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PE3KOME

CPABHUTE/IbHbIE NCCNEOOBAHUVA HAL D-TMVUEPANBAOErNA-3-©OCHAT
OETMMAPASAMW. VI

WccnepoBaHue scceHUMaIbHbIX MOHOB LIMHKA 3H3UMMOB
T. KENETW v M. TENErgn

ABTOpbI 1UcCNefoBan BO3MOXHOCTb 1,10 heHAHTPONMHOM TOPMO3UTb OKWUC/EHWE L-TNK-
uepanbgerna-3-gocata (POA) n u-ravuepansgernga (GA), u-ranuepan baerng-3-gocgat
perngpasoii (PGAD), KpUCTa/IIMYECKU M30/IMPOBAHHOW 13 MbILLL, KPOIMKOB, pOraToro ckota
N CBMHBbMW, U3 NMUBHbIX WU CMUPTOBbIX APOXOKEN, Kak U U3 Mbillbl paka. OHW YCTaHOBWUM, YTO
3TW 3H3MMbl — HE3aBUCUMO OT MPUMEHSIEMOr0 cybcTpaTa — MOXHO TOPMO3UTb MPUGIN3UTENBHO
B 0fVHaKoBOl/ Mepe. Ecnu B peaKLMOHHOM CMecM BMECTO apceHaTa MpUMeHsTb docdar, To
TOPMOXEHVE MPOUCXOAUT Me[J/IEHHee, a €eCc/IM BMECTO BOCCTAHOB/IEHHOrO AncoconupuanHO
Hykneotuga (DPN) npumeHsaTs annokcaH, To D-ravuepanbperng-3-cocat permgpasa He
cnocobHa okucnsiTe D-ramuepanbperng-3-cocar ; Npu TakKUX YCOBUAX OKUCMEHWE L-TNK-
Lepanbaervaa Takxe KaXeTcsi COMHUTENIbHbIM.

3NEKTPO®U3NONOTMYECKUA AHANN3 MOBTOPHbBIX OTBETOB HA
CKPbITOM HEPBE (n. saphenus) KPbIC

A. NMOPCAC

MpumMeHeHVe BepaTpyvHa Ha MOBPEXAEHHOW MOBEPXHOCTM KOXW 06neryaeTt feicTeume
NpoMCXoAALLMX M0f 006/1acTbi0 MOBPEXAEHUSI COMPUKOCHOBEHWIA. HacTynneHuto BbI3BaHHbIX
BEpPaTPUHOM 06/1erYeHNn MOXHO NpensTCTBOBaTb AUHUTPodeHosiom (1 : 1000).

BbI3BaHHbI/i NPUMEHEHNEM Ha MOBPEXAEHHON MOBEPXHOCTU KOXW WNOHOB Kanus, HaTpusi
N NATUSI NOBTOPHbI/ OTBET COCTOUTCA BCEACTBME HEMOCPeACTBEHHOrO AeCTBUS He Ha peLen-
TOPbI, @ Ha aKCOHbI.

ATUNeHANaMMHTETpaaUeTaT, CBA3bIBAOLWMIA KanbUniA B KOMMNEKCHOW (opme, — B Npo-
TMBOMOMOXHOCTb LMTPATy HaTpusi — He Bbi3blBaeT MOBTOPHbIX Pa3psiioB W, ClefoBaTesbHo,
BbI3BaHHasl LMTPaTOM HaTpUs aBTOPUTMUYECKAs [eATeNIbHOCTb, MO BCE BEPOATHOCTM, SABNSIETCA
HemnocpeACTBEHHbIM AeCTBMEM aHWMOHa LuTpaTa.

BbI3bIBaeMbIM MOHaMM MOBTOPHbIM O0TBETAM MOXKHO BOCMpPENsATCTBOBaTb AUHWUTPOEHOOM.

ABTOp 06CY>XAaeT AaHHble pe3ynbTaTbl C TOUKM 3PEHUST HOBbIX IMTEPATYPHbIX AaHHbIX
0 rnpoLeccax HepBHOIO BO3GYXAEHUSI.

OENCTBUE MOBPEXAEHWNA TUMNOTANAMYCA HA ®OCHATULAHBLI OBMEH
BELWLECTB MNMEYEHWN

. Knw, A. I'. 6. KOBAY, M. UPAHbW, A. AHTAN, M. JOAA n 3. MOHOLW

KonunuecTBo BCTPOEHHOro B thochaTmaax apCceHOX0/MHA Ha AeicTBMe ronofaHus B Tede-
Hue 24 wnu 48 vacoB nosblwaetcsa (P = 0,01)

Y KpbIC C yAaNeHHbIMW HaAnoyeyHUKaMu Ha [eliCTBUE rofofaHUsi He COCTOUTCSI CWMb-
HOro MoBbIWEHNS pochaTUAHON0 06MeHa BeLLECTB.

TpW Hefenn nocne 3MeKTPOSIMTUYECKOrO paspyLUeHUsi NepefHe-MeAuanbHbIX obnacTeld
runoTasamMmyca Ha ielicTB1e rofloilaHusi He COCTOUTCSI MOBbILLEHHOTO0 BCTPaMBaHUS apCEHOXO0/INHA,
Hab6/110JaeMOr0 NPU HOPMasIbHbIX YCOBUSIX.

ABTOpbI He HabNwAanM Nogo6HOro AencTBMA B Clydae MOBPEXAEHUS ApYrux obnacrei
runotanamyca Wiu npu BHErMMOTa/IaMUYECKUX MOBPEXAEHUSIX.



VCCNELOBAHUSA BLUENAX NP DEPEHLIVMPOBKW MONOLAAHNI OT HEJOCTATKA
BEJIKOB

M. wow, A. AEKMEH u T. KEMEHb

KauecTBo 6e/K0OB, noefaeMbix GeNbIMU KpbiCamy BO BPeMsi M30KanopUYecKUx rosoja-
HUA, UMeeT ANSi HUX 6O/bLUOE 3HAYEHKeE.

MoTpebneHne KNeliKOBUHbI MiUeHWLbl (HEAOCTATOK /IN3MHA) MeHbLLUE BCEro YCUIMBAEeT
nocneacTBMA ronofaHusi. KopmieHue Kneem (HeOCTaTOK 3TUOHWHA), APOXOKEBbIMU 6Genkamu
(HepocTaTOK S — aMMHOKWCNOTBI) M XenaTWUH + KaseuH-i ugponusaTom (HegocTaToK TPUMTO-
(haHa) B 60/bLION Mepe YXYALIAET COCTOSHME XXMBOTHBbIX.

B cnyyae noBbILLIEHNA KOMMYECTBA K/eiKOBMHbI, BPpeAHOe [eliCTBME KOPM/IEHMS Mocres-
Held, NpU OfVHAKOBbIX YC/MOBUAX YMeHbLUAETCS, B TO BPeMsi KaK MpW MOBbILLIEHWN KOMNMYECTBa
0CTasiIbHbIX TPEeX HefoCTaTOYHbIX A1 NMUTaHWS GeNKOB MPOLECC yXyALLaeTcs.

Mpy BO3MELLEHNM HEJOCTATKOB YeTbIpeX HeAoCTaTOYHbIX 0efKoB TO/IbKO BPeHOro
[elicTBUA APOXOKEBbIX 6GE/IKOB He YyAanocb MPeKpaTUTb.

rYMOPAJIbHAA MEPEAAYA PEHANIBHOW TMMNEPTOHUN
T. TOT

Ha ofHoli U3 coefvHeHHbIX B Napa6nose KpbIC, aBTOP Bbi3Basl MOYEHUHYHD TMMEPTOHUIO
no metoay JlépuHu—opay, a Ha APYroil OH MPOBOAWN OfHOCTOPOHHEE YAANeHWe MOUKW.
KpoBsiHOE AaBfieHMe KMBOTHbIX MOBbLILIANIOCH COMPSKEHHO. Ha Kpbicax ¢ MLLEMU3UPOBAHHO
MOYKOI yanoch Bbl3BaTb MOBbILLEHME KPOBAHOIO AaBeHusl B cpefHeM Ha 75 Hgmm, a 'y napa-
6MOTMYECKO MNapbl HA 62 Hgmm. 3TO [0Ka3bIBaeT, YTO MoYeUHblE TMMEPTOHUN MOXHO Mepe-
JaTb Ha >XMBOTHbIE C HOPMaSibHbIM KPOBAHbLIM [aBfieHWEM FyMOpasbHbIM nyTem. CorfacHo
NINTEPaTYPHbIM aHHbIM, @ TaKXXe W Mo pesynbTaTaM CO6CTBEHHbIX OMbITOB aBTopa, Ha napa-
6UOTMYECKME KPbICbl HeMb3sl MepefaTh FMNePTOHWIA MPU yaaneHWn noYek, U OHU PasBUBaloTCA
ropasfo MmegsieHHee. M3 aToro o6CToATENIbCTBA aBTOP 3aK/IHOYAET 0 HAMUMKU Pa3INUHBIX Mexa-
HW3MOB ABYX BWIOB FUMePTOHUIA.

NCCNEOOBAHWA MPOMETA3VHOM. II.

AHTUITMCTaMUHOBOE AGMCTBMG onNTUYeCKnx BVI,IJ,OI/IBMGHGHVII‘/JI (beHepraHa
A. BOPWMW, I'. TASAPHE, X. UNIMAANA u N. TONbAWN

ABTOpbI UCCNEAOBa/IN TOKCMYHOCTb, aHTUIUCTAMMHOBYH aKTUBHOCTb W HApKO30Mo-
BblLLaloLLee fe/icTBME OMTUYECKMX W30MepOB (heHepraHa.

OHM YCTaHOBW/N, YTO :

MeXAY TOKCUYHOCTbIO, aHTUIMCTaMUHOBOW aKTMBHOCTbIO U HApPKO30MOBbILLIAOLLEM [eii-
cTBUM pauemaTos, (-(-) n (—) eHepraHoB Ha MOAB3AOLLHOA KWLUKE MOPCKMX CBUHOK, KPOBS-
HOM JaB/IeHUUN KOLUEK M acTMe MOPCKMUX CBUHOK He HabnojaeTcsi pasHuupbl.

CnepoBaTenibHO, MeX[y aHTUIUCTaMMHOBOM aKTUBHOCTbI WCCNEA0BAHHbLIX ApPYrMMu
aBTOpaMu CTPYKTYPHbIX W30MepoB (M30-(heHepraH) U TOW uUccnefoBaHHbIX aBTopamu OMTU-
YeCKMX BWOOU3MEHEHWIA CyLLeCTBYeT pasHULA.

®APMAKONOMMYECKUNE AENCTBUA 3NACTA3bI MOAXKENYAOUHOW XKENE3bI
M. BOPW MW, X. YAK, I. IABAP u [. BATAN

ABTOPbI MCCe0Bann (hapMaKoIornyeckue AeicTBrS anacTasbl NOMKENYA0UHON Xenesbl
M YCTaHOBUAW :

TOKCMYHOCTb 3H3UMOBbLIX MNPENapaToB Pas/IMYHOA aKTUBHOCTM NPU  BHYTPUBEHHOM
BBEfleHUN KpbIiCamM M MbilLaM SIBMSETCA (PYHKLMEA WX a1acToNUTUYEcKOl apheKTUBHOCT —
yeM 60/ible aKTUBHOCTL Mpenapara, TeM W 60/blle ero TOKCUYHOCTb.



XapakTepHbIii AN 9H3MMa CUMMTOM OCTPOW TOKCMYHOCTM — BO3HWKHOBEHMWE /erou-
HOr0 KpOBOTEYEHUS U OTeKa.

CnefoBaTtenbHO, MPU BHYTPYBEHHOM BBEfEHUM 3H3KMA, TOKCUUYECKME U CyBTOKCUYecKue
[eiicTBUA MPOSBNAIOTCA, NaBHbIM 06pasoM, Ha 60raTbIX 371aCTUUECKUMMU BOIOKHAMMW Nier KMUX
N CeneseHKe. SH3UM NPeAnonoXuUTeNbHO WUIrpaeT Posib Mpu CofepXKaHWM KonnareHHoro cocTo-
AHUA 1 NOBbILIAET NPOHWLIAEMOCTb Kanunnsipos.

Mpn Xxnopano3-ypeTaHoBOM HapKo3e f03bl B 120—480 E/Kr Bbi3bIBAlOT Y KOLLEK MOHU-
XKEHVe KPOBSIHOTO fAaBfieHusi. CTeneHb W [A/IUTENbHOCTb MOHWXKEHUSI KPOBSIHOTO [aBfieHus!
3aBUCAT OT BE/MYUHBI [03bl.

3TV MCCNefoBaHNsA YKas3blBalOT Ha TO, YTO MOHMMKalOLLee KPOBSIHOE AaBfeHune, AeicTBme
anacTasbl SIBASieTCA, rNaBHbIM 06pa3oM, CNEACTBMEM PaCcLUMPEHUst Nepudepuyecknx CocyaoB
1 Kanunnspos. OfHAKO, HeMb3s UCK/IOUUTL TaKXKe Ha/lume LeHTPasibHOTo eliCTBUS, OKa3aH-
HOro Ha Ba3OMOTOPHbIA LIEHTP.

Ha cepaue nsarywek 24—48 E Bbi3bIBAlOT NOBbILLEHNE aMMNTYAbl, 60/bLUME [03bl UMEOT
CNeACTBMEM OCTAHOBKY Cepflia B COCTOSIHAM AMacTofbl.

MpoBeaeHHbIE HA M30/IMPOBAHHbLIX OpraHax UCC/efoBaHNsl yKasbIBalOT Ha TO, YTO MoBe
[eHVe 3M1acTasbl BO MHOIMX OTHOLLEHMSIX MOAOGHO AEMCTBUIO TPUMCKHA.

CBA3b MEXAY CTPYKTYPOW W AENCTBMEM MOP®UHA U
EFr0 nrPoms3BoaHbIX

. PAYLWW, . CETN, U. CTAMKA, 10. HALb

ABTOpamn 6blna uccnefoBaHa CBA3b MeXAy CTPYKTYPOM W [eliCTBMEM  CeaytoLLmx
N3roTOBMEHHbIX B Ae6peLeHCKOM VIHCTUTYTe OpraHWYecKo XMMWW MPOU3BOAHbLIX MOpgnHA :
MOPMVH, ANXNAPOMOPKVH, 6-aueTUIMOPPUH-METOOPOMUH, HOPMOP(UH, KOAEWH, AUrnApo-
KOfeVH, 6-aueTuIKodenH, 6-aueTunKoAenH-MeTobpoMmMA, HOPKOAEWH, FepovH, W-annuH, Hop-
MOPGUH U anaueTuH-U-annmH-HoOpMOopgnH. ABTOpbI McCnefoBann 60oneyTonstoLee LelicTBUeE,
3hheKT Ha AblXaTe/bHblli 06bEM, MPUBbIKAHWE, aHTaroHM3MPYEMOCTb 00MeYTONAOWEro Aeli-
ctBus U-anamn-HopmoppuHoM un avaueTun-MN-annmn-HophopMUHOM, TakXe Kak U TOKCUY-
HOCTb BblLLEHa3BaHHbIX cpeacTB. OHWM yCTaHOBUAMW, YTO

1 KBaTepHepu3auusi TPeTMYHOro 1 noBbiwaeT 6oneyTonstollee AelicTBUE, XOTS CO-
rnacHo 944N Heo6X0AVMMbIM 3/1eMEHTOM 60MeyTONAIOWEro AeACTBMA SABASETCA NPUCYTCTBME
PSAAOM C YeTBEPTUYHBLIM aToMoM C, TakXe M TpeTUYHOro atoma W, cBsizaHHbIX Mexay cob6oi
uenbto CH2—CH2.

2. CteneHb 60/1eyTONAIOLWEr0 [eliCTBMA He MEHSeTCA MapassfieNlbHO € TOKCUYHOCTbIO,
C [eNCTBMEM HA YMeHbLLEHWE AbIXaTelbHOro 06bema M NPUBbLIKAHWEM.

3. WccnepoBaHHble [elicTBMA HOP-COefMHeHUI BecbMa cnabble.

4. WN-annun-HopmMopHH aHTaroHusMpyeT B 0ONblUeii Mepe 4eM AuaueTuH-U-annun-
HOpMOp(MH 6oneyTonstollee AeliCTBME MPOM3BOAHLIX MOpdMHa cOo cBo6oaHOW rpynnoi OH,
YeM MPOU3BOAHbIX, Y KOTOPbIX 3TO MEeCTO 6blI0 3aMeLLeHO.

5. N-annnn-HopmopdrH NOBbILIAET AblXaHWe, B TO BpeMs Kak gvauetnn-U-annun-Hop-
MOP(MH €ro CHUXaeT.

6. boneytonsiollee [elicTBMe MOC/NeAHEro cpeactBa Ha 1,63 pasa cuibHee AeicTBUSA
W-annun-HopmopduHa.
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1. The sodium and water output by the kidney denervated by splanchnicotomy is
higher in the anaesthesized animal than that by the innervated, contralateral kidney.

2. In the majority of cases hypersaluria and polyuria are associated with higher inuliu
and creatinine clearances, respectively.

3. There is no correlation between the differences in natruresis and inulin clearance.
In some periods the higher sodium output is accompanied by lower inulin clearance. The
higher diuresis of the denervated kidney predisposes technically for higher clearances. On
this basis a reduced tubular sodium reabsorption is believed to he one of the factors involved
in denervation hypersaluria and polyuria.

4. 1t is characteristic for the denervated kidney that a greater percentage of the total
osmols is sodium than in the case of the innervated organ.

5. In the unanaesthesized animal we found no appreciable difference in function be-
tween the denervated kidney and the innervated one.

Since Claude Bernard it has been confirmed by many authors that
in the anaesthesized animal the diuresis of the denervated kidney exceeds
that of the contralateral, innervated kidney. (For the literature the reader
should consult the monographs by Smith [1,2]). On the other hand, some
authors (Rhoads, Van Styke, Hiller and Alving [3], Hiatt [4], Berne [5],
Surtsiiin, Mueller and White [6], Surtshin and Hoeltzenbein [7], Va-
silijeva [8]) have found no difference in function between the innervated
kidney and the denervated one in the unanaesthesized animal. Bikov and
Alexejev-Berkmann [9], as well as Klisiecki, Pickford, Rotschild
and Yerney [10] have stated that in the unanaesthesized animal the inner-
vated and the denervated kidneys responded in the same way to water load-
ing. In contrast with this, other authors (Hara[1l], Meilman and Winer [12],
Sartorius and Burlington [13], Blake [14], Kaplan, West and Fomon [15],
Fischer, Szécsény and Viranyi [16]) found that the denervated kidney
excreted an increased amount of water and sodium even in the unanaesthe-
sized animal. In a few, meticulously conducted experiments on unanaesthe-
sized dogs Sellwood and Yerney [17] showed that in response to peroral
loading -with water and physiologic saline the blood flow increased more marked-
ly in the denervated kidney than in the innervated one. There was no
difference in the increase of filtration following water loading, but after salt
loading the filtration of the denervated kidney increased more markedly.

1 Acta Phyeiologica XV/1.
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There is no agreement of opinion as regards the mechanism of the so-
called denervation hypersaluria and polyuria. According to one team of work-
ers, general anaesthesia and the other conditions associated with the exper-
iment would cause a sympathetic excitation, which leads to vasoconstriction
in the kidney; as a result of this, renal blood flow and glomerular filtration
rate decrease, leading secondarily to a reduction in the excretion of salt and
water. Denervation of the kidney abolishes this increased constrictor tone,
the blood flow and filtration increase in the denervated organ and, secondarily
to that, salt and water diuresis increases. As according to the now widely accept-
ed view (Smith [1, 2], Mueller, Surtshin, Carlin and White [18], Sel-
kurt [19]), a slight, hardly measurable change in filtration would give rise to
a major change in salt and water diuresis in the same direction. The above
group of authors attributed no significance to the tubules in the development
of the denervation effect and explained it with an increased filtration.

Berne [5], Surtshin, Mueller and White [6], Page, Baxter, Reem.
Scott-Baker and Smith [20] have found denervation hypersaluria and polyu-
ria, respectively, in association with increased filtration. After loading with
hypertonic mannitol solution, Kaptan, Fomon and Rapoport [21] showed
for hydropénie dogs that on the denervated side a major percentage of the
osmols fell to sodium than on the innervated side, i. e. the sodium concentra-
tion of the urine produced by the denervated kidney was higher. As at the
same time also filtration was higher in the denervated side, these authors
were unable to conclude that the phenomenon would involve a direct tubular
nervous effect. Kaptan, West and Fomon [15] found that the hypersaluria
of the denervated side was associated with increased filtration also in the
unanaesthesized dog. They concluded from the results that following unila-
teral denervation the increased tone of the intact side, too, may play a role
in the difference of the responses.

Marshall and Kolils [22, 23] found an increased output of salt and
water on the denervated side. As clamping of the renal artery diminishes salt
and water diuresis, it is suggested that the denervation effect is connected
with an increase in renal blood flow.There was,however,no appreciable differ-
ence in creatinine excretion between the two sides, suggesting that the dener-
vation hypersaluria and polyuria would develop in the presence of an unchanged
filtration. Kriss, Futcher and Goldman [24] think that the slight increase
in filtration is no satisfactory explanation for the hypersaluria of the dener-
vated side and suggest that also a decrease in tubular reabsorption may be
involved.

Kaptan and Rapoport [25] stated for hydropénie dogs loaded with
hypertonic NaCl that the difference in saluresis between the denervated and
innervated sides exceeds in measure that expectable on grounds of the differ-
ence in filtrated quantities. From this they draw the conclusion that one of
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the causes of the increased salt output by the denervated kidney is the de-
creased Na-reabsorbing power of the denervated proximal tubule. Likewise, in
their perfusion experiments Sartorius and Burlington [13] find denervation
hypersaluria in the presence of unchanged filtration. Fischer, Szécsény and
Viranyi [16] showed in 152 clearance periods that in the anaesthesized dog
the denervated side excreted more salt and water, and in 69 periods the fil-
tration of the denervated kidney was smaller than that of the innervated
organ. Fischer, Takacs and Varga [26] clamped the aorta between the two
renal arteries, reducing thereby the blood flow and filtration of the dener-
vated kidney. In many periods the sodium excretion of the denervated kidney
was greater, in spite of the reduction in filtration. From these they conclude
that denervation has a direct nervous influence on the tubular sodium reab-
sorption.

In the light of these contradictions in published evidence it was deemed
necessary to re-investigate the correlation between the filtration and salt—
water excretion of the denervated kidney in larger material. In addition, we
wished to elucidate eventual differences between the innervated and dener-
vated kidneys in their responses to various effects (water deprivation,
drawing of minor volumes ofblood, various infusions).

Methods

Experiments on anaesthesized dogs. Mongrels of both sexes were used. 2 or 3 weeks
before experiment the left splanchnic nerve was transected under morphine-ether anaesthesia,
from an abdominal incision. The last food intake took place about 20 hours before experi-
ment and in the majority of the experiments the animals were withheld water for 14 to 16
hours (exceptionally for 48 hours). Anaesthesia was induced by the intravenous infusion
of 0.1 g/kg of a 1 per cent solution of chloralose. The appropriate arteries and veins were
cannulated for measuring blood pressure, for taking blood and for the administration of
infusions, respectively. The urines from the two kidneys were collected separately, by means
of supravesically introduced catheters.

The clearance substances were administered in the form of a priming dose (0.15 g/kg
of inulin or 0,05 g/kg of creatinine and 0.015 g/kg of PAH, dissolved in 50 ml 0,9 per cent
NaCl solution) and in the form of a maintenance dose (1,5 per cent inulin or 0.5 per cent
creatinine and 0.15 per cent PAH solution in 0.9 per cent saline, infused at a rate of approxi-
mately 1 ml/min throughout the experiment). Inulin was determined according to Harrison
[27], creatinine according to Popper, Mandel and Meyer [28], PAH according to Smith,
Finkelstein, Aliminosa, Crawford and Graeer [29]. The concentration of sodium in
plasma and urine was determined by flame photometry (Zeiss), osmolar concentration in
the urine by measuring the reduction in the freezing point and in the plasma by Wesson’s
formula [30].

The experiment was begun about 30 minutes after the completion of the preparatory
work. The urine was collected in 15-minute periods, taking arterial blood samples for chemical
analysis at about the middle of each period.

In some experiments the animals, which had been thirsted 14 to 16 hours, were given
0.85 per cent NaCl solution equivalent to about 3 per cent of the total body weight in the
form of intravenous infusion about 50 ml/min in rate, after 2 control periods, 15 minutes
in duration each. The experiment was then continued for 60 to 90 minutes. In an other series
of experiments the control periods were followed by the intravenous infusion of an isoosmotic
and isooncotic solution of dextran, equivalent to 1.5 per cent of the total body weight, then
the experiment was continued for further four periods, 15 minutes in duration each.
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In the third series both food and water had been withheld for 48 hours. Then 4 ml/kg
of a 20 per cent mannit solution was infused and the plasma mannitol concentration was
maintained by infusing 0.04 ml/kg of a 20 per cent mannitol solution every minute. At this
dose the mannitol concentration of the extracellular space is about 20 mmol/l.

In the fourth series acute hypovolemia was induced in dogs by taking samples of blood
equivalent to 0.5 per cent of the total body weight at the end of the 15-minute experimental
periods. This procedure was continued until the arterial blood pressure was reduced to about
80 mm Hg. (In this type of experiment the blood withdrawn was not replaced, whereas in
the other experiments the blood taken for chemical analysis was replaced by fresh dog blood
by infusion.)

The success of splanchnicotomy was controlled by autopsy, after the experiment.
At the end of the experiment polyuria was induced by the rapid administration of a hyper-
tonic anelectrolyte solution, then the tracheal cannula was clamped. Denervation was con-
sidered successful only when a significant difference occurred in the number of urine drops
coming from the right (innervated) and the left (denervated) kidneys during asphyxia ; the
innervated kidney stopped producing urine within 2 minutes.

Experiments on unanaeslhesized dogs. The right and left ureters of a bigger female
dog were transplanted one by one to the abdominal wall. The bladder was extirpated. After
complete wound healing the functions of the two kidneys were compared, then under mor-
phine-ether anaesthesia the left kidney was denervated by splanchnicotomy. The main expert
ment was begun 2 weeks after this operation. The successful denervation of the left kidney
was determined by the following method. At intervals (about 10 days) the diuresis of the
two kidneys was determined, a slight ether anaesthesia was applied, in response to which
the diuresis of the innervated kidney diminished to a minimum, whereas that of the denervated
one did not change.

Conscious animals were experimented on while standing on the Pavlov stand, slightly
banded. Urine was collected in test tubes bound under the abdomen. Experiments were
conducted after ad libitum water intake and after 24 to 30 hours of thirsting. In some experi-
ments the infusions of physiologic saline and of mannitol were made into a limb vein, as
described for the anaesthesized dogs. (No clearance studies were made in the unanaesthesized
animals.)

Results

The results are presented in Tables I to VI and Figures 1 to 4. The
tables contain the means for the innervated and denervated periods of the
corresponding series. To save space, no detailed data are presented. In the
tables we can find the so-called D/l quotient, which is the mean of the quo-
tients computed from the numerical results (denervated and innervated) of
the same period. The significance analysis concerns the difference between the
innervated and denervated results, on the one hand, and the deviation of
the D/l quotient from 1, on the other.

In all the tables and figures the data are computed for 1 square metre of
body surface area and 1 kidney. The value of V is given in ml/min, of UNaV in
JWEQg/min, of UosnV in wosm/min, of Cin and CPAH in ml/min. The four ver-
tical columns of the tables show the sodium excretion in percentage of the
total osmol output. Statistical analysis was by Fisher’s t-test, taking conven-
tionally a P <0.05 as a criterion of significance.

In Figs. 1 to 3 are illustrated the means of the changes resulting from
loading with mannitol, physiologic saline and dextran, respectively. In Fig. 4
is presented a type-experiment, with single periods lasting 15 minutes, each
ending with the withdrawal of blood equivalent to 0.5 per cent of the total
body weight. In the upper part can be seen the arterial blood pressure, which



ON THE FUNCTION OF THE DENERVATED KIDNEY

is still as high as 135 mm Hg after the fifth blood taking, i. e. after the loss of
blood equivalent to 2.5 per cent of the total body weight.

In the experiments on anaesthesized animals we determined the inulin
clearance, except for the dextran series in which the exogenous creatinine
clearance technique was employed. (Dextran interferes namely with the chem-
ical determination of inulin). In the conscious series no clearance tests were
made and GFR was assessed on the basis of the excretion of endogenous
creatinine.

Discussion

In the various types of experiments on anaesthesized dogs we have com-
pared the function of the innervated kidney with that of the denervated one
in a total of 143 periods. In 17 cases the sodium output by the denervated
kidney was slightly lower than that by the innervated one, whereas in 126
instances it was higher. Thus, in agreement with the data in the literature, we
too, demonstrated the existence of a denervation hypernatruria. In the con-
trol (water-deprivation), physiologic saline and dextran loading series the cor-
relation between natruresis and water diuresis is a linear one, i. e. the increased
water output may be considered to be a secondary sequel tohypernatruresis.
After loading with mannitol the size of the diuresis is determined by the man-
nitol loading employed.

The question arises: is the increased sodium excretion merely an oblig-
atory sequel to the increased filtration or may our data be interpreted as
indicating that also a reduced tubular sodium reabsorption is involved in the
increased sodium output by the denervated kidney?

Thus, in the first approach we should analyse whether we have any
periods in which the increased natruresis of the denervated kidney is asso-
ciated with reduced or identical filtrations, i. e. the difference in filtration
between the two kidneys does not explain the difference in natruresis.

Table |
14— 16 hours water deprivation

\% u N«v u0,mv (UNa : Uosm)100 ‘mill CPAII

| 0.25 £ 0.14 29 £26 137 £89 17.7 £9.7 27 £ 12 105 £42
0.68 £ 0.36 104 + 68 414 + 164 29.0 £ 7.7 36 + 13 122 £ 41

P 0.001 0.001 0.001 0.01 0.05 0.05
D/l 3.26 £+2.08 8.71 = 12.1 4.18 £ 2.73 — 143 £0.41 1.30 + 0.3

P 0.001 0.01 0.01 — 0,001 0.01

n 22 22 10 10 22 21
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Table 11
48-hours water deprivation

\Y; UNaV UosmV (UNa : ';0sm)100 an CPAH
| 0.18 + 0.09 34 + 32 191 + 151 136 £+ 7.7 24 + 13 111 + 59
0.51 + 0.24 136 + 92 380 + 204 29.9 £+ 120 34+ 7 137 + 58
P 0.02 0.05 0.05 0.02 0.05 0.05
D/l 296 + 0.74 453+ 299 290+ 154 — 1.89 + 143 1.49 £+ 0.76
P 0.01 0.05 0.05 — 0.05 0.05
6 6 6 6 6 6

In the water deprivation (control) periods (total number: 39) the sodium
output by the denervated kidney exceeds that of the innervated one in 35
cases. The inulin clearance is higher in 28 cases in the denervated kidney, it
shows no difference in 3 cases and is smaller in 4 cases. The means in Table |
and Table Il show that the D/l quotient of the inulin clearance is higher than
1, indicating that (with due regard to the methodological possibilities of the
inulin clearance test) the increased Na output by the denervated kidney is
usually associated with a higher inulin clearance.

The increased sodium excretion by the denervated kidney is associated
with a higher diuresis. On the basis of extensive experiments Balint, Fekete
and Hajdua [32], as well as Balint, Kiss and Szalay [33] have emphasized
the already known fact that in oliguric periods the clearances cannot be relied
upon. Thus, at low diuresis the lower inulin clearance is a technical conse-
quence of the low diuresis. In our opinion this statement reduces much from
the evaluability of the D/l quotient of the inulin clearance in this series. Thus,
for technical reasons the denervated kidney shows a higher inulin clearance
as a result of polyuria.

This objection cannot be raised in the series in which the loading with
physiologic saline and mannitol, respectively, results in a higher diuresis in
both kidneys than the limit below which the clearances cannot be evaluated
reliably. After loading with mannitol the sodium output by the denervated
kidney is higher in all the 37 periods (Table IV) and at the same time the inulin
clearance is higher in 23 periods and lower in 7 periods in the denervated kidney
and there is no difference in 7 periods. At any rate, this indicates that with
sufficient diuresis the D/l quotient of the inulin clearance is smaller than
1 more often than in the cases in which the diuresis of the innervated kidney
is low. After loading with physiologic saline the denervated kidney excreted
more sodium with higher inulin clearance in 22 cases, whereas in 4 cases the
higher Na output was associated with a lower inulin clearance. After loading
with dextran increased sodium output by the denervated kidney was asso-
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ciated with higher inulin clearance in 9 cases and with lower clearance in
4 cases.

In every series of experiments attempts have been made to find a corre-
lation between the inulin clearance and natruresis in both the denervated
and innervated kidney. No correlation of any kind was demonstrable. In
general, the sodium output by the denervated kidney was higher and this was
associated with slightly higher inulin clearances, as it can be seen from the
means and D/l quotients presented in the tables as well.

Furthermore, attempts have been made to find a correlation between
the differences of the inulin clearances and those of the sodium outputs. No
correlation whatsoever was demonstrable. If we accept the view that dener-
vation causes an increase in the sodium output exclusively by the fact that the
haemodynamics and in connection with it the filtration of the kidney increase
in the presence of an unchanged tubular function, we may expect some kind
of a quantitative correlation to exist between filtration and the difference in
sodium output.

On the basis of what has been elaborated above we do not think it to be
justified simply to ascribe to the difference in filtration the increased sodium
output by the denervated kidney, though in the majority of the cases the inulin
clearance is higher in the denervated kidney. Experience has shown us that
particularly at lower diuresis levels the difference in diuresis has a more pro-
found influence on the clearance values than it is generally believed and thus
the denervation polyuria predisposes technically for higher clearances in every
series. This statement applies in particular to those periods in which the low
diuresis of the innervated kidney made its clearance absolutely unreliable.
Attention should be called to the fact that at a normal plasma level a filtration
difference of 1 ml means an about 150 /iEq difference in filtrated Na and the
means in the tables make it clear that the difference in sodium output be-
tween the innervated and denervated kidneys did not exceed this value in the
order of magnitude.

According to Tables I, Il and IV, the most characteristic for the dener-
vated kidney is the fact first emphasized by Kaplan, Fomon and Rapoport
[21] that on the denervated side a significantly higher percentage of the osmol
output falls to sodium than on the innervated side. This we believe to be a
sign of a reduced sodium reabsorption by the denervated tubules. It is most
remarkable that this difference between the two kidneys disappears after
loading with physiologic saline.

Figs. 1 to 3 show the responses of the innervated and denervated kid-
neys to different infusions. The means for the control periods after loading
with mannitol (dogs deprived from water for 48 hours) are presented in Table II.
After the administration of mannitol the curves run essentially parallel
courses, thus it may be stated that there is virtually no difference between the
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Fig. 1. Renal response to mannitol loading. Fig. 2. Renal response to the infusion of
Solid line : innervated kidney. Broken line: physiologic saline equivalent in quantity to
denervated kidney 3 per cent of the body weight. The time of

infusion is marked by an arrow. Otherwise
the signs are as in Fig. 1

0 30 60 min

Fig. 3. Renal response to the infusion of dextran equivalent in quantity to 1.5 per cent of
the body weight. The time of infusion is marked by an arrow. Otherwise, the signs are as
in Fig. 1

innervated and denervated kidneys in their response to loading with mannitol.
In this experimental setup the hypervolemia of the extracellular space is asso-
ciated with intracellular hypovolemia.

Likewise, the curves run parallel after loading with physiologic saline
(Fig. 2, 14 to 16 hours water deprivation). Thus, the denervated kidney re-
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Table 111

Intravenous physiological saline

b’N .v

114 +£89
192 + 132
0.01
3.71 + 2.58
0.001
35

(«N.

387 + 154 36.0 + 8.3
562 + 271 358+ 75
0.01 —
1.68 + 0.81 —

0.001 —
23 23
Table 1V

Cin

29 + 14
35+ 13
0.05
1.38 +0.70
0.01
35

Mannitol loading after 48-hours water deprivation

\%
| 0.85 + 0.58
1) 150 + 091
p 0.01
D/l 213+ 191
P 0.001
n 35

\%
| 1.76 + 0.60
n 241 + 0.68
p 0,001
D/I 1.39 £ 0.22
P 0.001

36

% aV

60 £+ 65
168 + 164
0.001
3.03 £ 1.32
0.001
36

UosnA (UN. :Uomi<0
762 £ 225 7.0+ 5.4
961 + 299 16.3 + 12.3

0.01 0.001
1.27 + 0.22 _

0.001 —

36 36

Cin

23+ 8
27+ 9
0.05
1.20 +0.36
0.01
36

CPAH

132 + 62
143 + 52
0.05
118+ 0.4
0.05
35

CPAII

114 + 54
117 + 49
0.05
1.08 £ 0.30
0.05
36

sponds to the hypervolemia of the extracellular space in the same way as the
innervated one. The means for the control and the post-saline periods are to

be found in Table I and 111, respectively. In

response to loading, the water,

sodium and total osmotic diuresis increase significantly in the innervated and
denervated kidneys alike, but there is no significant change in the inulin and
PAH clearances. The sharp rise in clearances observable immediately following
salt infusion is, in our opinion, a direct technical consequence of the sudden

increase in diuresis.

\% Un.v Ccreat
0.55 + 0.26 21 + 21 36 + 17
0.85 £ 0.40 56 + 51 38 £+ 13

0,01 0.01 0.05
1.94 £ 1.57 6.53 + 10.50 1.15 = 0.30

0.02 0.05 0.05

20 20 16

Table V
Intravenous dextran

CPAH

124 £ 60
130 £+ 58
0.05
1.11 +
0.05
20

0.30
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In response to loading with dextran (Fig. 3, water deprivation for 14 to
16 hours) the increased sodium output by the denervated kidney slightly
decreases, approaching that of the innervated kidney. There is practically
no change in diuresis and in the sodium output of the innervated kidney.
The difference in creatinine clearance observable during the control period
disappears practically after loading with dextran.

Fig. 4 illustrates the typical response to repeated blood taking. In the first
period the water and sodium output increases in the denervated kidney and

Fig. 4. Renal response to the loss of blood equivalent to 0.5 per cent of the body weight.
The times of blood taking are marked by arrows. Otherwise the signs are as in Fig. 1

in conjunction with it the Cin and CPAH also increase. After blood taking
the diuresis is significantly reduced in both kidneys. After the second blood
taking the innervated kidney is practically anuric, thus its clearances can be
ignored. Batint and Sturcz [34] have shown that in such an experimental
setup diuresis and in connection with it the clearances strongly decrease,
when the direct measurement of the renal blood flow still indicates only slight
changes or no change at all in the haemodynamical relations. Thus, oliguria
or anuria is a direct sequel to oligemia and the low clearance value is a tech-
nical consequence of the former. The diuresis of the denervated kidney is
reduced at a much slower rate and as a result its clearances, too, are reduced
in a significantly smaller measure. Thus, in this type of experiment it is not
a change in the haemodynamics that is the primary factor and the sequence
of events is not that the innervated kidney becomes ischaemic, thus oliguric.
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but reversed: the diuresis of the innervated kidney is diminished faster than
that of the denervated one and it is the technical consequence of this that the
eclearances behave as outlined above.

Table VI
Experiments on conscious dogs
uNv Wwmv (Un. W@ UcrctV.100
\Y
6a. Water ad libitum
| 0.45 21 201 11.4 34
D 0.53 26 209 11.9 33
D/ 1.20 +0.38 1.18 +0.36 1.05 £0.25 — 0.95 + 0.14
p 0.05 0.05 0.05 — 0.05
n 16 16 16 16 16
6b. 48-hours water deprivation
| 0.09 4.4 125 3.4 28
U 0.10 7.1 124 5,6 26
D/ 110+ 0.14 182+ 048 0.99+0.12 — 091 + 0.16
P 0.05 0.001 0,05 — 0,05
n 1 11 1 1 1
6c. Saline infusion
| 0.68 96 471 20.3 35
D 0.86 121 519 23.1 39
D/l 126 +0.17 128+ 0.16 1.14+0.27 — 1.12 + 0.09
P 0,01 0.01 0.05 — 0.01
n 8 8 8 8 8
6d. Mannitol infusion
| 1.84 109 1080 9,5 32
1) 1.70 107 977 10.8 29
D/l 094 +0.11 1.14 + 0.04 0.92 +0.10 — 0.94 + 0.15
P 0.05 0.05 0.02 — 0.05
n 12 12 12 12 12

Relatively few experiments have been made on unanaesthesized dogs
i(2 animals). With unrestricted water intake (Table Via) the various excre-
tions from the innervated and denervated kidney are practically identical.
Neither does the D/l quotient deviate significantly from 1. After 30 hours of
water deprivation (Table VIb) the difference of water and Na output is
significant mathematically, but, owing to the very low diuresis, we do not
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believe it to be significant biologically. After the infusion of physiologic saline
(Table Ylc) the output by the denervated kidney is somewhat higher, but
the order of magnitude of the difference is substantially smaller than it is-
in similar experiments on anaesthesized animals. After mannitol infusion
(Table YId) there is no appreciable difference between the innervated kidney
and the denervated one. There was no difference in the percentage ratio of
sodium and total osmolar output between the two kidneys in either type of
the experiments, unlike it happened in the ones on anaesthesized dogs.

