbIX rpynnax MeHee yem 48 yacoB v B rpynne 10—20 aHeid, 06e 13 KoTo-
PbIX 3HAYMMO OT/MYAUCh OT APYrMX BO3pacTHbIX rpynn. B nocnedytoline 3a OKOHYaHUEM
aKCmosvumn 15 MUH AT C6blNa 3Ha4MMO Bblllie B Camoil MNajLueii rpynne, Yem B Apyrux. B apy-
TMX rpynnax HOBOPOXJAEHHbIX BE/MUMHA AT CObIIa NAEHTUYHOM, HECMOTPS Ha TO, YTO BO BPEMA
MpeSLIecTBYIOWeld TUMOKCMM UMeNo MeCTO ee MafeHvie, W ypoBeHb TC K MOMEHTY OKOHYaHWs
TUMOKCUW 3HAYUTE/IBHO OT/IMYANCA B 3TUX rpynnax. B NMpoTUBOMONOXHOCTbL KpbiCaM U KPOJIN-
KaM, Yy KOTOPbIX OTINYMA MeXAY HOBOPOXKAEHHLIMU U BO3POCNbIMU XMUBOTHLIMU UMEIOT TEHEH-
LMo K MOCTENEHHOMY CTUPAHUIO, Y MOPCKMX CBUHOK A T C)XMBOTHbIX B BO3pacTe MeHee uem 48
4yacoB HanmoMMWHaeT TakoBY B rpynne 10—20 gHeli ropasgo 60nblue, YeM B rpynnax 3—6 wau
7—9 pHeil. TepMoperynsaTopHas cucTema NO-pasHOMY pearvpyeT Ha XOMOf4 W TMMOKCUI0 BO



BpeMs HeoHaTalbHOro nepuofa. Torja Kak nafeHue TC B OTBET Ha X0/10f 6blI0 MEHbLIUM B
BO3pacTe MeHee yem 48 uyacoB, NafieHne TCB OTBET HA UMOKCUIO 6bIN0 3HAUYNTENLHO GOMbLINM
YeM B rpynnax XnBOTHbIX B Bo3pacte 3—6 1 7—9 AHel.

OENCTBUME ®U3NONOMMYECKUX [03 BA3OMPECCUHA VI OKCUTOLIMHA HA
M3BEITATEJIbHOE N WUCCNEAOBATE/LCKOE MOBEAEHWE KPbIC

X. Wwynu, r. KOBAY un . TENErgn

Bbino uM3y4yeHo [feiicTBME Manbix A03 BasonpeccHHa (30 MEQ[,KF) M OKcuTOUMHA
(30 MEpL Kr) Ha aKTUBHOE W MaccMBHOE M30DeraHns U Ha UCCNefoBaTe/lbCKY aKTUBHOCTb. Hu
BA30MPECCUH, HN OKCUTOLMH He OKa3blBasM Kakoro-nnbo BAWAHWUA Ha BblpabOTKY akTUBHOIO
n3beraHus, B TO XKe BpeMs ero yralleHue 3aflep>XVBasiocb Ba30NPeCCUHOM W YCKOPSNOCh MOf
B/IUSHNEM OKCUTOLMHA.

AHanu3 peakumm naccuBHOro msberaHus anektpowoka (PSAR) no3sonnn ycTaHOBMUTB,
YTO BasonpeccuH ykopaumsaeT PSAR B MOBTOPHbIX WUCMNbITaHUAX. OKCUTOUMH He OKa3sblBas
BNMAHMA Ha PSAR. KccnefosaHve MoBefeHWSA «OTKPLITOrO Mons» rokasano, YTOo Bas3OoMnpeccuH
3HAUNTE/IBHO CHUXXaN TOJMIbKO BENUYUHY [edekaumu.

