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chanisch-rheologischer Kurven  von  Knorpe lproben  aus 
ar thro t i sch  ver~nder ten  Gelenken verspr icht  neue Ans~tze 
Iiir die Kl~irung der Pathogenese  der a r thro t i schen Ge- 
lenkver~nderungen.  Der  ftir die Fes t igkei t  des Knorpels  
wesentl iche Bestandte i l  sind die kollagenen Fasern, 
die bereits in paral lelstr~hniger F o r m  unter  uniaxialer  
l ong i tud ina le r  Zugbeanspruchung das rheologische Ver- 
ha l ten  eines viskoelast ischen hochpolymeren  mult i f i len 
Gebildes zeigen 3-5. I m  hyal inen  Knorpe l  sind die kollage- 
nen Fasern  in die hochvisk6se Grundsubstanz  e ingebet te t  
und haben zudem einen geometr isch kompl iz ie r ten  Ver- 
lauf. Aus diesem Sachverhal t  ergibt  sich ein mechanisches 
Sys tem des Knorpels,  das nicht  mi t  e lementaren  Gesetzen 
der Mechanik erklarbar  ist. 

Insgesamt  haben die Versuche am hyal inen Knorpel  
das komplexe  mechanische Verhal ten  dieses Gewebes 
gezeigt, das unter  Beri icksicht igung der Rheologie  und 
Phys ik  Hochpo lymere r  mi t  technologischen Methoden 
dargestel l t  werden kann. Besondere Beach tung  verd ienen 
die dem eigent l ichen Versuch vorausgehenden mechani-  
schen Belas tungsar ten  (<~preconditioning~>), die je nach 
L~nge der zwischengeschal teten Pause einen Einfluss auf 
den eigentl ichen gewebsmechanischen Versuchsablauf  
haben. Kons tan t  kraf tbegrenzte  zyklisehe Belas tungen 
sind nach Massgabe der Vorbelas tungen reproduzierbar .  
Die F o r m  der Kraf t r t i ckgewinnkurven  und das Ausmass 
des Kraftrf ickgewinns (mechanische Erholung) sind 
abh~Lngig yon der Ent las tungshbhe.  Nach  kons tan ten  
En t l a s tungsampl i tuden  in verschieden hohen Kraf t -  
bereichen ents tehen Relaxat ionen,  isorheologische Strek- 
ken mi t  Sekund/ i r re laxat ionen oder Kraf t r i ickgewinn-  
kurven  in Abh~Lngigkeit v o n d e r  Hbhe des Kraftbereiches,  
in dem die axiale Deformat ion  kons tan t  gehal ten wird. 

Summary. Exper imen t s  on hyal ine  cart i lage have  
demons t ra ted  the  complex mechanica l  behaviour  of this  

tissue, which can be delineas wi th  considerat ion of the  
theology and physics of high polymers  wi th  technological  
methods  of tes t ing for organic materials .  The  mechanica l  
loadings preceding the  actual  tes t  (preconditioning) have,  
according to the  length  of the  intervals ,  an influence on 
the  actual  h is tomechanical  test.  Constant  cyclic loadings 
of l imi t ted  force are reproducible  according to the  degree of 
precondit ioning.  The  shape of force-recovery curves and 
the  size of mechanica l  recovery  (force regain) depend on 
the  ex ten t  Of unloading.  Af ter  cons tan t  ampl i tudes  of 
unloading wi th in  different  fields of force, there  occur 
relaxations,  isorheological s t ra ight  lines wi th  secondary 
relaxat ions or force recovery  curves dependent  on the  
level of the  field of force in which the  axial  deformat ion  is 
kept  constant .  
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Fig. 3. Relaxationeli und Kraftriickgewinlikurven nach konstaliter Entlastuligsamplitude und schrittweise erniedrigter Druekkraft. 
Selektivdarstellulig. Rippenknorpel vom Rind. 1 Zylinder, HShe H ~ 4,1 turn, Durchmesser D = 4,1 ram. Das Gewebe war his zu den 
mittleren Kr~tfteli des Versuchs vorbelastet worden (~preconditioning,~). Druckplattengeschwilidigkeit (L~ngen~inderungsgeschwindigdigkeit) 
vz~ = 1,7 ram/mill. Registrierpapiervorsehubgeschwindigkeit vt ~ 60 mm/min. Gerfit 1361. 
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Selektive Fre isetzun~ des hyperglykf imischen Faktors  aus den Corpora cardiaca yon 
Periplaneta americana in vivo 