Summing up the results of our experiments, it may he stated that in the
anaesthesized animal the denervated kidney excretes more sodium and water
than the contralateral, innervated organ. This increased output is associated
with a higher inulin clearance in the majority of the cases. Nevertheless, we do
not think that the increased sodium output by the denervated kidney would!
be due exclusively to an increased filtration, because 1. there undoubtedly
are periods in which Na output was higher, though filtration was lower, 2. no-
correlation whatsoever is demonstrable between the differences in filtration
and natruria, 3. the lower diuresis of the innervated kidney predisposes tech-
nically for lower clearances, which are not reliable at all under a certain level
of diuresis, thus, it is clear that the clearance of the denervated kidney (the
diuresis of which is higher) is higher also for this technical reason. We think
that the denervation hypernatruria is connected with a reduced tubular so-
dium reabsorption, which is characterized by the fact that a significantly
higher percentage of the total osmolar output by the denervated kidney is in
sodium than in the urine produced by the innervated organ. We do not wish
to doubt that, in general, the haemodynamics and filtration of the denervated
kidney are greater, yet we do not think it justified to claim schematicallv
that this would be the sole cause of hypernatruria.

The innervated and denervated kidneys respond in practically the same
way to loading with mannitol, physiologic saline and dextran, respectively.
After the gradual withdrawal of small volumes of blood the diuresis of the
innervated kidney diminishes more strongly and faster, the technical con-
sequence of which is a decrease in clearances.

We have made relatively few experiments on unanaesthesized dogs..
The differences found are not significant mathematically, thus we have no
right to claim that in the animal allowed water ad libitum or in the one on
water deprivation the sodium and water output by the denervated kidney
exceeds significantly that by the contralateral, innervated organ. Neverthe-
less, a tendency to increased output is evident in the denervated kidney. This
is even more marked after salt infusion and disappears altogether after man-
nitol infusion. Insofar as we are justified to assess differences in filtration on
the basis of the creatinine output (Balint, Kiss and Szalay [35]), it appears
that these small differences in output result at the same levels of filtration..
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And if there does exist a difference in salt and water diuresis between the de-
nervated and the innervated kidneys in the unanaestliesized animal, the or-
der of magnitude of this difference is substantially smaller than in the an-
aesthesized ones.
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W ith constant infusion of inulin and PAH and at a constant inulin and PAH con-
centration in plasma the quantities excreted per minute in the urine are lower than the doses
infused. Thus, some part of the infused inulin and PAH is deposited in the organism, or i&
utilized in some other way. A smaller part of the calculated quantity was found to be stored
in the kidney.

Anuria was induced by bleeding in dogs, to w'hich subsequently inulin and PAH
were administered by intravenous infusion. After two hours of anuria the left kidney was
transplanted into the neck of a recipient dog and the amounts of inulin and PAH were deter-
mined in the urine of the transplanted kidney, in the urine of the recipient dog and in the
tissues of the transplanted kidney. The inulin and PAH content of the contralateral, non-
transplanted and “not washed” kidney was also determined. It has been found that the
«washed” left kidney also contained inulin and PAH.

The amount of deposited inulin and PAH does not explain the difference between
the clearences determined by the usual urinary and other techniques. The results cannot
be interpreted as proving the existence of inulin secretion.

It is well-known that renal blood (plasma) flow can be determined by
dividing the minute output of some substance in the urine (UX V) by the differ-
ence in the concentration of that substance in arterial and renal venous
blood (plasma) (PH—Pv). This is the application of the Fick principle, well-
known in the determination of cardiac output, to the kidney. If this formula
is converted according to the terminology of renal physiology so that both
the output per minute and the arterio-venous concentration difference are divid-
ed by the arterial concentration (P,), the numerator means the clearance
of the substance in question and the denominator the intrarenal extraction
of that substance. In other words renal plasma flow is obtained if the clearance
of some substance is divided by the extraction ofthat substance (RPF = C/E)>
It follows from this formula that if by some method we determine directly
the renal plasma flow and the extraction, the clearance of the substance in
question can be computed (C= RPF X E). According to Phillips, Dole,
Hamilton, Emerson, Archibald and Van Siyke [1], the clearance calcu-
lated by the classical method will agree with that computed from the
above formula if (i) diuresis is sufficiently copious to make the dead space
negligible; (ii) the substance reaches the kidney exclusively in the arterial
blood and leaves it exclusively with urine and venous blood; (iii) the substance
is not produced, metabolized or stored by the kidney; (iv) the distribution



16 P. BALINT and L FORGACS

of the substance between erythrocytes and plasma does not change in the
blood flowing through the kidney.

If by constant infusion we administer a substance, which is neither
metabolized nor stored in the organism, sooner or later an equilibrium will
be reached, i. e.the quantity infused per minute will be the same as that excret-
ed in the urine in one minute. In the numerator of the classical clearance
formula U XV will be replaced by | XV, where | is the quantity of the substance
in 1 ml of the infused solution and V is the volume infused in 1 minute. On
this principle is based the so-called constant infusion clearance test first
recommended by Earle and Berliner [2], that has been shown by Ber-
ger, Farber, Earle and Jackenthal [3], as well as by Schwartz, Breed
and Maxwell [4], to yield both in dog and man the same inulin and PAH
clearance values as the classical urine clearance technique does. Should the
clearance substance be excreted also extrarenally and/or be metabolized in
the body and/or be deposited in the organism, the value yielded by the infu-
sion test will naturally surpass that of the classical urinary clearance.

Balint, Fekete and Hajdua [5], as well as Balint, Kiss and Szalay [6],
have shown that in posthaemorrhagic hypotension, as well as in water depri-
vation oliguria the direct (RPFxE) and the infusion (IxV/P) clearance tests
yielded markedly higher values than that obtained by the classical urine
clearance (Ux V/P). Onthe other hand, with sufficient diuresis (above 1 ml per
minute in the dog) the results of the different techniques agree satisfactorily.
In contrast with this, in oliguric states the difference exceeds the one expect-
able on grounds of the so-called dead-space effect.

One of the possible explanations of the latter phenomenon is that the
clearance substances (inulin and PAH) would be stored in the kidney. The
fact that inulin is metabolized or stored extrarenally has been proved in
nephrectomized dogs (Batint and Forgacs, [7]). In the present report we
wish to deal with the intrarenal storage of inulin and PAH.

It has been generally accepted that inulin is excreted exclusively by glo-
merular filtration, and is neither resorbed nor secreted by the tubules. In
contrast with this, PAH is excreted by filtration and tubular secretion. (For
the pertaining literature, the monograph by Smith [8] should be consulted).
Inulin clearance can be accepted as the measure of GFR only when inulin
is excreted by the above mechanism. According to Frey [9], part of the inulin
administered is secreted; its clearance cannot therefore be accepted as a meas-
ure of GFR. Among the indirect proofs against inulin secretion there is the
evidence published in the early literature that inulin is not stored in the tubu-
lar cells, whereas PAH, which is excreted by secretion, is demonstrable also in
those cells. Richards, Westfall and Bott [10] perfused the dog kidney with
blood containing inulin and phenol red, at a pressure of 25 to 30 mm Hg. At
such a low pressure no urine is formed. Comparing the blood entering and
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leaving the kidney it was revealed that 20 per cent of the inulin and as much
as 50 per cent of the phenol red infused were retained. Then the same kidney
was perfused at high pressure with blood containing neither inulin nor phenol
red. The urine subsequently formed contained ample amounts of phenol red,
hut no inulin. From this it was concluded that at pressures too low to make
filtration possible, inulin does notreach the tubular cells and leaves the kidney
with the venous blood. In contrast with this, the secreted phenol red is taken
up by the tubular cells which secrete it when urine is not formed. Thus, accord-
ing to these data the tubular cells do not store inulin.

There is, however, some more recent evidence of inulin being stored in
the renal parenchyma. Gayer [11] administered inulin and PAH to rabbits
by a single intravenous injection. Twenty minutes later the left kidney was
removed and perfused with Tyrode’s solution through the renal artery. The
fluid leaving through the renal vein and the ureter was collected until its
inulin and PAH concentration had became negligible. The right kidney was
analysed without perfusion, the left kidney after perfusion. The mean inulin
content of the left, “washed”, kidney was 0.73 mg/g, 54 per cent of the inulin
content of the right kidney. The left kidney contained 0.34 mg/g of PAH,
17 per cent of the amount contained by the right kidney. From this Gayer
drew the conclusion that the tubular cells store not only PAH, but also con-
siderable amounts of inulin. Similar results have been obtained by Frey [12]
who following administration of inulin found 3 to 12 times more invdin in the
rabbit’s renal tissue than what would have been expected on the basis of the
inulin concentration of the blood and urine in the kidney.

In his monograph, Jancsé [13] wrote that in certain oliguric states
some of the macromolecular substances are precipitated in the tubular urine,
then are deposited in the preformed intracellular canals of the tubular cells.
Substances not resorbed by the tubules are demonstrable in the tubular cells
after ligation of the ureter or in shock. Under such conditions, inulin stored
in the tubular cells can be revealed by histochemical techniques, under the
polarization microscope. This means that storage is in a causal relationship
with the process of tubular concentration: the excessive reabsorption of the
solvent predisposes to precipitation and storage of the solute (e. g. inulin).

Experimental

The storage of inulin and PAH by renal tissue has been investigated in
two types of experiment.

() So-called infusion experiments. Dogs of various breeds and both
were allowed to drink water according to the desired level of diuresis or were
thirsted for 24 to 48 hours. The experiments were made under chloralose
anaesthesia. Depending in quantity on the body weight of the animal and on

2 Acta Phvsiologira XV/1

sexes
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the plasma level to be attained, inulin and PAH were administered in a pre-
liminary dose and then by constant infusion (see Deane, [14]). Infusion was
made at an even rate, by means of the usual apparatus. Urine was collected
by means of ureter catheters introduced supravesically through a suprapubic
incision, taking great care to ensure reliable estimation of clearance by the
classic technique. About 1 hour after starting the constant infusion plasma
concentration became constant, as determined by analysing 3 blood samples
taken at about 20-minute intervals.

Next, the left kidney was removed from median laparatomy and the
diuresis of the right kidney teas enhanced by infusing about 200 ml of 20 per
cent mannite. After further two clearance periods the right kidney was also
removed. The data yielded by the chemical analysis of the kidney, plasma
and urine will be discussed later.

(i) So-called transplantation experiments. The experiment began as de-
scribed above. Except for experiments Nos. 34, 44 and 43, posthaemorrhagic
hypotension of 2 hours duration was induced by lowering blood pressure to
about 50 mm Hg by bleeding. At this blood pressure there was practically
no diuresis. The infusion of inulin and PAH was continued at a reduced rate.
At the end of the 2-hour hypotensive period (in the above-mentioned 3 experi-
ments after the usual 2-hour clearance procedure) the left kidney was removed
through a median laparatomy incision and was transplanted into the neck of
a previously anaesthesized recipient dog. The urine from the transplanted
kidney and from the recipient dog was collected. The recipient dog was given
neither inulin nor PAH. Prior to transplantation, urine was collected from
the recipient dog to determine the blank inulin and PAH values. After trans-
plantation osmotic diuresis teas induced by the infusion of 20 per cent mannite,
in response to which urine output increased in both the transplanted kidney
and the normal kidneys of the recipient dog. Urine collection lasted about
1 hour; 2 to 3 portions were collected, pooled and then analysed.

Immediately after transplanting the left kidney, the right kidney of
the animal was removed for inulin and PAH analysis. At the end of the expe-
riment the transplanted left kidney was also subjected to the same analysis.

Determination of inulin and PAH. Inulin in plasma and urine was deter-
mined according to Little [15], and PAH according to Smith, Finkelstein,
Aliminosa, Crawford and Graber [16]. The Little test determines only
the so-called alkali-resistant inulin.

Inulin and PAH in renal tissue were determined by the technique of
Ross and Mokotoff [17]. The capsule of the kidney was pulled off, the hilar
structures and fatty tissue were removed by scissors. A longitudinal cut was
made and the renal surface was thoroughly rinsed with running tap water.
After drying with filter paper the kidney was weighed and the weight of an
about 1 g specimen of cortex and medulla was measured with 10 mg accuracy.
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The specimen was placed in a glass-stoppered flask and was digested with
6 ml of 0.85 N NaOH for 20 minutes, in a boiling water bath. After cooling,
1 ml of 5N HC1 was added, then followed neutralization with 0.5 N HC1 against
lithmus. Deproteinization was made with 10 ml 10 per cent zinc sulphate and
10 mI 0.5 N NaOH. After making up to 50 ml, the mixture was thoroughly shaken
and filtered. Adequate volumes (for inulin, 2 ml; for PAH, 5 ml) of the filtrate
were measured and subjected to the inulin test of Little and the PAH test
of Smith.
The inulin preparation used was about 90 per cent alkali-resistant.

Results

The results of the infusion experiments can be found in Table I, in
which column 4 shows the difference betiveen the quantities of inulin and PAH
infused per minute and the quantities excreted with the urine at equilibrium,
i. e. after the plasma level became constant. A loss of the clearance substance
occurred even with satisfactory diuresis. In general, the difference between

Table |
Storage of inulin and PAH in infusion experiments

Quantity found in the kidney

Plasma Difference,
No. Vimin level mg infueed/excreted left kidney right kidney
per 100 ml mg/min
mg/g total, mg m*/g total, mg
I in
73 | 1.52 80 12.0 1.53 54 1.17 47
85 1.94 96 19.9 2.55 96 1.83 71
54 0.31 97 19.3 2.76 96 1.44 50
59 0.33 75 5.2 2.92 110 1.48 65
69 0.22 47 11.7 2.64 127 2.49 112
65 0 293 46.0 6.98 195 4.03 122
68 0.08 178 49.6 6.80 340 2.84 160
60 0 350 34.4 10.80 332 - —
PAH

73 1.52 3.2 1.1 0.19 6.8 0.14 5.8
85 1.94 1.1 0.7 0.06 2.3 0.04 1.8
54 0.31 3.2 3.4 0.39 13.4 0.18 6.1
59 0.33 1.9 1.3 0.22 8.3 0.10 4.3
69 0.22 0.95 0.7 0.14 6.6 0.11 4.9
65 0 8.3 1.9 0.59 16.7 0.45 13.5
68 0.08 3.6 2.6 0.71 36.0 0.21 11.8
60 0 6.9 5.3 1.57 48.5 — —

9*
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the infused and excreted amounts was the greater the lower was the diuresis,
but the correlation was not linear. A constant plasma level may naturally
develop even in total anuria, when all the infused quantity remains in the
body. The difference between the infused and excreted amounts was not pro-
portionate to the amounts of inulin and PAH detected in the kidney by anal-
ysis. Neither was there a demonstrable correlation between the plasma level
and the stored amount of clearance substances. The inulin and PAH content
of the right kidney was somewhat less than that of the left kidney. As it has
been pointed out above, this was due to the fact that in the mannitol diuresis
most of the material were removed from the urinary tract. It is therefore
conceivable that that amount of inulin and PAH, which is present also in the
right kidney, is located in the renal parenchyma and the interstitium. We
must call attention to the fact that, as related to the plasma levels and to
the difference between the infused and excreted quantities, the amounts of
PAH deposited in the left and right kidney, respectively, were greater than the
amounts of inulin.

In Table Il are presented the results of the transplantation experiments.
In these the amounts of inulin and PAH contained in the whole kidney were
determined by analysing the right kidney. From the blood vessels and the
interstitium of the left kidney the clearance substance being removed by the
urine, the amounts of substance found in that organ must have been bound
to the tubular cells. The columns of Table Il show these three kinds of inulin
and PAH values. Their sum, provided storage in the two kidneys is identical,
must equal the amount found in the right kidney. It is seen that, as calculated
from the sum of the three columns, the left kidney contained on the average
22 per cent more inulin and 5 per cent more PAH than the right kidney. The
agreement is, however, satisfactory, if we consider the great sources of error
involved in the test, and also the circumstance that the right kidney can be
rinsed before the vascular bed and urinary tracts are “washed”, whereas the
left kidney can be rinsed only after most of the inulin and PAH had been
removed per vias naturales.

Several blank inulin and PAH determinations were made in the kidneys.
The mean blank values were 0.05 mg of inulin and 0 to 0.02 mg inulin and
PAH, per g kidney. When calculating the amounts of clearance substance
contained in renal tissue, the blank values were ignored. The urine from the
transplanted kidney cannot be subjected to blank tests for technical reasons.
The blank value was taken into account when computing the inulin and PAH
content of the recipient’s urine.

In Fig. 1 the amount of inulin and PAH in the right kidney was taken
to be 100 per cent and to this amount have been related the amounts stored
in the left kidney, excreted with the urine of the transplanted kidney and with
that of the acceptor animal.
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Fig. 1. Percentage distribution of inulin and PAH storage in renal tissue. Of the pairs of
columns the left one shows the values for inulin, the right one those for PAH. The inulin
and PAH content of the right kidney is taken to he 100 per cent. The solid parts of the columns
show the amount of substance which had remained in the left kidney, the shaded parts show

the quantity

34,
44
43
11
10

g o 0 © N b

34
44

43
11
10
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Storage of inulin and PAH

In urine of

transplanted

left kidney
mg

20
1
20

64
11
10
11
58
57
13

4.9
4.8
1.6

44.7
1.3
1.9

11.4

17.8
15

In urine of
recipient dog
mg

31
40
25
10
38
37
102
102
69
81

0.4
25.0
8.5
15.3
6.8
13.2
9.1
24.4
16.3
14.3

Table 11

In transplanted
kidney
mg

Inulin
8

15
17
45
7
16
49
17
17
39
194

PAH
25

4.4
22.4
7.4
2.9
2.5
6.7
5.6
5.6
61.0

Sum of

columns

2—3—4
mg

57
77
70

65
96
130
177
165
288

7.8
34.2
32.5
22.7
54.4
17.0
17.7
41.4
39.7
76.8

in transplantation experiment

Right
kidney
mg

36
42
54
57
59
61
83
98
115
188
220

8.0
21.5
32.2
25.2
72.0
30.0
10.8
35.2
46.0
74.0

found in the urine ofthe transplanted kidney and the empty parts
the amount in the urine of the recipient dog

Left

0.22
0.38
0.38
1.84
0.30
0.40
0.77
0.82
0.30
0.83
5.10

0.08
0.11
0.46
0.30
0.12
0.04
0.31
0.10
0.12
1.60

Storage
mg/g

Right

1.14
1.21
1.03
2.30
2.00
2.00
1.20
4.46
2.05
4.80
5.75

0.26
0.62
0.65
1.03
2.45
0.43
0.50
0.62
1.18
2.00

show
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Discussion

The results obtained in both types of experiment unequivocally indi-
cate that renal tissue does in fact store inulin and PAH. A comparison of the
mg/g values for the left kidney in Table I with those for the right kidney in
Table Il shows the total amounts stored to be comparable in the order of
magnitude. These total amounts correspond to the quantities present in the
urinary ducts, vascular bed, interstitium and cells. According to Table I, the
right kidney contained 64 per cent of the amount of inulin detectable in the
left kidney and 59 per cent of the amount of PAH. This means that with
ample diuresis 36 and 41 per cent, respectively, of the corresponding totals
were removed, i. e. those portions of inulin and PAH which had remained in
the tubules and urinary tracts. The data in Table Il and Fig. 1 show that
from the transplanted left kidney 32 per cent of the total amount of inulin
and 25 per cent of the total amount of PAH were removed by the urine. The
urine of the recipient’s kidney contained (Table Il and Fig. 1) 53 per cent
of the total amount of inulin and 47 per cent of the total quantity of PAH.
These quantities had originated from the blood and the interstitium of the
transplanted kidney. This excreted quantity was, however, greater than what
may be present in dissolved form in the extracellular space of the kidney.
Assuming that the plasma concentration of inulin 100 mg per 100 ml and that
of PAH 3 mg per 100 ml, and, further, that in the kidney 20 per cent of the
inulin and 30 per cent of the PAH fall to the extracellular space, in a kidney
weighing 40 g the extracellular space may contain 8 mg of inulin and 0.36 mg
of PAH. Column 3 in Table Il shows that amounts far greater than these
had entered the recipient’s urine (although the mean plasma inulin concen-
tration was much lower than 100 mg per 100 ml). This means that the quan-
tity present in the recipient’s urine had originated not only from the extra-
cellular space of the transplanted kidney but also from its parenchymal cells.
Columns 4 and 7 in Table Il show that after two “washings” there still remain-
ed some inulin and PAH in the transplanted kidney and that can be nowhere
else but in the cells of the renal parenchyma (tubules).

To some extent the first three experiments in Table Il (Nos. 34, 44 and
43) can be looked upon as control ones, insofar as they involved no anuria,
only the usual clearance determination. In these three experiments the plasma
concentrations of inulin were 12, 200 and 160, respectively, i. e. even that
kidney was storing inulin which produced urine normally at a low plasma
inulin concentration. It can be seen*that the stored quantity was independent
of the plasma inulin and PAH concentrations in the other experiments, and
that there was no unequivocal correlation between diuresis and the measure
of storage, either. For example, in experiment No. 8 the order of magnitude
of inulin storage at'a plasma inulin level of 54 mg per 100 ml was much lower
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than in experiment No. 11, in which the plasma inulin level was 40 mg per
100 ml. Both animals had been anuric for 2 hours before transplantation. It
is clear from Table | and Table Il alike that, taking into consideration the
low plasma PAH concentration, relatively more PAH was stored than inulin.
This is in agreement with the classical view, according to which PAH is excret-
ed by tubular secretion; such substances have been known to be stored intra-
cellularly.

Our investigations thus confirmed Gayer’s observation [11] that renal
tissue does in fact store inulin. It remains to be examined whether the quan-
tity stored suffices to explain the difference in inulin clearance demonstrable
between the results of the RPF X Ein formula, the constant infusion and
the classical urinary techniques. The data in Table | indicate that there was
such a great difference between the amounts infused and excreted per minute
that the total amount deposited in the kidney could cover it only for a period
lasting a few minutes. The same follows from the data of Table Il. Consider-
ing that in the classical clearance test urines containing 5000 mg of inulin
and 500 mg of PAH per 100 ml are no rarity, it will be clear that the total
amount stored is not more than what we may find in a few ml of urine. Thus
the storage of inulin and PAH undoubtedly demonstrable in the kidney can-
not explain the difference between the results obtained by the various clear-
ance techniques nor why the value of the classical urinary clearance test is
loav In oliguric states. Our experiments indicate therefore that there exists an
extrarenal deposition and/or excretion and/or breakdown of inulin and PAH.
It is also possible that inulin and PAH leave the kidney not only in urine and
venous blood, but by some other route, for example, the lymphatics.

Gayer [11], as well as Frey [12], regard the storage of inulin as a proof
of the view that inulin is secreted by the tubules. We, on the other hand, do
not think that either the data in the literature referred to or our own experi-
ments would justify that claim. In our opinion, the correlation demonstrated
by JancsO [13] to exist between the oliguric and anuric states and the quan-
tity of the material stored in the kidney gives the appropriate interpretation
of the phenomenon. The concentration of primary urine in the tubules is less
marked with normal diuresis and more marked in oliguria, the solvent is ab-
sorbed, inulin is precipitated first in the tubular urine, then in the preformed
intracellular canals of the tubular cells and, finally, in the cells themselves.
The inulin thus stored is carried away partly via the urinary ducts and partly
with the blood flowing through the kidney. The only proof of secretion were
if the tubular cells would contain substantial amounts of inulin following low
pressure perfusion of the kidney with blood containing inulin. In other words,
ifit were unequivocally demonstrable in the experimental design of Richards,
Westfall and Bott [10] that inulin is in fact stored, and it could be ruled
out that inulin returned to the cells from the filtered primary urine.
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A general survey has been given of experiments concerning the hormone production
of the adrenal cortex. Certain aspects of the interglandular regulation and of the specific
homeostatic function of the adrenal cortex have been elucidated. The results of the experi-
ments may he summarized as follows.

(i) A total of 19 corticoids were observed to he biosynthesized by adrenal homogenates
in vitro. These compounds proved to be zI*-3-ketosteroids with an a ketolic side chain at
the position 17. Six of these dérivates were more polar than hydrocortisone ; three of them
lay between hydrocortisone and cortisone ; further three between cortisone and cortico-
sterone ; four were less polar than corticosterone.

(ii) Among the compounds more polar than hydrocortisone, two dérivates (I111 and 1V)
were found to exert in adrenalectomized rats and mice a lympholytic activity more intensive
than that of hydrocortisone and cortisone. The ability of the two compounds to promote
glycogen deposition in the liver was, however, slight.

(iii) The corticoids yielded by biosynthesis were found to be present in the venous
blood of the adrenals of various animal species. Similarly, they appeared in the course of the
so-called specific adaptation.

Adaptative changes of specific character in adrenal secretion

a) Sexual steroids induced qualitative changes in the corticoid composition of venous
adrenal blood. In the dog, oestrone benzoate markedly decreased hydrocortisone secretion
and gave rise to the appearance of 17-hydroxyprogesterone. In the cat, however, oestrone
made to appear two new compounds, two <#-keto corticoids with a polarity grade less than
that of corticosterone.

b) In hyperthyroidism, five new compounds were found in the venous blood of the
adrenals of the cat. Two of these compounds inhibited the secretion of thyrcotrophine to a
greater extent than any other corticoid so far known. These compounds were also present
in the urine of subjects with hyperthyroidism. In the dog, both thyroidectomy and methyl-
thiouracil treatment resulted in an increased corticoid secretion and in the augmentation
of the ratio hydrocortisone : corticosterone.

c) In certain species, such as the wild and the domesticated rat and the fox, such
corticoids occurred in the resting secretion of the adrenals, which do not appear in the dog
or in the cat.

d) Stimuli falling within the frames of the general adaptation syndrome (such as
tranqgillizing drugs) evoked a reaction of specific character, in which only hydrocortisone
secretion was extremely elevated. Since polar corticoids greatly increase the excitability
of the central nervous system with concomitant tonization of the sympathetic nervous system,
it has been suggested that the above increase in corticoid secretion was reflecting the aug-
mented corticoid demand of the organism. Accordingly, under treatment with tranquillizing
drugs, this effect would play the role of compenzatory homeostatic mechanism. A similar
phenomenon was observed to occur in the course of behavioural changes following certain
types of surgical intervention in the central nervous system (removal of the amygdale nuc-
leus, as well as frontal leucotomy).

As a final summary of the phenomena investigated, it has been concluded that, in
addition to the general adaptation syndrome, the adrenal cortex participates in the main-
tenance of homeostasis also by means of specific reactions. This specific adaptation is modi-
fied by species differences, due to alterations in the tissular metabolism of the adrenal cortex.
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In order to maintain the equilibrium with the external environment,
living organisms are forced to permanent adaptation controlled mainly by
complex neuroendocrine mechanisms. Cannon was the first to recognize the
sympatho-adrenal system to be one ofthe fundamental regulatory mechanisms
of homeostasis in higher animals and in humans. Sei1ye, studying the role of
the pituitary-adrenal system, concluded that, in addition to, and in functional
connection with, the sympatho-adrenal system, adrenal corticoids were also
involved in the formation of the “general adaptation syndrome”. The pitui-
tary-adrenocortical system is nony widely known to play a decisive part in the
maintenance of homeostasis. Our present knowledge of this question is, how-
ever, not sufficiently advanced to allotv a correct and complete interpretation
or appreciation of the role played by the above system. Various findings in
the past decade pointed to the fact that the “stress” concept, with its gener-
alizing outlines, reflects only part of the real homeostatic function of the
adrenal cortex. Greater attention has, therefore, to be paid to events tvhich
occur under certain specific adaptation conditions.

W ithout discussing the problems of the “specific adaptation syndrome”
at length, tve have to point out certain aspects of pituitary-adrenocortical
function. Numerous. observations have demonstrated that stressor stimuli
initiate via the diencephalon an increased secretion of adrenocorticotrophic
hormone. This leads to an increased corticoid output by the adrenals, which
then evokes complex changes in the metabolic processes and the structure of
the thymus and lymphoid organs. Is the intensity of a stimulus sufficiently
strong, so the changes are identical, of whatever kind the stress (thermal,
psychic, toxic, etc.). From the abol\'e phenomena it has been concluded that
the pituitary-adrenocortical system plays a fundamental part in the general
adaptative processes.

In the last year we made some observations which, together with the
pertaining literary data, have led us to conclude that the role ascribed to
the adrenal cortex in the general adaptation syndrome means, in reality, only
a general activity, while the specific cortical functions — though similarly
representing adaptation — fall out of the frames of the proper “stress” concept.

I. Methods

The experiments were performed on dogs, cats and rats. Corticoids were estimated
by paper chromatography, according to the method of Burton, Zaffaroni and Keutmann
[6] ; and of Bush [8]. Venous blood from the adrenals of animals under Dial anaesthesia
(2 ml/kg of a 2 per cent solution) and pretreated with heparine (5 mg/kg intravenously) was
collected through a plastic tube with glass tip inserted into the vein. Blood collection took
20 to 90 minutes, depending on the experiment. The plasma was extracted with a 4to 1 mixture
of ether and ethyl acetate. Partition was made in equal volumes of 70 per cent ethanol-
benzene-petrolether. Identification and determination of the corticoids were performed by
the ultraviolet alkaline fluorescence technique, as well as by tétrazolium and Ag reduction.
17-ketosteroids were identified with the m-dinitrobenzene reaction. Details of the evalu-
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ation Imve been published recently (Endréczi, Bata and Martin [12]; Endréczi, Bata
and LissAk [13]; LissAk, Endréczi and Medcyesi [37] ; Endréczi, Telegdy and Martin
117]).

a) Experiments in vitro

Adrenal glands of oxes and calves from the slaughter house were homogenized within
60 minutes after the death of the animals. The homogenate was incubated at 38 C° in a
mixture of Tyrode’s solution and of blood (1 :1). Care was taken for the continuous oxygen
supply of the reaction mixture. In this system the metabolism in vitro of cristalline hydro-
cortisone, cortisone and progesterone was investigated during an incubation period of three
hours. The activation of the enzyme system was assured by continuous drop infusion of ACTH
(0.1 I. U./min) dissolved in Tyrode’s solution. Corticoids were added to the homogenates
in form of suspended microcrystals, while progesterone (25 mg/100 g tissue) was admini-
stered in a mixture of propylene glycol and Tyrode’s solution. Following the incubation
the homogenates were deproteinized with two volumes of acetone. This latter was then
removed under reduced pressure and the corticoids were extracted in the usual way.

b) Standard compounds used in the analysis and other methodical details

The method used for the quantitative determination of corticoids is based on the
presence of a zR-3-keto group in the molecule, and can be regarded as an absolutely specific one.
In our hands the limit of error did not exceed 15 per cent, provided that the following con-
ditions were fulfilled.

(i) The amount of the hormone under investigation should lie between 0.5—5 fig,
and (ii) always two standard compounds with different polarity (hydrocortisone, cortisone)
should be run simultaneously. For the identification of unknown compounds the following
standard dérivates were used : hydrocortisone, cortisone, corticosterone, 11-desoxycorti-
ecosterone and their acetates, resp., androstene [3,1l]-dione, androstene [3,ll,17]-trione,
17-hydroxyprogesterone, progesterone, testosterone, cis-androsterone, dehydro-iso-andro-
sterone and /I6-pregnenolone.

The compounds under investigation were acetylated in a medium containing anhyd-
rous acetic acid and pyridine. Identification was made on the basis of the R/ values of the
formed acetates (Constance de Courcy et al. [10]).

The corticoid content was calculated partly as fig/g adrenal weight/kg body weight/
hour. In some cases, however, when both body weight and adrenal weight had changed,
the data were given as fig/g adrenal weight/hour, and also as fig/kg body weight/hour.

Il. Biosynthesis of corticoids of different polarity in adrenal tissue
homogenates

It is well-known that, bettveen 1930 and 1938, Reichstein, Kendall,
Wintersteiner and Pfiffner isolated from the adrenal tissue about 30 ste-
roids, parts of which were, naturally, biologically ineffective. The inactive com-
pounds were either saturated ones, or contained reduced ketolic groups at
the positions 3, 11, 20.

Most of the inactive compounds were characterized by the presence in
the molecule of both a reduced carbonyl and a reduced ~]4-3-keto group. It
is the general view that the 3 and 20 keto groups, as well as the presence of the

4Abond, are necessary for the biological activity. This activity can be modi-
fied by additional oxo groups at the positions 11, 17, or at the other carbon
atoms. As a fundamental characteristic of our method in the detection of the
A 4-3-keto group, it is only natural that mainly those compounds were involv-
ed in our investigations which possess the biological active structure.
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The adrenal gland homogenates were incubated with hydrocortisone,,
cortisone and progesterone. Among these hormones, hydrocortisone produced
corticoids in the greatest amount and variety. With regard to the fact that
the initial precursor gave rise not only to compounds of very polar character,,
but also to less polar ones, two different systems were necessary for paper
chromatography.

The extract from the homogenate was first run in a formamide-benzene
system. This process resulted in the separation of compounds less polar than
hydrocortisone. Following this separation, the space between the starting line
and the hydrocortisone spot was eluated with methanol, then run again in
benzene-methanol-water (100:40: 50). In the latter case the descending method
was carried out at 32°C for 16 hours. During this time the migration of the
hydrocortisone enabled the separation of the more polar compounds.

After the incubation of both pig and ox adrenals with hydrocortisone,
a total of 21 compounds with the ”~j4-3-keto structure were observed to occur..
Among these compounds two dérivates (XX and XXI) were “gestagens”,
since they proved to be 17-hydroxyprogesterone, resp. progesterone. The other
compounds possessed an a-ketolic side chain at the position 17, as well as a
A4-3-keto group, as shown by the tétrazolium reduction and alkaline fluor-
escence. None of the compounds gave a positive reaction with m-dinitro-
benzene.

Six of the above compounds (Ito VI) showed a greater polarity than did
hydrocortisone. Among these compounds, components IIl, 1V, V and VI
appeared in the greatest amount. Three derivatives were found to lie between
hydrocortisone and cortisone, as far as their polarity was concerned. Com-
pound X was most probably identical with aldosterone, although no biolo-
gical identification was made. Three corticoids were found to lie between cor-
tisone and corticosterone, and four components were less polar than corti-
costerone.

The biosynthesis of compounds | to VI occurred in considerable amounts
only when the adrenals had been incubated with hydrocortisone. Incubation
with progesterone yielded these materials only in minute quantities, very
probably through the step progesterone-hydrocortisone as, in the above
system, progesterone yielded hydrocortisone in considerable amounts. Incu-
bation with cortisone did not lead to the formation of more polar compounds.
By altering the pH of the medium, the direction of biosynthesis could be
somewhat influenced. Thus, the elevation of the pH to 7.6 increased mainly
the synthesis of compounds of weaker polarity, while a diminution of the
pH value to 7.0—7.2 augmented the production of compounds of stronger
polarity. Table I shows the amount of corticoids of different polarity synthe-
sized from hydrocortisone. Hormone transformation did not occur in adrenals
inactivated by heat at 100°C. The corticoid content of the adrenal without
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added precursor was restricted to a minute amount of hydrocortisone and cor-
tisone (20—40 //g [100 g tissue weight]).

Tabic |

Percentunl distribution of corticoids in the biosynthetical process

Substances : | 11 11 \Y \ Vi \Al Vil IX X X1
0.5 05 3-5 3-5 1.0 1.0 100.0 0.5 0.5 20 20-25
Substances : X 11 X1 X1V XV XVI  XVII XVIII XIX XX XXI

4-6 2-4 1.0 35-40 2-4 4-6 3-5 2-3 2-4 05-1.0

Corticoids produced from hydrocortisone by adrenal cortex homogenates. 100 g pig
adrenal incubated in Tyrode : blood (1 : 1) at 30°C for 180 minutes under continuous oxygen
supply. 25 mg hydrocortisone added. The amount of hydrocortisone present after incubation
was taken for 100 per cent. Quantitative evaluation with 0.5 per cent accuracy

4
Most of the corticoids which had appeared during biosynthesis were not

identified chemically, since their amount was too small. However, the admin-
istration of different precursors gave an opportunity to study both the meta-
bolizing and synthesizing capacity of the adrenal enzyme system. In addition,
investigations could be made also into the biological action of compounds
obtained by biosynthesis.

Only five of the corticoids observed in the course of biosynthesis were
chemically identified (hydrocortisone, cortisone, corticosterone, 17-hydroxy-
progesterone and progesterone). As far as the ketosteroid series is concerned,
we succeeded in identifying two of the compounds, namely #]4-androstene-
3,11-dione and */|4-androstene-3, 11, 17-trione.

Compounds | to VI were not identical with tetrahydrocorticosterone,
as they failed to show alkaline fluorescence and so did not contain a /j4-3-keto
group. They were, however, of highly polar character. The origin of this polar-
ity is not quite clear, but we have to draw attention to the assumption of
Haynes, Savard and Dorfman [23], according to which new double bonds
and keto groups may be taken up by the carbon. 6. and 16. of these compounds.
Compound XVII was probably identical with 11-dehydrocorticosterone, as
it showed both tétrazolium reduction and alkaline fluorescence, but no Ag
reduction.

a) Transformation by Cr03 of compounds less polar than hydrocortisone

The CrO03 oxidation method was first introduced into the microanalysis
of corticoids by Zaffaroni and Burton [69]. This reaction produces from
hydrocortisone androstene-(3, 11, 17)-trione. Using a medium containing Cr03
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and glacial acetic acid we observed that, under certain conditions, hydrocor-
tisone might he transformed into four new compounds, all possessing a *j4-3-
keto, 17-ketolic side chain. Three of these dérivates proved to be identical
with the compounds XII, X IIl and XV II found in the course of biosynthesis..
The fourth compound was, however, a completely new one showing only
slight polarity. In addition to these compounds, /f- androstene- dione and
trione, as well as a highly polar 17-ketosteroid, were also observed after treat-
ing the chromatogram with m-dinitrobenzene (Fig. 2).

Fig. 1. Corticoid synthesis from hydrocortisone in adrenal homogenates. The upper chro-

matogram was run in formamide-benzene, the lower one in benzene-methanol-water. Spots

Cpd F and Cpd E in the upper chromatogram were eluated with methanol and run again

in benzene-methanol-water. This procedure allowed the separation of compounds more polar

than hydrocortisone (lower chromatogram). Cpd F = hydrocortisone ; Cpd E = cortisone ;
Cpd B = corticosterone

} X XA XV XM b c

.. i 1T

0 11 i 111 |
0 6 ? 12 15 18 21 24 28 3¢ 33 38 3? 4? 45U

Fig. 2. Corticoids (XII, X1II, XV, XV I1I and d) and 17-ketosteroids (a, b, c) formed in the
presence of Cr03

Compound a is unknown; b and C correspond to d'-androstene-dione and -trione, re-
spectively. Compound XV is corticosterone

b) General remarks on the experiments performed by the method of bio-
synthesis
As it was shown by a variety of earlier experiments on adrenal homo-
genates or adrenals perfused in situ, adrenal tissue possesses a specific enzyme
system capable of producing both hydroxyl groups at the position 3, 11, 17,
21 and unsaturated bonds. According to our experience, other tissues fail to
synthesize corticoids of higher polarity from either of the precursors. Even
among the slightly polar corticoids only corticosterone is produced by extra-
adrenal tissue (Endréczi and Bohus [15]; Endréczi and Martin [16]). Of



DATA ON THE SPECIFIC FUNCTIONAL ADAPTATION 31

the other organs the placenta alone is known to contain an enzyme system
similar in action to that of the adrenal glands (for details, see Endréczi, Te-
legdy and Martin [17]).

As regards the results of biosynthesis, the question arises whether the
corticoids yielded by that method actually play a role in the normal function
of the adrenal cortex. Since several compounds synthesized by adrenal tissue
in vitro are regularly met with in the venous blood of the adrenals, the ques-
tion about the physiological role of these hormones may be answered in the
affirmative.

I11. Individual and speeies differences in the hormone secretion
of the adrenal cortex

It is well-known that different laboratory animals (dog, cat, rabbit,
rat, guinea pig), as well as man, show differences in the corticoid composition
of the venous blood of the adrenals. (Bush, [8]; Hechter et al., [25]; Zaf-
faroni and Burton, [69]; Bush and Sandberg, [9]; Judaev, Pankov and
Druzhina [30/a] ; Romanoff, Hudson and Pincus, [45]; Weichselbaum
and Margraf, [65]; Grant, Forrest and Symington, [20]; Endréczi,
Bata and Martin, [12].) In general, the bulk of the corticoids in the adrenal
blood is made up by hydrocortisone and cortisone. In addition to these, some
unidentified corticoids were observed by various authors. Table Il shows the
corticoid composition of the venous blood of the adrenals in various species.
The ratio hydrocortisone: corticosterone is also shown in Table Il. As it may
be seen, marked variations in this ratio may occur within the same species.

In this connection it is w'orth recalling that marked differences were
found in the adrenocortical hormone pattern between wild and domesticated
rats. In these investigations the adrenals of 6 to 8 rats were pooled, in order
to have sufficient material for corticoid extraction. The main component in
domesticated rat was corticosterone. In addition, two other compounds were
found, one of them showing a weaker polarity than corticosterone, while the
other was of more polar character. Both components proved to be */j4-3-keto,
17-ketol corticoids, as judged from the tétrazolium reduction and the alkaline
fluorescence. Unlike in the domesticated rat, the main component in the wild
rat was a compound more polar than corticosterone. In addition, two other
corticoids of weaker polarity than corticosterone, as well as corticosterone
itself were found.

One of those components, which commonly occurred in both wild and
domesticated rats (compound XI1V), was found also in the fox, but not in
the dog or the cat.