BIMAHWE MOBPEXAEHWA RAPHE CPEAHEIO MO3rA HA AHEBHbLIE WU

BbISBBAHHbLIE CTPECCOM W3MEHEHUA COAEPXXAHWUA CEPOTOHUNHA B

OTAE/bHbIX OBMNACTAX JIMMBUUYECKOW CUCTEMbI U HA ®YHKLMIO
AJIPEHA/IOBO CUCTEMbI ¥ KPbIC

n. BEPMELW, . TENEFAN n K. TNWWAK

Ha XVBOTHbIX C MoBpexgeHneM raphe cpefHero mo3sra onpegenanca yposeHb CepoTOHNHA
B CpefiHeM Mo3re, runnokamne, cBofe, MUHAANEBUAHOM AfPe U TUNoTanaMyce, a TakXXe coaep-
YKaHWe KOpTMKOCTepoHa nnasmbl B 8, 16 1 24 yaca.

MocnepytoLLee 3NEKTPOIMTUYECKOE MOBPEXeHWe afiep raphe cpefHero mMosra npuBeno K
MCYE3HOBEHMIO [HEBHbIX KONebaHUii cofepXkaHns CepoTOHMHa B MO3re M KOPTUKOCTepOHa nas-
Mbl. YpOBeHb CepOTOHMHA CHU3UICA Ha 50—75% BO BCex UcCnefoBaHHbIX 06nacTaX MO3ra, a
YPOBEHb KOPTUKOCTEPOHA M1a3Mbl YBENUYWUICA NPUMEPHO B TPU pasa, no CPaBHEHUIO C 0ObIYHBLIM
YTPEHHUM YPOBHEM.

CTpeccoBast peakLusa Ha aup ¥ 3NeKTPUYECKMIA LLIOK Y XXMBOTHBIX C NOBpeXaeHnem raphe
cpefHero mosra 6bl1v 06/1eryeHsbl U BO3paLleHne K UCXOAALLEMY YPOBHIO — 3aMef/ieH0. Y pOoBeHb
rMnoTanaMmyeckoro CepoToHWHa 6bln 60/ee HU3KMM, YeM Y KOHTPOSIbHBIX, Y HE M3MEHANCA Ha
CTpecc.

P Pa6oTa Mo3BonseT MpeanofioXuTb, YTO AApa raphe CPeAHEro Mo3ra OTBETCTBEHbI 38 PUT-
MUYecKne KonebaHus cofepXKaHns CepoTOHMHA B TMMOUYECKON CHCTeMe, KOTopas HaxoguTcs B
PeLynpoOKHON CBA3W C rMNoQU3apHO-HaAMOUYEUHNKOBOR CUCTEMONA.

YPOBEHb 3H-MENATOHWHA B LIEPEBPOCMUHANBHOMN XUAKOCTU W©
COCyAnCTOM  CIMJIETEHUW TOCNE BHYTPUBEHHOIO MPUMEHEHWA
PAOVNOAKTUNBHBLIX COEAVNHEHUNN

b. MEWLW un I'. N. TPEHTUHW

B3pocnbiM caMuam KpbIC BHYTPUBEHHO BBOAWAM 3H-MenatoHHH u  ;H-M-auetun-
cepoToHuH (NAS). B pas3nnyHble uHTepBasibl BpeMeHW OT 1MUH [0 12 4acoB M3Mepsanu paguo-
aKTMBHOCTb LiepebpocnuHanbHol Xugkoctn (CSF), nnasmbl, COCYAWUCTOrO CMIETEHWUS, FUNo-
Tanamyca ¥ cpefHero mosra. bbina obHapyXeHa BblCcOKas aKTMBHOCTb CSF. MWK aKTMBHOCTU
HacTynasn yepe3 5 MUH MOCMe MHBEKLMM, HO 3HAUYMTeNbHaA aKTUBHOCTbL MMena MecTo U yepes 12
YyacoB. AKTMBHOCTb TKaHW cocyamcToro cnneteHns (Ha 100 mr) 6bina B 3—12 pa3 Bblille, Yem



OCTanbHbIX TKaHei mosra. Kak nokasana nepdysws mosra 13nMonornyeckum pactBOpoM, BbICO-
Kvil ypoBeHb pagunoakTMBHOIO MenaTOHMHA B COCYAMCTOM CMAeTeHUW He 6bin CBA3aH C cofepia-
HMEM KpoBW opraHa. [Mogo6Ho menaToHuHy 3H-NAS vMen 04MHaKOBYH) KOHLEHTpauuw B
cocygucTtom cnneteHun n B CSF.