I n  e ther  f r t iheren  U n t e r s u c h u n g  k o n n t e  gezeigt  werden,  
dass  die be iden  Neuroho rmone ,  n / iml ich  N e n r o h o r m o n  
D x und  der  hyperglyk/~mische F a k t o r  2, d u r c h  I n - v i t r o -  
S t i m u l a t i o n  der  N.c.c. I oder  I I  aus  den  Corpora ca rd i aca  
se lek t iv  ausgeschf i t t e t  werden  a. Re izung  yon  N.c.c. I 
f / ihr t  zu r  k u s s c h i i t t u n g  des h e r z a n r e g e n d e n  Neuro-  
h o r m o n s  D, Re izung  des N.c.c. I I  b e w i r k t  die Aus- 
s c b t i t t u n g  des h y p e r g l y k ~ m i s c h e n  Fak tors .  Die durct l  
ReJzung  der  be iden  Nerven  v e r u r s a c h t e  H o r m o n a u s -  
s c h t i t t u n g  wird  z u d e m  d u r c h  ve r sch iedene  P h a r m a k a  
regul ie r t  ~. 

I n  Bez i ehung  zu den  I n - v i t r o - E r g e b n i s s e n  wurde  die 
H o r m o n f r e i s e t z u n g  aus  den  Corpora  ca rd iaca  yon  
Periplanet a americana in  v ivo  geprtift .  H ie rzu  w u r d e n  den  
Ver suchs t i e r en  (m/innl.  Tiere  10 Tage  n a c h  Adu l th~u -  
tung)  g e t r e n n t  en twede r  N.c.c. I oder  N.c.c. I I  du rch-  
schn i t t en .  Die E n t n a h m e  der  H~tmolymphe  zur  Treha-  

100 - -  
~ ~ .......... 

!ii'!iill . . . .  

0 3  . . . . . .  

i i? i???:i ! :r,~ ~.;~,; 

A 1Tag 2Tage 4Tage nach Operation 
nq9 n=19 n=14 n-8 

Fig. 1. Ubersieht tiber die Werte der Hfimolymphtrehalose yon 
Periplaneta americana naeb Durchtrennung yon N.e.e. I 1 Tag, 
2 Tage und 4 Tage naeh der Operation im VergIeieh zu den Ausgangs- 
werten. Den Einzeltieren wurden jeweils vor der Operation und an 
den genannten Tagen nach der Operation H~molymphe flit die 
Trehalosebestilnmung entnommen. Die Werte an den versehiedenen 
Tagen nach Durehtrennung yon N.e.e. I zeigen keine signifikanten 
Unterschiede zu den Ausgangswerten. Die S~iulendiagramme stellen 
die Mittelwerte der n-ZahI yon Einzelversuehen dar. 

l o s e b e s t i m m u n g  erfolgte  vo r  d e m  Versuch  u n d  d a n n  1, 2 
u n d  4 Tage n a c h  der  Opera t ion .  N a c h  Absch luss  der  
E inze lve r suche  k o n n t e  m i t  der  P r / t p a r a t i o n  s icherges te l l t  
werden,  dass  eine e inwandf re ie  N e r v e n d u r c h t r e n n u n g  
vorlag.  N u r  solche Tiere k a m e n  zur  Auswer tung .  Fi i r  den  
Vergte ich  der  E rgebn i s se  is t  we i t e rh in  wesent l ich ,  dass  
die T r e h a l o s e b e s t i m m u n g e n  fiir die E inze l t i e r e  for t lau-  
fend in den  b ie r  g e n a n n t e n  Z e i t a b s c h n i t t e n  v o r g e n o m m e n  
werden  konn ten .  Zur  T r e h a l o s e b e s t i m m u n g  in der  
H~tmolymphe  wurde  die aus  d e m  H e r z e n  e n t n o m m e n e  
P r o b e  in i t  1 N HC140 m i n  bet  116 * his  119 ~ in abgeschlos-  
senen  A m p u l l e n  hydro lys ie r t ,  ansch l iessend  die HC1 im 
V a k u u m  t iber  N a O H  v o m  H y d r o l y s a t  en t fe rn t .  Die 
B e s t i m m u n g  der  e n t s t a n d e n e n  Glukose  erfolgte  mi t t e l s  
der  o -Tolu id in technik ,  die Messung a m  S p e k t r o p h o t o -  
m e t e r  bet  630 nm.  