The four components observed in wild rats corresponded to compounds
X1, X1, X1V and XVII of our biosynthetic series. The question arose whether
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Table 11

a)
Corticoid composition, as well as the ratio hydrocortisone : corticosterone in the
venous adrenal blood of different animal species.
Unknown components appearing under the effect of interglandular influences have
not been investigated

Species  Substances Ratio Author (s)
Man Cpd F, Cpd B, 2 unkowns 10:1 Pincus & Romanoff, 1953
more polar than Cpd F,
2 unknowns of polarity Romanoff, Hudson &
between Cpd F and B, Pincus, 1953
1 unknown less polar than
Cpd B
4—11 :1 Sweat, 1955
2—11:1 Hudson, Lombardo, 1955
23:1 Grant, Forrest &
Symington, 1957
Monkey Cpd F, Cpd E(?), Cpd B 20 :1 Bush, 1953
Dog Cpd F, Cpd B, Cpd A,
2 unknowns more polar 5:1 Bush, 1953
than hydrocortisone
Cpd F, Cpd B, 17— OH - 23:1 Farrell, 1953, Farrell &
desoxycorticosterone Lamus, 1953

Cpd F, Cpd B, 3 unknowns

more polar than Cpd F,

2 unknowns of polarity 15—23:1 Zaffaroni & Burton, 1953
between Cpd F and B,

2 unknowns less polar

than Cpd B
Cpd F, Cpd B, 17— OH—
desoxycorticosterone, 12—20:1 Hechter et al., 1954
2 unknowns more polar
than Cpd F
Cpd F, Cpd B, 1 unknown
more polar than Cpd B, Endréczi, Bata, Martin, 1958
1 unknown less polar than Lissak, Endréczi, Medgyesi.
Cpd B 1957
Cat Cpd F, Cpd B, Cpd A, 2
unknowns more polar than Cpd F 4—6 : 1 Bush, 1953

Cpd F, Cpd B, occasionally
1 unknown more polar than

Cpd B and 1 unknown less 1.2—7 : Endréczi, Bata & Martin,
polar than Cpd B 1958
Endréczi, Bata & Lissak, 1957
Rabbit Cpd B, Cpd F 0.05 : 1 Bush, 1953
0.05 :1 Kass, Hechter, Macchi,
Muo, 1954
Fox Cpd F, Cpd B,
1 unknown more polar 7:1 Endréczi, 1958
than Cpd B
Rat Cpd B, 2 unknowns of Endréczi, 1957
polarity less and more 0.05:1
than Cpd B
Cpd B 0.05:1 Bush, 1953
Cpd B, 2 unknowns W eisz et al.,, 1958
Rat
(wild) Cpd B, 3 unknowns more 0.05 : 1 Endréczi 1958

polar than'Cpd B
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these same corticoids were figuring also in the secretion (Holzbauer and
Vogt [29]), working with the same problem, pointed out that the corticoid pat-
tern of the venous adrenal blood was identical with that of adrenal tissue. Even
the quantitative changes were parallel, and increased output of corticoids was
associated with the elevation of the level of these materials in the adrenals.
However, this observation was made in cases when secretion was increased
only for a short time.
CpdB
XU M XtvX14  XVI
1 $ 1 p >

03 C 9 12151824 24273, 4, y

Fig. 3. Corticoid content in the adrenals of wild and domesticated rats. Compounds XII,
X1l and X1V were found in wild animals, while X1V, XV and XVII in domesticated rats.
Compound XV is corticosterone, a trace of which was present also in the wild rat

a) Some aspects of the ratio of hydrocortisone : cortisone

Table Il already revealed the ratio hydrocortisone : cortisone to undergo
marked variations within the same species. Hechter and Pincus [26], as
well as Lissak, Endréczi and Medgyesi [37], observed in the dog that the
ratio may vary between 1.2—14:1, even in great experimental material.
Extremely wide margins (3—11:1) were recorded also in man (Grant etal., [20]).

Our findings revealed the ratio hydrocortisone : cortisone to be character-
istic of the individual, though under certain conditions it may change con-
siderably. ACTH infusion failed to cause a measurable change in the ratio.
The administration for 2 to 3 days of ACTH in a daily dose of 10 I. U./kg body
weight to dogs and cats resulted, however, in an increase of the ratio. This
increase indicates that under the effect of strong and long-lasting stimuli the
enzyme system of the adrenals shifts in the direction of hydrocortisone syn-
thesis. Increased ACTH secretion by the anterior pituitary activates more
intensively the enzyme system carrying out the formation of the 17-hydroxyl-
group than that responsible for the 11-keto-group. In other words, the en-
zymes of the adrenal cortex are activated mainly to synthesize polar corticoids.
This phenomenon has been confirmed by other authors both in experimental
animals and in man (Hayanos et ah, [22]; Sweat, [59]; Grant et ah, [20]).

b) Corticoids present at low concentration in the venous blood of the adrenals
of different species

As mentioned above, the venous blood of the adrenals contains not
only hydrocortisone and cortisone, but also some other compounds. These
compounds occur in small quantities and under certain conditions only. Fig. 4
shows that two each of these so-called trace compounds were found in the

3 Acta Physiologic« XV/1
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venous blood of the adrenals in the cat and the dog. The amount of these
compounds hardly exceeded two to three per cent of the total secretion, but
under certain conditions they may attain the level of the main component.
Thus, in a series of 30 untreated healthy cats there were two animals the adrenal
blood of which contained compound XIY in an amount corresponding to
nearly 70 per cent of the total secretion. These cats exhibited an unusually
wild behaviour against both their cage associates and the keeper. It is worth
recalling that the same compound X1V was commonly occurring in both wild

_________ r~

%1[ 13 I’

ro1of % % BW oA 22393 3f 3f3‘1)ﬁ2_A5A§cm
CpF X XV CoBXVT

Fig. 4. “Trace compounds” in the venous adrenal blood of the dog and the cat. Compounds
X 11 and XVII occur, under certain conditions, in the dog, while compounds X1V and XVI
in the cat

and domesticated rats and also in foxes. However, the data at our disposal do
not vet allow to infer to the relationship between aggressive behaviour and
corticoid secretion (Fig. 4).

V. Influence of interglandular connections on the function
of the adrenal cortex

a) “ Feed-back” effect of corticoids upon the hormone secretion in the adre-

nal gland

Hormones are generally known to release reactions in the organs pro-
ducing them. Ingle, Higgins and Kendal1l [31], as well as Sayers and
Sayers [47], were the first to demonstrate that administration of adrenocor-
tical extracts decreased ACTH secretion in the anterior pituitary and the
response of this gland to stressor stimuli. This effect of the corticoids was
interpreted as a reaction of the processes regulating ACTH secretion at the
hypothalamus-pituitary level. There are, however, some observations which
postulate a direct action upon the adrenal cortex itself. Thus, exogenous cor-
ticoids were found to enhance the adrenal atrophy evoked by hypophysectomv,
an effect best explained by a direct action of the hormone upon the adrenal
tissue (Kulenkampff, [34]).

In recent experiments the effect of cortisone on adrenal weight and on
the secretion of cortical hormones has been investigated in dogs and cats
(Endréczi, Koranyi, Fendler, Tekeres [18]). Cortisone acetate admin-
istered for seven days in a daily dose of 10 mg/kg body weight was found to
decrease the weight of the adrenals to a much greater extent in the cat than
in the dog.
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Table 111

Effect of 10 mg/kg cortisone acetate on adrenal weight.

a Changes in the index, adrenal weight : body weight of puppies four months of
age of two Jitters.

b = Changes in the index, adrenal weight : body weight after cortisone treatment
of various duration, in the cat.

Adr. gland*

No Body weight

Period of the treatment in days
untreated 200 —
218 —
180 —
260 —
245 —
cortisone 140
138
124
118
131

© ® N gk N e
© o ™ ™ o

N
o

Adr. gland* Period of the treatment

N
© Body weight in days

1. untreated 176
2 180 —
3 167 —
4. 202 _
5. 158 —
6 160 —
7. cortisone 172

8 150
9. 104
10. 60
11. 84
12. 72
13. 64 1
14. 56 12
15. 68 12
16. 57 14

0 0O oo O W N

* Weight in mg
Weight in kg

3%
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As an effect of cortisone treatment, both hormone secretion and weight
of the adrenals were changed, but these changes were of opposite direction.
Thus, in the cat, hormone secretion was hardly influenced by marked cortical
atrophy, while in the dog secretion was greatly inhibited even when the reduc-
tion in weight was slight. These observations point again to the fact that
species differences can never be left out of. account, even in the case of the
most brutal experimental interventions.

The question arises, what is the mechanism responsible for the differ-
ence in the changes in the dog and the cat (opposite behaviour of synthetic
processes and tissue weight). Two possibilities have to be considered, (i) The
anterior lobe of the pituitary contains two factors, one regulating proliferation
and another regidating secretion (Stack—Dunne and Young, [55]; Stack—
Dunne, [56]). (ii) Cortisone acts not only at the pituitary level, but also on
adrenal tissue, and the two reactions differ according to species. The latter
possibility is supported by the observation that cortisone decreases mainly
the secretion of hydrocortisone, a hormone of similar polarity as cortisone
itself, while, at the same time, corticosterone secretion is less diminished.

b) Effect of sex hormones on the function of the adrenal cortex

|. Effect of oestrone

Vogt and Holzbauer [64], [29] were the first to demonstrate that
stilboestrol inhibits the synthesis and secretion of corticoids in the rat. This
observation somewhat contradicted the earlier experimental finding that
oestrogens induce marked cortical hypertrophy and a histologically demon-
strable hyperfunction of the adrenals. The effect of oestrone on the functional
activity of the adrenal cortex in the dog and the cat has been detailedly ana-
lysed in a previous paper (Endréczi, Telegdy and Bata, [14]). In those
experiments 3000 I. U. of oestrone (Oestrone benzoate, Richter) in oil was
administered to animals of both sexes for 7—14 days. In the dog, marked
adrenal hypertrophy resulted, together with considerable changes in the cor-
ticoid composition of the venous blood of the adrenals. Total secretion slightly
diminished or was unchanged. The ratio hydrocortisone : corticosterone un-
derwent, however, a marked decrease as a result of the considerable diminu-
tion in absolute hydrocortisone secretion. In addition, a qualitative change
also occurred, as far as a new "j4-3-keto compound appeared. This compound
exhibited alkaline fluorescence but gave no tétrazolium reduction. Its Rf
values in both formamide-benzene and benzene-methanol-water revealed it
to be identical with 17-hydroxvprogesterone.The secretion of this compound
was sometimes very considerable, amounting even to 7.5 mg/24 hours.

In the cat, the weight of the adrenals remained unchanged after oestrone
treatment. Corticoid secretion was increased and specific alterations occurred
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Table IV

Corticoid content of venous adrenal blood, during treatment with 10 mg/kg cortisone acetate
a = Corticoid content in cortisone-treated dogs expressed in /tg/g adrenal weight/kg
body weight/hour and /tg/g adrenal weight/hour, respectively.
b = Same data for the cat. R = ratio hydrocortisone: corticosterone.

a)
o i s e By ®
1. untreated 24.0 19.0 6:1
2 30.0 21.0 25:1
3 60.0 24.0 3:1
4 ® 71.0 19.0 25:1
5. . 38.0 22.0 2:1
6. cortisone 27.0 6.0 1:1
7 18.0 5.8 3:1
8 ® 22.0 7.5 0.66 : 1
9 . 11.0 6.2 15:1
b)
No in /'g?&'ﬂg?ﬁdé;%cﬁ'/%/gh a

I. untreated 40.2 22.6 2 1
2. ® 48.4 26.0 18 1
3. @D 52.0 20.0 20 1
4, @D 38.2 24.0 26 1
5. @ 41.6 19.0 42 1
6. @ 62.0 29.0 3.0 1
7. @ 36.0 17.0 6.0 1
8. cortisone 62.0 27.0 20 1
9. @D 74.0 32.0 28 1
10. @ 96.0 22.0 16 1
11. @D 128.0 28.0 10 1
12. @ 132.0 16.0 10 1
13 D 148.0 32.0 08 1
14. [o°) 196.0 17.0 075 1
15. @ 154.0 12.0 10 1
16. @D 142.0 14.0 075 1
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also in the composition of the secretion. In addition to the increased secretion
of hydrocortisone and corticosterone, two new compounds appeared, both
less polar than corticosterone. Unfortunately, we did not succeed in the chem-
ical identification of these compounds. In any case, both contained Zi4-3-keto
group, but only one of them reduced tétrazolium. The less polar one of these
compounds (b) might have been identical with 11-hydroxyprogesterone. The
other compound (a) corresponded to the compound XVI, as judged from the
Ry value of both its acetate and the free substance. The exact chemical iden-
tification of these components requires further experiments.

Fig. 5. Effect of oestrone treatment on the hormone secretion of the adrenals. Changes in

the adrenal weight of 12 normal (dotted columns) and of 10 oestrone-treated animals (black

columns). In the first and second columns the number on the ordinate refer to 100 mg. The

other columns represent the amount of corticoids in //g g adrenal weight/kg body weight/hour.

Blank columns = untreated animals. Shaded columns = oestrone-treated animals. Number
above columns show deviations from the mean values

The findings in oestrone-treated cats and dogs are another proof of the
fact that the adrenals are capable of altering their hormone secretion in a very
specific fashion. In addition, they show species differences. These differences
cannot be accounted for by quantitative factors,, since in the cat even 6000
I. U./kg body weight of oestrone had failed to initiate changes similar to those
observed in the dog.

The mechanism of the oestrone action cannot be unequivocally explained
by functional alterations of the anterior pituitary. The very same factor can-
not, namely, produce changes of opposite direction. In agreement with Vogt
and Holzbauer, we had to conclude that the oestrone effect may be supposed
acting directly on the enzyme system of the adrenal cortex. The partially
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decreased hydrocortisone secretion in the adrenals of the dog leads to in-
creased ACTH mobilization from the anterior pituitary. This results in a
considerably increased proliferation of the adrenal glands, and thus in an
increase of adrenal weight. At the same time, the direction of the synthesis is
also changed, an event leading to the appearance of new hormones. The exist-
ence of interconnections between adrenal cortex and gonads was shown also by
Hechter’s observation [24], according to which the corticoid secretion of per-
fused adrenal glands of castrated oxes differed from that of normal animals.
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Fig. 6. Effect of oestrone treatment on the hormone secretion of the adrenal cortex. Shaded

columns = mean of 12 control cats. Blank columns — mean of 10 treated cats. Numbers

on the ordinate refer to adrenal weight/kg body weight/hour. Compounds a and b
are new dérivates

Il. Effect of progesterone

In both the cat and the dog, progesterone treatment (0.5—2.5 mg/kg)
for 5—8 days led to a considerable increase of the hydrocortisone secretion
with the consecutive augmentation of the hydrocortisone :corticosterone ratio.
No new compound appeared in the venous blood of the adrenals after pro-
gesterone treatment. The increased hydrocortisone secretion was similar as
after prolonged treatment with ACTH. It is therefore possible that the same
mechanism figured in the progesterone effect which did in the case of ACTH.

I1l. Effect of choriongonadotrophine

Choriongonadotrophine when given for 7—11 days in a daily dose of 200
I. U.evokes a considerable increase of the secretion in female dogs and
cats. The marked augmentation in the ratio of hydrocortisone : corticosterone
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indicates that the phenomenon was produced by the mechanism, figuring in the
progesterone effect. Although the details of this mechanism require further
analysis, some preliminary observations already indicated that the effect was
an indirect one and was mediated through the ovary (Telegdy and End-
ROCZzI, [60]).

Our experiments concerning sexual steroids could naturally not reveal
all the possible mutual interconnections between adrenal system and gonads.

Fig. 7. Effect of progesterone on the hydrocortisone and corticosterone content of the venous

blood of the adrenals in the dog. Blank columns = 10 control dogs. Shaded columns =
= 8treated dogs. Numbers above columns show deviations from the mean values. Ordinate
shows the amount of corticoide in /ig/g adrenal weight/kg body weight/hour

In any case, however, they illustrate that the interconnections between the
two endocrine organs are not restricted to evoking simple quantitative changes
but they could give rise to complex qualitative alterations, a fact, which
cannot be left out of account consideration. The latter phenomenon should
be regarded as a specific one.

¢) Functional connections betiveen the thyroid and adrenal glands
I. The effect of hyperthyroidism induced by thyroxine

More than 30 years ago Marine and Bauman [40], as well as Marine
[1941], had called attention to the fact that in the pathomechanism of Gra-
ves’ disease a role must be ascribed to the decreased function of the adrenal
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glands. Numerous authors have since pointed out that thyroid hyperfunction,
while constituting a stress to the organism, was not followed by increased
corticoid secretion or by the characteristic signs of this condition.

On the other hand, adrenocortical hormones were recognized in the past
decades to inhibit the function of the pituitary-thyroid system. This inhibition
sets in not only after ACTH, hydrocortisone or cortisone administration, but
also following stressor stimuli which mobilize ACTH, (Williams, Jaffe and
Kemp, [67]; Soffer, Gabrilove and Jailer, [53]; Vidovic and Verzar, [63];
Brown—Grant, Harris and Reichlin, [7]).

This mutual antagonism seems to be of great importance, mainly as
regards the pathomechanism of hyperthyroidism. According to Harris and
W oods [21], it isthe altered equilibrium ofthe hypothalamus-pituitary system,
which accounts for the increased secretion of ACTH and TSH. In other words,
the disorganization of this antagonistic relation would figure in the induction
of hyperthyroidism. W ithout discussing this question in detail, it seems neces-
sary to draw attention to some experimental proofs of the direct intergland-
ular connections between thyroid gland and adrenal cortex.

We induced hyperthyroidism in cats by injecting thyroxine in a daily dose
of 1.0 mg/kg for 7—14 days. The treatment evoked marked changes in the
function of the adrenal cortex. The cats with hyperthyroidism responded to
ACTH infusion with a 30—40 per cent increase of the secretion, while in
normal animals the increase was always over 100 per cent. As an effect of the
thyroxine treatment, total secretion at rest was slightly augmented, in spite
of the fact that hydrocortisone secretion was markedly diminished. In addition
to the increase in total secretion, new compounds also appeared. Two new
components were found when hyperthyroidism was recent, and five new com-
ponents in grave cases. None of these compounds occurs in the normal, unan-
aesthesized cat. The dérivates found in venous adrenal blood during grave
hyperthyroidism corresponded to compounds X II, XIII, XIV, XYI, and
XV Il of the biosynthetic series, and they proved to be "j4-3-keto, 17-ketol-
corticoids, as judged by both the tétrazolium reduction and the alkaline
fluorescence method (Endréczi, LissAk and Bata [13]).

The changes induced by hyperthyroidism in the function of the adrenals
in the cat indicate that the underlying causal relationship must be sought for
in the enzyme system of the adrenal gland and not in the regulatory processes
of the hypothalamus-anterior pituitary system. The fact that following ACTH
infusion the hormone production of the adrenals increased much less in cats
with hyperthyroidism than in normal animals, shows that under the given
conditions the secretory capacity of the adrenals was markedly decreased.
This reduction, however, concerned the synthesis of certain corticoids only,
as was revealed by the simultaneous appearance of some new compounds. As
far as the mechanism of this action is concerned, there is a possibility that
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hyperthyroidism induced by thyroxine evokes a marked decrease in the cho-
lesterol content of the adrenals. This decrease is much more marked than
that induced by stressor stimuli, a decrease always associated with adrenal
hyperfunction (Long and Fry, [38]; Long, [39]). The marked decrease in
question, however, is probably a sign of the general disturbance of the cho-
lesterol household of the organism with hyperthyroidism. On the other hand,
cholesterol is one of the starting materials of corticoid synthesis, an alternative
pathway of the synthesis from acetate and C4 dicarbonic acids. Using labelled

Cn<F Xe Xl XV CodB XVI XVl

Fig. 8. Effect of thyroxine on the corticoid content of the venous blood of the adrenals in

the cat. Blank columns = 10 untreated cats. Shaded columns = 8 thyroxine-treated cats.

M arked secretion of compounds X I, X1Il, X1V, XV 1 and XVIIl in treated animals. Ordinate
shows amount of corticoids in ,ug/g adrenal weight/kg body weight/hour

precursors, Stone and Hechter [57] observed that ACTH increased hydro-
cortisone and corticosterone synthesis by 1800 per cent, when this had start-
ed from cholesterol, but only by 140 per cent when acetate had been the
starting point. The synthesis of corticoids from cholesterol being disturbed in
hyperthyroidism, synthesis from compounds with a short carbon chain may
come in the foreground. This process is, however, only slightly activated by
ACTH, but at the same time thus enhances the production of metabolites
which during synthesis from cholesterol occur only in traces or not at all.

All these lead to the conclusion that in hyperthyroidism the changes
induced in the metabolic activity and corticoid synthesis of the adrenals are
the result of complex functional alterations. However, the above investigations
were performed in cats and so they are not directly valid in human pathology,
considering the differences in the specific adaptation of various animal spe-
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cies. The question also arises, whether the above secretory pattern of the
adrenals should be considered a simple metabolic disturbance or to represent
a certain type of adaptation of the adrenal gland?

The biological effect of the compounds found in the venous blood of the
adrenals of animals with hyperthyroidism was analyzed mainly by procedures
which had some connection with specific adaptation. Thus, the two compounds
less polar than corticosterone were studied in methylthiouracil-treated mice
and rats as to their effect on the secretion of thyreotrophic hormone. The com-
pounds were eluted from the paper chromatogram by methanol, which was
then removed under reduced pressure and the residue was dissolved in ethanol.
After the determination of the hormone concentration (Porter-Silber method),
the ethanol was similarly removed and a dose amounting to 10 /~g/kg body
weight was dissolved in 0.5 ml physiological saline. This procedure allowed the
compounds to be administred in an alcohol free water medium without added
organic solvents. Standard amounts of hydrocortisone, cortisone and corti-
costerone were treated in the same way. Mice and rats of the same bred and
of about the same body weight (mouse, 22—25 g; rat, 75—90 g) were treated
with methylthiouracil, in a daily dose of 0.5 mg/25 g body weight, intraperi-
toneally. Corticoids were injected intramuscularly. Both treatments lasted
for 14 days in the mouse and for 16 days in the rat. At the end of the experi-
ments the animals were killed by lighting gas and the thyroids weighed with
an accuracy of 0.5 mg. The thyroids of the rats were controlled histologically.

Fig. 9 shows that all the corticoids used were inhibiting the methyl-
thiouracil-induced increase in the secretion ofthyreotrophic hormone, as judged
by the changes in thyroid weight. Of the known corticoids, corticosterone
was the most effective, the least effective having been hydrocortisone. Accord-
ing to the observations, inhibition of TSH secretion was inversely related to
the polarity of the compound. Most marked effects were exerted by two un-
known compounds, the relative potency of which was around 150—160 (hydro-
cortisone 100). This means that in hyperthyroidism such corticoids are
produced which inhibit the output of thyreotrophic hormone to a greater
extent than does any other corticoid secreted under normal conditions. No
measurable inhibition of TSH secretion was caused by the other three com-
pounds present in the venous blood of the adrenals of animals with hyperthy-
roidism (compounds X II, X1, X1Y). As far as their polarity is concerned,
these compounds lay between hydrocortisone and corticosterone.

The appearance of the above corticoids in hyperthyroidism is not char-
acteristic of the cat alone. Both compounds less polar than corticosterone
were found also in the urine of certain subjects with clinically controlled hyper-
thyroidism (Bata, Endréczi and Horvath, [5]). In these cases urine analysis
was performed as follows. The urine collected during 24 hours was subjected
to acid hydrolysis at pH 1. Following extraction with ether chloroform the
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components were partitioned in 70°/0 ethanol-benzene and then analyzed as
described in the introduction of this report. We succeeded in identifying
the above compounds in six out of fourteen cases. The amounts of these
components reached sometimes 35 to 40 per cent of the total excretion.

Our findings in animals and humans showed hyperthyroidism to pro-
duce a complex disturbance in the function of the adrenal cortex. This trouble
manifests itself with a decreased secretory capacity of the glands, as well as

Fig. 9. Effect of corticoids on the methylthiouracil-induced increase in the thyroid weight
in mice and rats. Part | shows experiments on the mouse, Part Il those on the rat. Columns
represent mean values of 10 animals

Part 1.: a = untreated ; b = methylthiouracil; ¢ = 10 /tg hydrocortisone + methyl-
thiouracil ; d = 10 fig cortisone + methylthiouracil ; e = 10 /tg corticosterone + methyl-
thiouracil ; f 10 /tg compound XVI (unknown)
Part Il..: a = untreated ; b = methylthiouracil ; ¢ = 10 /tg compound XVII + methyl-
thiouracil

with the appearance of certain new compounds. As far as the antagonism
between the two endocrine organs is concerned, these new compounds are
connected with specific adaptation. They were detected in the urine of cer-
tain subjects with hyperthyroidism whose zl4-3-keto-corticoid excretion was
normal or subnormal (six control cases, 60 to 90 /tg, 24 hours; subjects with
hyperthyroidism, 25 to 80 /tg, 24 hours). Data concerning the concentration
of these compounds in the venous blood of the adrenals are, however,
still lacking.

Il1. Effect of thyroidectomy and methylthiouracil treatment on the secretion
pattern of the adrenals

Eik —Ness and Brizzeé¢ [11] observed in the dog that one week after
thyroidectomy the corticoid content of the venous blood of the adrenals was
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markedly decreased. The level returned to normal on thyroxine administration.
Earlier findings of other authors had, however, showed that in hypothyroidism
the response to stressor stimuli of the pituitary-adrenocortical system was
enhanced. Thus, Hess, Stade et al., as well as Hess and Finerty [27, 28],
demonstrated that the stress-induced decrease in the ascorbic acid content
of the adrenals was more marked in thyroidectomized rats than in normal
ones. As the ACTH secretion and ACTH content of the pituitary was found
unchanged, it was concluded that the organism with hypothyroidism is more
sensitive to ACTH than the normal one.

The problem was analysed in detail by Bata, Eivdréczi and Jonec [4].
Young and adult dogs were thyroidectomized. Four months (young animals),
resp. 2 to 6 weeks (adult dogs) later the corticoid content of the venous adrenal
blood was determined. Other dogs were treated with 300 to 700 mg/kg me-
thylthiouracil by mouth and examined 2 to 4 weeks later. The findings un-
equivocally showed that after thyroidectomy the corticoid secretion increased
parallel to the time elapsed between operation and experiment. The increase
involved mainly hydrocortisone, as was shown also by the great augmentation
of the ratio hydrocortisone : cortisone.

In animals with hypothyroidism there was no decrease in the corticoid
content of the venous blood ofthe adrenals. Thus, the earlier findings of EIK—
N ess and Brizzeé could not be confirmed. The suggestion of Hess et al. that

Table V

Changes in adrenal inlight and corticoid content of the venous adrenal blood, in the dog

Adrenal weight Total amount of cortieoids .

No Body weight in /fg/kg/li and in ~ugigh r »

l. 9.7 29.0 308 28 :1 -
2 6.3 23.8 288 26 :1 —
3 11.8 32.8 273 3:1 —
4 10.8 26.8 250 2:1 —
5. 11.0 27.9 130 7:1 —
6 12.0 24.4 216 3:1 —
7 10.0 24.1 269 4:1 —
8 14.9 35.6 238 3:1 14 days
9 16.1 52.0 226 3:1 27 days
10. 13.0 59.2 452 26 :1 27 days
11. 13.5 61.0 449 3:1 38 days
12. 13.0 107.3 820 3:1 38 days
13. 16.4 136.0 746 36:1 40 days

* indicates the day after operation
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Table VI

Changes in adrenal weight and corticoid content of venous adrenal blood, in dogs
treated with methylthiouracil. * indicates the amount of inethylthiouracil in mg, ad-
ministered orally

No Adrenal weight Total amount of corticoids R
Body weight in /lg/kg/h and in /(g/g/h *

. 9.7 29.0 308 28 :1 —

2. 6.3 23.8 288 26 :1 —

3. 11.8 32.8 273 3:1 —

4, 10.8 26.8 250 2:1 —

5. 11.0 27.9 130 7:1 —

6. 12.0 24.4 216 3:1 —

7. 10.0 241 268 4:1 —

8. 9.7 25.4 264 2:1 200 mg/10 days
9. 11.8 59.7 504 6:1 300 mg/16 days
10. 12.2 39.0 320 3:1 100 mg/12 days
11. 8.7 22.0 252 4:1 200 mg/13 days
12. 8.4 34.7 410 9:1 500 mg/13 days
13. 12.7 69.5 551 3:1 700 mg/15 days
14. 13.1 71.0 536 6:1 700 mg/15 days

the response of the pituitary-adrenocortical system to stressor stimuli is
greater in thyroidectomized animals than in normal ones is most probably
correct. Yet, a direct proof of the assumption would require an analysis in
unanaesthesized animals of the enhancing effect of stressor stimuli on adrenal
secretion.

V. Observations concerning the biological effects of corticoids more polar
than hydrocortisone

Six out of the compounds obtained by biosynthesis were more polar
than hydrocortisone (compounds | to VI). All these components showed a
glucocorticoid-type biological action. The effect ofthe compounds eluated from
the paper chromatogram was studied in adrenalectomized rats and mice,
partly with the method of glycogen deposition, partly with that of thymus
involution and of lymphopenia.

In the present reports only compounds Il and IV will be dealt with,
two compounds characterized by a high lympholytic activity and a slight effect
on glycogen deposition in the liver. As demonstrated in Fig. 11, the lympho-
pénie action of these compounds, as well as their effect inducing thymus invo-
lution, were stronger than those of any other corticoid so far known. Both
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compounds evoked a fifty per cent lymphopenia in adrenalectomized rats,
in a dose of5/tg/100 g body weight, an effect not produced by less hydrocor-
lison ethan 10 to 12 /zg/100 g. Their effect on the of involution of the thymus of
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Fig. 10. Lympholytic and glycogen-depositing effect of corticoids in rats and mice. Ordinate
on the right shows the liver glycogen content of adrenalectomized mice, in per cent.
Ordinate on the left demonstrates the absolute number of lymphocytes in the blood of adrenal-
ectomized rats. In Group | each column represents the mean value of six animals, while
in Group Il the columns correspond to eight animals. Part | : ai —untreated ; b S
(Ug/100 g compound 1V ; ¢ 10 /«g/100 g compound IV ; d = 5,0 /ig/100 g hydrocortisone ;
e = 10 /«g/100 g hydrocortisone
Part Il : a - control without adrenalectomy); b adrenalectomy; ¢ = adrenalectomy-
50 /«g/100 g hydrocortisone ; d = adrenalectomy -f- 100 /«g/100 g compound IV

Fig. 11. Involution of the thymus gland under the effect of corticoids, in rats weighing 35

to 40 g. Each column represents the mean value of eight animals. 1 = control ; 2= 50

/«g/100 g cortisone ; 3 = 50 /ig/100 g compound IV. Columns show the decrease in thymus
weight evoked by three days’ treatment with the above materials

rats weighing 35 to 40 g was similarly marked. The ability of these compounds
to promote glycogen deposition in the liver was only slight in comparison
with hydrocortisone and cortisone. These experiments were perform-
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ed in adrenalectomized mice kept alive with 50 pg DOCA. 100 /tg/100 g of
compounds Il and IV given one week after the operation did not normalize
the glycogen content of the liver to more than 15 to 20 per cent. At the same
time, 50 /tg/100 g hydrocortisone or cortisone completely restored the ability
of the liver to accumulate glycogen. Thus the biological activity of compounds
Il and 1V is characterized by a strong lympholytic and a weak glycogen-
depositing effect.

The stability of the compounds more polar in structure than hydro-
cortisone is weak. Their alkaline-fluorescence, due to the " 4-3-keto group, is
lost in a methanol—ethyl acetate medium within four to five days. At the
same time, they became biologically inactive. This lability, which does not
occur with the corticoids hitherto known, makes the chemical identification
of the compounds somewhat problematic. In any case some additional ques-
tions must also be cleared, namely, whether these compounds are really secreted
in the adrenals and at what concentration, and whether they play a part in
the pathomechanism of connective tissue disease.

V1. Neural aspects of specific adaptation

Next, some findigs obtained in animals with altered function of the
central nervous system will be dealt with. As it has been pointed out above,
the site of action of the interglandular endocrine effects partly may be
represented by the enzyme system of the adrenals. However, the ACTH
secreted by the pituitary may be also involved in these effects, namely, in the
qualitative changes of the secretion pattern. Functional alterations in the cent-
ral nervous system influence the secretion of cortical hormones primarily via
ACTH secretion. Accordingly, the changes in the adrenal hormone pattern are
of quantitative character only, corresponding to the outlines of the general
adaptation syndrome. There are, however, some observations indicating
that nervous processes may evoke also complex qualitative changes in the
secretion pattern of the adrenals. These nervous processes, which are medi-
ated partly through direct mechanisms and partly through indirect ones, are
still scarcely known.

I. Effect of tranquillizing drugs

Two widely known tranquillizing drugs, reserpine and chlorpromazine,
were investigated in dogs; the changes in the corticoid content of the venous
adrenal blood were recorded (Medgyesy and Endréczi, [43]). Both reserpine
(Rausedyl) and chlorpromazine (Largactil, Specia) when given for five to ten
days resulted in a 12 to 15 fold increase of the corticoid secretion. As to the
qualitative composition of the corticoids secreted, this was characterized by
a very great augmentation of the ratio hydrocortisone : corticosterone, even
to 12—16:1. In this effect, it is mainly the unusually high output of corticoids
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that deserves attention. 40 I. U. ACTH given to dogs weighing 15 to 20 kg
for a similar period of time as the tranquillizing drugs induced only a three to
fivefold increase in the secretion, a fact indicating that extremely great
amounts of ACTH must be secreted under the effect of reserpine or chlor-
promazine. Without discussing the site of action of these drugs within the
central nervous system, it is necessary to recall the fact that inhibition of
both the diffuse activating system and the archicortical structures very mark-

= a I 1
CpdF CpdB

Fig. 12. Changes in the corticoid content of the venous adrenal blood in dogs treated with
250 jUg/kg reserpine for six days. Shaded columns= reserpine (eight animals); blank columns=
= control (eight animals)

edly activates the ACTH secretion of the anterior pituitary. Central exci-
tants, as for instance benzedrine, also increase ACTH secretion, but this in-
crease is by far not so great as thatinduced by the tranquillizing drugs. This
difference in action is not merely gquantitative, even convulsive doses of ben-
zedrine did not enhance corticoid secretion, but very slightly (Bata and E nd-
HOczi, [3]).

Il. Function of the adrenal cortex during behavioural changes induced by-
lesions of the central nervous system

Next, let us consider the changes in adrenal secretion brought about by
two types of surgical intervention in the central nervous system. In these
cases a certain relation could be established between the changes evoked by
the operation in the general behaviour, resp., in the secretion pattern of the
adrenals. It is known that the removal of the amygdale nucleus and of the4

4 Acta Physiologie« XV/I.
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temporal cortex is followed by permanent and characteristic changes in the
behaviour (Bard and Mountcastle, [2]; Schreiner and Kling, [48]; Kaada,
[32]; Kruver and Buev, [33]; and others). In earlier experiments on amyg-
dalectomized cats (Endréczi, Lissak, Tigyi and Szép, [19]; Martin, End-
ré6czi and Bata, [42]) an extreme increase in corticoid secretion was found,
which 3 to 4 weeks following the operation still did not show a tendency to
decline. The behavioural changes described by various authors under the
above conditions are rather conflicting. However, recent data generally agree,
and. this has been confirmed also by our own experience (Martin, Endréczi
and Bata, [42]) that the removal of the amygdale nucleus and of the peria-
mygdaloid cortex leads to a quiet, so-called placid behaviour, the animals
fail to respond to emotional stimuli and their spontaneous activity is decreas-
ed. Schreiner and Kling, [48] observed certain changes in sexual behaviour
some weeks after the operation. Changes of this kind did not consistently
appear in our experiments. At the second week following operation only two
female cats exhibited an extreme sexual behaviour characterized by spon-
taneous lordosis, copulative activity and orgasm. The adrenal secretion of
these animals showed a pattern qualitatively similar to that observed after
treatment with oestrone. Compounds less polar than corticosterone (XVI,
XVIl) were, however, found only in the above two cats. All other animals
with placid behaviour showed a marked increase in hydrocortisone and cor-
ticosterone secretion. The ratio of hydrocortisone : corticosterone was simi-
larly elevated.

Another characteristic change in the adrenal secretion pattern was
observed in female dogs after frontal leucotomy. The operation, which involv-
ed the lesion of the orbito-frontal pathways, led in certain animals to a very
marked sexual reaction with copulative body posture and extreme priapism.
In three animals in which these phenomena were most marked, the venous
blood of the adrenals contained, in addition to the known hormones, two new
compounds both of which were less polar than corticosterone. One of these
compounds exhibited alkaline fluorescence but no tétrazolium reduction. On
the basis of the Ry value, the compound was identified as 17-hydroxyproge-
sterone. The other compound showed similar chemical characteristics but was
more polar than 17-hydroxyprogesterone. Its chemical structure has not yet
been ascertained.

Dogs exhibiting a normal sexual behaviour after leucotomy, failed to
show any characteristic change in the corticoid secretion, except a slight
increase in the total amount secreted. The specific changes in the secretion
pattern appearing in both the dog and the cat after surgical intervention in
the central nervous system, were very probably not directly related to the
altered ACTH secretion of the pituitary, but evoked by interglandular me-
chanisms (pituitary-gonad system).
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VIl. General discussion of the specific adaptation

The changes observed inthe adrenal function under specific stress, point
to the existence of a specific adaptation, in addition to the general one. Cor-
ticoids, which under normal conditions are not present, appear in the blood, as a
sign of specific though not completely explored process.

As far as the significance of the method of biosynthesis is concerned,
two points should be mentioned, (i) The method allows the synthesis of cor-
ticoids which are appearing in the blood only under specific conditions; and
(ii) it yields information about the corticoid metabolizing capacity of the
enzyme systems of the adrenals.

ad (i). The method of biosynthesis has made it possible to isolate 19 neAv
corticoids with the */j4-3-keto, 17-ketol side chain. Three of the compounds |
to VI had been unknown. Unfortunately, thereport of Dorfman etal. [22,23]
does not contain detailed data concerning the three compounds observed in
their experiments.

As pointed out above, some of the compounds | to VI possess a marked
biological activity and are highly lympholytic in character. It is still a ques-
tion whether or not these compounds are secreted by the adrenal cortex, in
view of the very low concentration at which some of these corticoids occur.
Their biological activity is high, but amounts obtained during the usual time
of blood collection (20 to 90 minutes) do not suffice for chemical identification.
Similar methodical difficulties are met with when determining aldosterone in
adrenal blood. Although a decisive part is ascribed to adrenocortical hormones
in the pathomechanism of the various connective tissue diseases, yet we must
confess that the mechanism of the therapeutical successes obtained by ACTH
and cortisone is still quite obscure. The urinary excretion of hydrocortisone
and cortisone in subjects with asthma or rheumatic arthritis is not at all unsat-
isfactory; it may sometimes even lie above the normal range. Further investi-
gations will have to decide whether or not these compounds contribute to the
antiinflammatory actions of the adrenal cortex.

Nearly all of the compounds obtained in the course of biosynthesis (cor-
ticoids less polar than cortisone) were found to occur in the venous blood of
the adrenals, but they were not present in normal animals not subjected to
previous adaptation. The question arises whether a discrimination of two dis-
tinct lines in adrenal function, i.e. a specific and a general one, is necessary, and
whether this interpretation is at all correct.

(i) The corticoids appearing during specific adaptation do not occur in
the venous adrenal blood during resting secretion.

(ii) Chronic administration of ACTH, while increasing the ratio hydro-
cortisone : cortisone, fails to give rise to the appearance of any new compound.

(iii) Stressor stimuli acting within the frames of the general adaptation
syndrome produce effects similar to those observed after ACTH treatment.

4%
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(iv) Certain corticoids do not appear but under specific conditions.

(v) Corticoids appearing under specific adaptation strengthen the homeo-
static unity of the organism and influence the interglandular connections in
a specific way.

However, it is only to a certain extent that the above observations
justify the existence of a specific adaptation. This makes a brief survey of
some additional data necessary.

(i) Within the ranges of specific adaptation, species differences, too, are
to be taken into account. This statement is based on the observation that
oestrone treatment leads to 17-hydroxyprogesterone secretion in the dog, but
to two new”/j4-3-keto corticoids in the cat. Moreover, in addition to species
differences, there are also strain differences. This was demonstrated by West-
berg, Bern and Barnewell, [66], who on administering oestrogen to various
strains of mice observed great differences in the function of the pituitary-
adrenocortical system. The two above-mentioned compounds are under ana-
lysis as to their biological activity. Of them 17-hydroxyprogesterone is gesta-
gen in action. This compound deserves some further interest, since its biolo-
gical action is subject to species differences. Its action is weak in man and the
rabbit, while in the mouse it is sixty times stronger than that of progesterone
(Salhanick, Holmstrom and Zarrow, [46]). As already mentioned, the other
compound found inthe catafter oestrone treatment is probably 11-hydroxypro-
gesterone, although its final identification is still lacking. All these observations
demonstrate that oestrone treatment leads to the appearance of compounds,
which have gestagen properties and are probably involved into the mainte-
nance of homeostasis.