[lenaeTcq 3aKnt0YeHne, YTO COCYAMCTOE CnaeTeHne NOriowaeT UHAONAMUHBI U3 KPOBU U
Bbigenset ux B CSF.

AKTUBHOCTb CORPUS STRIATUM KOLWIKW BO BPEMA ECTECTBEHHOIO
CHA; KOPPENALMOHHbLIA AHANN3

A. WWAPKAOW, 4. T. TPAM AH, A. HAb n N. TOMKA

Ha 9 KowkKax B YCNOBMAX XPOHWYECKOrO 3KCMepuMeHTa MPOBOAWAM aBTO- U KpoOCC-
KOPPeNsAuMOHHbIA aHann3 akTWBHOCTW CEHCOMOTOPHOW Kopbl (MC), BEHTpanbHOro 3ajHena-
TepanbHoro agpa (VPL) u BeHTponatepancHoro sgpa (VL) Tanamyca, kaygatym (Cau), 6negHoro
wapa (GP) u nogywku (Pu) BO Bpems eCTECTBEHHOIO CHa.

YacToTa BepeTeHo06pasHbIX BOIH BO BPeMs MNOBEPXHOCTHOIO W MefJIeHHO-BOSIHOBOIO CHa
6blna 12—17 kon/cek B CEHCOMOTOPHOW KOpe 1 B ABYX figpax Tanamyca, oT 10 go 15 kon/cek B
6nefHom wape un oT 9 1o 12 kon/cek B KayfaTyM. AKTUBHOCTb NOAYLLIKY XapaKTepn3oBanach fo-
BO/IbHO CTabWNbHOI YacToTOl M aMNAUTY[OI Kak npy 604pCTBOBaHWM, Tak BO BPEMS MeA1IeHHO-
BO/IHOBOW CTafuW CHa.

Bbino 06HapyeHo, UTO B KaXA0M U3 UCCNeLOBaHHbIX CTPYKTYp MNpW BCEX COCTOSHMAX
MeANeHHbIV 1 BbICTPbIA KOMMOHEHTbI aKTUBHOCTMW 3HAYUTENbHO OTIMYANNChL MO UX CWUMe U CBA3MN.
MpakTnyeckn, Tonbko B MC MMena MecTo AOMWHaHTHas MeA/leHHO-BO/IHOBAsA aKTUBHOCTb 2—3
Kon/cek. Vi3amMeHeHus akTMBHOCTM Mc 1 VPL Obinn OSHOTUMHBIMU MPU Pa3NUYHbBIX COCTOAHUSAX,
B TO )K€ BpeM$s akTMBHOCTb VL 6bina MOX0Xel Ha akTMBHOCTb MEPBbIX ABYX CTPYKTYpP a Takxe
Ha aKTMBHOCTL C. Striatum. Bo Bpemsa REM-cTagum cHa 6bl1a 3apernctpupoBaHa MAeHTUYHas
akTuHocTb VL, Cau, OP 1 Pu. VPL 1 VL aKTUBHOCTY 06bIYHO ObISIN CUHXPOHHLIMU C aKTUBHOC-
TAMU APYTUX CTPYKTYpP, (ha30Bble OTHOLUEHUA O6bIMHO ObINM MOCTOSHHLIMU WU U3MEHANUCH
He3HaunTenbHO. dPa3oBble OTHOLLEHMS akTuMBHOcTelr GP, Cau, u Pu noytu Bcerga Obuin B3a-
MMOCBSA3aHbl M N3MEHANNCL OfHOHaNPaB/ieHHO MO Mepe YriybneHns cHa. HammeHblune 3Haue-
HUA MOKasaTens B3aMMHON COrNacoBaHHOCTWM aKTMBHOCTEN Pas/IMYHbIX CTPYKTYP, OCOBEHHO
c. striatum, Habnoganuce Bo BpeMa SWS-cTafumn B MeXaHu3Max cHa