(ii) Progesterone treatment did not give rise to new corticoids. Yet, the
elevation of the ratio hydrocortisone : corticosterone, as well as of the total
secretion are worth mentioning, especially considering the general biological
effects of increased hydrocortisone secretion. Numerous literary data revealed
progesterone markedly to alter the excitability of the vegetative nervous
system. In high doses it can even produce signs of narcosis (Selye, [50]).
Hydrocortisone, on the other hand, markedly enhances both the excitability
of the central nervous system and the reactivity of vegetative processes
(Woodbury et al., [68]). As to the interconnections of the adrenal
cortex and the sexual glands, the fact cannot be left out of consideration that
corticoids decrease the metrotrophic and decidual effects of the oestrogens
and progesterone (Szegsé and Roberts, [58]; Velardo, [61]). This antagonism
is known also to figure in certain pathological states. Thus, hyperadrenalisin
or corticoid therapy with high doses may lead to amenorrhoea, even when the
secretion of gonadotrophine and sexual corticoids is normal or elevated (Spra-
gue, Mason and Power, [54]). At present, we have no definite data on this
antagonism between sexual steroids and corticoids asserting itself also in other
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extragonic structures and thus in the central nervous system. In any case, the
antagonistic influence of hydrocortisone and oestrone on the maternal aggres-
sivity of domesticated rats has been observed by us (Endréczi, LissAk and
Telegdy, [13, 14])

(iii) Accordingly, the progesterone-induced increase in the ratio hydrocor-
tisone : corticosterone may be considered one of the specific adaptative reac-
tions. This is further supported by the fact that progesterone treatment alone
does not lead to such metabolic alterations and thereby to increased demand
for corticoids, which would explain this increased secretion. On the other
hand, the specificity of the phenomenon is demonstrated by the relation be-
tween the sexual behaviour following central nervous lesions and the corticoid
pattern after progesterone treatment.

(iv) In thyroxine-induced hyperthyroidism there appeared in the venous
blood of the adrenals compounds inhibiting the pituitary secretion of thyreo-
trophic hormone. These compounds were also found in the urine of subjects
with hyperthyroidism. A further characteristic of this pathological state is a
decrease in the secretion of hydrocortisone and, in general, of more polar cor-
ticoids. This can be accounted for mainly by the above-discussed changes in
the enzyme system of the adrenal cortex. In hyperthyroidism there is a rela-
tive insufficiency of the adrenal cortex, the manifestations of which are observ-
able not only in the condition of certain tissues, but also in various metabolic
processes (Alterman, [1]). On the other hand, hypothyroidism results in a
considerable increase in the secretion of corticoids, mainly of the polar ones.
The secretion of aldosterone has not been investigated in our experiments,
but it would be of interest to know, if similar changes occurred also in the
synthesis of this mineralo-corticoid, especially with respect to the water house-
hold in hypothyroidism. The increase in corticoid secretion may constitute
an adaptation mainly in the sense that it activates suppressed metabolic
processes (glycogenolysis, gluconeogenesis, tonization of the sympathetic ner-
vous system, etc.).

(v) The enhancement of hydrocortisone and cortisone secretion by tran-
quillizing drugs can be regarded primarily as a compensatory process in the
sense that the inhibition of central activating processes initiate an increased
production of those hormones by which the excitability of the central ner-
vous system is considerably augmented. Woodburry et al. [68] found
namely hydrocortisone and cortisone markedly to increase, and corticoids of
low polarity to decrease, the excitability of th e central nervous system. W ith-
out going into the details of this question, it is necessary to draw attention
to the fact that highly polar corticoids greatly enhance the manifestations
of certain behavioural changes in complex emotional and neurotic states
(Endréczi, Telegdy and Bata, [14]; LissAk, Medgyesi, Tényi and Z6-
rényi, [35]; LissAk, Endréczi and Medgyesi, [37]). In our opinion, the in-
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creased corticoid output induced by tranquillizing drugs represents a compen-
satory mechanism with the role to maintain homeostasis. A similar pheno-
menon is the placid state observable after removal of the amygdalous com-
plex, a state for which naturally the altered equilibrium of the organizatory
mechanisms of complex neural processes is responsible.

It is a question of decisive importance if the corticoids yielded by bio-
synthesis were involved into some pathological processes of man. Adrenal
homogenates synthesize from hydrocortisone, cortisone and progesterone va-
rious corticoids, which under certain conditions were found in the venous
adrenal blood ofdifferent animals. The question arises wdiy these compounds
do not appear in the resting secretion and whether they are produced also in
the course of physiological corticoid synthesis. Since even high doses of ACTH
failed* to give rise to these compounds, and they were not found to appear
during chronically increased corticoid secretion, it seems probable that, in
certain species, these dérivates are not synthesized. In some species, their
synthesis is initiated exclusively by specific interglandular endocrine effects,
while in others they constitute a constant component of the corticoid pattern.
All these findings lead to the conclusion that the method of biosynthesis is
capable of yielding corticoids which otherwise occur only under specific con-
ditions orin certain species. In this respect we have found no essential difference
between ox and pig adrenals. This does not yet exclude the possibility that other
species are also capable of producing these dérivates.

The term specific adaptation, as used in the presentreport, requires some
explanation, since a general adaptation syndrome related to the function of
the adrenal cortex has been introduced (Setye, [50], [51]). The two concepts
cannot be sharply separated, since the term specific homeostatic reaction
must be applied also to that case, when the exclusive amount of those corti-
coids is augmented which occur in the resting secretion. The differences be-
tween these two types of adaptation can be defined as follows.

a) In general adaptation the secretory pattern of the adrenals changes
only quantitatively. For this change the pituitary ACTH secretion is solely
responsible.

b) Specific adaptation depends mainly on interglandular connections. It
is brought about by stimuli from the environment, which affect primarily
other endocrine systems.

c) During specific adaptation the enzyme system of the adrenals under-
goes a change, the quality of which depends on the species.

d) Under certain conditions (hypothyroidism, administration of tran-
quillizing drugs, etc.), general adaptation may take aspecific character, with-
out any qualitative change in the secretory pattern.

For the time being, only the outlines of the specific adaptation have
been explored. In our opinion, the syndrome plays an important role in the
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pathomechanism of certain systematic diseases, as well as in the maintenance
of interglandular regulation. The above observations have made it possible
to analyze some aspects of this great complex. The complete elucidation of
the problems involved will require further extensive investigations.
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CORTICOSTEROID SECRETION OF THE ACCESSORY
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Corticosterone determinations have been carried outin the venous blood extracted
from the adrenals of adrenalectomized rats, postoperatively, at different intervals. When
gaining venous blood from the adrenals, we intended to collect the blood of the accessory adreno-
cortical tissue located in the periadrenal adipose tissue. According to our results, already
in the early stage following adrenalectomy, a certain amount of corticosterone secretion was
traceable which increased further on. Thus we cannot speak about hormone outfall, rather
about hypofunction.

The function of the accessory adrenals was the cause of many a problem
in the studies on the adrenal cortex, especially in experiments with adrenal-
ectomy. It has been known since long that rats, especially mature ones, often
survive bilateral adrenalectomy, obviously owing to the compensatory hyper-
trophy of an extra-adrenal, so-called accessory adrenal tissue and to the hor-
monal substitution brought about by the function of the same. The problem
has been investigated by numerous authors, but unfortunately only with mor-
phological methods [1,2]. By these investigations the presence of an accessory
adrenal tissue located in its major part in the periadrenal and perirenal adipose
tissue and in the retroperitoneum has been demonstrated histologically. How-
ever, no functional analysis of the problem has been carried out, though
when evaluating experiments with adrenalectomy, itisimportant to know the
time, the amount and level of hormone secretion of the accessory adrenals.

We started to study the problem assuming that when collecting venous
blood from the adrenals (after placing a ligature on the renal hilus and at
the emptying into the inferior vena cava, respectively, and after cannulation
of the renal vein), the venous blood of the accessory adrenals located peri-
adrenally and near the retroperitoneum should also be collected.

The experiments were performed on mature male rats of the Wistar-K
strain weighing between 200 g and 300 g each. Adrenalectomy was effected
through lumbal exploration, with great caution and taking care that the
surrounding tissue should suffer the least possible damage. Postoperatively,
until termination of the experiment, the animals were offered physiological
saline to drink ad libitum.

To examine corticosteroid excretion, the renal vein was cannulated in
a manner similar to that when obtaining venous blood from the adrenal. The



58 P. WEISZ, L. HORVATH and T. KADAS

blood was collected through 60 minutes under urethane anaesthesia. The
plasma to which heparin had been added, was extracted with ethyl acetate [3]
and after purification was chromatographed, in toluol /methanol/ water (4:3:1)
[3]. The chromatograms were developed in tétrazolium blue. The formazon
spots were eluated and estimated by photometry as to their content of corti-
costerone, the main corticosteroid secreted by rats.

In addition to the tétrazolium blue reaction, in some cases the soda-
fluorescence test was also examined, which always agreed with the results
of the tétrazolium blue reaction.

Table I show's the result of corticosterone analyses performed at differ-
ent points of time.

Table |

Amount of corticosterone secreted by the accessory adrenals of bilaterally adrenalectomized rats

Number Secreted corticosterone
of animals  ~g/hour/kg body weight

Controls 15 16.7 £+ 0.11*
2 days following adrenalectomy 8 3.9+0.34
5—7 days following adrenalectomy 15 4.7 £ 0.67
10 days following adrenalectomy 10 6.3 + 0.14
19—20 days following adrenalectomy 6 7.8 £ 0.88
25—46 days following adrenalectomy 9 8.7+ 0.14

* Standard deviation

Note. About 75% of the animals died in 10 days after operation

In 5 further animals the so-called zero value was also determined in the
following way. Before beginning to collect blood, the small venule coming
from the adrenal was ligated (this ligature plausibly failing to influence the
venous supply ofthe periadrenal adipose tissue) and the adrenal was removed.
The blood thus obtained contained no measurable amount of adrenal hormone
by the tétrazolium blue method.

As early as 2 days after bilateral adrenalectomy, a certain amount of
secreted hormone w'as demonstrable. After 25—40 days this amount increased
to about 50 per cent of the control value. That this value did not reach the
amount of hormone secreted by the controls, may be explained by the fact that
apart of the blood of the accessory adrenals could not be collected due to the
anatomical conditions (part of the accessory adrenals were located in the renal
substance).

According to our results, soon after adrenalectomy the hormone secre-
tion of the accessory adrenals must be taken into consideration. This means

*
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that numerous experiments carried out in adrenalectomized rats had elucidated
the consequences of hypofunction rather than those of total hormone outfall.
Zenker and Bernstein [4] have reported on the method of fluorometrically
determining the corticosterone hormone content of rat blood. To control their
method, they carried out determinations from the peripheral blood at various
intervals after adrenalectomy and the comparison of the values they obtained
at different points of time seems to support our own conclusions.
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The glycogen, glucose, lactic acid and pyruvic acid content of the brain has been
examined in 79 rats after 3 hours of swimming.

The glycogen level was significantly increased ; the other levels did not change sig-
nificantly.

It has been concluded that the generally accepted view concerning the stability' of
glycogen should be revised. At least under certain conditions, there is a parallelism between
the functional exposure of the central nervous system and the changes in the glycogen content
«of the brain.

In 1924, Takahasi [1] found measurable amounts of glycogen in the
brain of experimental animals and postulated that the central nervous system
had an autonomic carbohydrate metabolism. Since then, many authors have
investigated under highly variable conditions the changes in the glycogen
[2—18], glucose [9, 19], lactic acid [9, 19—24] and pyruvic acid [26] content
of the nervous system. The results, however, are far from being unequivocal,
even though the experimental conditions employed were closely comparable.
This applies first of all to the changes in the glycogen level. Very few workers
have investigated the above-mentioned metabolites of the carbohydrate within
the framework of one study. Moreover, the metabolism conditions employed
by many were often far from what may occur physiologically.

In the present investigations we have studied the changes in the glycogen,
glucose, lactic acid and pyruvic acid levels of the brain in response to work
under identical experimental conditions, in order to decide whether there
existed any correlation between functional exposure and the quantitative
changes in these metabolites.

Materials and methods

A total of 79 infantile albino rats of both sexes was used in the experiments.

The animals came from the same stock and were collected from big litters. They were
fed a mixed diet. Care was taken to keep all the factors of some influence (time of feeding,
size of cage, litter, etc.) as constant as possible.

Swimming was chosen as the functional exposure, an activity which may occur in the
normal life of the rat. The animals were made to swim without loading 3 hours in a vessel
40 c¢cm in diameter, containing water of 37 to 38° C to a height of 40 cm. While the experi-
mental animals were swimming, the controls were kept in a dark incubator at 37° C, where
they were usually sleeping.
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The animals were killed by immersing them into liquid air for two minutes. This
was performed with the least delay possible, in order to reduce excitation to a minimum.
The animals showing marked convulsions during freezing were excluded from the study.
(Convulsions do not alter the results unequivocally. They cause either a positive or a negative
maximum deviation from the group mean, or correspond to the group mean.)

The brain was weighed in a dish enclosed in a wooden box, by analytical scales. The
dish was later remeasured because of the moisture that had frozen to the brain and melted
later. Subsequently, it was placed into the tube of the Potter—Elvehjem homogenator,
containing about 5 ml of ethanolic potassium hydroxide as described by Kerr for the estima-
tion of glycogen [9], and was homogenized for 3 minutes. The plunger was washed with a
sufficient volume of ethanolic potassium hydroxide and the volume was adjusted to
10 ml. This was followed by boiling in a water hath, with shaking, until the brain was dissolv-
ed. After cooling, it was centrifuged, decanted and washed three times in warm methanolic
chloroform, according to Kerr [9]. After expelling the traces ofsolvent, the dried residue was
dissolved in 10 ml of luke-warm distilled water and glycogen was estimated colorimetrically
by the Molish test modified by Szara and Bagdy (personal communication).

The modification was the following. To 1 ml of the glycogen dissolved in water were
added a layer of 8 ml of 86 per cent sulphuric acid, 0.5 ml of water and 0.5 ml of a 10 per
cent aqueous solution of 1— alpha 2-naphtolsulphonic acid. After 20 minutes in a water bath
of 100° C and cooling, the violet colour was read in a Pulfrich photometer with an S57 filter.
The calibration curve was plotted with Merck’s glycogen.

The procedure for glucose estimation was the following. To block glycolysis, an about
0.1 N solution of barium hydroxide was prepared with 0.1 M NaF. With phenolphtalein
as an indicator, the Ba(OH)2 was titrated with 2 per cent ZnS04, which was so diluted that
exactly the same volumes of the two solutions be equivalent. The weighed brain was dropped
into 5 ml of the Ba(OH)2solution, and was homogenized for 4 minutes. To the homogenate
5 ml of the ZnS04solution was added. After centrifuging, 2 ml aliquots were tested for sugar,
according to Somogyi [27].

To determine lactic and pyruvic acids, the brain was for 4 minutes homogenized in
5 ml of recently prepared 10 per cent trichloracetic acid and the volume was adjusted to 10 ml.
One ml aliquots were tested for lactic acid, according to Barker and Summerson [28], and
3 ml aliquots for pyruvic acid, according to Friedemann and Haugen [29]. The calibration
curves were plotted with Zn—Ilactate and recently distilled pyruvic acid, respectively.

Results

The values (expressed in mg/100 g of wet brain weight) for glycogen
are shown in Table I, those for glucose in Table Il, for lactic acid in Table 11l
and for pyruvic acid in Table 1Y. The glycogen content was significantly
higher in the “swimmers” group (P<g0.01), whereas the levels of glucose
(P]> 0.8), lactic acid (P~>0.6) and pyruvic acid (P>0.7) did not change.

Table 1

Brain glycogen values

Experimental

Control group group
ISumber of experiments 13 n
Mean (mg/100 g wet tissue) 53.4 £11.6 75.4 £ 125

P <5 0.01
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Table 11

Brain glucose values

Experimental

Control group group
Number of experiments 20 20
Mean (mg/100 g wet tissue) 20.8 + 8.2 20.6 + 9.9
P> 08
Table 111
Brain lactic acid values
Control group Expgrr(i)rggntal
Number of experiments 10 5
Mean (mg/100 g wet tissue) 147 £ 25 153+ 1.6
P> 0.6
Table 1V
Brain pyruvic acid values
Control group EXpS:(I)T;maI
Number of experiments 10 5
Mean (mg/100 g wet tissue) 08+ 11 08+ 1.0
P> 0.7

Discussion

Most of the data in the pertaining literature refer to changes in the gly-
cogen and lactic acid content of the brain.

An increase in the glycogen level in the brain has been observed in
response to convulsant stimuli [5], after the righting reaction during climb-
ing, falling, after active fear reaction [6], resuscitation from lethal acute
bleeding [7], and in response to hyperglycaemia of various origin [8].

The glycogen level was found to decrease after prolonged swimming
[13, 14], in the cerebral cortex during clinical death caused by acute bleed-
ing [71

The glycogen content of the nervous system did not change after
glucose infusion, glucose infusion -(- insulin, pancreatectomy, overfeeding,
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fasting 4~ phloridzin injection [9], convulsions caused by picrotoxin met-
razole, strichnine (18), during sleep, running, walking, in passive fear reac-
tion [6].

Among the works on the behaviour of the brain glycogen level, that by
Ciiesler and Himwich [33] merits special attention. These authors studied
the changes in the cerebral glycogen content not in response to external effects,
but during individual evolution, in the different parts of the brain. They
found that in the philogenetically newer parts of the brain the glycogen con-
tent increased with age, whereas in the more ancient parts it decreased gra-
dually. The maximai oxygen consumption increased and decreased, respect-
ively. with the glycogen content [34].

The changes in the lactic acid content of the brain in various conditions
have been widely investigated, with conforming results. According to Stone
[34], the cerebral lactic acid level appears to depend first of all on intracere-
bral metabolism. This was indicated by the fact that the lactic acid content of
the brain was found to increase in the following order: sleep, rest, training,
emotional excitation, convulsions. Low levels were found in the brain of ani-
mals treated with barbiturate or ether [23]. Higher values were found at rest
[25, 35] and in emotional states [23].

Palladin’s investigations are particularly interesting [24]. He found,
among others, that parallel with the decrease in the lactic acid level, the level
of glycogen increases during sleep, whereas the opposite takes place in excit-
ation produced by benzedrine and convulsants.

Our own results concerning unchanged lactic acid values agree with
those reported by other authors as occurring in similar conditions.

The results for the glucose level do not permit further conclusions be-
cause in addition to sugars the method employed determines also other reduc-
ing agents. As far as the elevated glycogen level is concerned, our findings
agree with those published mainly in the past few years [6, 13, 14], observing
changes in the glycogen content of the brain in response to various circum-
stances. The studies by Chesler and Himwich indicate that a parallelism may
exist between the changes in the activity of the brain and the glycogen con-
tent. AIll these results, including ours, are in contradiction with the view
concerning the behaviour of glycogen that is still universally accepted. This
has been based first of all on the results of Kerr et al. [9] worded in 1938 bv
Page in that the glycogen content was stable irrespective of the variants in
the physiological processes of the organism.

Thus, this view does not take into consideration the correlation be-
tween the glycogen content of the brain and the functional exposure of the
nervous system.

We are certainly not justified to consider the brain glycogen immobile.
Even Kerr et al. did not go further than to claim that they had been unable
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to demonstrate a .storage of excess glycogen, whereas in hypoglycaemia they
found a decrease in the glycogen content of the brain.

Klein and Olsen [31] pointed out that Kerr et al. removed the brain
of the experimental animal under ainytal anaesthesia. Anaesthesia lowers not
only the glucose and lactate content, but also the glycogen level of the brain.
This may therefore lessen or obscure a rise which might have resulted from
the experimental treatment.

It should be borne in mind, too, that the experimental animals used
by Kerr had not originated from the same stock. Kulenkampff has
emphasized the importance of the same litter [31].

We should now examine the changes in the blood sugar level in response
to muscle activity. This is necessary, because Klein, Hurwitz and Olsen
[36], Chance and Walker [8], reported that the significant elevation of the
blood sugar level was always associated with a significant rise in the glycogen
content of the brain.

According to the data in the literature, the changes in the blood sugar
level in response to muscle work depend on the following factors.

(i) The condition of the nervous system. Cannon [37] has emphasized
the importance of psychic excitation during exercise, but even at rest.
Excitement causes a rise in the blood sugar level.

(ii) The measure of exposure. Moderate muscle activity does not alter
the blood sugar level [39]. Total exhaustion results in a fall [40].

(iii) Training. [41]. The blood sugar of the untrained animal decreases
after exercise, that of the trained animal remains unchanged.

In our experiments, swimming for 3 hours did not mean too much of a
strain, the albino rat being able to swim 6 to 10 hours. On the basis of the
literary data, the blood sugar level should rather have decreased in our ani-
mals, they having been untrained. In fact, Vrba [14] found a decrease after 4
hours of swimming.

Excitation would have an opposite effect. Our animals, which were
unaccustomed to water, were in all likelihood excited, but excitement was
probably over in about 3 hours. Excitation increases namely the lactic acid
level of the brain [31].

As our investigations revealed no significant change in the lactic acid
level of the brain after 3 hours of swimming, the cause of the elevation of the
brain glycogen level should be sought for elsewhere, in some other mechanism.

Coming back to the investigations in which functional exposure involved
swimming or running, i. e. a complex biological stimulation as under our own
experimental conditions, the following may be mentioned.

Takahasi [1] made rats run for 1% hours, but gave them also thyroid
tablets and phloridzin. For this reason his results cannot be compared with
ours.

3 Acta Physiologien XV/1
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Chance [6] made mice to run at a speed of 8.8 yards/min for 13 minutes,,
during which the animals covered a total of 120 yards. He found no change
in the glycogen content of the brain.

Lesskevitch [13] found a significant decrease in the brain glycogen
level after making rats swim for 1% to 2 hours.

Vrba [14] forced one group of rats to swim for 2% hours and another
for 4 hours. After 2% hours of swimming the glycogen level decreased signi-
ficantly in the brain. The animals which had swum 4 hours showed a further
but not significantly greater decrease.

Thus, the three last named authors have not obtained the same results
as we did. The cause of the difference is not clear and requires further eluci-
dation. Nevertheless, provided the technique employed isreliable, it occurs as
if the unchanged, increased and decreased brain glycogen levels were single
steps in the response to physical work and should one subject animals of the
same species, strain, grade of nutrition and condition to kinetic experiments,,
their brain glycogen values would go through the above sequence of changes.

This view is in harmony with the opinion of Gerald to whom the law
of “all or nothing” does not seem to apply to central nervous metabolism. It
appears that between the metabolic states characteristic of rest, hyperactivity
and total exhaustion there may be a whole series of intermediate grades.
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It has been demonstrated by Jancsé6’s test that the storage of dyes diminished parallel
to the decrease of body tem perature, an effect which may be accounted for by a diminution
in the rate of histamine liberation. Large doses of cortisone, and especially of chlorpromazine,
also inhibited dye storage, but these effects were not related to the blocking of histamine
liberation.

At the 1954 meeting of the Hungarian Physiological Society we reported
that hypothermia was able to counteract death due to active anaphylactic
shock [1]. Our further experiments [2] revealed that hypothermia prevented
the anaphylactic syndrome also in guinea pigs sensitized passively with the
usual dose of ovalbumine. However, animals sensitized more vigorously still
died, even at 23°—25° body temperature. It was also stated [3] that the sen-
sitivity to histamine did not substantially decrease at low temperatures.
Thus, the protective effect could not be accounted for by an eventual dimi-
nuation of the sensitivity to histamine. We had, therefore, to conclude that
the main factor in the protective effect of hypothermia was a marked blockade
of histamine liberation. The present experiments were carried out in order
to prove this assumption. It was also investigated whether previous adminis-
tration of chlorpromazine or cortisone had any influence on the liberation

of histamine.
Methods

The back and side of rabbits weighing 2 to 2.5 kg were shaved and, after three days,
a skin area 3 cm in diameter was rubbed under slight pressure with 4 per cent formic acid
for 20 seconds. (Jancsé’s test, [4]). Some minutes later one group of the rabbits was given
intravenously 5 ml one per cent trypan blue dissolved in physiological saline. The other
group was treated with 3 ml Indian ink intravenously (10 per cent phenol-free Indian ink
dissolved in physiological saline containing 1 per cent gelatine). The results were evaluated
one hour after the injection and were characterized as follows.

— no colouring
+ pale blue colouring
+ + dark blue colouring with small pale spots

+ + + uniform dark blue colouring.

The skin areas of animals treated with Indian ink were examined histologically after embed-
ding in paraffine and staining according to Gollego.

Treatment with cortisone (Adreson, sec. Organon) was performed as follows. 20 mg
cortisone were injected intramuscularly for four days, and, the fifth day, three hours before
the experiment, further 40 mg were introduced intramuscularly. Chlorpromazine (Largactil
sec. Specia) was administered in doses of 30 mg/kg for two days. Lowering of the body
temperature was made by ice packs without previous drug treatment. Rectal temperature
was measured with a thermocouple.
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Results

Table I shows the results of the experiments made with the “indicator”
trypan blue. As seen, storage of the dye decreased parallel to the reduction of
body temperature. Storage was less marked at 26°—28° C than under normal
conditions, and it ceased completely between 22° and 24° C. No colouring was
observed in these animals after several days.

Table 1

Storage of trypan blue at different body temperature

o’f\‘ lrlerlTl]J?Jei;s Rectal teorgperature of tlf?eterr]esaitc%ion*
I 38 o+ o+
2 37.5 + o+ 4+
3 37 + o+ 4+
4 375 s
5 375 s
6 37 + 4+ o+
7 28 TR
8 26.2 -
9 26.5 .2

10 26 4-4-
11 275 4-4-
12 25 4-
13 22.5 —
14 23 --
15 23 _
16 22 _
17 22 _
18 225 —
19 22.5 —
20 23 R

* For explanation, see Methods

Next, three rabbits were cooled to 23° C and the skin at the back was
rubbed — instead of formic acid — with a two per cent solution of hista-
mine. After fifteen minutes, a +-f- grade reaction was observed in two animals
and -f- grade in one animal. After the rabbits had regained their normal body
temperature (in about four hours) all the reactions were intensified to the
+ + + grade.

Fig. 1 shows the histological picture of the skin area rubbed with for-
mic acid. The storage of Indian ink in the endothelial cells of the capillaries
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Fig. la. Normothermic rabbit (37.8° C). Storage of Indian ink in the endothelial cells of the
ecapillaries, Ib. Hypothermic rabbit (23°C). No storage in the endothelial cells of the capillaries.
X 1600
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was considerable in normothermic animals, but no Indian ink was found in
animals whose body temperature had been lowered to 23° C.

The results of our experiments with chlorpromazine resp. cortisone treat-
ment are summarized in Table Il. Chlorpromazine was found to inhibit storage
of the dye to a greater extent than cortisone.

Table 11

Effect of previous chlorpromazine or cortisone treatment on the storage of trypan blue

N:mreglsm Pretreatment of tlﬁéepes;t ion*
21
22 Cortisone + +
23
24 —
25 ¥
26 + -
27
28 Largqctil —
29 -f
30 —
31 +
32 R

* For explanation, see Methods

Discussion

In a previous paper [3] hypothermia was shown to be without any
measurable effect either on the action of histamine on blood pressure and
bronchial musculature, or on the toxicity of the drug. Thus, an eventually
altered sensitivity to histamine could not account for the absence of anaphy-
lactic signs. The present experiments revealed that hypothermia did not dimin-
ish the accelerating effect of histamine on dye storage. In 1939, Schild [5]
demonstrated in vitro that histamine liberation nearly completely ceased at
17° C. VUKOBRATOVic and Bata [6] reported deep hypothermia to prevent the
dextrane-induced liberation of histamine. Our present findings lend new sup-
port to the view that histamine liberation decreases parallel to the decrease
of body temperature, and that liberation at 24° C is already negligible.

It is generally accepted that the storage and liberation of histamine
occurs mainly in the mast cells [7]. Junqueira and Beiguelman [8] reported
that at a low body temperature even the potent histamine liberator 48/80 was
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not capable of liberating histamine from the mast cells of rats. Hogbehg ami
Uvnas [9] found that the degranulation of mast cells induced by 48/80 con-
siderably diminished under 20° C. As far as cortisone is concerned, Ludany
et al. found that pharmacological doses of the hormone (20 mg) significantly
inhibited phagocytosis. Although our findings seemingly confirm the latter
observation, in our opinion cortisone has no role whatever in the hypothermia-
induced inhibition of dye storage, since moderate, physiological doses of ACTH
[11] or cortisone [12] were found to increase rather than to decrease the activ-
ity of phagocytes.

Recently, we have published experiments indicating that the protective
action of chlorpromazine against anaphylactic shock was due mainly to the
antihistaminic properties of the drug [13]. In the present experiments, how-
ever, even large doses of chlorpromazine were not always capable of counter-
acting the activating effect of histamine on storage. Dale [14] supposes the
existence of an “intrinsic” and of an “extrinsic” histamine, the former acting
on the same cell from which it had been liberated, while the latter exerts its
effect at some other site. According to Alberty and Takkunen [15], the hista-
mine liberated in experiments of the above type would be the “intrinsic” form,
while Paton [16], mainly on grounds of the important role of the mast cells,
considers this histamine to be extrinsic. However, Paton, too, accepts the view
that the mast cells are in close relation with the effector organ. In our opinion,
the results obtained with chlorpromazine should be interpreted in the sense
of Dale’s view [14], namely, that antihistamines are not as effective against
intrinsic histamine as against the extrinsic one.
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The adrenolytic effect of cadmium, manganous, stannous, nickelous and vanadium
Sons has been investigated. Of these ions, cadmium proved to he the most effective, inhi-
biting the epinephrine action on the frog heart, the Trendelenburg frog, the blood pressure
and spleen volume of the dog. It has been shown that the inhibitory effect was not due to
a blockage of sulphydryl groups, but the decisive role is ascribed to changes in cell permea-
bility.

In previous experiments [1, 2, 3] ferrous ions were found to abolish
ormarkedly to diminish the effect of epinephrine on smooth muscle. We observ-
ed a similar antagonism between cobaltous ion and epinephrine, which was,
however, by far not so general as with ferrous ions [4]. Ando et al. [5] con-
cluded from a study on 18 cations that manganous, cadmium, ferrous, co-
baltous, nickelous and vanadium ions all had an epinephrine-antagonistic
effect. Since in our earlier experiments some of these ions had given results
contrasting to those obtained by the Japanese authors, a more detailed
analysis was now made of the influence of manganous, stannous, nickelous,
cadmium and vanadium ions on the reactions of epinephrine and, in some

cases, on those of acetylcholine and histamine.

Materials and methods

Isolated frog hearts were used for studying the effect on heart function, and Trendelen-
burg frogs for studying the effect on blood vessels. The frog experiments were made between
February and May, and between October and December. Excised rabbit intestine was pre-
pared according to Magnus and suspended in 20 ml Tyrode solution. Volume changes of the
spleen were measured by oncometry, and blood pressure in the carotid artery by means of
a mercury manometer, in dogs under chloralose (0.11 g/kg) anaesthesia. The ions under
investigation were infused into one saphenous vein, and the drugs were injected into the
other.

The following salts were used: SnCI2-2H20 ; MnCI2-4H20 ; NiS04-7H20; and
CdClz2 (Merck). The vanadium compound was prepared by dissolving V25 in nitric acid
and adjusting the solution to pH 7.0 with sodium hydroxide. Under these conditions, vana-
dium was almost exclusively present as vanadate.

Results and discussion

Isolated frog heart. 0.05 fig cadmium was found markedly to diminish
the effect of 0.1 fig epinephrine (Fig. 1). This dose of cadmium had no effect
upon the heart function, while 10—30 fig caused standstill. As Fig. 2 shows,
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100 jug nickelous considerably depressed the heart function. After the nickelous
infusion 0.05 fig epinephrine was far less effective than in the control experi-
ments. Nickelous exerted an adrenolytic effect only in doses high enough to
depress heart function. On the other hand, even high doses of manganous,
stannous and vanadium ions had no epinephrine-antagonizing action.

The effect of acetylcholine on heart function was not influenced by any
of the five ions investigated. In this respect identical results were obtained
on both spring or autumn frogs.

Fig. 1. Hypodynamie frog heart. Time signal, 6 secs

10,05pg I Wpg :0,05pg 10,05pg
\Adrenalin \ Ni j Adrenalin | Adrenalin

Fig. 2. Hypodynamie frog heart. Time signal, 6 secs

Trendelenburg frog. As seen in Fig. 3, 400 to 600 fig cadmium diminish-
ed, and 800 fig cadmium abolished the effect of 30 fig epinephrine. Perfusion
with 200/zg/kg/min cadmium antagonized the vasoconstrictory effect of epineph-
rine. As to the other ions, 800 fig vanadate (Fig. 4) and 1000 fig nickelous or
manganous ions were capable of abolishing the effect of 30 fig epinephrine,,
while stannous ions had no measurable adrenolytic effect, even when given
in high doses.

Isolated rabbit intestine. Only stannous ions were weakly antagonistic to
epinephrine, and not even in every experiment. All the ions investigated failed
to influence effect in this test.

Blood pressure and changes of the spleen volume. Fig. 5 shows that, in the
dog, infusion of 300 /zg/kg/min manganous ions nearly abolished the effect of
20 jug epinephrine, 10 fig acetylcholine or 10 fig histamine. 90 minutes after
the infusion 100 fig acetylcholine was still hardly effective. An almost similar
inhibitory action was evoked by the infusion of 200 /zg/kg/min manganous.

Fig. 6 demonstrates the effects of 20 fig epinephrine and of 10 fig acetyl-
choline. These doses were nearly ineffective during the infusion of 350 /zg/kg/
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|
130 pa Adrenalin— 30pg Adrenalin

Fig. 3. Trendelenburg frog. Arrows indicate the administration of the drug. Between the
.J , arrows, perfusion of 200 jttg/ml cadmium. Time signal, 6 secs

300pas V

30pa Adrenalin 30pa Adrenalin

Fig. 4. Trendelenburg frog. Time signal, 6 secs

Fig. 5. Male dog weighing 12 kg. Upper line, spleen ; lower line, blood pressure. Time signal,
20 secs. Interval between | and Il = 90 minutes

Fig. 6. Female dog weighing 12 kg. Upper line, spleen ; lower line, blood pressure. Time
signal, 20 secs. Interval between | and Il = 90 minutes ; between Il and Ill = 30 minutes
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min cadmium. 120 minutes after the infusion even 40 fig epinephrine was not
able to produce the effect 20 fig had exerted before the infusion, and only
about 1000 fig acetylcholine was as effective as had been 10 fig. The effect of
240 ~g/kg/min cadmium was also marked, but transitory.

Infusion of 955 /tg/kg/min nickelous made 20 /tg epinephrine nearly
ineffective (Fig. 7). This inhibition was invariably present after 30 minutes
and began to disappear only 60 minutes after the infusion. 170 /tg/kg/mio
nickelous too, had an adrenolytic effect which, however, did not persist for
more than* 10 minutes after the end of infusion.

Fig. 7. Male dog weighing 15 kg. Upper line, spleen; lower line, blood pressure. Time signal,
20 secs. Interval between | and Il = 30 minutes

Fig. 8 shows the influence of 160 “g/kg/min vanadium on the effect of
20 fig epinephrine, 10 fig acetylcholine and 20 fig histamine. During the in-
fusion, histamine alone was effective. Acetylcholine sensitivity returned 120 mi-
nutes after the infusion, but epinephrine continued to act weaker than before
the vanadium infusion.

During the infusion of 200 ~g/kg/min stannous ions only the epinephrine
action was weakened, until 30 minutes after the infusion.

As it can be seen from Fig. 5to 8, the constricting effect of epinephrine
on the spleen diminished considerably during the infusion of the inorganic
ions. This inhibitory effect was especially marked and long-lasting with man-
ganous : in this case epinephrine was still hardly effective 90 minutes after
the infusion had ceased.

Summing up, the most marked adrenolytic action was exhibited by cad-
mium. Stannous ions evoked no change except a transitory weakening of the
effect on blood pressure and spleen. As it can be seen from the Figures, blood
pressure was markedly lowered by all the ions tested. This supports the view
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that the paralysing effect on the musculature of the blood vessels is primarily
responsible for the adrenolytic action of the ions. Lagnado and Sourkes [6]
observed that in vivo neither cadmium nor manganous ions influenced the amino-
oxydase activity of the tissues, while in vitro both had an inhibitory effect.
It is thus obvious that neither of these ions can enhance the inactivation of
epinephrine. Ando et al. [5] explained the adrenolytic effect of inorganic ions
by the fact that, by virtue of their slight ionization, they react with the sul-
phydryl groups of the receptor proteins, which groups are supposed to play a

Fig. 8. Male dog weighing 14 kg. Upper line, spleen; lower line, blood pressure. Time signal,
20 secs. Interval between | and Il = 120 minutes

decisive part in the epinephrine-induced vasoconstriction. This explanation
seems to be most acceptable in the case of cadmium. In order to elucidate
this point we made the following experiment. As shown in Fig. 9, the effect
of 0.05 fig epinephrine on the isolated frog heart was completely abolished
by 20 fig cadmium. This antagonism was not reversed by 1000 fig of cysteine.
On the Trendelenburg frog 500 jug cadmium completely antagonized the effect
of 30 fig epinephrine: here again, not even 2 mg cysteine altered the cadmium
effect (Fig. 10). These findings show clearly that cysteine does not influence
the antagonism between cadmium and epinephrine, a fact making obvious
that [1] the adrenolytic action of cadmium is not due to its blocking the sul-
phydryl groups; and (2) sulphydryl groups do not play a decisive part in the
manifestation of the epinephrine effect.

K oshtoyants mentions in his monograph [7] that 1 fig acetylcholine
injected into the isolated rabbit ear, which has only nervous connections,
evokes a reflectory fall in blood pressure, which can be prevented by 1 mg (!)
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cadmium. This inhibitory effect is abolished by 100 /<g cysteine. Smyrnov,
Byzov and Rampan [8] stimulated the cervical sympathetic chain of the rab-
bit and registered the contractions of the nictitating membrane. They found
that 2 «+10 4 CdCl2introduced intraarterially was capable of blocking the trans-
mission of the stimuli, meanwhile the effect of 510 4 acetylcholine remained
unchanged. According to Damjanovich, Halasz and Mechler [9], the above
dose of cadmium inhibited also the acetylcholine effect, while smaller doses
blocked only the response to electrical stimulation. They also found that cad-
mium inhibited cholinesterase activity. According to our own findings, cad-
mium markedly diminishes the effect of acetylcholine on blood pressure. It
must, however, be noted that in our experiments the low initial blood pressure
made the evaluation of the results somewhat questionable.

A further assumption of Ando et al. [5] isthat the weakly ionizing cations
attach themselves to the negative part of the receptor and so prevent epineph-
rine from attaining the receptor surface; they attribute less importance to the
changes in the cell permeability. In our opinion, the latter phenomenon is the
essential one, especially when the inorganic ions are administered in high doses,
as in our experiments concerning blood pressure and spleen volume.

We are indebted to the Institute of Medical Chemistry for supplying the vanadium.

LITERATURE

1. Kesztyds, L., Szilagyi, T., Varga, E.: Z. Vitamin-Hormon-Fcrmentforsch. 1, 228,
1947).

Kes(ztyﬁg, L., Székely, St., Szitagyi, T., Varga, E. : Z. Vitamin-Hormon-Ferment-
forsch. 2, 11 (1948).

Szitagyi, T., Hahn, G.: J. Pharmacol. Exp. Therap. 98, 331 (1950).

Szitagyi, T., Kocsar, L., Szatai, |.: Acta Physiol. Hung. 11, 409 (1957).

Ando, J. et al.: Bull. Osaka Med. School 1, 26 (1954).

Lagnado, J. R., Sourkes, T. L.: Canad. J. Biochem. Physiol. 34, 1185 (1956).

Koshtoyants, H. S. (kowTosHY, X. C.) bBenkoBble Tena, o6MeH BeLECTB u HepBHas
Perynaumna UN3g. Akag. Hayk, Mockea, 1951.

Smirnov, G. D., Byzov, A. L., Rampan, J. J. CmupHoB, . ., Bbios, A. J1., PamnaH,
0. N. fokn. Akag. Hayk CCCP. 87, 155 (1952).

9. Damjanovich, S., Hatlasz, P., Mechter, F. : Personal communication.

Noukw N

[e°)

G Acta Physiologica XVT






DIE WIRKUNG VON TRYPTOPHAN
AUF DIE LEUKOZYTENZAHL

Von

J. Rigé, F. Takacs und J. Sés
mit der technischen Assistenz von M. JONA

PATHOPHYSIOLOGISCHES INSTITUT DER MEDIZINISCHEN UNIVERSITAT, BUDAPEST

(Eingegangen am 16. Juni 1958)

Die Wirkung von Tryptophan auf die Leukozytenzahl und auf das qualitative Blut-
bild wurde an Ratten untersucht.

1. Tryptophanmangel verursacht Leukopenie, die nach parenteraler Verabreichung
von 10 mg/100 g Tryptophan aufhort.

2. Bei normalen Tieren ruft 10 mg/100 g parenteral gegebenes Tryptophan in der
24. Stunde eine ausgeprdgte Leukozytose hervor. Diese Erscheinung konnte durch andere
6 Aminosduren nicht hervorgerufen werden, weshalb Verfasser der Ansicht sind, daB es
sich wahrscheinlich um eine spezifische Wirkung des Tryptophans handelte.

3. Auf Wirkung von Tryptophan erscheinen in den ersten Stunden Lymphopenie
und Granulozytose, die am ausgeprégtesten in der 2.—4. Stunde hervortreten. Diese W irkung
wird auch durch andere Aminosauren hervorgerufen (Stressoreffekt).

4. Durch Nebennierenexstirpation konnte die infolge der Tryptophangabe auftre-
tende frithe Veranderung des Bluthildes verhindert werden, doch die in der 24. Stunde sich
manifestierende Leukozytose trat auch in diesem Fall unverdndert auf.