O6CyxaaeTca BO3MOXHOE (YHKUMOHaNbHOE 3HayeHWe BepeTeHO-06pasHON BOMHOBON
aKTUBHOCTMW, MeAIeHHbIX BO/IH U 6a3anbHbIX raHrines B CHa.

BANAHUNE NHIMBUATOPOB XO/IMHACTEPA3bI HA YYBCTBUTE/IbHOCTb MbILLEN
K MEHTETPA30NY

N. ObEPAbL u M. JOAA

®U30CTUIMUH U MApaoKCOH YBE/MUMBAOT YYBCTBUTENILHOCTb MbILLell K NEHTETPasosy B
TO BPEMSI KakK HEOCTUIMUH YMeHblUaeT ee. Masble 403bl OKCOTPEMOPUHA YCUNMBAIOT AeiCTBYe
MeHTeTpasona, a Gosbluve — TOPMO3AT.

AHTUXO/IMHEPTUYECKUE CPeACTBA aTpPONMH U MeKaMuiaMUH TOPMO3AT o6/ervatoLlee
CY[IOPOXHYIO TOTOBHOCTb fECTBME (PU3OCTUIMUHA. AHANOTMYHLIM 3((EKTOM 0671aal0T UHIU-
GUTOPbI aMUHOKCMAA3bl HUAAMUA 1 TPAHUILMNPOMUH.

SOPEKT APOMEPNAONA HA SNEKTPUYECKYIO AKTMBHOCTbL KJ/IETOK
MPEACEPANA KPOJIMKA

A. TAPUVMA-BAPPETO n L. MONYHWH

ONEeKTpUYecKas akTMBHOCTb TKaHW MPaBoOro npeacepavs KposvKa 3aperucrpuposanach
BHYTPWUK/IETOYHbBIMW 3/1EKTPOAAMU NMPU ,CI.EVICTBVII/I HeﬁpOHEHTMHECKOFO areHTa gponepugosn. bbino
YCTaHOBJ/IEHO, 4YTO MPOAO/IKUTENBHOCTbL MNOTEHLUMaNa ,D.EIZCTBMH, dVv/dt, COKpalljanacb, 4YactoTa
paspsALoB CHMXKanach 1 cepALe ocTaHaBNMBaNOCh Noc/e AUTENbHOMO BANAHMA BeLLecTBa. AMNAN-



Tyfla AMACTONMYECKOW [enonspusaumm n «overshoot» yMeHbLWanUch B CKPbITbIX «pacemaker»
KneTkax. lpoOTMBOMONOXHO, B HAaCTOAWMX «pacemaker* KneTkax amnauTyaa MoBbILLANACh,
W COEAVHEHWE He OKasblBa0 B/INSHWS HA UX aBTOMATW3M.

Pe3ynbTaTbl MOKAa3bIBAKOT, YTO BbICOKAs KOHLEHTPALMS WW 4IUTENbHOE BAUSHUE ApO-
nepuzona Bbi3blBaeT 6/10KaJ UMMY/bCOB, FEHEPUPOBAHHbLIX B CUHYCHOM Y3fe.

OEMNONAPUIYIKOWEE BANAHUWE BEPATPUMHA HA CKEJIETHYIO MbIWLUY
E. BAPFA, W. TECTEWN u M. JAHKO

MexaHn3m [enonspusyioLlero [eicTBus BepaTpuHa WCCMEfOBANCA Ha MOPTHSXHON
MbILLLIE NATYLIKW.