Bekanntlich beeinflussen einige Aminosduren die Leukozytenzahl und
rufen auch im qualitativen Blutbild eine Anderung hervor. Juada [6] in 1936
beobachtet voriibergehende Leukopenie bei Kaninchen nach Verabreichung
von Glykokoll, Alanin, Tyrosin, Cystin, Glutaminsdure oder Tryptophan.
Harris und Lang [5] stellten fest, daB die Uber eine Dicarboxylgruppe ver-
figenden Aminosduren Lymphopenie und Eosinopenie hervorrufen. Aschke-
nasy [1] beobachtete an Ratten, daR 14 Aminosduren Eosinopenie ausldsen
und Bachromeff [2] Leukozytose bei Katzen nach Eiweillfitterung. Kurth
[7] nahm wahr, da bei Menschen nach Verabreichung von Eiweill Eosinopenie
und Lymphopenie entsteht. Dinning, Payne, und Day [3] haben an Ratten
festgestellt, dalR auf Wirkung einer methioninfreien Didt Leukopenie entsteht,
die durch Beimischung von Methionin zum Futter verhindert werden kann.

In den gegenwdrtigen Versuchen untersuchten wir die Wirkung von
Tryptophan auf die Leukozytenzahl und auf das qualitative Blutbild. Als
Ausgangspunkt diente die Beobachtung, dal Tryptophanmangel Leukopenie
verursacht.

Die Untersuchungen fuhrten wir an aus eigener Zucht stammenden
weiBen ménnlichen Ratten durch. Junge, 80—90 g schwere Tiere erhielten
eine Mangeldidt, die uUbrigen Tiere die normale halbsynthetische Didt von
S6s, u. zw. 18% Kasein, 3% getrocknete Hefe, 10% Fett (davon 2% Leber-
tran), 4% komplexe Salzmischung und 65% Stédrke. Verabreichung der Amino-
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sduren erfolgte subcutan, bzw. bei einer Gruppe intraperitoneal. Zu diesen
Untersuchungen gelangten 120—150 g schwere Tiere, jeweils 14—18 Stunden
nach der letzten Futterung. Das Tryptophan wurde in n/1 HCI geldst und die
Losung mit n/10 NaOH neutralisiert. Die Konzentration betrug 10 mg/ml
Tryptophan. Den Kontrolltieren wurde das neutralisierte Lésungsmittel ein-
gespritzt.

Ergebnisse

In der ersten Versuchsserie haben wir 10 Tiere auf tryptophanfreier
Di&t gehalten. Am 7. und am 18. Tage erfolgte die Z&hlung der weilen Blut-
korperchen. Bereits am Ende der ersten Woche konnte eine Verminderung
der Leukozytenzahl beobachtet werden die immer ausgepragter wurde (Abb. 1).
Die Leukozytenzahl der normal erndhrten Tiere zeigte in der gleichen Zeit

20000- [oF
18000 n
16000
14000 14000~ n oo
12000 12000- oo A
10000 10000-
el
6000 4000-
4000
2000 2000
0 ° 1] 2 9 07T 1 Tap
n T
Abb. 1. Verdnderung der Leukozytenzahl Abb. 2. Verdnderung der Leukozytenzahl
bei tryptophanfrei erndhrten Ratten. 1 bei tryptophanfrei ern&dhrten Ratten auf
I1l1. Zu Beginn der Versuche. 18. Ill. Bei Wirkung von 10 mg/100 g subcutan inji-
Beendigung der Versuche ziertem Tryptophan. M: Beginn der Diat,

T: subcutane Einfihrung von Tryptophan

keine wesentliche Verdnderung. Im qualitativen Blutbild von an tryptophan-
freier Didt gehaltenen Tieren wurde keine wesentliche Verdnderung beob-
achtet. Sowohl die Zahl der Granulozyten, als auch die der Lymphozyten
zeigte eine proportioneile Verminderung.

Es wurde demnach die Frage aufgeworfen, ob die auf diese Weise er-
haltene Leukopenie durch parenteral gegebenes Tryptophan aufgehoben wer-
den bzw. ob die Normalisierung der Leukozytenzahl beschleunigt werden
kann? Zu diesen Untersuchungen wurden 10 Tage hindurch 8 Tiere von je
80 —90 g Gewicht an tryptophanfreier Didt gehalten. Die Leukozytenzahl ver-
minderte sich. Dann wurde den Tieren 10 mg/100 g Tryptophan subcutan
eingespritzt, wobei 24 Stunden spater die Erhdhung der Leukozytenzahl Uber
den Ausgangswert erfolgte (Abb. 2).



DIE WIRKUNG VON TRYPTOPHAN AUF DIE LEUKOZYTENZAHL 85

Hiernach untersuchten wir, welche Wirkung (las parenteral verabreichte
Tryptophan bei normalen Tieren ausldst. Selbstkontrollversuche wurden an
6 Tieren von je 120—160 g Gewicht durchgefiihrt. Die Resultate sind aus der
Abbildung 3 zu ersehen. Nach der parenteralen Verabreichung von 10 mg/100 g
Tryptophan zeigte die Leukozytenzahl eine bedeutende Erhdhung. Bei den
einzelnen Tieren erhielten wir einheitliche Werte. Das Blutbild zeigte einen
proportionalen Anstieg der Granulozyten und Lymphozyten.

35000
30000
25000
20000
15000
10000
5000

NL T NL T NL T
Leu Lu P-

Abb. 3. Wirkung von 10 mg/100 g subcutan gegebenem Tryptophan auf das Leukozyten-
bild. N: Ausgangswert, 0: 24 St. nach subcutaner Injektion des Ld&ésungsmittels, T: 24
St. nach der Injektion von Tryptophan

Ferner wurde untersucht, ob diese nach 24 Stunden erscheinende leu-
kozytosesteigernde Wirkung eine spezifische Eigenschaft des Tryptophans sei,
oder ob auch mit anderen Aminosduren eine &hnliche Erscheinung hervor-
gerufen werden kdénne. Zu diesem Zweck verabreichten wir aus je 3 Tieren
bestehenden Gruppen subcutan Glykokoll, Isoleucin, Glutaminsdure, Threonin,
Cystein und Methionin Dosen von 10 mg/100 g. Eine bedeutende Verdnderung
konnte in der 24. Stunde weder im qualitativen noch im quantitativen Blut-
bild festgestellt werden. Die Ergebnisse sind auf Tab. |I. zusammengefallt. Aus

Tabelle 1

Die Wirkung von 10 mg/100 g subcutan injizierten Aminosduren auf die Leukozytenzahl

Leukozyt, en zahl

Aminosiuren vor 1 nach 24 Stunden
Verabreichung der Aminoséuren
Glykokoll 17400 17700
Isoleucin 13100 11000
Glutaminsaure 15500 13000
Threonin 13300 13400
Cystein 12700 15000
Methionin 14100 14000

Tryptophan 15800 23300
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dieser Erscheinung folgerten wir, daB die nach 24 Stunden beobachtete leu-
kozytosesteigernde Wirkung aller Wahrscheinlichkeit nach eine spezifische
Eigenschaft des Tryptophans darstellt.

Nachdem bereits 1 uada [6] beschrieben hatte, dag intravends gegebenes
Tryptophan anfédnglich Leukopenie verursacht, untersuchten wir, welche Ver-
&nderung im Blutbild durch subcutan gegebenes Tryptophan in den ersten
Stunden hervorgerufen wird. 7 Ratten wurden 10 mg/100 g Tryptophan ver-
abreicht und die Verdnderungen des Blutbildes in der 1.,2.,4., 6. und 24. Stunde
untersucht. Auf Wirkung des parenteral eingefliihrten Tryptophans erfolgte
wéhrend 24 Stunden eine Verminderung der Leukozytenzahl, doch in der

Abb. 4. Wirkung von 10 mg/100 g subcutan gegebenem Tryptophan auf das Leukozytenbild

4. Stunde war bereits Leukozytose zu beobachten, die sich im Laufe von
24 Stunden noch weiter erhdhte. Beachtenswert war das Verhalten des qua-
litativen Blutbildes. Zu der in der 1. und 2. Stunde auftretenden Leukopenie
gesellten sich Lymphopenie und Granulozytose. Nach zwei Stunden erfolgte
eine vollkommene Umstellung des Blutbildes. Die Zahl der Granulozyten er-
hdhte sich von 3800 auf 7200, wahrend die Lymphozytenzahl von 11 000 auf
6300 sank. Diese Erscheinung ergab eine charakteristische Kreuzung in der
Blutbildkurve. Die Ergebnisse werden auf Abb. 4 veranschaulicht.

Ahnliche Erscheinungen wurden von W achholder und Mitarbeitern [9]
auf Wirkung von ACTH beschrieben. Auch in diesem Fall erfolgte die Um-
stellung des Blutbildes. Von der 4. Stunde an war hauptsdchlich die Erhdhung
der Lymphozytenzahl vorherrschend.

Die auf Wirkung von groBen Dosen Tryptophan — 50 mg/100 g i. p. —
eintretende Verédnderung wurde an 10 Tieren untersucht. Kennzeichnend war
— wie aus Abb. 5 ersichtlich — die mit der anfédnglichen Lymphopenie ein-
hergehende Granulozytose und die nachfolgende anhaltende Umstellung des
Blutbildes (Abb. 5).
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Die in den ersten Stunden auftretende Erscheinung kann jedoch nicht
als spezifisch fir Tryptophan angesehen werden, «la einerseits auch nach Ver-
abreichung von anderen Aminosduren (Isoleucin, Methionin) &hnliche Erschei-
nungen beobachtet wurden, und Harris und Lang [5] auf Wirkung von

Abb. 5. Wirkung von 50 mg/100 g intraperitoneal gegebenem Tryptophan auf das Leuko-
zytenbild

Abb. 6. Wirkung von 10 mg/100 g subcutan injiziertem Tryptophan auf das Leukozytenbild
nach zweiseitiger Nebennierenexstirpation

Asparagin und Glutaminsdure Lymphopenie beobachten konnten. Die gleich-
zeitig mit der Lymphopenie auftretende Leukozytose kann als Stressoreffekt
angesehen werden. Die durch Aschkenasy [1] in der 4. Stunde nach Amino-
sdureverabreichung beobachtete Verdnderung der Eosinophilenzahl kann
gleichfalls in diesem Sinne aufgefallt werden. An 7 Tieren von je 120—150 g
Gewicht wurde in Athernarkose zweiseitige Nebennierenexstirpation vor-
genommen und den Ratten 24 Stunden nach der Operation 10 mg/100 g Tryp-
tophan subcutan gegeben. Die auf Abb. 6. zusammengefalRiten Ergebnisse
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zeigen, daB — obwohl eine gewisse Lymphopenie auftrat — die Umstellung
des Blutbildes unterblieb, doch konnte in der 24. Stunde ebenfalls Leukozytose
beobachtet werden. Es scheint demnach, daB durch Nebennierenexstirpation
die infolge der Tryptophangabe auftretende anfdngliche Verdnderung der
Leukozytenzahl abgewehrt werden kann, doch die spatere — als spezifisch
geltende — Verdnderung indessen unbeeinfluRt bleibt.
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Pathophysiologia

UBER DAS VERHALTEN DES UMSATZES DER RATTE
NACH HYPOTHALAMUSLASIONEN IN DER WARME
UND DESSEN BEZIEHUNGEN ZUR THERMOREGULA-
TION IN KUHLER UMGEBUNG

Von
Gy. Mestyan, B. Mess, Gy. Szegvari und SZ. Donhoffer
PATHOPHYSIOLOGISCHES INSTITUT DER MEDIZINISCHEN UNIVERSITAT. PECS

(Eingegangen am 21. Juli 1958)

Bilaterale elektrolytische Ldésionen des Hypothalamus fihrten in etwa einem Drittel
der Ratten zu einem Ausbleiben der hyperthermischen Steigerung der Wé&rmeproduktion,
die unter gleichen Versuchsbedingungen und gleicher Hyperthermie hei intakten Tieren
niemals ausbleibt. Ahnliche Stérungen kénnen auch nach unilateralen Léasionen beobachtet
werden. Die hyperthermische Umsatzerh6hung kann bei erhaltener chemischer Regulation
ausbleiben, kann aber auch mit einem Fehlen derselben einhergehen ; andererseits kann
auch beim Ausbleiben der chemischen Regulation die hyperthermische Umsatzsteigerung
voll erhalten bleiben. Lokalisation, sowie sich ergebende Folgerungen werden besprochen.

Im Zusammenhang mit Untersuchungen Uber den Mechanismus der
hyperthermischen Umsatzsteigerung [1, 2, 3, 5, 6] wurde bereits kurz darauf
hingewiesen, daR nach Ld&sionen des Hypothalamus diese vermit werden
kann [4]. Die bunte Vielfalt der Stérungen des Energiewechsels und der Kor-
pertemperatur in thermoneutraler [10] und in kihler Umgebung nach L&sio-
nen des Hypothalamus [9], lieR es winschenswert erscheinen, die Reaktion
des Umsatzes auf eine, zu Hyperthermie fuhrende warme Umgebung an einem
groReren Versuchsmaterial etwas eingehender zu prifen und an denselben
Tieren auch das Verhalten bei Versetzung in eine kithle Umgebung zu beob-
achten.

Versuchsanordnung. Lé&sionen, Bestimmungen des 0 2Verbrauches und
histologische Untersuchungen wurden auf dieselbe Weise ausgefihrt, wie dies
in friheren Mitteilungen bereits beschrieben wurde [9, 10]. Es sei jedoch
nochmals bemerkt, daR die Luft der Stoffwechselkammer praktisch mit Was-
serdampf gesattigt war, demzufolge sich bereits bei einer Temperatur von 35°C
ausnahmslos eine so betrdchtliche Hyperthermie entwickelte, die z. B. in
einem gut durchlifteten Thermostaten nur bei héheren Umgebungstempera-
turen beobachtet wird.

Die einzelnen S&ulen der Abbildungen wiedergeben auch in dieser Ar-
beit — wenn nicht anders angegeben — den Mittelwert dreier gut Uberein-
stimmenden Perioden von je 15 min. Da etwa 20 min. zum Temperaturaus-
gleich zwischen Wasserbad und Kammer bendtigt werden, wurde die erste
Bestimmung des 0 2Verbrauches erst nach diesem Zeitpunkt vorgenommen.
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Die Ratten befanden sich daher meistens etwa 70—90 min. in der angegebenen
Umgebungstemperatur als die Kdrpertemperatur gemessen wurde.

Versuchsergebnisse

Yon dem 170 Ratten mit Hypothalamusl&dsionen umfassenden Gesamt-
material wurden insgesamt 55 Tiere in 73 Versuchen einer zur Hyperthermie
fihrenden warmen Umgebung ausgesetzt. Yon diesen 55 Ratten reagierten 33
nach der Ldsion normal: in der warmen Umgebung stieg der Umsatz in dem-
selben Ausmal wie in intakten Tieren. Die ausgeprégtere Hyperthermie zeigt,
daB wenigstens in der Mehrzahl dieser Tiere doch eine thermoregulatorische
Stdérung bestanden haben mufl. Bei intakten Tieren kommt es unter ansonsten
gleichen Bedingungen nur in einer Umgebung von 36—37°C zu einer Hyper-
thermie gleichen Grades.

Tabelle |

Kérpertemperatur und O”-Verbrauch intakter Ratten und Tieren mit bilateralen L&sionen des
Hypothalamus mit normal erhaltener chemischer Regulation und hyperthermischer Umsatz-

erhdhung
1le ax*
P"(re—1i)
02Verbrauch Korpertemperatur
Lt RE
Intakt Léadiert - Intakt Lédiert
n=26 n=3 est n=r26 n=33 Test
29 C° 711 74+1 P>0.1 37.310.1 37.7x0.1 P>0.05
35 C° 92+1 96+1 P>0.1 39.2+0.1 40.5+0.1 pP<0.00i

Trotz Hyperthermie wurde bei 18 Ratten in 40 Versuchen eine Steigerung
des Umsatzes vollkommen vermifit. Es sei bemerkt, dal sich die hyperther-
mische Umsatzsteigerung nach einigen Tagen oder Wochen auch bei diesen
Tieren wieder ausldsen lieR. Diese Stdrung ist also geradeso reversibel, wie
dies bei Stdérungen in der K4&lte bei gentgend langer Beobachtungsdauer
mehrfach festgestellt wurde [7, 9, 12, 13].

In allen 55 Tieren, die einer warmen Umgebung ausgesetzt worden waren,
wurde auch die Reaktion auf eine kihle Umgebung untersucht. Von den
18 Ratten, bei denen eine hyperthermische Umsatzsteigerung vermil3t wurde,
kam es in 6 auch in einer kihlen Umgebung (20—22°C) zu keiner Erhdhung
des 0 2-Verbrauches ; es fiel also gleichzeitig mit der hyperthermischen Umsatz-
steigerung auch die chemische Regulation aus. In den (dbrigen 12 Ratten
blieb die chemische Regulation bei Ausfall der hyperthermischen Stoffwechsel-
steigerung erhalten: der Umsatz erhdhte sich in einer Umgebung von 20—22°C
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swie bei intakten Tieren. Bei 18 weiteren Hatten kam es bei voll erhaltener
hyperthermischer Umsatzsteigerung in einer kithlen Umgebung zu keinem An-
stieg des Oa-Verbrauches und bei 19 Tieren blieben nach der Ld&sion so die
chemische Regulation wie die hyperthermische Umsatzsteigerung erhalten
{Tab. I1).

Tabelle 11

Hyperthermische Umsatzsteigerung und chemische Regulation bei 55 Ratten
mit Hypothalamuslasionen

Hyperthermiache Chemische Anzahl der

Umaatzsteigerung Regulation Tiere
erhalten erhalten 19
fehlt fehlt 6
fehlt erhalten 12
erhalten fehlt 18

Da eine ausfluhrliche Mitteilung aller Versuche die gegebenen Rahmen
Uberschreiten wiirde, werden bloB einige Versuche zur Erlduterung der Ergeb-
nisse herangezogen.

Abb. 1 wiedergibt zwei Versuche. In dem einen trat nach bilateraler L&-
sion eine normale hyperthermische Umsatzerhéhung auf, in dem anderen blieb

Abb. 1. 02Verbrauch und Kdrpertemperatur bei 29°C (weifl) und bei 35°C (schwarz)

A Ratte No 473. Lasion: 14. X. 1951 ; Versuch : 16. X. 1951 ; getdtet: 6. XI. 1951.

Lokalisation : Symmetrische Lasionen im mittleren vorderen Teil der Regio tuberalis, die

bis an die Hirnbasis reichend die Nuclei ventromediales und die Areae hypothalamicae late-
rales erfassen (Diagramm : mittleres Niveau der Regio tuberalis)

B Ratte No. 501. Lasion: 20. Il. 1952 ; Versuch : 21. Il. 1952 ; weiteres siehe Abb. 6/A
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dagegen nach einer praktisch unilateralen L&sion die Umsatzerhdhung véllig
aus. In beiden war der Grundumsatz, wie dies nach Lé&sionen des Hypo-
thalamus Ofters beobachtet wurde [8, 10], um mehr als 30 Prozent erhdht.
Diese Beobachtung zeigt, daB das Ausbleiben einer hyperthermischen Um-
satzsteigerung nicht damit erkldrt werden kann, daB der Umsatz bereits in

Abb. 2. 02-Verbrauch und Kdérpertemperatur bei 29°C (weiB), bei 35° C (schwarz) und bei
20° C (gestrichelt)

A Ratte No. 289. Lésion: 15. VII. 1950 ; Versuch: 18. VII. 1950; getdtet: Zeitpunkt
nicht feststellbar. Lokalisation : bilaterale stecknadelkopfgrole L&sionen des Mesence-
phalon hinter den Kernen der Corpora mamillaria
B Ratte No. 500. Lasion : 11. Il. 1952 ; Versuch: 16. Il. 1952 ; weiteres siehe bei Abb. 4.

thermoneutraler Umgebung so hoch ist, wie im intakten Tier in Hyperthermie.
Dasselbe geht aus Abb. 2 hervor: bei niedrigen Grundumsatz fehlt in dem einen
Versuch bei gleicher Hyperthermie die Umsatzsteigerung vollkommen (auBler-
hypothalamische Ld&sion), dagegen ist sie im anderen weit Uberdurchschnitt-
lich ausgeprégt.

Abb. 3 wiedergibt einen Versuch in welchem sogar zwei Wochen nach
der Ldasion die hyperthermische Umsatzerh6hung noch vollkommen ausblieb,
wdhrend in eine kithle Umgebung versetzt die Ratte mit normaler Erhéhung
der Warmeproduktion reagierte. Es fallt auf, daB bei Ruckversetzung aus der
W édrme in eine thermoneutrale Umgebung der Umsatz weit unter das Niveau
des Grundumsatzes sinkt. Selbst eine sehr ausgeprdgte ,zweite chemische
Regulation” ist also keineswegs an eine hyperthermische Umsatzsteigerung”
gebunden, wie dies auch auf Grund von Versuchen an hypophysektomierten
Ratten schon vor einigen Jahren betont wurde [3]. Da der Frage der ,,zweiten
chemischen Regulation” [11] in dieser Versuchsreihe keine besondere Aufmerk-
samkeit gewidmet wurde, und so manchmal auch 60—90 min. vergingen bis
nach Ruckversetzung in eine thermoneutrale Umgebung mit der Bestimmung
des Oa-Verbrauches begonnen wurde, oder aber von einer solchen Rickver-
setzung auch abgesehen wurde, I4Rt sich Uber deren Verhalten nichts genaueres
aussagen; immerhin wurde bei 5 Tierenneben vollkommenem Fehlen einer
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hyperthermischen Umsatzsteigerung eine recht ausgeprdgte ,,zweite chemische
Regulation” beobachtet.

Abb. 4 wiedergibt Versuche an derselben Ratte deren Beobachtung
auch Abb. 2/B zu Grunde lag. Am Tage nach der Lasion (A) fehlt bei stark er-
héhtem Grundumsatz die hyperthermische Umsatzsteigerung, wéhrend bei
Versetzung in eine kithle Umgebung die W é&rmeproduktion ansteigt; die Kor-
pertemperatur liegt Uber der Norm und wird auf diesem Niveau auch in der
kihlen Umgebung unverdndert erhalten. Zwei Tage spdter (B) kommt es bei

0,

Abb. 3. Q2Verbrauch und Kodrpertemperatur bei 29° C (weiB), bei 35° C (schwarz), bei 37° C
(punktiert) und bei 20° C (gestrichelt). Sdulen 4 bis 7 des 0 2-Verbrauches wiedergeben Einzel-
perioden von 15 min. Die Korpertemperatur wurde nach je zwei dieser Perioden gemessen
(Sédule 4 und 5 der Kdrpertemperatur). Zwischen dem Ende der in S&ule 5, und dem Beginn
der in Saule 6 wiedergegebenen Bestimmung des 02Verbrauches vergingen etwa 25 min.
Ratte No. 484. Lasion : 1. XI. 1951 ; Versuch: 13. XI. 1951 ; getdtet: 2. 1. 1952. Loka-
lisation : Laterale Ldsionen, deren groRere von dem hinteren Niveau der Regio supraoptica
bis in das mittlere Niveau der Regio tuberalis reicht und den Nucleus supraopticus diffusus,
sowie die Area hypothalamica lateralis erfalt. Die gegenseitige, kleinere Lasion sitzt zwischen
dem vorderen und mittleren Niveau der Regio tuberalis. Der Stichkanal verursachte beider-
seitig im Niveau der Regio infundibuli, an der dorsalen Oberflaiche des Thalamus lateral
kleine Zerstérungsherde, deren gréBerer StecknadelkopfgroBe erreicht (Diagramm : para-
median-sagittale Ebene des Hypothalamus)

unverédndert hohem Grundumsatz auch in kiuhler Umgebung zu keiner Er-
héhung der Wéarmeproduktion. Dasselbe sieht man drei Tage nach der L&sion
bei etwas niedrigerem aber immer noch erhdhtem Grundumsatz (C). Am
4. Tage (D) liegen Kdérpertemperatur und Grundumsatz an der unteren Grenze
edes Normalbereiches, es kommt zu einer normalen hyperthermischen Um-
satzerh6hung, in kithler Umgebung bleibt jedoch die Steigerung der Warme-
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Abb. 4. 0 2Verbrauch und Kdérpertemperatur bei 29° C (weiR), bei 35° C (schwarz) und beil
20° C (gestrichelt)

Ratte No. 500. Lé&sion : 11. 1l. 1952 ; Versuche : 12—16. Il. 1952 ; getdtet: 22. Il. 1952..
A am Tage nach der Léasion, B 2 Tage, C 3 Tage, D 4 Tage nach der L&sion. Den Versuch
5 Tage nach der Lasion siehe in Abb. 2/B.

Lokalisation : Der Mittelpunkt beider Lasionen liegt im vorderen Niveau der Regio tuheralis
und beide reichen bis an die Hirnbasis. Auf der einen Seite dehnt sich die L&sion nach vorne
in die Regio supraoptica aus, auf der anderen zieht sie nach hinten bis an die Grenze des
mittleren und hinteren Niveaus der Regio tuberalis. Die Area hypothalamica lateralis ist
beiderseits erfaBt, hiezu gesellt sich auf der einen Seite die Lé&sion des Nucleus supraopticus
(Diagramm : vorderes Niveau der Regio tuberalis)
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Produktion auch jetzt aus, und die Koérpertemperatur fallt erstmalig auf aus-
gesprochen subnormale Werte. Noch ausgeprégter tritt dies bei noch stérker
gesenktem Grundumsatz am né&chsten Tage in Erscheinung (Abb. 2/B).

Abb. 5 zeigt den Ausfall und die Restitution der hyperthermischen Um-
satzsteigerung bei praktisch normalem Grundumsatz. 2 Tage nach der L&sion
(A) bleibt der Umsatz selbst in einer Umgebung von 37°C unverdndert und

Abb. 5. 0 2Verbraueh und Korpertemperatur bei 29° C (weiB), bei 35° C (schwarz) und bei
37° C (punktiert). Die Saulen 4 bis 6 in A wiedergeben Einzelbestimmungen von je 15 min.
Ratte No. 492. Lasion : 17.1. 1952 ; Versuche : 18. I.— 15. Il. 1952 ; getdtet : 29. Il. 1952.
A Versuch 2 Tage nach der Léasion, B 18 Tage, C 29 Tage nach der Lésion. Lokalisation :
Lasionen im mittlereren Niveau der Regio tuberalis ; auf der einen Seite erfalt diese die
Area hypothalamica lateralis und den dorsomedialen Kern des Hypothalamus, auf der anderen
Seite ist der dorsale Teil der Area hypothalamica lateralis zerstort. Blutung in die I111. Kam-
mer (Diagramm : vorderes Niveau der Regio tuberalis)

auch 18 Tage (B), sowie 21 Tage nach der Ldsion kommt es trotz ausgepréagter
Hyperthermie zu keiner Umsatzsteigerung, und erst am 29. Tage nach der
Lé&sion wird eine solche beobachtet (C).

Anhaltspunkte fir eine feinere Lokalisation lassen sich aus diesen Ver-
suchen trotz des ziemlich groBen Versuchsmaterials kaum gewinnen. Einer-
seits sind die Ld&sionen, wie darauf bereits hingewiesen wurde [9,10], im Ver-
hédltnis zum Rattenhypothalamus doch ziemlich groB, andererseits kénnen bei
ganz dhnlichen Lé&sionen eine Stérung der chemischen Regulation bei erhal-
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tener hyperthermischer Umsatzsteigerung, oder eine normale chemische Re-
gulation hei fehlender hyperthermischer Umsatzsteigerung beobachtet werden,
auch kdénnen beide Reaktionen fehlen oder erhalten bleiben.

Eine eingehendere Resprechung erfordert die Beobachtung, daB auch
unilaterale L&sionen des Hypothalamus zu ausgeprdgten Stérungen der Reak-

Abb.6.A Ratte No. 501. Lésion : 20. Il1. 1952 ; getdtet 17. I1l1. 1952. Funktionsstérung : Aus-
bleiben der Umsatzsteigerung in Hyperthermie. Lokalisation : GroBe Ldasion mit Mittel-
punkt an der Grenze der Regio tuberalis und der Regio mamillaris knapp an der Mittellinie.
Nach vorne dehnt sich die L&sion bis in das vorderste Niveau der Regio tuberalis aus und
trifft einseitig die 11l. Kammer, nach rickwarts 1aR8t sich die, in ihrer ganzen Ausdehnung
auf der Hirnbasis verlaufende Lé&sion bis zum hinteren Niveau der Corpora mamillaria ver-
folgen (Diagramm : hinteres Niveau der Regio tuberalis)
B Ratte No. 447. Lé&sion : 4. V. 1951 ; getdtet: Zeitangabe fehlt. Funktionsstérung : Aus-
bleiben der chemischen Regulation bei 20° C und Fehlen der hyperthermischen Umsatz-
erhohung. Lokalisation : Unilaterale Lésion die den Thalamus im Niveau der Regio supra-
optica durchquerend den Nucleus paraventricularis erreicht und im hinteren Niveau ladiert.
Der Stichkanal verlauft dann weiter im vorderem Niveau derselben Region neben der III.
Kammer bis zur Hirnbasis. Eine grébere Lé&sion ist nicht vorhanden, man findet bloB in
der ndchsten Umgebung des Stichkanals eine Infiltration in dem Nucleus dorsomedialis,
dem Nucleus ventromedialis und dem Nucleus arcuatus (Diagramm : vorderes Niveau der
Regio tuberalis)
C Ratte No. 497. Lésion : 5. Il. 1952 ; getdtet : 17. I111. 1952. Funktionsstdrung : Fehlen
der hyperthermischen Umsatzsteigerung. Lokalisation : Unilaterale Lasion im Niveau der
Regio supraoptica, die bis an die Hirnbasis reichend den Nucleus supraopticus, den Nucleus
supraopticus diffusus, sowie den lateralen Teil der Area hypothalamica anterior erfasst und
an das Chiasma opticum heranreicht (Diagramm : vorderes Niveau der Regio suprachias-
matica)

tionen des Umsatzes auf Anderungen der Umgebungstemperatur fiihren kén-
nen. Nach insgesamt 9 einseitigen L&sionen wurde bei zwei Tieren in warmer
Umgebung ein Anstieg des Umsatzes vermif3t, in einem Tiere blieb die W &rme-
produktion so in kihler, wie in zu Hyperthermie fihrender warmer Uinge-
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bung gegeniiber der bei thermoneutraler Temperatur beobachteten voll-
kommen unverdndert. In einem Falle kam es bei erhaltener hyperthermischer
Umsatzsteigerung in kihler Umgebung zu keiner Erhdhung der Wéarmepro-
duktion, in einem anderen sank die Kdérpertemperatur trotz normalem Anstieg
des EnergieWechsels. Zwei weitere Ratten reagierten zwar so auf die Wdarme
wie auf Ké&lte mit einer Steigerung der W é&rmeproduktion, hatten aber einen
erhohten Grundumsatz und eine hohe Kdrpertemperatur, ein anderes Tier
mit ebenfalls einseitiger L&sion hatte bei normaler Kdrpertemperatur einen
erhohten Grundumsatz. Bei einer etwas eingehender Analyse zeigt sich
also, dall nach einseitiger Léasion blof in einem einzigen Tier keine Stérungen
des Energiewechsels und der Kdrpertemperatur beobachtet werden konnten.

Uberblickt man die Lokalisation dieser unilateralen Lé&sionen, so muR
wohl bei den an die Mittellinie heranreichenden die Mdglichkeit in Betracht
gezogen werden, daB funktionell auch die andere Seite fiir kiirzere oder l&ngere
Zeit durch ein perifokales Odem oder eine perifokale Infiltration geschadigt
wurde (Abb. 6, A und B), jedoch kann es wie bei Ratte No. 497 (Abb. 6,C)
auch bei weiter lateral gelegenen einseitigen Herden zu einem Ausbleiben der
bvperthermischen Umsatzsteigerung kommen. Auch ist die durch unilaterale
Léasionen hervorgerufene Stérung nicht immer ganz flichtig; in einem Falle
war sie am 8. Tage nach der L&sion noch nachweisbar.

Besprechung

Uberblickt man das ganze Versuchsmaterial von Hypothalamuslisio-
nen, so laRt sich feststellen, daf sich das Verhalten des Energiewechsels und
der Korpertemperatur auch in einer zu Hyperthermie fihrenden warmen
Umgebung dem intakten Tier gegenuber verdndert. Die hyperthermische
Erhdhung des Umsatzes blieb zwar blof in 18 von 55 Ratten aus, doch
der statistisch hochsignifikant hdéhere Anstieg der Kdrpertemperatur zeugt
auch in den ubrigen Versuchen fur eine verdnderte Regulation in der Wéarme.
Das Ausbleiben der erhohten Wéarmeproduktion in l&dierten Tieren bei einer
Hyperthermie, die in der intakten Ratte ohne Ausnahme mit einer ganz be-
deutenden Steigerung des Umsatzes einhergeht, beweist ausdricklich — wie
darauf bereits kurz hingewiesen wurde [4] —, dall der Anstieg nicht, wie ziem-
lich allgemein angenommen wird, einfach eine durch die Van4 HoFFsche Regel
bedingte Erscheinung ist, sondern einer zentralnervésen Steuerung unterliegt.

Von besonderem Interesse ist, dall der Ausfall der hyperthermischen
Umsatzsteigerung sowohl mit einer erhaltenen, wie auch mit einer fehlenden
chemischen Regulation einhergehen kann, und dal andererseits bei fehlender
chemischer Regulation die hyperthermische Umsatzsteigerung voll erhalten
sein kann, sowie, daB bei dem Ausfall beider Reaktionen die Restitution der

7 Acta Phyuologioa XV/I.
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chemischen Regulation und der hyperthermischen Reaktion getrennt erfolgen
kann. Diese Beobachtungen beweisen, dall die Steigerung der Wé&rmeproduk-
tion in Hyperthermie und in der Ké&lte durch unabhédngige zentrale Mecha-
nismen vermittelt werden, und sprechen auch gegen die Existenz eines einfa-
chen (efferenten) thermogenetischen Zentrums im Hypothalamus, und fir die
Annahme, dall es sich in allen Fallen um Lasionen handelt, die den zentralen
Steuerungsapparat des Energieumsatzes vor den eigentlichen zentralen Effektor-
mechanismen treffen. In dieser Hinsicht bestadrken die Versuche in der W é&r-
me die Folgerung, zu welcher schon das Verhalten der chemischen Regulation
in kihler Umgebung zwang [9], ndmlich, dafl auch eine zentrale Stérung der
Analyse der Afferenzen in Betracht gezogen werden muf3.

In einer kithlen Umgebung war das Ausbleiben einer erhdhten Wéarme-
produktion keinesweges zwangsmdafRig mit einer Stérung der Regulation der
Korpertemperatur verbunden [9], und auch das Ausbleiben einer Steigerung
des Umsatzes in Hyperthermie bei thyreoidektomierten oder mit Methyl-
thiouracil behandelten, sowie bei hypophysektomierten Ratten [2, 6] war mit
keiner Anderung im Verhalten der Kérpertemperatur verbunden [5]. Die
Frage, ob Hypothalamusldsionen, nach welchen keine hyperthermische Um-
satzsteigerung auftritt, unbedingt mit anderen thermoregulatorischen Sto-
rungen in der Wé&rme einhergehen, wird im Zusammenhang mit L&sionen
epithalamischer Gebiete in einer anderen Arbeit besprochen.
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UBER DIE HERSTELLUNG
DES PHOSPHOGLUKOMUTASE-ANTISERUMS
UND SEINE EIGENSCHAFTEN

Von

G. Bot und |I. Rédai
PATHOPHYSIOLOGISCHES INSTITUT DER MEDIZINISCHEN UNIVERSITAT, DEBRECEN

(Eingegangen am 21. Juli 1958)

Es wurde aus Hahnenmuskel ein hochgradig gereinigtes Phosphoglukomutase-Préparat
hergestellt und mit diesem — unter Anwendung eines Adjuvans — die Immunisierung von
Kaninchen vorgenommen.

Das Serum der behandelten Kaninchen zeigte am 16. Tage geringe, am 28. Tage starke
phosphoglukomutasehemmende W irkung. Zur quantitativen Bestimmung des Antimutase-
gehaltes der Sera wurde eine Methode ausgearbeitet. Die Antimutase hemmt die Mutase-
aktivitat bei Geflugelarten (Hahn, Taube, Ente) nicht nur im Muskel-, sondern auch im
Herz- und Leberextrakt, so daR also die Phosphoglukomutase nicht Uber Organspezifitat
verfugt. Die Mutaseaktivitdt von Séaugetieren und Froschen wurde vom Antiserum nicht
gehemmt, so daB die Phosphoglukomutase der Hahne Geflugel- (= Klassen-) Spezifitat
aufweist.

Neuestens hat man die immunologischen Eigenschaften mehrerer am
Kohlenhydratstoffwechsel teilnehmender Enzyme untersucht. So berichteten
Henion und Suthertand [1] Uber die Herstellung und Eigenschaften des
Phosphorylase-Antiserums aus Leber und Herz, Jokay, Bot und Szilagyi [2]
Uber die Herstellung und immunologische Spezifitdt des Muskelphosphorylase-
Antiserums, Lipzett, Reisberg und Bodansky [3] Uber den Antigencharak-
ter der aus Leber gewonnenen Phosphohexoisomerase, Bueding [4] Uber
die Spezifitdt der aus Schistosoma Mansoni hergestellten Isomerase sowie
Bozsoki und E 16di [5] uber dieimmunologischen Eigenschaften der Phospho-
glyzerinaldehyd-Dehydrogenase. Mit Hilfe von Phosphorylase-Antisera konnte
nachgewiesen werden, daf sich die aus verschiedenen Geweben desselben
Tieres stammenden Phosphorylasen voneinander unterscheiden [1, 2], was
ihrem abweichenden physiologischen und chemischen Verhalten entspricht.

In den hier besprochenen Untersuchungen wiinschten wir vor allem zu
klaren, ob ebenso wie bei den Phosphorylasen auch zwischen den Phosphoglu-
komutasen in den einzelnen Geweben desselben Tieres und den Phosphoglu-
komutasen verschiedener Arten immunologische Unterschiede bestehen.

Die Phosphoglukomutase katalysiert die Umwandlung G-1-P"=~G-6-P
und spielt im Glykogenstoffwechsel eine groBe Rolle. Es schien daher nicht
unwichtig zu untersuchen, ob zwischen den Phosphoglukomutasen der ein-
zelnen Gewebe und Spezies immunologische Differenzen bzw. damit zusammen-
hdngende physiologische und chemische Abweichungen vorhanden sind.

7*
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Methoden

Wir immunisierten drei 3 kg schwere Kaninchenménnchen mit einem aus der Brust-
muskulatur eines Hahnes extrahierten und hochgradig gereinigten Phosphoglukomutase-
Préparat. Die Praparation und Reinigung der PGM™* erfolgte nach der fir Kaninchenmuskel
ausgearbeiteten NAjjARschen Methode [6]. Den Tieren gaben wir in Abstdnden von 3 Tagen
insgesamt 8mal (3mal i. v. und 5mal i. m. nach der FREUNDschen Adjuvanstechnik) 16 ml
PG M -Préparat, insgesamt 300 PGM-Einheiten (d. h. etwa 16 mg PGM-Protein). Am 16.
Tage wurden Blutproben entnommen, am 30. Tage lieBen wir die Tiere verbluten und gewan-
nen sterile Sera, die 30 Minuten bei 56° C inaktiviert wurden. Als Kontrollserum wurden
die ebenso gewonnenen Sera unbehandelter Kaninchen verwendet.

Die Hemmungswirkung der Sera untersuchten wir folgendermafen : 0,2 ml Serum
(oder physiologische NaCl-Lésung) wurden mit 0,3 ml entsprechend verdinntem Enzym
2 Minuten bei 30° C inkubiert, 0,5 ml Substrat zum Gemisch gegeben und die PGM-AKktivitat
bestimmt, die wir nach dem teilweise modifizierten [7] NAjjARschen Verfahren [6] auf Grund
der Senkung des séurelabilen P-Gehaltes im G-I-P bestimmten. Das zur Aktivitdtsmessung
verwendete Inkubat hatte im Endvolumen folgende Zusammensetzung : 0,005 M G-I-P,
0,0015 M MgS04, 0,002 M 8-Hydroxychinolin, 0,02 M Na-glyzerophosphat (pH — 7,4).
Inkubation bei 30° C. Die Aktivitdt geben wir in Einheiten an, wobei wir diejenige PGM-
Menge als Einheit annehmen, welche 1 mg sdurelabiles P in 5 Minuten zu stabilem P um-

gestaltet.
Die Zubereitung der rohen Gewebsextrakte (Muskel, Herz, Leber) erfolgte aus den

mit Kohlensdureschnee gefrorenen Geweben durch Zerreiben mit Quarzsand und kaltem
destilliertem Wasser bei 0° C.

Ergebnisse und Besprechung

Quantitative Bestimmung des PGM-hemmenden Effektes der Antisera

Zur quantitativen Bestimmung der PGM-hemmenden Wirkung der Anti-
sera haben wir eine Methode ausgearbeitet. Wir geben nicht die Verdinnung
des als Antigen benutzten Préparates und die prozentuale Konzentration des
Antiserums sowie den Prozentsatz der auftretenden Hemmung an, -weil dieses
Verhdltnis relativ ist und von der Antigenkonzentration abhé&ngt: die in Pro-
zent ausgedrickte Hemmungswirkung desselben Antiserums ist bei konzen-
trierter Enzymldsung geringer als bei stdrker verdinnter. Durch Bezeichnung
der Enzymhemmungsfédhigkeit des Antiserums in PGM-Einheiten l&4Rt sich
dieser Fehler vermeiden. Wenn wir die in Anwesenheit von Kontrollserum
und Antiserum gemessenen Aktivitdten in PGM-Einheiten ausdricken, so
ergibt die Differenz der beiden Messungen die Hemmungswirkung des ange-
wandten Antiserums in PGM-Einheiten. Wird der Hemmungseffekt auf 1 ml
Serum errechnet, so charakterisiert dieser Wert quantitativ die enzymhem-
mende F&higkeit der Antisera.