1 Tocne ydaneHus BHEKNETOUHbIX WMOHOB X10pMAa BEpaTpuH NPOAO/IKAN OKasbiBaTh
[enonspusytollee AeiCTBME HA MbILLLLY.

2. MNocne yganeHns BHekneToyHoro kanma 0,1 MM BepaTpuHa He BbI3blBaa Lenonapu3sa-
LMKN B TeYeHWe 2 —3 4acoB Hab/MIOfEHNA, @ eCny BbI3bIBaJ,, TO TO/IbKO B TEYEHWE 3HAUYUTENbHO
bonee [4ONTOro nepuoda BPeMeHW, UYeM B pacTBope PMHrepa cogepxatem 2,5 MM Kanus.

3. [lenonsipusytowee geiicteve 0,1 MM BepaTtprHa He MpOSIBASZIOCH B MAMNEPTOHUYECKUX
pacTtBopax pas/IM4YHOro cocTasa (O6bIHHbII/I pactBop PuHrepa + 150 MM NaCl; 06bluHbIit
pacteop PuHrepa + 300 MM caxaposbl; 06bluHbiii pacTsop PuHrepa + 300 MM T/110KO3bl)
HECMOTPS Ha TO, YTO B 9TWX YC/IOBUAX (PYHKLMS FeHepaLyn Cnaiikos He HapyLuanacs.

4, E,CI,VIHI/I'-IHbII/I ANEKTPUYECKUIA CTUMYN, MPUMEHEHHBIA B COOTBETCTBYHOLLYIO (hasy na-
TEHTHOTO NEPUOAA MeXAy annnukauueid BepaTpuHa U passuTMEM [Aenofisipusaln Mor rnochny-
XWUTb TPUITEPOM MOSB/IEHWS BepaTPUHOBOW Aenonspusauum.

OENCTBUE © CPOACTBO K XONMHOPELEMNTOPAM CKEJIETHbIX MbILLLI
COEAVHEHNI NONNMETUNEHA-BUC-TPUMETUITAMMOHUYMA

A. ®. JAHWNOB un B. B. TABPEHTUEBA

1 Ha npsmoiil MblLiLe XWBOTA NATYLUKA MCCNeoBaM AeiiCTBME aHaNoroB NoSMMeTUE
Ha-6uc-TpumeTunamMmoHnyma (BTM), cogepkawimx ot3 fo 20 METUNEHOBBIX FPYNM MeXAy AByMS
atomamy asoTa. Onpefensiv Tun AgiCTBMA, aKTMBHOCTb M KOHCTaHTy cpoActea (Ka) coeau-
HeHWI.

2. bbina ycTaHOB/IEHA CBA3b MeX[y TUMOM [eliCTBUS COeAMHEHNIA HA CKENETHYH MbILLLY
N MeXAY KOHCTaHTOW CpOACTBa K aueTUXONMHOBbIM peuenTopaM. COeAWHEHWS C HU3KWUM 3Ha-
yeHvem Ka (BTM-4—BTM-6; Ka= 3,3—10X KX®) oka3anucb CnabbiMW aHTaroHMcTamu, coegu-
HeHUua co cpefHUM 3HaveHVem Ka (BTM-7—BTM-14; Ka= 3,3x 104—2,1x 10%) 6bim 4acThy-
HbIMU aroHUCTamMU, & COEAVHEHUS C BbICOKVM 3HAYEHNEM Ka(BTM 15 - BTM- 20; Ka= 6,7x 10"
2,9x10’) geiicTBOBaNM, KakK CTPOrvMe aHTarOHUCTbl. KOHCTaHTy CpoAcTBa aroHUCTa BTM- 3 He
onpeaensnu.