Tabelle I enthdlt die in Anwesenheit von physiologischer NaCl-Ldsung,
Kontrollserum und Antiserum gemessene PGM-Aktivitdt des Hahnenmuskel-
extraktes.

* Es werden folgende Abkiirzungen benutzt :
PGM = Phosphoglukomutase
G-1-P Glukose-1-phosphat
G-6-P Glukose-6-phosphat
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Tabelle 1
PG M -Aktivitat des Hahnenmiiskelexlrakles in Anwesenheit von NaCl, Kontroll- und
Antiserum
Einheite';G)'é/I 10-3/ml
Physiologische NaCl-Ldsung 75
1. Kontrollseruin 7t
2. 77
3. 75
Antiserum A 20
Y B 26
(0] C 29

0,2 ml NaCl (bzw. Kontroll- oder Antiserum) + 0,3 ml Hahnenmuskelextrakt, Inkuba-
tion 2 Minuten bei 30° C, + 0,5 ml Substrat und Aktivitdtsmessung.

Wie Tabelle | zeigt, wird die PGM -Aktivitdt vom 1., 2. und 3. Kontroll-
serum nicht gehemmt, wé&hrend die Antisera A, B und C betrédchtliche PGM-
Hemmung herbeifihren. Das Ausmall der Hemmung ergibt sich aus der Ver-
schiedenheit der Messungen. Die einzelnen Antisera bewirken folgende Hem-

mungen:

0,2 ml Antiserum A75 — 20= 55Einheiten X 10~3
0,2 ml ” B75- 26= 49 " X 10“3
0,2 ml ” C75- 29= 46 ” X 10-~3

Wie aus diesen Angaben errechnet werdenkann, ibt Iml Antiserum 275, 245

und 230 Einheiten X 10~3 PGM-Hemmung aus. Tabelle | zeigt ferner, daf
z. B. 0,2 ml Antiserum A auf die angewandte Enzymmenge 75%ige Hem-
mung ausiben. Wenn wir nur 50 statt 75 PGM-Enzymeinheiten benutzen
wirden, so miBRte dieselbe Serummenge 100%ige Hemmung bewirken. Zur
Bestatigung dieser Annahme untersuchten wir im weiteren, wie das Hem-
mungsausmal durch Verdnderung der Enzym- und Antiserummenge beein-
fluRt wird (Tabelle I1).

Wie sich aus Tabelle Il ergibt, wird die Hemmungswirkung des Antise-
rums durch Verdnderung der Enzymmenge nicht wesentlich verdndert. Da-
gegen erhdht sich das Ausmal der Hemmung im geraden Verhdéltnis zur Ver-
mehrung der Antiserummenge (Abb. 1).

Auf Grund der in Abb. 1 angegebenen GesetzmaRigkeit 14t sich, wenn
die angewandten Antisera noch nicht 100%ige Hemmung verursachen, die
Hemmungswirkung von 1 ml Antiserum aus der in Anwesenheit von Kontroll-
und Antiserum (oder von zwei verschiedenen Antiserummengen) gemessenen
Aktivitatsdifferenz errechnen. Nach den Angaben der Tabelle Il ruft 1 ml
Antiserum A 260 PGM-Einheiten X 10~3 Hemmung hervor.
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Tabelle 11

Effekt der Verdnderung der Enzym- und Antiserummenge auf das Ausmaf der Hemmung

Zur Anwendung gelangten

PGM Antiserum Hemmung
Einheiten x 10 3 ml PGM-Einheiten x 10-"3
20 0,06 15
20 0,08 17
20 0,10 20
20 0,11 20
20 0,12 20
25 0,10 25
37 0,10 30
50 0,06 19
50 0,08 22
50 0,10 30
50 0,15 41
50 0,20 50
50 0,30 50
70 0,10 23
70 0,15 34
70 0,20 48
75 0,20 55

Die Zusammensetzung der Proben ist dieselbe wie in Tabelle I, in 1 ml
Gesamtvolumen sind die Enzym- und Antiserummengen auf die angegebene
W eise variiert.

Abb. 1. PGM-hemmende Wirkung verschiedener Mengen von Antiserum. Die Angaben
stellen die Mittelwerte der Tab. Il. dar.
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Der verh&ltnisméaRig groRe Antienzymgehalt des Antiserums ergibt sich
mdaraus, dall die Hemmung in Anwesenheit von 0,06 ml Antiserum noch gut
melRbar war (d. li. bei 6% iger Antiserumkonzentration) und ebenso in An-
wesenheit von 0,03 ml Antiserum (3%ige Konzentration). Mit Hilfe dieser
quantitativen Methode 14Bt sich die Hemmungsfédhigkeit der am 16. und
30. Tage gewonnenen Antisera vergleichen:

A B C
16. Tag 100 125 75 Einheiten X 10“ 3 Hemmung
30. , 275 245 230 ” X 10-3

Die Spezifitdt des aus dem Hahnenmuskel stammenden PGM-Antiserums

Zur Nachprifung der Spezifitdt des Antiserums untersuchten wir, ob die
Phosphoglukomutase sog. Organspezifitdt aufweist. Das Muskelphosphorylase-
Antiserum Ubt bekanntlich auf die Leberphosphorylase keine Wirkung aus und
hemmt die Herzmuskelphosphorylase nur sehr wenig [2], ferner wird die Muskel-
phosphorylase vom Leberphosphorylase-Antiserum nicht und die Herz-
muskelphosphorylase nur in geringem AusmaR gehemmt [1].

Die Ergebnisse der mit PGM-Antiserum durchgefiihrten Spezifitatsver-
suche sind in Tabelle 111 enthalten.

Tabelle 111

Hemmungswirkung des aus Hahnenmuskel stammenden PGM-Antiserums auf die Aktivitat
der Herz- und Leber-PGM des Hahnes

Zur Anwendung gelangten

Hemmungsfahigkeit
PGM Antiserum Hemmung von 1 ml
Einheiten x 10 3 ml PGM-Einh. X 10"3 Antiserum
PGM-Einh. X 10"3

Hahnenherz 54 0,025 15 600
54 0,05 24 480
53 0,05 23 460
57 0,10 47 470
57 0,20 57 —
Hahnenleber 53 0,025 9 360
53 0,05 19 380
53 0,10 39 390
69 0,10 51 510
69 0,20 69 _

Hahnenmuskel
(Tab. 11) 70 0,10 23 230

70 0,20 48 240
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Aus den Resultaten geht hervor, dal das Muskel-PGM-Antiserum auch
auf die Aktivitdt der Herz- und Leber-PGM ausgesprochene Hemmungs-
wirkung ausibt.

Eine interessante quantitative Differenz zeigt sich im Ausmall der Hem-
mungsfahigkeit, indem die Herz- und Leber-PGM vom Muskel-PGM-Antise-
rum starker gehemmt wird als die Muskel-PGM. Diese Resultate lassen den
SchluB zu, daB die PGM — im Gegensatz zu den Phosphorylasen — keine grund-
legenden organspezifischen immunologischen Unterschiede aufweist.

Die Hemmungswirkung des Hahnen-PGM -Antiserums untersuchten wir
auch an anderen Geflligel-, S&duger- und Froschgewebsextrakten. Die Ergeb-
nisse sind in Tabelle IV wiedergegeben.

Tabelle 1V

Spezifitdt des Hahnenmuskel-PGM-Antiserums

Extrakt AusmaB der Hemmung

in %
Hahnenmuskel 100
Entenmuskel 100
Entenleber 100
Taubenmuskel 100
Hundemuskel 0
JRattenmuskel 15
Froschmuskel 0
Froschleber 0

Wie die Ergebnisse zeigen, ist das Hahnenmuskel-PGM -Antiserum im-
stande, die Mutaseaktivitdt des Muskels und der Leber auch anderer Gefligel-
arten zu hemmen. Dagegen hemmt sie nicht die PGM-Aktivitdt des Muskels
bzw. der Leber von Sdugern und Fréschen. Die Hahnen-PGM verfiigt demnach
Uber Gefligel- (= Klassen-) Spezifitat.

SchlieBlich untersuchten wir, ob PGM-Antiserum auf andere Enzyme des
Hahnenmuskelextraktes hemmend wirkt. Eine Antiserummenge, welche die
PGM -Aktivitat vollighem mte, Ubte auf die Phosphorylase-Aktivitdt des Muskel-
extraktes Uberhaupt keine Hemmwirkung aus. Die Phosphohexoisomerase-
Aktivitdt des Hahnenmuskelextraktes wurde vom Antiserum ebenfalls nicht
gehemmt. Diese Angaben beweisen, dall das PGM-Antiserum weder Anti-
phosphorylase noch Antiphosphohexoisomerase enthélt. Zu gleicher Zeit besté-
tigen sie den enzymspezifischen Charakter des Hemmungseffektes der Anti-
mutase.
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The analgesic, hyperglycaemic and hypermotility-inducing effects and the tolerance
to these effects of D-2,2-diphenyl-3-methyl-4-morpholino-butyril-pyrrolidine (Palfium, R-875),
a new analgesic have been investigated in comparison with morphine.

As a conclusion, it can be stated that of all the analgesics known R-875 is the most
potent concerning the analgesic, hyperglycaemic and motor activity enhancing effects.

Tolerance develops fastest to the hyperglycaemic effect (which is hypothalamic in
origin) of morphine and R-875 alike, with the analgesic effect of morphine coming next.
No tolerance develops in either case to the cortical hypermotility and to the spinal Hermann—
Straub reaction.

P. A.J. Janssen et al. [1, 2, 3] have prepared a synthetic analgesic,
D-2,2-diphenyl-3-methyl-4-morpholino-butyril-pyrrolidine (R-875, Palfium),
which is far more active than the formerly known analgesic agents, including
the numerous butyramide derivatives. The significance of the discovery is
increased by the fact that, according to Janssen et al. [2], the rat would
develop hardly any tolerance to the analgesic effect of the compound. Similar
observations have been made on chronic administration inmanty so vz 1 ¢ et
al. [4], as well as by David etal. [5]. The chemical structure of the compound is

D-2,2-diphenyl-3-methyl-4-morpholino- L-4,4-diphenyl-6-dimethyl-ammo-3
butyril-pyrrolidine heptanon HC1
(R-875, Palfium) (Methadone)

The compound is chemically similar to Methadone, differing from the
latter in the presence of a morpholine group instead of the dimethylamino
one and in the acid amide type of the oxo group, which in Methadone is ke-
iton-type. The presence of pyrrolidine, a cyclic amine in acid amide bond, is
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characteristic of R-875. Furthermore, theD-isomer of R-875 is active, whereas
in the case of Methadone the 1-isomer is the active one.

We have investigated the analgesic effect of R-875 in mice and rats, the
hyperglycaemic effectin rabbits and the hypermotility-inducing effect in mice”
Another problem to be investigated was the tolerance to these effects on chronic
administration. All these effects were compared with those of morphine.

Methods

Analgesic effect and the tolerance to it. The analgesic effect was measured both in the
mouse and the rat by the contact heat method developed by Pérszasz and Herr, Janssen»
and modified by us [2, 6, 7]. The modification was that after determining twice the normal
response time we injected the drug to be tested subcutaneously, then the pain response time
was again determined 15, 30, 45 and 60 minutes later. Applying the principle of “all or nothing”,
the response was considered positive only when the animal’s normal response time is prolonged
by 150 per cent. Did this not take place, the response was considered negative. At least 4
doses of each compound were tested, using for each dose 25 albino mice weighing 16 to 24
g or 15 white Wistar rats weighing 120 to 180 g. The results were analysed statistically by
the probit method of Litchfield and Wilcoxon [8].

The development of tolerance was studied in rats. The ED9 dose (the dose exerting
a 98 per cent analgesic effect) was administered ; of morphine also the eightfold ED 50 was
tested in some cases. Groups of 15 rats weighing 120 to 180 g each were treated with these
doses subcutaneously, between 8 and 10 o’clock in the morning, over a period of 30 days.
Every other day the response time to pain was determined and the analgesic effect was
measured as described above.

Hyperglycaemic effect and the tolerance to it. The hyperglycaemic effect was studied
after 18 hours of fasting in 30 rabbits weighing between 1.8 and 2.5 kg. After drawing a
control sample of blood, the drug was injected subcutaneously and 1and 2 hours later a second
blood sample was taken. Blood sugar was determined by the method of Somogyi and Nelson

9, HO].
[ ]The tolerance developing to that effect was investigated in groups of 6 rabbits, each
animal weighing 1.5 to 2.2 kg. The animals were treated subcutaneously with equally effective
doses of morphine hydrochloride and R-875, over a period of 28 days. Once every week
(after 18 hours of fasting) a control blood sample was drawn. Subsequently, the usual dose
was injected and the blood sugar level was determined 1 and 2 hours later.

The effect causing central nervous motor excitation (hypermotility) and the tolerance
to it. The excitatory action was studied in mice, by the method of Dews [11]. Groups of
5 mice each were used. The activity of the controls and of the experimental animals was
determined at 15-minute intervals. In the 30th minute physiological saline or the drug to be
tested was injected intraperitoneally and the changes in excitation were measured for 60
minutes. A total of 90 albino mice were involved in these experiments.

The tolerance was studied in 6 groups of 5 mice each. Three groups were treated intra-
peritoneally with morphine hydrochloride and 3 groups with R-875, over a period of 28
days. The degree of excitation was estimated once every week, by the method outlined above.

Results

Analgesic effect in the mouse and the rat. The data for the analgesic effects
of morphine and R-875 in the rat are presented in Table I.

As it can be seen in Table I, the ED5S of morphine was found to be
3.1 mg/kg in the mouse (19/20 confidence limits, 2.21—4.34), whereas the
EDS% of R-875 was 0.15 mg/kg (19/20 confidence limits, 0.133—0.169). R-875
proved to be 20.7 times more potent than morphine (19/20 confidence limits,
14.4-29.8).
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Table 1
Analgesic action of morphine-HC.l and R-875 in mice and rats

c ’ Soeci \,'f:-‘ £0.,0 (19720 00 Hif L it BA {XX
ompoun ies 0 ma/k* A I*. R7 s.R; +
ho pec animals sgc. lower  upper s lower  upper =R

Morphine-HC1 mouse 100 3.1 2.21 434 263 1.9 1.0

R-875 mouse 125 0.15 0.133 0.169 14 1.19 20.7 144 298 1.88 2.46

Morphine-11Cl rat 60 2.9 2.21 3.8 147 1.24 10 — - — —

R-875 rat 85 0.15 0.103 0.217 2.75 151 194 123 .306 187 1.6
Sx slope

fgX — slope factor

P. R. = potency ratio
S. R. = slope ratio
fg.r. = factor slope ratio

In the rat, the EDS for morphine was 2.9 mg/kg (19/20 confidence
limits, 2.21 —3.8), that for R-875, 0.15 mg/kg (19/20 confidence limits, 0.103 —
0.217), and its relative potency as compared to morphine, 19.4 (19/20
confidence limits, 12.3—30.6).

A comparison of the values for the EDS showed R-875 to be nearly
20 times more active than morphine in mice and rats. As regards the ED 9,
for R-875 this was in mice 0.3 mg/kg and for morphine, 8 mg/kg, i.e. the
potency ratio was 26.6. In contrast with this, in the rat the EDj>g for morphine
was found to be 6 mg/kg and for R-875 1.2 mg/kg. This means that in the rat
the potency ratio was only fivefold.

The time of the maximum effect is shown in Table II.

Table 11

Duration of analgesic action of morpliine-HCI and R-875 in the mouse

tercentage ol positive reactions.

Number minutes after treatment
Compound s C of ] ]
o animals 15 30 %5 )
. I
Morpliine-HCI 8.0 25 20 ! 785 64 32
R-875 0.2 20 60 25 10 10

v* As seen in Table Il, the maximum analgesic effect of 8 mg/kg morphine
fell to 30 minutes and by the 60 th minute the effect was considerably reduced.
W ith R-875 most of the positive reactions occurred in 15 minutes and in 30
minutes the effect was much weakened.

Tolerance to the analgesic effect. To study this effect, animals were subject-
ed to chronic treatment with the respective ED9 of the drugs. The ED 9 was
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computed from the dose-response curves, and was 6 mg/kg for morphine and
1.2 mg/kg for R-875. The latter dose being 8-fold the ED50, a similar dose of
morphine, i. e. 24 mg/kg was also tested.

The data for these experiments are shown in Fig. 1. It is clear that
during the 30 days of treatment the animals gradually became accustomed to
morphine and after 27 days the EDB3 had no analgesic effect in any of the
animals.

Fig. 1. Analgesic tolerance of morphine-HCIl and R-875 in the rat

1: 1.2 mg/kg of R-875, subcutaneously, per day.
2: 24 mg/kg of morphine-HCI subcutaneously, per day.
3: 6 mg/kg of morphine-HCI subcutaneously, per day

Even the effect of the higher dose of morphine was considerably reduced
by the end of the experimental period; 79 per cent of the animals developed
tolerance to it. In contrast with this, the animals did not develop tolerance to
R-875 during the experimental period, though some minor variations occur-
red. The animals exhibited also katatonia, sedation and exophthalmus. On
the other hand, the animals treated with the smaller dose of morphine exhibit-
ed these symptoms only for 4 to 6 days, while those subjected to treatment
with the larger dose, for 22 to 25 days.

Hyperglycaemic effect in the rabbit. The derivatives of opium and Metha-
done are known to give rise to hyperglycaemia [12, 13, 14, 15, 16]. According
to D. T. Watts, a correlation exists between the analgesic and the hyper-
glycaemic effects. Morphine and Methadone cause hyperglycaemia by acting
on the supraspinal centres and mobilizing adrenaline. This effect can be in-
hibited by pentobarbital [15].

The hyperglycaemic potency of morphine and R-875 was investigated
in rabbits, to determine whether the great difference existing between the
analgesic effect of the two drugs would be reflected in their hyperglycaemic
effects, and to estimate the ratio of the analgesic effect to the hyperglycaemic
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one. We Avished to find the dose of R-875 raising the blood sugar level in
approximately the same measure as 10 mg/kg of morphine-HCI does. The results
are presented in Table Il1.

Table 11

Hyperglycaemic effect of morphine-HCI and R-875 in rabbits

Blood sugar mg per 100 ml mean + S. E,

Number hours after treatment i
Compound "ég/ kg of | Maxmu(r_n
animas 0 1 2 hours
Morphine-HCI 10.0 15 1125 +6.35 165. + 10.2 1955 +11.37 83.0+ 9.7
R-875 0.25 6 116.0 + 11.1 207.0 + 19.8 167.0 + 12.1 91.0 + 14.3
R-875 0.5 9 105.0 + 9.32 270.0 £+ 18,9 160.0 +12.18 165.0 +11.1

On subcutaneous administration, 0.25 mg/kg of R-875 was found to
have the same hyperglycaemic effect as 10 mg/kg of morphine. 0.5 mg/kg of
R-875 was about twice as potent as 10 mg/kg of morphine. Thus, the hyper-
glycaemic effect of R-875 was found to be about 40 times stronger than that
of morphine.

The hyperglycaemic effect of morphine reached the maximum in 2 hours,
whereas the effect of R-875 developed faster; the maximum was attained in
the first hour. During the second hour the effect of both the 0.25 and the
0.5 mg/kg doses of R-875 showed a definite decline.

Tolerance to the hyperglycaemic effect. It is known that in chronic experi-
ments tolerance develops to the hyperglycaemic effect of the opium alkaloids
and of the sympathetic analgesics [17, 18, 19, 20, 21]. Pnhatak et al. [21] have
recommended this method for testing the tolerance to analgesics. The results
are shown in Fig. 2 and Fig. 3.

It is clear from Fig. 2 that after one week of subcutaneous treatment
there was hardly any more of a hyperglycaemic response to 10 mg/kg of mor-
phine. Fig. 3 shows that the tolerance to R-875 in daily subcutaneous doses
of 0.25 mg/kg developed less rapidly. After one week of treatment the hyper-
glycaemic response was still increasing, to decline after two Aveeks. Sub-
sequently, the blood sugar level was raised much less, than initially.

Thus, the animals developed tolerance to the hyperglycaemic effect of
morphine sooner than to that of R-875. In contrast Avith what happened in
the case of the analgesic effect, in the late phase of the test period there did
develop a tolerance to the hyperglycaemic effect of R-875.

Hypermotility in mice. It is Avell-known that analgesics cause excitation
in the mouse [22, 23, 24]. This effect can be Avell measured quantitatively by
the method of Deavs [11, 15].
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«CM

Fig. 2. Development of tolerance to the Fig. 3. Development of tolerance to the

hyperglycaemic effect of 10 mg/kg of mor- hyperglycaemic effectof 0.25 mg/kg ofR-875,

phine-HCIl subcutaneously. Rabbits. The figu- subcutaneously. Rabbits. The figures indi-
res indicate the weeks cate the weeks

We have investigated the relation of the hypermotility caused by R-875
to the central nervous excitatory effect of morphine, as well as the quantitative
correlation between the excitatory and analgesic potencies.

Fig. 4. Hypermotility caused in the mouse by
inorphine-HCIl and R-875, respectively.
Ordinata : number of interruptions of
light.

1: physiological NaCl, intraperiteoneally.
2: Morphine-HCI, 20 mg/kg, intraperito-
neally.

3: R-875, 1 mg/kg, intraperitoneally.
Arrows indicate injections of the drugs

The results are presented in Fig. 4.

The activity of the animals treated with physiological saline decreased
gradually and ceased almost completely by the end of the experiment. Follow-
ing the intraperitoneal administration of 20 mg/kg of morphine, after 30
minutes a significant increase of activity occurred, which reached its maximum
45 minutes after the injection, but was still significant after 60 minutes. In a



THE PHARVAQOLOGY COF PALFIUM 113

dose of 1 mg/kg, intraperitoneally, R-875 caused excitation faster than mor-
phine and the maximum occurred 15 minutes after administration. Sub-
sequently, excitation rapidly subsided. 1 mg/kg of R-875 injected intraperito-
neally produced about the same degree of excitation as that caused by 20 mg/
kg of morphine. Thus, as regards its hypermotility-inducing action, R-875 is
20 times more potent than morphine.

Tolerance to hypermotility. It is known that the forced motor activity
caused by morphine in mice is the result of cortical stimulation [26, 27]. No
tolerance develops either to this effect of morphine or to the tail reaction [26].
No comparable data are available for the synthetic analgesics.

In Fig. 5 is shown the excitation caused by the intraperitoneal injection
of 20 mg/kg of morphine. After one week of treatment the excitatory response
became stronger, then its intensity remained the same. No tolerance developed
to this effect.

In Fig. 6 are shown the motor excitation responses to the intraperitoneal
injection of 1 mg/kg of R-875. The same mild increase is observable which
occurred with morphine. Like in the case of morphine, no tolerance to this
effect developed during 28 days oftreatment. The tail reaction of Hermann —
Straub Was not abolished by either of the drugs.

Thus, mice developed no tolerance to the central nervous excitatory

effect of either morphine or R-875.

Discussion

In both the mouse and the rat, D-2,2-diphenyl-3-methyl-4-morpholino-
butyril-pyrrolidine has a more potent analgesic effect than any of the deriva-
tives of morphine or Methadone thus far known. The relative potency data for
mice are closely similar to those obtained by Janssen etal. [2, 3], who found
R-875 to be 18.5 times more active than morphine. On the other hand, in the
rat these authors found R-875 to be 40.5 times more potent than morphine.
We observed no such difference between the two animal species. If the ED5
values were compared, R-875 proved to be about 20 times more potent than
morphine in both species, but when testing the ED 9g, the difference in potency
was 26.6-fold in mice and only 5-fold in rats.

Tests in rabbits showed R-875 to raise the blood sugar level. Both the
opiates and the synthetic analgesics are known to raise the blood sugar level
[12, 13, 15, 16]. The similarity of its structure to that of Methadone suggests
that R-875 might have raised the blood sugar level by acting on the supra-
spinal centres, mainly on the hypothalamus. Like in the case of morphine and
Methadone derivatives, the excitation of sympathetic centres causes adrenaline
mobilization, xvhich, in turn, lowers the glycogen content of the liver [16].
Accordingly, hyperglycaemia induced by R-875 probably also develops as a
result of sympathico-adrenal stimulation. In the rabbit, R-875 was found 40
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Fig. 5. Tolerance to the hypermotility caused by morphine-HCI in the mouse.
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times more potent than morphine as far as their hyperglycaemic effect is
concerned.

In the mouse, R-875 caused hypermotility, just like morphine or Metha-
done. In this respect it was 20 times more active than morphine. This central
excitatory effect showed the same quantitative values as the analgesic effect in
mice. The central nervous stimulating effect being characteristic of analgesics,
this method may prove useful in the determination of the potency ratio.

As to the duration of analgesic, hyperglycaemic and motor excitatory
effects of R-875 it has been observed that these effects developed faster and
disappeared faster than those of morphine. The maximum of the analgesic
effect of morphine was reached in 30 minutes and then the activity declined
slowly, whereas the same effect of R-875 attained the peak in 15 minutes, to
disappear thereafter rapidly. The data obtained for the duration of the anal-
gesic effect of R-875 agree well with those reported by Janssen et al. [3], but
in our tests with morphine the maximum effect was observed to occur not
after 60, but in 30 minutes. This finding is in agreement with the results of
Eddy etal concerning the duration of the morphine effect [28].

The maximum of the hyperglycaemic effect of R-875 was also reached
earlier than that of morphine. The same applied to the hypermotility-inducing
effect. Thus, as far as the duration and maximum of the effect are concerned,
these phenomena changed in parallel. This proves that these effects of R-875
develop faster and disappear faster, obviously because of the rapid absorption
and fast elimination of the drug.

In the tolerance of the rat to the analgesic action, differences were noted
between R-875 and morphine. All the animals developed tolerance to the anal-
gesic effect of 6 mg/kg morphine by the end of treatment (27 days), and even
the 8-fold EDSOwas tolerated by 79 per cent of the animals during the 30 days
of treatment. In contrast with this, virtually no tolerance developed to the
analgesic effect of R-875, except in one of 15 animals. These data agree well
with those reported by Janssen etal. [2]. In addition to its analgesic actions,
the drug retained its effects inducing sedation, katatonia and exophtalmus.

In the rabbit, the increase in the blood sugar content caused by equivalent
doses of the two drugs decreased significantly in the course of treatment. Mith
morphine, tolerance developed within 1 week, when the hyperglycaemic re-
sponse to R-875 was still increasing. After two weeks of treatment, however,
tolerance developed to the hyperglycaemic action of R-875, t00. Piiatak et al.
[21] made similar observations with Methadone. According t0 Finnegan et
al. [15] and w atts [16], the analgesics raise the blood sugar level by stimu-
lating first the supraspinal autonomic centres (the hypothalamus, in the first
place) and by a consecutive mobilization of adrenaline. Tolerance to this effect
develops faster than to the analgesic effect, and may already be present when
the analgesic effect is still demonstrable. However, species differences might
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play a role and tests in some philogenetically higher animal would perhaps
supply more information as to the response expectable in man. The data con-
cerning both the analgesic and hyperglycaemic effects appear to indicate,
however, that man will also develop tolerance to the new analgesic, although
at a slower rate than to morphine or Methadone.

The motor excitation was increasing in intensity during treatment and
no tolerance to that effect developed in the mice treated with either of the
two drugs. Not only hypermotility, a cortical phenomenon, but also the & . -
a0 - steraus tail reaction, due to spinal excitation [30], was unaffected.Thus,
according to our results, no tolerance develops during the test period to the
cortical and spinal stimulating effects of morphine and R-875.

The results of the tolerance studies made in three different animal species
indicate that of the effects tested it is the hyperglycaemic one (which is of
hypothalamic origin), to which tolerance is developed at the fastest rate. The
analgesic action of morphine on the postcentral gyrus comes next. No tolerance
develops, however, to the cortical effect responsible for motor excitation and
tothe#w «rv2ann- str:vs phenomenon, which is spinal in origin.
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Recensio

Prof. Dr. Eugen Ernst
(Direktor des Biophysikalischen Institutes der Medizinischen Universitdt, Pécs)

»Die Muskeltatigkeit, Versuch einer

355 Seiten, 204 Abbildungen, Verlag der

Ungarischen

Biophysik des quergestreiften Muskels«.

Akademie der W issenschaften,

Budapest, 1958.

Der Verfasser der sich seit vier Jahr-
zehnten mit dem Thema beschéftigt, behandelt
nach einer kurzen historischen Einleitung das
Problem in zwei Hauptteilen u. zw. »Zu-
standsformen der Aufbaubestandteile« und
»Mechanik des Muskels«. Der erste Abschnitt,
»Struktur des quergestreiften Muskels, Die
Faser als die kleinste funktionelle Einheit«
behandelt die strukturellen Eigenschaften
des Muskels. Im zweiten Abschnitt, »Zu-
standsformen der einzelnen Muskelbestand-
teile« werden Rolle und Bedeutung des Myo-
sins, Wassers und Kaliums besprochen. Der
dritte Abschnitt, »Muskelerregung« befalt
sich hauptsachlich mit der Volumvermin-
derung bei der Muskelkontraktion, ferner mit
dem Aktionsstrom, Muskelschall und mit
der Bedeutung weiterer Begleiterscheinun-
gen, mit der Elektronenbetrachtung und der
Halbleitertheorie im Erregungsproblem. Im
vierten Abschnitt, »Spannung des Muskels«
werden die Zustandsformen des Myosins bei
Spannung und Druck besprochen. Der fiunfte
Abschnitt, »Die mechanische Seite der Mus-
keltatigkeit« beschaftigt sich mit der Latenz-
zeit, mit der spannungsfreien und spannungs-
liefernden Kontraktion, Arbeitsleistung und
Wirkungsgrad. Der sechste Abschnitt, »Spezi-
fische Funktion und Stoffwechsel des Mus-
kels« gibt eine Ubersicht iiber die Rolle des
Muskels im Gesamtstoffwechsel, Arbeit und
Stoffwechsel des isolierten Muskels und die
mit der mechanischen Ta&tigkeit zusammen-
h&ngenden Stoffwechselprozesse. Zum Schluss
werden im Abschnitt »Muskelmaschine« die
Natur der Muskelcrregung und die neueren
Kontraktionstheorien ausfuhrlich behandelt.

Nach jedem Abschnitt wird die Literatur
angegeben, am Ende der Monographie ein
ausfuhrliches Namen- und Sachverzeichnis.

Die Monographie bedeutet in der Litera-
tur unserer medizinisch-biologischen Wissen-
schaft eine in ihrer Art einzig dastehende,
auBerordentlich interessante Fachschrift mit
ausdricklich individueller Denkart und ist
eine Wiedergabe einer beinahe 40jé&hrigen,

auf ein Problemkreis beschrankter konse-
quenter Forschungsarbeit. Der Leser erhélt
nicht nur eine griindliche Ubersicht iiber die
Physiologie der Muskeltatigkeit, sondern
auch eine Orientierung Uber die prezise
Methodik des Forschers, seine eigenartige
« Auffassung und originelle Denkart.

Die mitverschiedenen Methoden erhaltene
Angaben werden stets vom Gesichtspunkt
der strukturellen und funktionellen Einheit
betrachtet. Die stdndige Vervollkommung
und ZeitgeméaBheit der auBerordentlich pre-
zisen Methodik ermdéglichte dem Verfasser,
Mangelhaftigkeiten oder Fehler zu ent-
decken, die der Aufmerksamkeit gut bekann-
ter Forscher dieses Gebietes entgingen. Die
dialektische Denkart mit der inventioneilen
Bereitschaft fir Methodik vereint fihrten
zur Feststellung derartiger grundlegenden
neuen Tatsachen, die dogmatisch herrschende
Ansichten widerlegten und dieses Problem
in vollkommen neue Beleuchtung setzten.
Es soll nur als Beispiel die vom Verfasser
ausgearbeitete Methode der Volummessung
des Muskels erwadhnt werden. Die groBe
Empfindlichkeit dieser Methode ermdglicht
— gleichzeitig mit dem Aktionsstrom — die
Registrierung schneller und auBerordentlich
geringer Volumverminderungen, sowie bei
der tetanischen Kontraktion auf die langsame
groBere VolumVerminderung sich auflagern-
den geringeren und schnellen Volumveran-
derungen.

Charakteristisch fir die konsequente
Denkart des Verfassers ist, daR die Beant-
wortung dieses Problems ausschlieRlich auf
Grund registrierbarer Tatsachen und Resul-
taten von Berechnungen, mit einer auBerst
scharfen und unbericksichtigenden Logik
auf ein bestimmtes »Ja« oder »Nein« ein-
geengt wird, ohne irgend welche Ausflichte
oder Kompromisse.

Es erscheint vielleicht ungewohnt, in
einer derartigen Monographie die vor Jahr-
zehnten publizierten Versuche aufs Neue
eingehend zu besprechen, oder Gber schein-
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bar tUberwundene Probleme mit bereits ver-
storbenen Autoren zu disputieren. Nach der
sorgfaltigen Durchlesung der ganzen Mono-
graphie scheint das Bestreben zu dieser Voll-
kommenheit aber nicht uberflissig, da sich
die Bedeutung und derzeitige Gultigkeit der
vorher verschwiegenen oder unrichtig inter-
pretierten Tatsachen in voller Starke nur in
diesem historischen Uberblick erhebt. Dem
konventionellen oberflachlichen Leser kann
auch die Wiedererweckung friherer Priori-
tatsdebatten, sowie die dokumentierte Auf-
zahlung der unrichtigen Zitate, das Ver-
schweigen des Namens des Verfassers und
seiner Ergebnisse, die Ricksendung seiner
an verschiedene Redaktionen gesandten
M anuskripte, usw. ebenfalls uninteressant
und Uberflissig erscheinen. Wenn man aber
in Betracht nimmt, wie lehrreich eben das
fur é&ltere, hauptsdachlich aber fur jungere
Forscher ist, so ist es vielleicht besonders
begrindet, einmal auch uber diese Frage,
abweichend von der allgemeinen Sitte ein
unverhillt aufrichtiges Bild zu erhalten.
Selbst durch das auBerordentlich groRe
Anwachsen der physiologischen Literatur in
den letzten Jahrzehnten ldRt sich die beinahe
allgemeine Erscheinung der Polarisation auf
sprachlichem und sonstigem Gebiet bei der
Betrachtung und beim Zitieren der Literatur
nicht berechtigen. Man muB allerdings an-
nehmen, daB die offene und aufrichtige
Bekanntgabe der Ereignisse der 35jéhrigen
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experimentellen Tatigkeit des Verfassers
nicht allgemein mit Freude empfangen wird.

Die methodische Entwicklung und ver-
dnderte Betrachtung der letzten Jahre brachte
es mit sich, daB die bisher als feststehend
erscheinende Konzeptionen und Theorien
auch auf engerem Gebiet der Muskeltatigkeit
modifiziert, bzw. neue Wege gesucht werden
missen. Die véllige Liquidierung der bis-
herigen Theorien kann aber natirlich nur
dann erwartet werden, wenn die neue An-
nahme restlos auf breiterem Gebiet mehr
darbieten wird. Hier mdchte ich erstens aufdie
Feststellungen des Verfassers (Uber das
»Alles-oder-Nichts-Gesetz« oder »Membran-
theorie« der Erregung hinweisen.

Der Verfasser gibt eine breite und kihne
Perspektive zur weiteren Forschung als er
z. B. statt der lonen-Theorie die Elektronen-
Theorie in den Vordergrund setzt, oder auf
die biologische Anwendung des Halbleiter-
prinzips hinweist.

Die Abbildungen der Monographie geben
eine didaktische Ergdnzung zu dem Text der
prezisen Methoden des Verfassers. Die vor-
zluglich ausgestattete (Papier, Druck und
Reproduktion der Abbildungen) Monographie
wird ein hervorragendes, in Traditionen
reiches Gebiet der ungarischen experimentel-
len Wissenschaft auch auf internationalem
Niveau entsprechend representieren.

K. LISSAK

Miszaki felelés: Farkas Sandor
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ACTA PHYSIOLOGICA

ACAD KMIAE SCIENTIARUM HUNGARICAE
TOM USX V. FASCICULUS 1

PE3KOME

O ®YHKLUNIN ,LI,EHEPBI/IPOBAHHOVI MOYKN
N. BAAVWHT, A. XANAY, E. KAW n N. WTYPL

dusnonornyeckmii MHCTUTYT MeauunHCKOro yHusepcuTeTa, byjanewT

1. Y HapKOTU3MPOBAHHOIO XXWBOTHOIO BbleNeHNe HATPUSA U BOAbl MOYKOM, AeHepBUpPO-
BaHHOI NyTeM MepeceyeHUsi YPeBHOro HepBa 60sblle, YeM MHHEPBUPOBAHHOW MNOYKOM MPOTUBO-
NOIOXHOW CTOPOHBI.

2. Tvnepcanypusi 1 nNonuypusi B GOMbLUMHCTBE C/ly4YaeB COMPOBOXAANTCA 6O/MbLUUM
WHY/IMHOBLIM, WM KpPeaTMHOBLIM KJ/IMpPeHcaMU.

3. Mexay BblfefleHMeM HaTpWUsi U pasHULE B UHY/IMHOBOM K/MpeEHCe He Habnogaetcs
Koppenauun. B oTaenbHbIX Mepuojax MoBbILIEHHOe BblAeNeHNe HATpWsi CBSA3AHO C MeHbLUUM
WNHY/IMHOBBIM K/IMPEHCOM. [NOBbILLEHHbIN AUype3 AeHePBUPOBAHHOW MOYKN TEXHUYECKU npef-
pacrionaraeT K 60/iee BbICOKUM K/MpeHcaM. Ha 3Tol 0CHOBe aBTOpPbl CUUTAKOT OAHWUM (haKTOPOM,
BC/IEiICTBME [eHEepBaLUM MOSIBASIOLWMXCA FUnepcanypum 1 noanypun, CHUXEHWEe KaHasblie-
BO peabcopbumn HaTpus.

4. XapaKTepHbIM ANs1 AeHEepPBMPOBAHHOW MOYKM SIBMSIETCS TO 0GCTOATENbCTBO, YTO Ha
HaTpuii nagaeT 6onblUasi MPOLEHTHAs CTaBKa BCEX BbIAe/NEHHbIX OCMOJIOB, YeM B Ciy4ae
WHHEPBUPOBAHHOM MOYKMN.

5. Y HeHapKOTM3MPOBAHHOI0 XMBOTHOIO HET CUFHU(MKAHTHON (DYHKLMOHANbHON pas-
HULBI MEXAY WHHEPBMPOBAHHOW W [eHepBMPOBAHHON MOYKaMMK.

HAKOMMAEHWE WHYNWHA W MAT B MOYEYHOW TKAHU
N. BAAVUHT n U. ®OPTAY

dumMonornyecknii MHCTUTYT MeauunHCKOro yHusepcuTeTa, ByganewT

1. Mpwn HenpepbIBHOM BAMBaHWWU UHYNUHA U MAT 1N HEM3MEHHOM KOHUEHTpaLun WHY-
nunHa v MNAT B nnasme, BblAeneHHoe B 04HY MUHYTY B MOYe KOMIMYECTBO MeHbLUWE, YEM B/UTbIe
[03bl 3TUX BewecTB. CriefioBaTesibHO, OfHA YacTb BBEAEHHOr0 KOMM4YecTBa WHynuHa u MAI
oT/laraeTca B OpraHusMe WM e ynoTpebnseTca uHbIM NyTeM. MeHbLUY 4acTb WUCHUC/IEHHOM
pasHuLbl aBTOpbl 06HapYXWnuM B MOYKax, rAe BellecTBa HaKOMIAAWCH.

2. KpoBonyckaHuem Bbi3blBa/lacb y cobak aHypus, a 3aTeM Y HUX MPOBOAWIOCH BHYT-
puBEHHOe BAMBaHWe MHynMHa wn MAT. ocne ByX4acoBON aHypuu NeBas MovKa nepecaxusa-
nacb B LWe0 cobaku-peunnueHTa, MOC/e Yero aBTOPbl YCTAHOBWAW KOMMYECTBA MHYNWHA W
MAI B BblAeNeHHOW MO4Ye MepecakeHHOM MOYKW, B MO4Ye COBaKM-peLUnmneHTa, U KOIM4ecTBo,
OCTaBlLeeCcs B TKaHW MepecaKeHHOW noukun. [anee 6bl10 YCTAHOBMEHO TakKXXe COoAepXaHue
nHynnHa n MAD B fpyroi, HenepecaXeHHOM M «HeMpoOMbITOM» mouvke. OKasanocb, UTO «Mpo-
MbITas» fleBas Moyka TakXe COAepXWUT uHynuH u TAT.

3. KonnyectBo [enoHUPOBaHHOro MHynuMHa n MAT He 06bACHSET pasHuLbl, NONyYeH-
HOM 06bIYHLIMW MOYEBLIMA WAN APYTUMUN  KAMpeHcamu. [onyyeHHbIX pe3ynbTaToB Henb3s
paccmaTpvBaTb [0Ka3aTeNlbCTBOM WHY/IMHOBOW CEKpeLUN.