3. PesynbTaTbl MNokKa3anu, 4to no6oe coepuHeHve BTM, KoTopoe [JOCTATOYHO MPOYHO
CBA3bIBAETCA C PELEenTOpOM BbI3biBAeT aLI,ETI/IﬂXOI'II/IHOI'IO,q06HbII/I aeekT. [pyruMun cnosamu,
KOHCTaHTa AMCCOLMaLMM KOMMIEKCa arOHWCT-peLenTop AO/MKHA ObiTb 6/M3Ka K ONTUMYMY.
CoefiHeHWs, Nerko 06pasytoLye KOMM/EKC BeLLecTBO-PeLenTop ABMAKOTCA CTPOrUMMW aHTaro-
HUCTaMW, B TO BPEMSA KaK COefMHEHWs CO cnabbiM CPOACTBOM — cnabble aHTarOHUCTbI.

4. ObCyxaaeTca MexaHM3M, NocpeicTBOM KOTOPOro KOHCTaHTa CPOACTBAa WM3MEHSET TwM
[eNCTBUA COeLMHEHNA Ha aLeTWXONVMHOBBIN peLenTop.

3CTPOTEHCOAEPXALWME OPAJIBHBIE KOHTPALEMNTUBbI W AKTUMBHOCTb
AHTUTPOMBUHA 11

n. PAKOUWN, N. HAAb, N. CUTETBAPW, X. NIOWOHUW, n. XAOAHALb n N. TATU
Bbino nccnefoBaHo 67 XKEHLWMH, NPUHUMAaBLUMX OpasibHO KOHTPaLEenTUBbl PasiMyHoOro

COCTaBa, W MO/yYeHHble JaHHbIe CPaBHUBaNW C JaHHbIMW 3[L0POBbLIX YKEHLUWMH. ICTporeHconep-
Xalme KOHTpauenTuBbl Bbi3blBa/IM CHUXKeHWE aHTUTpom6uHa Il (AT IIl). Takoe cHuxeHue



60nee HaCTO BCTPEYanoCh Y XKEHLIMH, NPUHUMABLLMX MUKW C BbICOKUM COAepXXaHMem 3CTpo-
resa (100 MKr) u 6bi110 6oniee nocnefoBarTeNlbHbIM €CW ANA aHanM3a UCMosb30Bany CbiBOPOTKY
KpPOBM B MPUCYTCTBMMN renapuHa. 3T0 ABNEHWE MOXEeT OblTb MCMNOMb30BaHO KakK [AeMOHCTpa-
LIVOHHbIA MeTOof, BCKPbIBAIOLIMIA TEHAEHUMIO K CHWKeHUto akTueHocTu AT IIl. Camo no cebe
CHmXeHune AT |11 aKTMBHOCTM He 0643aTeNbHO 0003HaYaeT TPOM603MOOINYECKYHO 60E3Hb, HO B
MpUCyTCTBUM APYrUX Mnpegpacrnonaralowunx (akTopoB MOXET MOCAYXWUTb B KayecTBe OAHON
13 BaXHbIX NPUYUH TPOMBO3a.

KONMMYECTBEHHAA PEMrMCTPALUNA BPALWEHWNA, BbBI3BBAHHOIO
nnn NOTEHUMPOBAHHOIO AM®ETAMMHOM ¥ KPbIC MOCNE
ofHOocTOpoOoHHero MOBPEXAEHUNA MO3rA

n. CABO un 1. HEMET

Onuncad annapaT Ans KOJWYECTBEHHOW perucTpauuu MOBEfiEHNS BpaLLEHUS Y KpbiC,
BbI3BAHHOIO /IEKAPCTBEHHbLIMW BELLECTBAMW UMW 3N1EKTPUYECKO CTUMYAsLMed Mo3ra. Annapat
AndhepeHLMpyeT HanpaefeHWe poTauuy W OCYLLECTBASET MOMHYI0 PErUCTPaLMio MoBeAeHNs
BpalLeHUs, UTO YCTPaHAeT HeOOXOAMMOCTb BU3YalbHOTO HaG/lOAeHNs. Ero aNeKTpoHHas yacTb
COCTOMT W3 JIOTMYECKUX CXEM, BbIMYCKAEMbIX MPOMbILLIEHHOCTHHO.