JAHHBIE K CMELUM®UYECKON &YHKLUMOHABHOW AOAMNTALUU  KOPbI
HAAMOYEYHNKOB

3. QHAPEUW n K. NMNWWAK

WHCTUTYT naTodusnonorun MeguumuHCKOro yHusepcuTeTa, [Mey

ABTOPbI aloT 06WWiA 0630p O CBOMX MCCMEA0BaHMSAX, MPOBEAEHHbLIX B 061acTU NPOu3-
BOACTBA FOPMOHOB KOPOI HafNOYeUHWKOB, W YKa3blBAlOT Ha W3BECTHble CBA3U OTHOCMTE/IbHO



MEMOKENe3nCTOW Perynsauum nUam ke Ccrneuntmnyeckori romMmeoctaTUyeckoim yHKLMM Kopbl Hag-
NOYEYHMKOB. Pe3ynbTaTbl MX WCCNeLOBaHUA MOXHO Pe3lOMUPOBATb B HUWKEC/ELYIOLLEM :

1. B xoge 6uocuHTesa Habnwganucb 19 TakuMx KOPTUKOMAOB, KOTOpble OKasa/nucb
[ 4-3-KeTOKOPTUKOMAaMK C a-KeTos1-60KOBOM Lenblo Ha 17-om C-aTome. M3 aTUX KOPTUKOWA0B
6 coeAvHeHWI BbIABAAAN 60flee CU/bHYH MNONSAPHOCTb, YeM TUAPOKOPTU3OH, 3 COefUHEHMUS
obnagann MNONAPHOCTLIO MeXAy rUAPOKOPTU30HOM WM KOPTU3OHOM ; JasibHenlive 3 Mexay
KOPTU30HOM W KOPTUKOCTEPOHOM, B TO BpemMs KaK MOASPHOCTb 4 COeAUHEHWA Oblna MeHblue
TON KOPTUKOCTEPOHA.

2. Cpegy coefiMHeHW, 6onee NOAAPHbLIX YeM FMAPOKOPTU30H, NMMABONUTNYECKAS aKTVB-
HOCTb ABYX coeauHeHmin (HL, IV.) 6blna y KpbIC U Mbllel € yaaneHHbIMW HagnoYevyHnKamm
Bbllle aKTUBHOCTU IMAPOKOPTM30HA M KOPTM30HA, HO MX CMNOCO6HOCTb K HAKOMIEHUIO TNINKO-
reHa 6blna HU3KOW.

3. KopTukougbl, Habnwgsawmecs. B CBA3N C OGMOCMHTE30M, BCTPEYalOTCA B BEHO3HOM
KPOBMW HafNoOYe4YHMKOB Pas3iNyHbIX BULOB XUBOTHbIX, & TAKXe B X0e Tak Has. CneumhunyecKoi
afjantauunu.

AfanTaunoHHble NU3MeHeHUs CI'IELLVI(*)VNECKOFO XapakTepa npu cekpeuy Haanoye4yHKoB

a [MonoBble cTepouibl BbI3blBa/IM KaYeCTBEHHbIE M3MEHEHUs B COCTaBe KOPTUKOWUOB
BEHO3HOWM KpOBM HafnoyeyHMKOB. Y cobaK (onnnKynmH (6eH3o0aT 3CTPOHA) B 3HAUUTENbHOM
Mepe YMeHbLUAET CEeKPeLMio rTMAPOKOPTM30HA, NPUYEM, B TO XXe BpeMsi NosiBAsieTca 17-rnapokeu-
NporecTepoH. Y KOWeK Ha AelicTBUe (ONIUKYNMHA MOXHO 6bl10 BbISBUTL 2 HOBbIX COEAM-
HEHUA, a uMmeliHo [ 4-3-KeTOKOPTUKOMAA, MOMSIPHOCTb KOTOPbIX HUXe TOW KOPTUKOCTEPOHa.

6 [pwn rvnepTvpeose B BEHO3HOI KPOBM HafMOYe4YHMUKOB KOLLEK MOSIBASOTCA 5 HOBbIX
KOPTUKOWJOB ; [Ba W3 3TUX COEAMHEHWI 3afePXXMBAOT CeKPELMo TUPEOTPOMNHOro ropmMoHa B
60NblUelA CTemneHW, YeM BCE M3BECTHbIE HaM KOPTUKOUAbI. MpoBefeHHble HabMOAeHWS Hag Yeno-
BeYECKMM MaTepuasioM MoKasasv, YTo Mpu runepTUpeose 3T COeAMHEHUS BbISBSIEMbl TaKXe U
B MoYe. Y cobak C yAasnieHHOl LMTOBUAHOM >ene3oi, NonyymBLLbIX MeTUATMOYpaLUA YAanochb
BbISIBUTb MOBbILLEHNE CEKPELMN KOPTUKOWZAOB U MOBbILLEHWNE COOTHOLLEHUS] TMAPOKOPTU30H :
KOPTUKOCTE'POH.

B B BeHO3HOI KPOBWM HAAMOYeYHUKOB Pas/MYHbIX BULOB XMBOTHbIX, TaK Hanpumep y
OVKUX W 0fOMALLIEHHbIX KPbIC M Y JINCUL, B CEKPELMM NPU NOKOe HabnofaloTcsl Takue KopTu-
Koufbl, KaKUX HeMb3sl BbIsIBUTb B BEHO3HOI KPOBM HaAMOYe4HUKOB CO6aK U KOLLEK.

r Bos3bygutenu obLiero agantalMOHHOrO CMHAPOMA, B TOM 4uCle W ycroKavBatoLiue
cpeacTBa, 06YCNoOBMAMBAlOT CreuM@UUecKyo peakuuto, NpuvyeM HabnwogaeTcs Nvb  KpaliHe
MOBbILLEHHAsA CeKpeuusi TMAPOKOPTU30HA. 10 MHEHWIO aBTOPOB, MOBbILLEHHAs CEKPeLusi KopTu-
KOWJOB 06bsICHSIETCA npoLeccamy 06MeHa BELLECTB Y MOTPeOHOCTbLIO OpraHM3ma B KOpPTUKOMAaXx,
160 NOoNsipHble KOPTUKOWAbI CU/IbHO MOBbILLAT LEHTPa/bHY0 BO36YAUMOCTb U 0AHOBPEMEHHO
Tak)Xe BeretaTUBHbIA CUMMATUYECKMI TOHYC. B crlydyae MpuUMeHeHMs YCMoKanBaloLmxX CPeacTs,
[JaHHOe [elicTBME MPOSIBASETCS B KayecTBe KOMMEHCATOPHOr0 roMeocTaTMyeckoro MexaHu3ma.
Mofo6Hoe siBNeHWe HabMOLAeTCs B CBSI3W C M3MEHEHMEM MOBeEeHMSI MOC/e M3BECTHbIX XUPYp-
rMYecKUX BMeLLATENbCTB B HEPBHYK cucTeMy (yaaneHue siipa MWUHAQIMHbLI, (PPOHTasbHas
nenkoTomMus).

PestomMupys uccnefoBaHHble SABEHWUS, aBTOpbl MPUXOASAT K TOMY 3aK/IHOHEHUIO, YTO Kopa
HafiNOYeYHNKOB — CBePX pPamMoK 06LLUero afanTauuMoHHOro CMHAPOMAa — Y4acTBYET CO Cheumu-
(hrueckoii peakuueil B MoAAepXXaHWW romeocTasa opraHuama. Hab6niopaemble Yy pasInyHbIX
BUJOB XWUBOTHbIX SIBIEHUS1 YKa3bIBAKOT Ha TO, YTO 3Ta crneuuduyeckas agantaums MoanguLm-
pyeTcs TakKXXe OTK/IOHEHVSIMA OTAeflbHbIX BWAOB, 06YCNOBMEHHbIMM pPasHULAMU B TKaHEBOM
06MeHe BeLLECTB KOpbl HaAMo4yeYHUKOB.

CEKPELUNA KOPTUKOCTEPOULA B NPUJAATOYHB X HAANOYEYHUKAX

n. BEMWC, 1. XOPBAT u T. KALAL
MaTogu3nonoruieckuii MHCTUTYT MeZUUMHCKOro yHUBepeuTeTa, BysanewT

ABTOpbI MPOBOAWIN B 3KCMEPUMMEHTAX Haj KPbICaMW C YAANeHHbIMU HaAnoYeuyHUKaMu
B pas/IMYHbIe CPOKM Moc/e onepauun OnpeaeneHnss KOPTUKOCTEPOHA B BbITSHKKE BEHO3HOM
KPOBM HAAMOYeUHNKOB. B3ATViEM BEHO3HOI KPOBU HAAMOYEUHMKOB OHU XOTeNn cobupaTb KpPoBb
M3 TKaHW NpUAATOUYHbIX HAAMOYEUHMKOB, PACMONOXKEHHbLIX B XXWPOBOW TKaHW, OKPYXaroLlei
yAaneHHble HaanoyeuHnkn. CornacHo Ux pesynbTaTaM yXKe B MepBble AHW Moc/e yaaneHus



HaZINOYeUYHNKOB MOXHO BbISIBUTb W3BECTHOE BblAefieHWe KOPTUKOCTEPOWUA, KOTOpOe BroC/ed-
CTBUM Janblie MoBblWwaeTcss. CnefoBaTenlbHO, HeMb3s rOBOPUTbL 06 OTCYTCTBMM TOPMOHA, a
MWL O COCTOSIHUM  TUMOMYHKLMN.

M3MEHEHWE YINEBOAHOIO OBMEHA [OJIOBHOIMO MO3rA Y KPbIC
HA OEVCTBUME PABOTHI

B. MATE, Ab. KAWWAW, 6. XYHKAP, n 1. Kl

Brnoxnmuueckas na6opaTop|/m ["ocyfapCTBEHHOr0 HepBOMNCUXnaTpUyeckoro
WUHCTUTYTAa

ABTOpbI UCCNE0BaANIN Y KPbIC 060MX MOMOB, He JOCTUTLLMX MO/0BOI 3pefiocTu, nocne ux
nnaBaHusl B TeYeHWe 3 4YacoB, COAepPXXaHWe TIMKOreHa, FoK03bl, MO/IOUYHOM KUCMOThI i/ M1po-
BMHOTPafHoOM KWUCNOTbI B  MO3re.

MpN CUTHU(UKAHTHO MOBbILLIEHHOM COAEPXXaHUW TNIMKOreHa, B KOMMYECTBE OCTa/bHbIX
MCCNEAOBAHHbIX BELUECTB CUMHU(MKAHTHOM pasHMUbl He Hab/10Aanoch.

W3 pe3ynbTaToB aBTOPOB C/efyeT, UTO 06LLEepacnpoCTPaHeHHbIV B3rsa O CTabUIbLHOCTM
rNIVKOTeHa HyX/jaeTcsl B MpoBepke. 10 KpaiiHeli Mepe B M3BECTHbIX YC/MOBUAX MEXAY (YHK-
LMOHA/IbHOM HArpy3Koil HEpBHOW CUCTEMbl M M3MEHEHWeM COAepXXaHMsl T/IMKOreHa B Mo3re
Ha6noaaeTcs napaniesibHoCTb.

JEVCTBUE TMMNOTEPMUM HA OCBOBOXAEHWE TMCTAMUHA
T. CUNALbU, X. YEPHbAHCKW, O. BEPEW u b. LEHKAP

MaTodusnonornyeckmii n  MaTonoroaHaTOMWYECKUA MHCTUTYTbl MeAULNHCKOTO YHUBEPCUTETA,
[Neb6peueH

ABTOPbI, NPUMEHSS METOANKY AHYO, YCTAHOBUM, YTO HAKOM/IEHUE KPACSLLMUX BeLlecTs
YMEHbLLIAETCS M0 Mepe CHWXKEHWS Temneparypbl Tefa ; AaHHbI 3PHeKT MOXHO OTHECTU K CHU-
XKEHUIO 0CBOGOXAEHWS! TUCTaMUHA. BoMbluMe [03bl KOPTM30HA WK Napraktuia — rNaBHbIM
06pa3omM MoCc/efHer 0 — YMEHbLUIAKT HaKoM/eHe KPacsiliUX BELecTB, 0AHAKO, UX [AelicTBue
He 0GYCNOBNMBAETCS 3aJepPXKKOoi OCBOGOXKAEHWUA TUCTaMUHA.

OENCTBUE HEOPFAHWYECKUX WOHOB HA ALPEHANVHOBBLIE PEAKLNMN
T. CUNALABN, N. CATAN n B. YABA

MaTognanonorniecknii MHCTUTYT MeAnLMHCKOro yHuBepeuTeTa, [ebpeleH

ABTOpbI MCCNEfOBaNV 3aepXXMBatoLLee afpeHaIMHOBbIE 3((eKTbI AeiCTBUE MOHOB Kaf-
MWS, MapraHua, HUKKens, ofioBa W BaHagusi. CaMbiMi 3()(EKTUBHLIMA U3 HA3BaHHbIX VOHOB
0Kasa/InCb VOHbI KaMUs — OHM 3afIePXXMBANV afipeHaIMHOBYIO peakLmio Ha cepAle NAryLiex,
Ha TpeHaeneH6YPrcKoin Nsrylike, Ha KPOBSHOM [laBfeHWM W ceneseHKe co6ak. ABTOPbI Bblsi-
BUMK, UTO 3a/1ePXKMBAIOLLMIA 3(EKT He OCHOBbLIBAETCS Ha 6/I0KMPOBAHMN O4HOBANIEHTHON rpyn-
nbi (SH). M0 UX UMEHWUIO B aHTMAAPEHAIMTUYECKOM AeCTBUM HEOPraHMUYECKUX MOHOB BaXKHYIO
po/nb UrpaeT M3MeHeHWe NepmMeabusibHOCTU KIETOK.

OEVCTBUE TPUMTOD®AHA HA UNC/IO NENKOLUMTOB
A. PUTO, ®. TAKAY, n A. WOL
MaToguanonornuecknii MHCTUTYT MeAUUNHCKOTO yHUBEpcUTeTa, ByganewT

ABTOpbI UCCNefoBaN Y KpbIC LeiCTBME TPUNTOhaHa Ha YMC/o NIeMKOLUTOB M Ha Kaue-
CTBEHHYK KapTWHY KpoBW. OHW YCTaHOBWAN :

1 HepocTaTok B TpunTothaHe BbI3bIBAET /IEMIKOMEHNIO, KOTOpas Mnocne napeHTepasibHOW
nogaun 10 mr/100 r. TpunTodhaHa MpeKpallaeTcs.



2. Y HOpMa/lbHbIX XXMBOTHbIX BBefleHHble NapeHTepasibHo 10 mr/100 r TpunTothaHa Bbi3bl-
BaeT B 24 4ac BbIpaXeHHbIli NelikounTo3. [JaHHOr0 SIBMIeHNS Hesb3sl BbI3BaTb 6 APYrMMM aMUHO-
KUCOTamun, 1 NO3TOMY aBTOPbl CYMTAOT BEPOSITHLIM, YTO B AaHHOM C/lyvae pedb MOXeT ObITb
0 creynguryeckom feiicTBUM TpunTodaHa.

3. Ha pgeiicTBre TpunTohaHa B NepBble Yachbl BO3HUKAKT IMMAONEHNS 1 FPaHy10LuTo3,
NPosIBNAIOLLNECS BbIpaXeHne BCero oT 2—4 vacoB. [laHHOe [eiiCTBME MOXHO BbI3BaTb U fpy-
rmmn ammHokucnotamm (Ctpeccop addeKkT).

4. TlyTeM 3KCcTMpnauuMm Hafno4YevyHWKOB YAasoCk OTpaXkaTb BO3HMKAlOLLee Ha feiicTBME
TpunTothaHa paHee M3MeHeHVe KapTWHbl KPOBW, OfHAKO, MOABASAOLWMIACA B 24-blii Yac neiko-
LMTO3 HEM3MEHHO Habnojancs 1 B 3TOM Cryydae.

MOBEAEHWE OBMEHA Y KPbIC TMOCJIE NMOBPEXAEHWA TUMNOTA/IAMYCA B
TEMNMOTE W EFO OTHOLWEHUNA K TEPMOPErYALMM B XONOAHOW CPEAE

Ab. MEWTbAH, 6. MEW, Ab. CEFTBAPA n C. JOHXO® ®EP

MaTogu3nonorniecknii MHCTUTYT MeauumMHCKOro yHusepcuTeTa, MMey

[BYCTOPOHHWE 3MEKTPOIMTMUECKNE MOBPEXAEHMSI runoTasnamyca npensTcTBOBa/n Yy
NPUGAN3NTENIbHO OfHOWM TPETbM MOAOMbITHLIX KPbIC FMMEPTEPMUYECKOMY MOBbILLEHWIO Temnslo-
06pa3oBaHus, KOTOpoe Mpy 0AMHAKOBbIX 3KCNEPUMEHTaNbHbLIX YCMI0BUSIX U OAVHAKOBOA runep-
TEPMUM Y HEMOBPEXAeHHbIX XMBOTHbIX Bcerga coctomtcs. Mogo6Hoe siBNeHWe HaGnofaeTcs
M nocfie OfHOCTOPOHHMX MOBPEXAEHWA. TUnepTepMMUeckoe MOBbILLEHWE O06MeHa MOXEeT He
NPOSIBNATLCA MPU COXPAHEHUM XMMMWYECKOM perynsuuv, OAHAKO, OHO MOXeT 06pa3oBaThCs
TakXe B C/lyyae OTCYTCTBMSI mocnefHero. C Apyroii CTOPOHbI, FMMNepTePMUYECKOe MOBbILLIEHNE
06MeHa MOXET MOJIHOCTLI0 COXPAHATLCS TaKXKe B C/lydae OTCYTCTBUS XUMUYECKOW perynsiuuu.
O6ceyxpaatoTcs, fanee, NOKaIM3aLUmMs, TaKXKe Kak v pe3ynbTUPYIOLLMECS 3aK/THOUEHNUS U BbIBOAbI.

O MONYYEHUWN MPOTMBOCBLIBOPOTKN ®OCHOI/IFOKOMYTA3blI U EE
CBOWICTBAX

Ab. BOT u U. PELAW
MaTognU3nonornyecknii MHCTUTYT MeLUUMHCKOTO YHUBepcuTeTa, [le6peueH

ABTOpbl W3rOTOBWAN M3 MbiWbl MeTyXa B BbICLUEA CTEMeHW OUMLLEHHbI npenapaT
thocthorntokomyTasbl. C3TUM NpenapaTomM OHU — MpPWU NMOMOLLM NOACOGHOrO CPeAcTBa — MMMY-
HU3MPOBaN KPOJIMKOB.

CbIBOpOTKa 06paboTaHHbIX KPOSIMKOB MOKasana Ha 16 feHb He3HauuTeNbHoe, a Ha 28
[eHb 3HauUTeNlbHOEe TOpMO3sllee (ocdornoKoMyTasy JeiicTBre. [anee OHU paspaboTanu
METOAMKY ANA KOIMYECTBEHHOrO0 M3MEPEHUS COfePXXaHUs aHTUMyTasbl B CbIBOPOTKAaX. AHTH-
MyTa3a TOPMO3UT MyTas3HYH aKTMBHOCTb AOMALLHUX NTUL, (METYX0B, rony6eit, yToK) He ToNbKO
B BbITSDKKaXxX MbILL, HO 1 CepALa U MeyeHU, U cnefoBaTeNbHO (pocdoritoKoMyTasa He obnagaeT
cneunpUYHOCTLI0 MO OTHOLIEHUIO K opraHam. lMonyyeHHass aBTopaMu MpPOTUBOCLIBOPOTKA He
TOpPMO3Ma MyTa3HOW aKTMBHOCTM Yy MJIEKOMUTAKOLLUX U NATYLUEK, 3HAYUT, (octhoritokomyTasa
neTyxoB 06/1afaeT CNeUMUUHOCTLIO MO OTHOLLEHMIO K AOMAlIHMM NTULam (== KniaccoBasi
cneynguryHoCTb).

BONEYTONAKLWEE, TMNEPIMNMUMKEMUYECKOE W BbI3bIBAKOLWLEE ABUFATE/b-
HOE BO3BYXX[AEHWE AENCTBUA [A-22-ANOEHU-3-METWUN-4-MOP®OJSTIUHO-
BYTUPUNMUNPPONUNANHA (M-875, MANGUYM) U UCCMEAOBAHUA TEPMMUMO-
CTW B OTHOLWIEHWWN 3TUX AENCTBUIA
N. BOPW W, 3. YAHbU, . NTA3AP 1 X. YAK
(DapMaKOI'IOFI/IHECKI/IVI Haquo-Mccne,qosaTeanKmﬁ MHCTUTYT, Ey,an'IELLIT

ABTOpPbI WCCNEAOBANN MO CPABHEHWIO C MOP(UHOM 60MeyToNstolLee, FUNepranKeMu-
YecKOoe W Bbi3blBaloLLiee MOBbILLEHHYIO MOABMKHOCTL [IEMCTBUA HOBOTO GOMEYTONSAIOLErO Cpef-



CTHa A-2,2-gudeHnn-3-metnn-4-mopdonnHobytupmnnnupponuamH (Mandguym, M-875) n Tepnu-
MOCTb B OTHOLUEHUW 3TUX [elCTBUNA.

1 Kak y mbiweld, Tak 1y Kpbic M-875 okasancsa noutn 20 pa3 6onee 3thheKTUBHLI,M B
cBOeM 60neyToNAOLWEM feACTBUN, YeM MOptMH. [eicTBue M1-875 pocTur cBOEro Makcumyma
ObICTpee YeM MOP(UH, HO OHO CHU3UMNOCH ObICTpee.

2. Y KponukoB o6ycrnoBneHHas 10 Mr/Kr mopduvHa runeprivkemMus 6bina  Bbl3BaHa
40 pa3 MeHbLUMM Konun4yecTBOM [1-875, a MMEHHO BBEEHHLIMW MOAKOXHO Ao3amu B 0,25 Mr/Kr.
Ero geiicTBue NposiBNSNOCH ObICTPee YeM B Cydae MopduHa.

3. Y wmbiweii M-875 BbidbiBan 20 pa3 60/1ee MHTEHCMBHYO MOBbILIEHHYH MOABVXHOCTb
YeM MOP(VH. B faHHOM cnyvae COOTHOLLeHWe 3(eKTUBHOCTM LeCTBMA TO Xe CcaMoe, KakK B
cny4vae 6oneytonstouwero agdgekra. AelictBue -875 6bICTPO pasBMBasiocb M TaKXe ObICTPO
npekpaLianocs.

4. Bce Kpbicbl, nonyunswine EDB (6 mr/kr) mMophuHa, MokKasaim TepnumMocTb K 6one-
yToNsLwemMy AeACTBUIO Ha 27 feHb 06paboTku. Ha 30 aeHb 06paboTKM 79 MPOLEHTOB >XXUBOT-
HbIX MOKasann TeprnumMocTb K MOptMHy B go3ax 24 mr/kr (8 ED-0), B TO BpeMs KaK WHTEHCUB-
HocTb 6oneyTonswowiero gericteusa ED® (1,2 mr/kr) M-875 He yMeHbllanacb B TeyeHue 30
[HEBHON 006PaboTKN >XUBOTHBbIX.

5. Y KpONUKOB TepnUMOCTb K FMNeprinkeMmuyeckomy feictBuio 10 Mr/Kr X10pmucToBO-
fopoaHoro mopdmHa n 0,25 mr/kr M-875 nposiBNsinacb 0AMHaKoBbIM 06pa3oM. TepnMMOCTb K
MOpP(MHY pasBMBanacb B TeUeHWEe OAHON Hefenw, TOrfa Kak runeprinkeMuyeckoe aelicTeue
M-875 B 3T0 Bpems elle MOBbILIAIOCH ; TEPNUMOCTb K AeNCTBUIO 3TOFO CpeAcTBa pasBuBanacb
NWb nocne [ABYHeAe/bHOW 06paboTKu.

6. O6ycnoBneHHas BHYTPUOPIOWMHHBIM BrpbickMBaHvem 20 Mr/kr mopduHa wam 1
Mr/Kr 1-875 noBbIleHHasA NOABVKHOCTb MOBbLILLANIOCh Y MbilLel B TeYeHMe XPOHUYECKoi obpa-
60TKN. B TeyeHne 28 AHEBHOW 06pabOTKM TEPNUMOCTU K 3TOMY AEACTBUIO HE MPOSBAANOCH.

Peakuusa XeppmaHHa—LLTpayba Takxe OCTanacb HeU3MEHHOW.

ABTOpPbI NPULLAM K TOMY 3aK/IIOHEHNIO, YTO U3 BCEX M3BECTHbIX 4O CMX Nop 6oneyTons-
lowmx cpeacts [M1-875 sBNseTcA B OTHOLIEHWM 60/eyTONAIOLWEr0, FUMNEPrNKEMNYECKOrO U
MOBbLLUTIOLEr0 MOABMXXHOCTL AENCTBUIA Hambosnee 3(eKTUBHLIM CpPeACTBOM.

TepnuMOoCTb pa3BMBaeTCs ObICTPee BCEr0 B OTHOLUEHUWU FUMEPT/IMKEMUYECKOrO AelicTBUSA
(KoTOpoe McxoanT OT runoTanamyca), paBHbIM 06pa3oM, Kak B ciyyae MopgumHa, Tak u M-875.
3aTem cnegyeT 6oneytonsoLlee felicTBYE MOpdUHA. H Nnpy 0gHOM M3 UCCnefoBaHHbIX CPeACcTB
He pasBMBaeTCA TEPNMMOCTM MO OTHOLUEHWIO K KOPKOBOW MOBbLILIEHHON MOABMXHOCTUM M K
CMUHHOM peakumn XepmaHHa— LLITpay6a.
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POJIb KANbUMA B MNMPOHMUAEMOCTWN YENOBEYECKWMX 3PUTPOLINTOB
Ona KAInA

Ab. TAPAOLW
XUMnUYecKnit MHCTUTYT MefMLUMHCKOrO yHuBepcuTeTa, bypganewT

B npucyTcTBUMU NaF, NaF-fNa.2HAs04, TakKe KaK W MOHOMOAYKCYCHOW KWC/OTbI
<MJE) + ajileHO3MHa, Kanuii ¢ 60/bLLIOA CKOPOCTLIO BbIXOAWUT W3 3PUTPOLINTOB B ChbIBOPOTKY.
3TOT BbIXOf, Ka/vsi COCTOMTCS /WLLL B TOM C/lydae, ec/ii B CUCTEME MPUCYTCTBYIOT MOHbI Kaslb-
Lysi. Ha 3Toll 0CHOBE MOXHO MpefnonaraTb, UYTO KafbLMii UrPaeT BaXKHYIO PO/ib B Perynsuum
MOHHOFO TpaHcnopTa 3pUTPOLUTOB.

NCCNEAOBAHUE PA3INUNI MEXOY
METAKONNATEHOM N KOJ/IJIACTPOMNHOM

W. BAHFA n . BASO
1. WHcTutyT [latonornyeckoir aHaTOMUW M JKCNepUMeHTanbHOW-OHKONOrMW MefuuMHCKOro YHUBepcuTeTa,
bypanewT

1. ABTOpbI MCCMeAoBasM KojnareHHble (pakuuu, NonyyeHHble M3 AXUnecoBa Cyxo-
XWUNUA poraToro cKoTa. BblNo yCTaHOB/MIEHO, UTO MeTaKo/iareH v KOM1acTPOMUH, HecMoTps
Ha To, YTo 06a BellecTBa MpPeACTaBMSIOT CO60 HepacTBOPKMbIE KOMMOHEHTbI KOJiareHa, BCe
Xe He WAEHTUYHBI.

2. Pasnuuusa Mexay MeTaKosiareHoM 1 KONMacTPOMUHOM MOXHO BbISIBUTb KUC/IOTHBIM
HabyxaHMeM, CMOCOBHOCTLIO MPUCOEANHUTL CEepPebpo, M COMPOTMB/IEHUEM MPOTUB NPOTEO/IUTU-
YecKux rpynn. PesynbTaTbl OHOBPEMEHHO C/YXaT WU [0Ka3aTe/Ib,cTBOM TOr0, YTO HepacTBo-
pUMble (PPAKLMN He WAEHTUYHBI C UCXOAHBLIM HATUBHBLIM KO/AreHoM.

3. ABTOpbl OGbSACHSIOT Pa3NMuMs MeXAY HaTVMBHbIM KOMNAreHoM, KOonnacTpOMUHOM W
.MCTaKO/INlareHoM Ha OCHOBE COfilepXXaHusl MpoKosiiareHa, Mykouaa, ¥ Mykouaaz.

AKTBU3SALNA MPEKOPTUKOTPOTMMNHA
X. B. @. AVKCOH, 3. TOT n ®. r. IOHT

Buoxumumuyecknii MHCTUTYT, Kem6puax

M3roToBneHHass MetogoM HOHra (Young) BbITsKKa nepefHeit gonu runogusa npu 20-
KpaTHOM pasbaB/ieHNN He YMeHbLLAeT COflepXKaHnsi acKopGUHOBOM KMCMOTbI B HaanoveuHmKax
Y KpbIC C yAaneHHbIM runogusom. OfHaKoO, 3Ta BbITSHXKKA aKTUBM3WUpYeTcs, ecnv ee pH ¢ no-
MOLLbIO CO/ISIHOM KUC/OTbI YCTaHABMBAETCSA Ha 3, UM eCU K Hell Npu6aBnstoT pacTBOpP Moue-
BUHbI. PesynbTaTbl OMNbITOB MoATBepXAanu npegnonoxeHue facrynta (Dasgupta) u HOHra
0 CyWeCTBOBaHUM WPEKOPTUKOTPOMNMHA. BbITSXKKOWM runotanamyca npu npUMeHeHHbIX aBTo-
pamy MeToAax He yAanocb aKTUBM3MPOBATb MPEKOPTUKOTPOMMHA.



OEVCTBME MOBPEXIAEHUA MAPABEHTPUKYNAPHOIO A4PA
HA ®YHKUMIKO CUCTEM TUNOPUI—LWLUNTOBNAHAA >XEJIESA—KOPA
HAAMOYEYHNKOB W TOMOBbIX XXENES3

W, KOBAY, K. TUWAKWN, 3. QHAPELWN
®un3nonornyecknit MHCTUTYT MeauUMHCKOro yHusepcuTeTa, [lley

ABTOpbI YCTAHOBW/IM B CBOMX OMbITax, YTo MOC/E MOBPEXAEHUS MNapaBeHTPUKYNSAPHOro'
Anpa y KpbIc HakonneHve J131 WMTOBUAHON Xenesoli M pagroaKTMBHOCTb ocaxaaemoro Ji13l
B NiasMe YMeHbLUAoTCsA, XOTsi MoTeps B Bece Hab6/ofanacb Nvlb y camuos. CofepxaHue
KOPTUKOW/OB B TKaHW HaAMOYeUHUKOB MOAOMNbITHLIX XUBOTHBLIX MOC/E ONepaLun BbIPaKeHHO
YMEHbLLIAETCA, UTO YKa3blBaeT Ha MMNepakTUBHOCTb HAfAMOUeUHNKOB. MeTpOoTpOo(Has aKTUBHOCTb
nepeaHeil 4onM runodusa MoBbILLAETCA Y 060MX MOMOB, OfHAKO, Y CaMOK MOBbilleHWe 6onee
BblpaXKEHHOE YeM Yy CamL0B.

O JEWCTBUM TMOBPEXAEHWA HAABYIOPbA (EPITHALAMUS) HA OBMEH
I TEMMEPATYPY TEJIA Y KPbIC, U CPABHEHWE C MNOBEAEHUEM
MOC/NE NMOBPEXAEHWA MOABYIOPbA (HYPOTHALAMUS)

C. JOHXO®®EP, Ab. MEWTbAH, 6. MECC, Aib. CEFTBAP/ n U. APAMU
Matodusnonornyecknii. MHCTUTYT MefNUMHCKOTO yHuBepcuTeTa, Mey

Ha 3nekTponuTuyeckne NOBPeXAeHUS Hagbyropbsi y KpbiC B 60/bLIOM MNPOLEHTHOM
COOTHOLLEHUN BO3HWKAKT HapyLlleHWs perynaumm obmeHa WM TemnepaTtypbl Tena. Yactota u
KOMOMHALMN OTAeNbHbIX HapyLleHW! NOKas3biBalOT B CBOEN COBOKYMHOCTW XapaKTepHyk Ans
NOBPEXAEHN Hafbyropbs KapTWHY, KOTopas OTK/IOHSIeTC OT TOW, Habntofgaemonr nocne no-
BpeXaeHnin nogbyropbsa.CaMble 3HauWTeNIbHble OTK/IOHEHWS MO CPaBHEHWMIO C MOBPEXAEeHUAMU
nofbyropbs cyTh CreaytoLime @ @) ropasfo yaule HabnogaeMoe 0TCYyTCTBME TUMNEPTEPMUYUECKOrO
NoBbILLIEHNS1 06MeHa, 6) MOBbILIEHHbI OCHOBHO 06MEH peXKe COMPOBOXAAETCS SIMXOPaLoYHO
MOBbILLIEHHOI TeMMnepaTypoii Tena, B) OTCYTCTBME CHUXKEHWUSI OCHOBHOr0 06MeHa Ao cy6HOpMaib-
HbIX BENIMYVH, I) B OKpY>XXatoulen cpege 20—22° C B 60/1bLUMHCTBE C/ly4aeB HabnofaeTcs Hop-
ManbHas Temnepatypa Tena, JaXKe Mpu OTCYTCTBUM XMMWYECKOW perynsiuuu, ) HapylleHune
XUMUYECKOW perynsiuum HUKOrja He MMeeT MecTa 6e3 04HOBPEMEHHOro OTCYTCTBMA runepTep-
MMYECKOr0 MOBbILLeHNA 06MeHa. CUMHU(MKAHTHOM pasHULbl MeXAy MOBPeXAeHUAMU Haaoby-
ropbs 1 MOBPEXAEHMSIMU MoAGYropbs He HabNOAANOCh : &) B YacTOTe HapyLUeHUST XUMUYe-
CKOW perynsuuu, 6) B 4acToTe OTCYTCTBUS FMNEPTEPMUYECKONO MOBbILLIEHUSI 00MeHa Mpy OTCyT-
CTBMM W NPU COXPAHEHUN XMMWYECKON Perynsiumm, MB) B CTENeHW FMNepTepMuMn B OKpY>Kato-
wein cpege 35° C npu coXpaHeHHOM, OTCYTCTBYOLLEM WM BOCCTAHOB/IEHHOM rMNePTEPMUYECKOM
NoBbILLEeHUN 06MeHa. «BTopas XxmMuyeckas perynaums» Temnepatypbl HabnogaeTca Takxe npu
OTCYTCTBMM TUNEPTEPMUYECKOrO MOBbILLEHNS 06MeHa. ABTOPbI MPUMNWCLIBAIOT 06/1aCTU HaA0y-
ropbs HenpeHebperaemoe 3HauyeHWe B perynauum obmeHa v TemnepaTypbl Tena.

HEMELA/IEHHOE [HAEWCTBWE JI-TUPOKCUHA, N-TETPAVOAOTUPOYKCYCHOMN
KNCNOTbl, ANNOAOTUPOHWMHA, ANNOAOTUPOYKCYCHOW KWUCNOTbl u
N-TMPOHNHA HA TMOTPEBJEHUWE KWMCNOPOOA N HA TEMMEPATYPY TEJA
Y KPbIC C YOANEHHbIM TUMNO®KM3OM. JENCTBUE KOPTU3OHA

n. BAPHAW n M. ®APKAL
MaTtodunsnonornyecknini MHCTUTYT MeAMUUHCKOTO yHuBepcuTeTa, Mey

Cnegytowime npenapatbl Bbi3BaM Y KpbIC C yAaNeHHbIM TUMNoW30M OCTPYIO peakumio
NogobHO OTBETY, BbI3BAHHOMY TPUMOAOTUPOHMHOM U €ro YKCYCHOKUC/IOTHbIM aHasIoroMm :
N-TUPOKCMH (Nab. Mnakco), N-TETPAMOATUPOYKCYCcHass KucnoTa (nab. Mnakco), N-gUNOA-
TUPOHMH (Nab. Makco), 3,5-4MNOATUPOHNH (FTopdMaHH na polW), N-AUNOATMPOYKCYCHas
kucnota (nab. Mnakco). JI-TUPOHUH (TodhdmanH na Pow) 0Kasancs COBepPLUEHHO HefencTBYO-
wym KopTU30H OTpaxan HemeAJ/leHHbI OTBET Ha BCe MUCCMef0BaHHble WMOATUPOHUHbI. ABTOPbI



M3naraloT v OLEHVBAIOT Pas/inums, NPOSIBASIOWMECS B PeakUMsX Ha pas/iMuHble npenaparbl.
TOYHYI0 NPUPOAY [EVCTBYIOLUMX BELIECTB [0 TeX TMop Henb3s BbIACHWUTb, MOKa He 6yayT
NosyyeHbl YUCTble COBAMHEHWUS, W60 AWMOATUPOHMH COAEPXMWT G6Ofiblie, YeM OAHO U3 MOAM-
POBaHHbIX COEAVHEHWIA.

O 3HAYEHNWN TWUNEPTEPMWYECKOIO MOBbLIWEHNA OBMEHA
B TEPMOPEryndauunn. oOrbiTbl C MOBPEXAEHMEM TUMNOTAJIAMYCA
N SNMNTANAMYCA HA KPbICAX

C. JOHXO®®EP, Ab. MEW TbAH, Ab. CEFTBAPU u U. APAMU
Matodun3nonornyeckuin MHCTUTYT MefnLUMHCKOTO yHuBepcuTeTa, ey

ABTOpbI NOMYYNIN HAa OCHOBE CBOMX OMbITOB C/EfyHOLLMe Pe3ynbTaTbl i Y XMUBOTHbIX C
Ha/IMuMeM W C OTCYTCTBMEM TUMEPTEPMUYECKOr0 MOBbILLEHUS 06MeHa MNocne MOBPeXAeHUs
runoTanamyca Wiy anuTanaMmyca Henb3sl BbISIBUTb PasHULLbl TeMMepaTypbl Tena B TeNsoi cpese.
W3 aToro HabnwoaeHusi cnefyeT: a) 4TO TFMMNepPTEPMUYECKOe MOBbILLIEHVE 06MeHA He CIyXUT
YAOBNETBOPEHMIO MOTPEGHOCTM B 3HEPrUM TeMI00TAAIOLMX MeXaHW3MOB, MGO B 3TOM C/ly4ae
OTCYTCTBME [O/IKHO 6blI0 6Gbl COMPOBOXAATbCA 60/1ee MHTEHCMBHBLIM MOBbILLEHWEM Temrepa-
Typbl Tena, 1 6) YTo BbI3BaHHas Ternsoli CPefjoil rMnepTepMUS B U3BECTHLIX Mpejeniax He MOXeT
ObITb MpuUNMcaHa NacCUBHOMY YAEPXXMBAHWUIO Ternna, Tak Kak Mpu noBbllIeHHOM Tennoo6paso-
BaHUW CnefoBano 6bl HabMAATh U NOBLILLIEHHYH TemnepaTypy Tena. CrefoBaTenlbHO, C OfHOW
CTOPOHbI TMNEPTEPMUYECKOE MOBbILLEHNE 06MeHA He SIBNSETCS 06YCN0BMEHHbIM MOBbLILLEHVEM
TemnepaTypbl Tena (3Ha4YNT OHO He HaxoAuTCs B COOTBETCTBUM C MpaBwiom BaHT [odda), a
C [pYroil CTOPOHbI, MOBbILLEHVE TeMMePaTypbl Tena, B W3BECTHbIX Mpejenax, He3aBUCUMO OT
NnoBblILLEeHNsT 06MeHa aHeprun. Ob6a ABNeHMS NPeACcTaBnsOT co60i (eHOMeHbI, perynmpyemMble
LleHTPaNIbHON HePBHOW CUCTEMOW, 04HAKO, OHW He HaxoAsATCs BO B3aVIMHOWM TECHOM MPUYUHHON
CBSA3N.

OEVNCTBUE MPEMNAPATOB AEKCTPAHA PA3/IMYHOIO MOJIEKY/TIAPHOIO BECA
HA KPOBAHOE AABJIEHVNE U O/IMTE/IbHOCTb BbDKNBAHWA KOLLEK
B r’MMNOBOJIEMNYECKOM LLIOKE

Ww. WWMOH un W. BAPIrA
KoHTponbHas na6opatopus dapmaleBTUHeCKO# npombiwNeHHOCTH, BypanewT

ABTOpbI UCCNefoBaNv AeCTBME Pas/IMYHbIX MpenapaToB feKCTpaHa Ha KPOBSAHOe AaB-
IeHVe KOLUEK B TUMOBOMIEMUYECKOM LLIOKE, BbI3BAHHOM KpOBOMoTepeid B 25 MA/KM B HapKo3e
IBunaH-HaTpus. He 6bu10 HalileHO pasHULbl MeXay M3MepeHHOM B TEUEHMe TPeX YacoB npeccop-
HbIM 3(pheKTOM AeKcTpaBeHa (MpenapaTa feKCTpaHa 60MbLUOro MOMIEKY/IAPHOrO Beca) U usme-
PeHHbIM TakuUM >e Crnocobom [felicTBMEM nnasmogekca (npenapata gekcTpaHa 60/1ee HU3KOro
MOMEKYNSAPHOr0 Beca). Y [AeKCTpaBeHa, OfHaKo, fleTa/lbHOe KONNYeCTBO BTOPUYHOIO KPOBO-
NnycKaHus 6b110 3HaUNTeNbHO 60MbLle. Y KOLUeK, Cofep>KaHHbIX Moc/e KPoBOMYyCKaHUs Takoro
)K€ pasmepa B TeYeHWe OHOro yaca B COCTOSHUM MOHMXEHHOIO0 KPOBSAHOMO AaBfieHusa 6e3 no-
[ayn 3aMeHsIIoLLEro nnasMy CpefcTBa, dKM3Hecnacarollee AelicTBMe 060MX MpenapaToB pacnpo-
CTPaHANOCh TOMIbKO Ha HECKO/IbKO 4acoB, a He Ha AHW. EcnvM  ofgHako, mocne KpoBonoTepu
Takoro >e pasmepa KOIUYeCTBO KPOBM BO3MELLANOCh B npefenax npuoénusntenbHo 15 MUHYT
C npenapataMun 60/bLLIOTO MOMEKYNSAPHOro Beca (MHTPageKc) Wan 6onee HU3KOFO MOJMEKYNAP-
Horo Beca (M/1a3MOAEKC) TO >KM3Hecnacalollee AecTBMe 060MX MpenapaToB fAeKcTpaHa Mnpo-
ABNANOCL Y NPUGAN3NTENBHO ABYX TPETbel YacTW >XMBOTHbIX elle U 48 yacoB CnycTs, Torga
KaK B C/lyyae BBefeHVs (HDM3MOSI0MMYeCKOro pacTsopa MoBapeHHOM conv Tonbko 17% Koluek
BbDKMBANN TSXKENYl MOTepH0 KPOBW.