OBNEFYEHNE HUKOTUHOM PE®NEKCA W3BETAHUA: ®YHKUUNA
WHONBUAYANBHOW CMNOCOBHOCTU K YYEHUIO

M. N. CEHEN, N. BOPWW n N. KUPAW

Ha Kpbicax C BblpaboTaHHbIM B cheuvanbHoii knetke (Shuttle-box) c¢ aBTomatu-
YECKUM YnpaBfieHneM un3beratenbHbIM pet/IeKCOM UCCMefoBanca BOMPOC BAUAHWUSA BBEAEHMA
HWKOTUMHA Ha MnpoTekaHuWe obycnasnusaHusA. [lepef BBEAEHWEM HWKOTUHA XWMBOTHbIE Oblin
pa3fieneHbl Ha XOPOLLO W M0oXo 06yyasluMecd NOArPYynMbl Mo pesynbTaTaM Nepeoro fHA Tpe-
HVUPOBKM. HuKoTMH B fo3e 0,05 MI/Kr He OKasan 3HAYMTENLHOTO BAMAHUA. B To XXe Bpems
TakuMe [03bl npenapata, kKak 0,10—0,20 mr/kr o6neryan nosiBNeHve YCnoBHOPeMNeKTOPHbIX
OTBETOB B IPYyrrne XOpoLo 06YYaBLLNXCA XUBOTHBbIX.

CAMOPA3OPAXEHVNE WAOAPEHOKOPTUKANIBHAA AKTUBHOCTb ¥ MOJ10AbIX]
KPbIC

. XAPTMAHH, M. ®EKETE u K. TMWLWAK

M3yuyeHbl OTBET Ha CTPECC ¥ CaMOpasfpaXeHWe Y Kpbic B Bo3pacTe oT 12 go 17 pgHeil.
CTpeccopbl, Kak BBefEHHbIi BHYTPUOPIOLWMHHO FUCTaMWH (4 MI/KF Beca Tena), WAW 3neKTpu-
Yeckuii yfap Ha Horu, yepe3 20 MUH NOBbILWAAW YPOBEHb KOPTUKOCTEPOHA B MasMe Y KpbiC,
crapwe 15 gHeid. CamopasgpaXeHne MOXHO 6blfI0 MOMYYUTb GUMONAPHBIMU 31EKTPOLAMU B Me-
AnanbHOM nyyke nepefHero mosra (MFB) Tonbko ¢ 14- 15-0r0 gHA XWU3HWU. 20-MUHYTHOe camo-
pasfpaxeHue y Kpbic B Bo3pacte OoT 15 go 17 AHeil, n 20-MUHYTHas MaccuMBHas 31eKTpu-
yeckaa ctumynaums MFB ¢ nogo6bHbIMM MMMYNbCHBIMY NapameTpamu, 3Ha4YnMTeNbHO MOBbILLIANN
YPOBEHb KOPTMKOCTEPOHA B M/a3Me Y XMBOTHbIX B Bo3pacTe oT 12 fo 14 gHeil. Tak Kak, Kak
OTBET Ha CTpecc, TaK W camopasfpaxeHune, MOABMANUCL B TOM XXe BO3pacTe, aBTOPbl Mpearno-
naratT, YTO MO3roBble CTPYKTYpbI, W, FMaBHbIM 06pa3oM, CBA3M MeXAy CTBOIOM MO3ra W runo-
TaslaMyCcoM, BK/THOYEHHbIE B OPraHM3aLuio CTPeCCOBOro OTBETa M CaMopasfpaXeHus, 4acTUYHO
Te JKe, WAN OHM TMOKa3blBalOT napansienbHoe MOCTHaTa/lbHOe pa3suTue. [psmoe ane-
KTpUYeCKoe pasfpaxKeHue runotanaMuyecknx CTPYKTYP MOXEeT aKTWBMPOBaTb runoTanamo-
rnnounsapHo-agpeHanoBy0 cucTeMy U B Bo3pacTe OT 12 fo 14 fHeid.
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