B nocnefHuX onbiTax NpU U3MepPeHUN KPOBSIHOTO faBfieHUs Kowek 3,6, 12 n 22 yacos
nocne BBeAeHUS MpenapaToB feKCcTpaHa He HabNoAanoch 3HAUNTEbHOW pasHULbl MeXxay npo-
LO/MKUTENbHOCTBLIO M MHTEHCMBHOCTbLIO MOBbLILLIAIOWIEr0 KPOBSHOE [JaBfieHWe [JelACTBUS [ABYX
BMAOB npenapatoB. Hu npenapaT ¢ 60/bLWLIMM MOMEKYNSAPHBbIM BECOM, HW TOT C HU3KMM MOfle-
KyNAPHbIM BECOM He MOMNM Bbl3BaTb A/INTE/IbHOMO BOCCTAHOB/IEHUS KPOBAHOINO [aB/IEHUSA Yy
KOLLIEK, MOTEPSABLUMX 60/MbLUOE KOMIMYECTBO KPOBM.



DPAPMAKOJ/IOTMYECKOE WCCJ/IEAOBAHUE
HOBOIo TrMPOTUBOCIIASMATUYECKOIO COEAMHEHUA

Nn. AbEPAb, 1. BOPBENb, M. KEPTEC, T. WWOMKYTHU
®apmMakonormyeckuit MHCTUTYT MefMLUHCKOTO yHuBepcuTeTa, bypanewT

1. ABTOpbI UCCMEA0Ba/IN B CBOUX OMbITax HOBOE COeAVHeHMeE 3aBoja XUHOUH, aHanorny-
HOe CcOefuHeHWe nanaBepuHy : xuHonapuH (1— (3'—4'-gumeToKcMdeHnN-)6—7-aNMEeTOKCU-
N30XUHO/NH).

2. XuHonapuH NposiBAsieT OAWMHAKOBOe C MarnaBepuHOM CNasMOIUTUYECKOe AeiCTBME Ha
KOPOHapHble COCY/bl Y KOLLUEK, HA W30/MpOBaHHble fIETKWE U ABEHaLaTUNEPCTHYI0 KULLKY in
Situ MOPCKMX CBMHOK, TakKXXe KakK M Ha MaTKy KpbiC. Ero noHmxarollee KPOBSHOE AaBfieHue
perictBne Ha 30% cunbHee AECTBUSA NanaBepuiHa.

3. XuHOMapuH Npu NPUMeHEHHbIX aBTopamMu A03aX He MOBbILIAET BEHO3HOr0 AaB/ieHUs,
B TO BpemMs Kak nanasepuvH — MNpu OAUHAKOBbIX J03aX — 3HAUMTe/IbHO MOBbLILLAET ero.

4. B nccnefoBaHMAX Haj cepiueM KoLek in situ (C momowbio KapauomeTpa XeHAep-
COHa) ocnabnswollee cepiue felicTBMe nanaBepvHa 3HAYUTENbHO CU/bHEe [eNCTBUA XMHO-
napuHa.

5. Y Kpbic, Npy BHYTPUOPIOLINHHOM 1 BHYTPUBEHO3HOM BBEAEHUW, XMHOMAPUH 0Kasasncs
2 pa3a unm xe 2,8 pa3 MeHbLUe TOKCUYECKUM YeM MNaraBepuH.

WCCNELOBAHNE HEKOTOPBIX ®APMAKOJNHAMUUYECKUX CBOVCTB
FMAPOKCU3NHA (ATARAX)

H. PANYNYNECKY, E. BUTTMAHH n P. BAPTEN

®dun3nonornyecknii 1 Nato@u3nonornyecknin MHCTUTYT nmenn Mpod. Ap. . AaHnononony npu Akagemuu
Hayk PymblHCKO HapogHoii Pecny6nuku, ByxapecT

B nepBoli cepun OMbITOB aBTOPbI UCCNeA0BaN AeACTBUE TUAPOKCUM3MHA (BHYTPUBEHHO
5—36 MI/Kr) Ha BbI3BaHHblE pasfpaXkeHWeM runoTanamyca M MPoUNX LEHTPasibHbIX 4YacTei
BEreTaTUBHOW HEPBHOM CUCTEMbl M3MEHEHWSI KPOBSIHOFO [JAaBfIEHWS W 3/1eKTPOKapAMOrpaMMbl.
MoaoNbITHLIMA XXUBOTHLIMU 6blIM 8 KOLUEK U 4 coGaKW. DNeKTPUUECKOMY pasfpaXkeHU O0fHo-
MOJIIOCHBLIMW  3M1IEKTPOAAMIU MoaBepranncb 45 oTAeNbHbIX TOYeK 6asasibHOM 06nacTM Mo3ra.
PasapaxeHue 14 U3 3TUX TOYeK BbI3Ba/I0 M3MEHEHUS] KPoBOooGpalleHUsl. Bbi3BaHHOE pasapa-
KEHMEM runoTanaMyca BblAeneHWe aapeHasIMHa yaanocb MNpefoTBPaTUTb PacceyYeHUeM CruH-
Horo mosra (C7—O;, wwm D2—DJ.

MonyyeHHble rNaBHble Pe3yNbTaTbl CreayroLme :

1. TWAPOKCU3NH CHUXAET, U AaXKe MOMHOCTbIO MpeKpallaeT, sIBAEHUS MOBbILLEHHOr0
N MOHMXXEHHOr0 KPOBSIHOFO [aB/fieHUS, BbI3BaHHbIE pasfgpaXKeHWem runotanamyca U npoumx
LEeHTPa/IbHbIX YacTeli BereTaTMBHOA HEPBHOW CUCTEMBI.

2. TNAPOKCM3MH OKas3blBaeT MeHblUee AeNCTBME HAa CHUWXKEHME KPOBSIHOMO AaB/fieHUs,
Npe/LLIecTBYOLLee BbI3BaHHOMY pasfpaXeHWeM runoTasaMmyca MNOBbILLIEHWIO KPOBSIHOrO [aB-
NIEHNS, TaKXXe KaK W Ha BblAe/leHWe afpeHasiMHa, 06YC/OB/IEHHOE pas3fpaxXeHWeM runotana-
Myca UM 06OHATENIbHOrO Mo3ra.

Bo BTOpOIi cepumn onNbITOB aBTOPbI UCCNeAOBaIN Hag 9 KoliKamu 1 6 cobakamu (nocne
nogaun Kypape) AelicTBMe TMAPOKCM3MHA Ha 3M1eKTPOKapAMorpammy B OTHOLLEHUW cTaHAapT-
HOro W NpeacepeyYHOro BepxyLUe4YHOro OTBeAeHUIA. Ta Cepust OMNbITOB MoKasana, uTo BHYTPU-
BEHHasi nojaya rnapokKcmsmHa B fo3ax 5— 10 MI/Kr crnoco6CcTBYET penonsipusaunn cepaeyHoi
MbILLLbI : MOBbILLEHVWE aMnAUTYAbl 3y6ua T uUan nepexof oTpuuaTenbHoro 3y6ua T B Mono-
XKUTeNbHbIN. [laHHOe [eACTBME HE HAXOAMUTCA B CBSI3N C BbI3BaHHbIM MMAPOKCU3MHOM N3MEHEHNEM
KPOBSAHOI0 AaB/IEHUS.

B TpeTbeli cepumn ONbITOB aBTOPbI UCCNEA0BaIN AeCTBME TMAPOKCU3NHA HA W30/IMPOBaH-
Hoe cepue NArywKu. OnbITbl MOKa3asn, UYTo 60/bLUME [03bl OKAa3blBalOT OTPULATENIbHOE WHO-
TPOMHOe BAUsIHME. MMAPOKCU3UH CHMKAET WM [JaXKe COBEPLUEHHO OTPaXKaeT OTpuUAaTeNbHOe
WHOTPOMNHOE BAUSIHME aLeTUNX0/IMHA U Kanusi. B NpoTUMBOMOMOXHOCTb 3TOMY FMAPOKCU3NH He
MMeeT [IeMCTBUSI Ha MONOXKMTENbHOE MHOTPOMHOE B/MAHWE afpeHasiMHa WU KanbLUus.



Biochemia

THE ROLE OF CALCIUM IN THE POTASSIUM
PERMEABILITY OF HUMAN ERYTHROCYTES

By
G. Gakdos

INSTITUTE OF MEDICAL CHEMISTRY, MEDICAL UNIVERSITY, BUDAPEST

(Received August 17, 1958)

In the presence of NaF, NaF -f- Na2H As04, as well as iodoacetic acid + adenosine,
K rapidly leaves the erythrocytes. This K outflow into the serum takes place exclusively in
the presence of Ca ions. This allows to conclude to the important role of Ca in the regula-
tion of the ion transport of erythrocytes.

In the human erythrocytes as in all anuclear red blood corpuscles,
glycolysis is responsible for the maintenance of unequal ion distribution and
of the apparent impermeability to cations. This unequal distribution of ions
will cease and the exchange of ions between erythrocytes and serum will
start if glycolysis is blocked by some inhibitor, for instance NaF or iodoacetic
acid (IA). At higher concentrations of NaF, NaF -|- Na2HAs04, as well
as IA -(- adenosine, the rate of K outflow from the cells (and that of Na influx)
is very high, 70 to 170 mg K/100 ml erythrocytes/hour [1, 2]. This rapid out-
flow of K can be prevented with ethylenediamine tetraacetate (EDTA),
in the presence of which the rate of K outflow is reduced to 6 mg/100 ml
erythrocytes/hour [3].

Investigations on the effect of EDTA showed that the presence of Ca
is essential for the high rate of K outflow. Experiments carried out in this
field will be described in the present report.

Methods

Fresh defibrinated human blood was used. The experiments were carried out in vitro,
at 37° C, on whole blood or on erythrocytes suspended in isotonic NaCl solution. K was deter-
mined by flame photometer after deproteinization. EDTA-Ca was prepared according to
Pfeiffer and Offermann [4].

Experimental

It was investigated whether the inhibitory action of 2«10—3M of EDTA
was suspended by MgCIl2. As it is clear from Fig. 1, 10~“2M of MgCI2 had no
effect on K transport under the expeiimental conditions employed.

In contrast with this, CaCl2 completely blocked the action of EDTA.
As it is shown in Fig. 2, the inhibitory effect of EDTA on K outflow was

1 Acta Physiologie« XV/2.
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Fig. 1. Effect of Mg on the K permeability of blood containing IA + adenosine
1: 10-3M 1A+ KO-2M adenosine. 2: 10~-3M IA + KO-2M adenosine + 2+10~3M
EDTA.3: 103M IA + 102M adenosine + 2+10~3M EDTA + 10~2M MgCl2.4 : 10 3M
IA + 10~2M adenosine + 10~2M MgCI2

Fig. 2. Effect of Ca on the K permeability of blood containing IA + adenosine
1: 10~-3M |IA f10-2M adenosine. 2: 10~3M IA -f- 10“2M adenosine + 2 +«10“3 M
EDTA. 3: 10~3M 1A+ 10 2M adenosine + 210 3M EDTA + 510 3M CaCl2
4: 10-3 M IA + 10“2M adenosine + 5+¢10-3 M CaCl2
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Fig. 3. Effect of Calgon and Na oxalate on the K permeability of blood treated with NaF

1: 16102 M NaF. 2: 16+10"2 M NaF + 2+10'3 M EDTA. 3: 16102 M NaF +
+ 5.10-3 M Calgon. 4: 1.6 «10"2M NaF + 10-2 M Na oxalate

Fig. 4. Effect of different concentrations of EDTA on the K permeability
of NaF-treated blood

1: 16 102 M NaF. 2: 1610 2 /I/ NaF + 510 4 M EDTA. 3: 16 10 2 M NaF +
-f 10 3M EDTA. 4: 16+10 2M NaF + 2+10 3M EDTA

l*
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totally absent in the presence of 5¢10“3M of CaCl2. On the other hand,
CaCl2 increased the rate of K outflow in blood containing IA -j- adenosine.

An effect similar to that of EDTA can be achieved also by other agents
forming a complex with Ca. Calgon (Na-hexametaphosphate) and higher con-
centrations of sodium oxalate likewise inhibit K outflow (Fig. 3). Ata concen-
tration of 10~2 to 10“3 M sodium citrate has no effect on K permeability.

As to the relation of inhibition by EDTA to its concentration, 103 M
was ineffective, whereas 2-10~3M was fully effective (Fig. 4). Inhibition

Fig. 5. Effect of EDTA-Ca on the K permeability of NaF-treated blood

1: 1610 2 M NaF. 2: 16 +*1(E2 M NaF + 2+10"3 M EDTA. 3: 1610'2 M NaF -f
+ 2+10~-3M EDTA-Ca

started at a much lower concentration in the case of washed erythrocytes,
as washing removes a considerable part of serum Ca.

Fig. 5 shows the effect of the Ca complex of EDTA on K permeability.
This compound was obviously ineffective.

Discussion

According to the experiments, the effect of EDTA is based on a binding
of the ionized Ca of serum. This was proved first of all by the fact that the
inhibition caused by EDTA was suspended by CaCl2 Moreover, CaCl2 gave
rise to an effect opposite to that of EDTA, because it increased the rate of K
outflow. A further evidence confirming the role of Ca is that other Ca-binding
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agents, such as Calgon and oxalate, have a similar effect. The lowest inhibitory
concentrations are, EDTA 2+10~3M ; Calgon 5¢10“3M ; sodium oxalate
10~2 M, when the order of activity corresponds to the order of the dissociation
constants of Ca complexes. No inhibition takes place in the presence of citrate,
because even at high citrate concentrations there may be present such amounts
of Ca ion as suffice for starting K outflow.

It is generally assumed that the serum contains about 10 mg per 100 ml
(2.5-10—3 M) of Ca and 65 per cent (1.6-10-3 M) is present in the ionized
form. Fig. 4 shows that the EDTA effect develops when the quantity of EDTA
present in the system can bind all the ionized Ca present.

The ineffectiveness of EDTA-Ca is another proof of the role of Ca.
This compound can no longer combine with Ca and thus has no effect in K
permeability.

In our experiments such conditions were created which allowed a separa-
tion of the inhibitory action on glycolysis from that on K transport. EDTA,
Calgon and sodium oxalate have namely no effect at all on the inhibition of
glycolysis by NaF, whereas they completely inhibit K outflow [3]. By seperat-
ing the double effect of the glycolytic inhibitors we have come nearer to the
elucidation of the mode of action of ion transport.

The experiments have shown that in response to glycolytic inhibitors
K ions will start their rapid outflow from the erythrocytes only when the
system contains Ca ions. This lets to conclude on the significant role of Ca in
the maintenance of the physiological ion balance of blood.
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Collagen fractions prepared from the Achilles tendon of the cattle have been subjected
to analysis. It has been found that metacollagen is different from collastromin, although both
substances represent the insoluble component of collagen.

Differences between metacollagen and collastromin were demonstrated in regard to
swelling in acid, silver-binding capacity, and in the resistance to proteolytic enzymes. At the
same time, the insoluble fractions are not identical with the original native collagen.

The differences between native collagen, collastromin and metacollagen have been
explained on the basis of the procollagen, mucoidj, and mucoid», contents.

The submicroscopic structure of the collagen fibre suggested the hypo-
thesis [6, 2] that collagen was composed not of a single homogeneous protein,
but of at least two different protein components.

Tustanovski, Zaides, Orlovskaya and Mikhaitov [11] who arrived
at a similar conclusion, have separated two components of collagen : procolla-
gen, dissolved with a citrate buffer of pH 4, and the residue insoluble in citrate,
collastromin. According to these authors, the complete isolation of collastro-
min from procollagen requires heating at 50° C for 1 hour 30 minutes. By
this treatment, however, the properties of collastromin are altered.

The insoluble component of collagen, which remains after the thermal
and chemical relaxation following the thermal and chemical contraction of
the collagen fibre, is called metacollagen [7, 8]. It is questionable, however,
whether this substance is identical with collastromin. In the course of chemical
contraction, collastromin and metacollagen prepared from rat tail tendon
behave in the same way. On this basis was concluded to the identity of
these two kinds of insoluble collagen. However, to treatment with elastase
they respond differently, indicating that they might still differ from each
other.

To decide the problem, we prepared collastromin and metacollagen from
the Achilles tendon of the cattle, a tissue which contains so-called “mature”
collagen fibres, and which is available in quantities sufficient for the isolation
of the above kinds of collagen.
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To study the properties of the two substances in question, we examined
them for swelling in water, resp. acid, silver-binding capacity and lysis by
elastase.

According to our theory, in addition to the soluble procollagen, two
soluble mucoproteins also take part in the building up of native collagen. These
have been called mucoproteh® (mucoidj) and mucoprotein2 (mucoid? [3].
Mucoidx is dissolved during hydrothermal heat contraction [1], whereas
mucoid2 is dissolved by a specific enzyme, collagen mucoproteinase, isolated
from the pancreas. We investigated the ratio of the single soluble components

in the different collagen preparations ; the composition of the latter will be
given on this basis.

Methods

Native collagen. The Achilles tendon of young (1 to 2-year old) cattle was freed from
the adjacent cartilage, minced into pieces 2 to 3 mm thick and placed without delay into
a large amount of acetone. After several days, the acetone was repeatedly changed, until
the sample had become bone-hard after drying. The residue dried at 60° C was ground. A fine
cotton-like material was thus obtained.

Collastromin. Wet Achilles tendon was finely ground in a Tourmix apparatus and
extracted six times in succession with a five-fold volume of a 0.1 M citrate buffer of pH 4.
Each extraction lasted 24 hours. The single citrate extracts were removed by filtration through
cloth under pressure. From the 6th residue the citrate buffer was washed out with water.
This was followed by dehydration with acetone and drying.

Metacollagen. The cotton-like acetone-dried and minced tendon was allowed to stand
for 10 minutes at 75° C in the presence of 25 volumes of distilled water. After cooling and
filtration the residue was washed in water and dried in acetone, obtaining in this way the
metacollagen fraction.

Determination of aqueous and acetic acid swelling. To 250 mg of the collastromin, meta-
collagen and control preparations in weighed (13 ml) centrifuge tubes were added 10 ml volumes
each of water or 0.1 M acetic acid resp. After repeated shaking, the ability to absorb water was
tested 24 hours later. The tubes were centrifuged, the supernatant was decanted, the tubes
were turned upside down for 10 minutes to allow the fluid to flow out. After wiping the tubes
dry they were weighed by analytical scales. As collagen binds 8 to 24 times its own weight
of water, the error of measurement is slight and the results are reproducible.

Determination of bound silver. 250 mg amounts of the dried collagen preparations were
shaken for 1 hour in dark flasks in the presence of 0.001 N AgNO03dissolved in 50 ml of a pH
6.2 acetate buffer (equivalent to 5.39 mg of Ag), as described by Gkassmann and Kusch [9].
A fter filtration in the dark, 20 m1 aliquots of the filtrate were titrated with 0.01 N NH4SCN,
in the presence of Fe ammonium alum, as indicator (Silver determination according to Vol-
hard). As the control, 250 mg finely minced filter paper (Schleicher and Schull 2043/B) was
treated in the same way. This served to determine the surface-adsorbed silver, which was
then substracted from the values obtained. The amount of silver bound by 1 g of collagen
was computed from the difference.

Lysis by elastase. 50 mg quantities of the collagen preparations were incubated in weighed
tubes at 37° C with 5 ml of a pH 8.8 0.025 M veronal acetate solution (control) and 1 mg
elastase (designated 213/F, with an activity of 140 elastase units) for various lengths of time.
The amount of dissolved protein in the supernatant was estimated by Folin’sphenol method
[10]. As the control, the non-soluble part was weighed. In this way, the lysis of collagen was
controlled by two methods.

Lysis of mucoid2. The different collagen preparations were treated for 15 minutes at
37° C with pancreatic collagen mucoproteinase [4], adding to 100 mg of collagen 5 ml of a
pH 7.4 veronal acetate buffer and 0.1 mg of enzyme. The supernatant was tested for poly-
saccharide by the anthrone method.

The quantities of the single components are given in terms of mg of protein N per 100 mg
of collagen.
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Results

The data for the swelling in water or acetic acid, for the silver binding
capacity, and lysis by elastase of the native collagen, collastromin and meta-
collagen prepared from Achilles tendon are summarized in Table | and Table II.
According to the results, collastromin differs from metacollagen in the prop-
erties examined. However, it also differs from the control collagen. Collas-
tromin swells markedly in water and this swelling is unaffected by acetic acid.
The control Achilles tendon swells only slightly in water, but markedly in
acetic acid. Metacollagen shows only slight swelling in water as well as in
acetic acid. As far as the ability to bind silver is concerned (Table Il), collas-
tromin binds the most, then follows the control Achilles tendon. As compared
to the control, metacollagen binds about half the amount bound by the control
tendon. On the other hand, metacollagen alone is lysed without residue by
elastase. We succeeded in demonstrating the presence of a substance showing
green fluorescence in the soluble fraction of Achilles tendon, in the procollagen.
Sulphuric acid and the water-soluble Molisch reagent (1 naphthol 2 stdphate)
increase the intensity of the fluorescence, so that it is clearly visible by the
naked eye.

The experiments with the enzyme collagen-mucoproteinase indicated
that metacollagen contains the same amount of the mucoid2fraction as native
collagen does, whereas collastromin much less. Although our collagen-muco-

Table |

Swelling of collagen fractions in water and acetic acid

Swelling
bound g HD/g collagen

in water in acetic acid
Control Achilles tendon ..o 8.7x1 25+2
Colastromin ..o 25.0%2 25+ 2
M etacollagen . 6.8+1 10+1
Table 11
Binding ofsilver and lysis by elastase of collagenfractions
Bound mlg Ag Lysis by elastase
per g collagen in 24 hours
Control Achilles tendon ... 8.6+1 15 per cent
Collastromin ... 20.0+4 4 per cent

Metacollagen ... 4.0+1 100 per cent
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Table 111

Composition of Achilles tendon, collastromin and metacollagen

Procollagen Mucoidx Mucoida

per cent per cent per cent
Control Achilles tendon ... 20 5 15
Collastromin ..oveorncnnnns 0 5 4
Metacollagen ... 0 0 15
proteinase enzyme was not pure, in Table Il we venture to present the quan-
titative correlation of the single components, as established in the above
experiments. According to the data in Table Ill, collastromin differs from

metacollagen in that the latter contains no mucoidj, whereas collastromin
does. Neither of them contains procollagen. Metacollagen contains the full
amount of mucoid2 whereas collastromin contains only a minimum quantity.

Discussion

Our earlier data [8, 5] already indicated that collastromin was not
identical with metacollagen, although both contain the so-called insoluble
fraction of collagen. The experiments described in the present report, which
involved the use of mature Achilles tendon fibres, revealed significant differ-
ences between collastromin and metacollagen in their responses to treatment
with water and acetic acid, silver and elastase. These differences can be ex-
plained only by the presence or absence of the various components building
up collagen. At the same time, it has been proved that both collastromin
and metacollagen differ from the original native collagen.

As compared with the control Achilles tendon, collastromin shows
excessive swelling in water. According to our unpublished experiments with
isolated rat tail tendon, the fibres exhibit marked swelling in water, while
in 40 per cent Kl they are converted to metacollagen. After drying, however,
metacollagen loses this property, as it is indicated also by the data in Table I.
The excessive swelling in water shown by collastromin is a phenomenon which
at present we are unable to explain.

As regards swelling in acetic acid, collastromin does not differ from the
original Achilles tendon collagen. We ascribe this property to its mucoidx
content. On the other hand, metacollagen does not swell in acetic acid, because
hydrothermal treatment dissolves the fraction mucoidj® from the collagen tissue.
The presence of mucoidj is essential for the binding of water molecides at
acid reaction by the electrovalent bonds in the collagen fibre. Our experiments
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on rat tail tendon yielded similar results [5]. The same mucoidj component
is largely responsible for the binding of silver. This explains the fact that
metacollagen binds only 50 per cent as much silver as is bound by the native
Achilles tendon. It is not quite clear why the silver binding capacity of collas-
tromin increases more than 100 per cent as compared with the native Achilles
tendon and at the same time, also the extracted procollagen binds a high
amount of silver. (Unpublished experiments.) We assume that procollagen
is dissolved as a result of splitting, through which Ag-binding groups become
free in the residual collastromin similarly as in procollagen. In collastromin
the Ag-binding groups thus liberated are contained by a molecule group dis-
solved in water at 50° C. As a result, after heating in water at 50° C collastro-
min binds only a small amount of silver, whereas the substance dissolved
in water has a marked silver-binding capacity.

We have observed years ago [1, 3] that metacollagen was lysed by elastase,
and collastromin was not. This also indicates that, as a result of the dissolution
of mucoid® the molecule is so altered that collagen becomes digestible by
proteolytic enzymes (trypsin, too, lyses metacollagen).

As regards their amino acid composition, there is no difference between
native collagen and metacollagen (personal communication by J. H. Bowes).
Neither is there a difference in the main amino acid components (glycine, oxy-
proline, alanine, leucine). Thises proves that the properties peculiar to collagen,
such as swelling in acetic acid, binding of silver, and digestibility by protease,
depend on the minute amounts of polysaccharide-containing components
that take part in the build-up of the molecule not as contaminants, but
as integral parts of collagen.
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Dasgupta & Young [1] found that certain preparations of ox pituitary
glands had little or no activity in the ascorbic-acid depletion test for cortico-
tropin [2] but acquired such activity when the solution was acidified (pH 3).
They found also that treatment with 6 M urea solution for ten minutes simi-
larly activated such preparations. The material, that was present in such
preparations in a form inactive in the ascorbic acid depletion test but which
became active on mild treatment, was called “precorticotropin” by Dasgupta
& Young [1].

Precorticotropin could be a physiological precursor of corticotropin
or it might be produced during extraction, for example by the binding of
corticotropin to some other substance in the extract to form a complex that
is inactive until the corticotropin is liberated by treatment with acid or urea.
If precorticotropin were a physiological precursor, the animal should have
a system for its activation. There is much evidence [3—8] that the hypo-
thalamus contains a substance that causes the release of corticotropin from
the pituitary gland but some of this evidence might also be interpreted as the
activation of a precursor. We therefore decided to search for an activating
system for precorticotropin in hypothalamic tissue. We also investigated the
possibility that precorticotropin could be activated by adrenal extracts.

Ox pituitary glands were homogenized and centrifuged. The supernatant,
equivalent to 10 mg dry pituitary tissue per ml, was inactive in the Sayers
test when diluted 1 :20 with saline, but active if treated for 10 min. with
6 M urea or acidified to pH 3 before dilution. Specimens of the supernatant
were mixed with hypothalamic homogenate from ox or rat for varying times.
In some experiments the pituitary and hypothalamic extracts were separately
prepared and mixed one hour before dilution ; in one experiment they were
incubated for four hours at 37° C. In other experiments the pituitary and
hypothalamic tissues were homogenized together. The hypothalamic tissue
of one ox or of four to eight rats was used in each experiment. Since Stusher
& Roberts [8] found that the pituitary-stimulating activity of the hypo-
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thalamus is completely lost 45 min. after the death of the animal, in our
experiments with rat hypothalamus the preparation was made immediately
after decapitation of the rat.

In all experiments control tests were made with urea or acidification
and in every instance the expected activation was seen, which indicated the
presence of precorticotropin in the pituitary supernatant fluid (Table I).

Table |
Response in sayers test ofpituitary extract treated in various ways

The supernatant of ahomogenate of 10 mg/ml ox pituitary gland was diluted 1:20 for each test

Urea Ox Rat Rat
Treatment None pH 3 (6M) hypothala- hypothala- adrenal
mus mus
Ascorbic-acid change
mg/100 g adrenal zb S. E. M. —2+4 —37+10 —64+8 —6+7 —11+5 +4+10
(no. of rats) (25) (8) (19) 9 (13) 9)

Urea solutions of 6 M and 3 M concentrations, but not that of 1 M concen-
tration, activated precorticotropin (Table Il). The activation of precortico-
tropin by urea and acidification [1] was thus confirmed, and urea was found
to act at 3 M as well as 6 M concentration, hut not at 1 M concentration.

Table 11
Effect of urea concentration on the activation of precorticotropin

The supernatant of a homogenate of 10 mg/ml ox pituitary gland was diluted 1:20 after
10 min. treatment with urea solution

Urea concentration 0 1M 3M 6JVi

Sayers test responses

Ascorbic-acid
change —61,—7,—9,—8 —26,+3 —48,—35,—104,—13 -69,-38,-49
mg/100 g adrenal

Mean response — 21 -12 — 50 —52

The residts failed to show significant activation of precorticotropin by
hypothalamic or adrenal extracts (Table I). Thus we found no evidence for
the presence in hypothalamic or adrenal tissues of an enzyme capable of
converting precorticotropin into a substance capable of reducing the adrenal-
ascorbic acid in hypophysectomized rats, although the activating effect of
treatment with urea or acid was confirmed.
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The effect on endocrine function of the lesion of the paraventricular nucleus has been
investigated in the rat. 1131 uptake by the thyroid was decreased after the operation. The
activity of précipitable 1131 in the plasma similarly diminished. Thyroid weight changed only
in male animals. The corticoid content of the adrenals underwent a marked decrease, as a
sign of adrenal hyperactivity. The metrotrophic activity of the anterior pituitary was elevated
in both sexes, but the increase was more marI;ed in female than in male rats.

A great number of observations agree that the hypothalamus plays
a fundamental role in the regulation of pituitary hormone secretion. Uotila
[24], Bogdanove, Spirtos and Halmi [1], Westman and Jacobsohn [25],
Dey [5, 7], DeGroot, Colfer and Harris [4], Hume and Wittenstein [20],
Endréczi, Kovacs and Szalay [8], as well as many other authors have
pointed out that both transsection of the pituitary stalk and electrocoagula-
tion or stimulation of certain hypothalamic nuclei altered the regulatory
influences exerted by the hypothalamus on the pituitary secretion of adreno-
corticotrophic, thyreotrophic, gonadotrophic and somatotrophic hormones.

In spite of the fact that a vast literature has accumulated concerning
the role played by certain hypothalamic nuclei in the regulation of endocrine
functions, the demonstration of a direct hypothalamic representation of any
endocrine function is still lacking. This lack is to be accounted for primarily
by the fact that the very same subcortical nuclei are capable of initiating
complex changes in both the endocrine functions and the vegetative processes
simultaneously. The present report will deal with the simultaneous changes
induced by electrocoagulation of the paraventricidar nucleus in the function
of the pituitary, thyroid, adrenal cortex and gonads, respectively.

Methods

The experiments were performed on 78 albino rats of the same breed each weighing
200 to 250 g. The rats were separated according to sex and divided into groups of ten to four-
teen animals. The experiments began fourteen to fifteen days following the operation. Hypo-
thalamic lesion was induced under intraperitoneal Sodium Evipan anaesthesia (10 mg/100 g2

2 Acta Pbysiologica XV/2.
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body weight), with the aid of a Horsley—Clark stereotaxic instrument adapted to the rat.
Electrocoagulation was made with a current intensity of 4 mA, for ten seconds. After experi-
mentation the brain of the animals was fixed in 10 per cent formol, embedded in paraffine
and stained with cresyl violet. The lesions were localized in the fronto-occipital plane.

Study of thyroid function

24 hours before experimentation the animals were subjected to
intraperitoneal injection of potassium iodide containing 5.0 p,C 1131 The thy-
roids were removed under barbiturate anaesthesia and weighed on a tor-
sion balance with an accuracy of 0.5 mg. Précipitable (protein-bound) and
non-precipitable 1131 in the plasma were determined as follows. After adminis-
tering heparine in a dose of 2 mg/100 g body weight, blood was withdrawn
by puncture ofthe aorta. After centrifugation with 3000r. p. m. for ten minutes
the plasma was treated with two volumes of twenty per cent trichloroacetic
acid and then centrifugated again, the latter procedure allowing the separation
of bound and of précipitable 1131 respectively. Radioactivity in the plasma
and thyroid was measured by the method of W o11man and Scow [26] using
a 3.0 mg/cm2 end window GM tube and a scintillation counter with a scale
to 1024.

Study of adrenocortical function

The adrenals were removed, weighed with accuracy of 0.5 mg, and the
pooled glands from ten to fourteen animals were homogenized in acetone.
Extraction and determination of corticoids were performed by the methods
already described (Endré6czi, Bata and Martin [11]; Endréczi, Bata
and Marvtin [12] ; Endreczi and Lissak [13]; Lissak, Endrsczi and
Medgyesi [22]. For separation of the components by paper chromatography,
the method of Burton, Zaffaroni and K eutman [2] was used. Evaluation
was made according to the alkaline fluorescence technique of Busn [3].

Study of the gonadotropic hormone

The pituitaries were removed and weighed. The anterior lobes were
isolated and homogenized in two ml physiological saline. The extracts were
stored at —15° C until experimentation. Metrotrophic activity was measured
on infantile mice, according to the method of Kiinefetter, Albright and
Griswold [21].

The gonads from both control rats and those with hypothalamic lesion
were removed and weighed on torsion balance.

Results

Electrocoagulation led to bilateral destruction of the paraventricular
nucleus, and reached occasionally also the basomedial border of the thalamus.
In most cases the lesion extended in the fronto-occipital plane from the optic
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chiasm to the medial niveau of the tuber. A tipically localized lesion is shown
in Fig. 1.

Changes in the weight of the endocrine organs after hypothalamic lesion
were found to depend on the sex of the animals. Female rats showed namely
no change in thyroid weight after the operation, while male animals reacted

Fig. 1. Sectionin the fronto-occipital plane. The arrow shows the site of the electrocoagulation,
which involved the nucleus paraventricularis on both sides, extending from the anterior
niveau of the tuber to the anterior border of the posterior hypothalamus

with a considerable altered thyroid weight (P >m 0.001). On the contrary,
adrenal weight did not change either in the male or in the female rats.

Table |

Thyroid gland, mg/100 g body weight

Normal (10) t :6.53
(males) e 11.2 #1.1 P>0.001

Operated (14) DF :22
(males) . 8.65+1.33

Norfmall(lo) 10.22+1.29 t 168
(females) ... P<0 1

Operated (10) 10.29+1.22 DF :18
(females) ...

After destruction of the paraventricular nucleus, significant changes
occurred in the 1131 activity of both précipitable and non-precipitable fractions
of the plasma. Activity of 1131 précipitable with trichloroacetic acid was namely

2%
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Table 11

Adrenal gland, mg/100 g body weight

Normal (14)
(males) e 20.0£3.05 t:0.72
P<70.1
Operated (10) DF @22
(males) v 21.5+3.63
Normal (10)
(females) .......... 26.0+4.1 t:0.98
P 0.05
OF :18

Operated (10)
(females) ... 27.6+£3.45

considerably decreased, a finding indicating that by the thyroid less anorganic
iodine was converted into the organic form. The radioactivity of the total 1131
was similarly significantly higher in the controls than in the operated animals.

Table 111

Précipitable 1131 24 hours after radioiodine injection

Normal (10)
(males) v 193+138 t:2.92
P>0.01
Operated (14) DF - 22
(males) ... 82+ 39
Normal (10)
(females) ........... 218+ 95 t :6.33
P>0.001
DF :18

Operated (10)
(females) ............ 61+ 13

Total 1131 24 hours after radioiodine injection

Normal (10)
(males) e 354+140 t:3.63
P >0.001
Operated (10) DF - 18
(males) e 216+ 68
Normal (10)
(females) ......... 327+121 t :4.89
P >0.001
DF :18

Operated (10)
(females) ... 146+ 31
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Lesion of the paraventricular nucleus evoked a considerable decrease
in the 1131 uptake of the thyroid in both male and female rats. These findings
confirm the results obtained by measuring the précipitable 1131 content of
the plasma. The difference was present also in female rats, even though these
animals failed to show any change in thyroid weight.

Table IV

Total 113 in the thyroid gland, 24 hours* after radioiodine injection

Normal (10)
(males) ..o 26 200+2 320 t:3.93
P>0.001
Operated (14) DF 22
(males) ... 19 000+4 400
Normal (10)
(females) ........... 30 320+7 200 t:2.62
P> 0.05
DF :18

Operated (10)
(females) ... 22 750+5 700

* Calculated per weight of thyroid gland/100 g body weight

To study the function of the adrenal cortex, the tissue corticoid content
was analized by paper chromatography. This method yielded information
not merely as regards the quantitative aspects, but also to the qualitative
corticoid pattern. The qualitative corticoid pattern of the adrenals was not
substantially altered by the operation. The main component was always
corticosterone. In addition, trace amounts of two new dérivates appeared.
One of those components was less polar than corticosterone, while the other
was more polar, as already described by Busnh [3] as well as by Endréczi
and LissAk [13]. The changes in the tissue corticoid content induced by para-
ventricular lesion showed a special relation to the activity of the adrenal
cortex. As it can be seen from Table V, the first administration of ACTH
resulted in a marked increase of the corticoid content, whereas which, however,
diminished on the maintenance of the hyperfunctional state. This finding
agrees with the recent observations of Hotzbauer and Aogt [19]. In our
operated animals, the corticoid content of the adrenals underwent a marked
decrease, as an indirect sign of continuous adrenal hyperactivity. This latter
was demonstrated further by the finding that, as far as adrenal weight is
concerned, there was no indication of a hypofunctional decrease ; in fact,
slight signs of hypertrophy could be observed.

Determination of the metrotrophic activity of the anterior pituitary
revealed primarily the presence of gonadotrophic hormone, even though the
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Table V

The amount of corticoids in.the adrenal gland, expreseed in pg/100 g adrenal tissue

Normal (males, 10) .ornnenns 820
(males, 10) i 745
r (females, 10) e 980
(females, 8 ) i 864
Operated (males, 14) 282
(females, 10) 320
Treatment with ACTH Percentual changes in the
1.0 1U/100 g body weight weight of adrenal gland
3 days (8) .ciinnns 1860 0
6 days (6)....cu 720 + 11.4
11 days (10) .t 345 +14.0

method of Kiinefetter, Atbright and Griswotd [21] is not absolutely
specific for the determination of that hormone. Table VI shows that the metro-
trophic activity of the operated male and female rats was more intensive than
that of normal animals. Table VI demonstrates, further, that female rats
exhibited a significantly greater metrotrophic activity than did male animals.

Table VI

Metrotrophic activity of the anterior pituitary from normal
and operated rats

Uterine weight, mg/100 g body weight

Untreated control mice . 127 +18
Normal (10) (males) .... 156 +16
Normal (10) (females) .. 169 =18
Operated (14) (males) ... 178 +22
Operated (10) (females) 194 +23
Discussion

Numerous authors have investigated the role played by the paraventric-
ular nucleus in the regulation of vegetative processes. As far as endocrine
systems are concerned, no specific regulatory function was, however, demon-
strated to be connected to that nucleus. Greer [14, 15], as well as Greer
and Erwin [16], placed lesions in the paraventricular nucleus and, ventral
to it, in the anterior hypothalamus. They found that the storage of iodine by
the thyroid was unaltered, only the proliferation of thyroid tissue was de-
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creased. The function of the adrenals was essentially normal after stimulation
or electrocoagulation of the above areas (Harris [18] ; Endréczi and Mess
[10] ; Endréczi, Kovacs and LissAk [9]). These observations, however,
referred to the reactivity of the pituitary-adrenocortical system and to the
sensibility of anterior pituitary to stimuli initiating ACTH secretion, but gave
no information concerning an eventual chronic adrenal hyperfunction.

Hittarp [17] was the first to point outthat the lesion of the paraventric-
ular nucleus or of the areas situated ventral of it, induces constant oestrus
and decreases the secretion of luteinizing hormone (Dey et al. [5, 6, 7]).
Our present investigations demonstrated an increased metrotrophic activity
in the pituitary after operation. Although no change was found in the weight
of the uterus, the ovaries or the male gonads after the surgical intervention,
the possibility cannot be excluded that the functional changes observed in
the experiments of Dey and Hittarp occurred also in our cases, and manifested
themselves with an metrophic activity.

According to morphological studies the lesion of the paraventricular
nucleus does not lead to any substantial alteration in the function of the endo-
crine organs (Olivecrona, [23]). Our functional investigations, however,
revealed that the above lesion induced a hypofunction of the thyroid, adrenal
hyperfunction and an increase of the metrotrophic activity of the anterior
pituitary. On the other hand, it cannot be stated for certain whether the
changes observed in the endocrine organs after destruction of the paraventric-
ular nucleus were consequences of a disturbed regulation of the pituitary
secretion of trophic hormones or whether the altered function of one single
organ had initiated a functional change in the other organs.
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