Die Ergebn i s se  n a c h  D u r c h t r e n n u n g  des N.c.c. I s ind  
z u s a m m e n g e f a s s t  in  F i g u r  1, d ie jen igen  n a c h  Durch -  
t r e n n u n g  des N.c.c. I I  in  F i g u r  2 darges te l l t .  I n  b e i d e n  
F/i l len w u r d e n  die e r m i t t e l t e n  Treha losewer te  der  H/~- 
m o l y m p h e  der  Versuchs t i e re  p r o z e n t u a l  an f  die W e r t e  
der  Kon t ro l l t i e r e  bezogen.  Es  is t  Mar  e rkennba r ,  dass  die 
D u r c h t r e n n u n g  des N.c.c. I die Treha losewer te  unbe -  
e inf luss t  l~isst. Dagegen  erfolgt  ein e indeut iges  A b s i n k e n  
der  W e r t e  n a c h  D u r c h t r e n n u n g  des N.c.c. I I .  t3eide 
Be funde  s t ehen  in gu t e r  ~ b e r e i n s t i m m u n g  m i t  den  In -  
v i t ro -Ergebn i s sen .  H ie raus  k a n n  die Schlussfo lgerung 
gezogen werden,  dass  die A u s s c h i i t t u n g  des h y p e r -  
g lyk/ imischen  F a k t o r s  aus  den  Corpora  ca rd iaca  in v ivo  
se lek t iv  t iber  den  N.c.c. 1I regul ie r t  wird. Dabe i  stud, wie 
I n - v i t r 0 - E x p e r i m e n t e  ergeben haben ,  adrenerge  F a k t o r e n  
be te i l ig t  4. E i n e  se lekt ive  H o r m o n f r e i s e t z u n g  in v ivo  
wurde  a u c h  ftir das  d iu re t i sche  H o r m o n  bet  Schislocerca 
al lerdings  im Gegensa tz  zur  l~egul ierung des I31utzuckers 
nachgewiesen  ~. 

Summary. Sec t ion ing  of N.c.c. I [  of t he  corpus  cardia-  
c u m  of Periplaneta americana reduces  s ign i f i can t ly  t he  
c o n c e n t r a t i o n  of Treha lose  in the  h a e m o l y m p h .  Sec t ioning  
of t h e  N.c.c. I has  n o t  th i s  effect. The  resu l t s  of i n d i v i d u a l  
sec t ion ing  of N.c.c. I a n d  N.c.c. I I  d e m o n s t r a t e  t h a t  
se lect ive  release of t he  hype rg lycaemic  n e u r o h o r m o n e  
f rom t h e  corpora  ca rd iaca  in v ivo  is r egu la ted  b y  t he  
N.c.c. II .  
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Fig. 2. Ubersicht fiber die Werte der Hfimolymphtrehalose yon 
Periplaneta americanc~ nach Durchtrennung yon N.e.e. II 1 Tag, 
2 Tage und 4 Tage nach der Operation. Behandlung der Versuchstiere 
wie in ErkI~irung zu Figur 1 angegeben. Naeh Durchtrennung vor~ 
N.e.e. ] I i s t  eta deutliehes Absinken der Trehalose in der Hfiino- 
lymphe/r~ Vergleieh zu den Ausgangswerten festzustellen. 

Sektion Biologic, Bereich Tierphysiologie, 
der Friedrich-Schiller- Universittit, 
Erbertstrasse 1, 
DDR-69 Jena (DDR), 
5. tZebruar 1974. 

1 M. GERSCH und J. STORZEBECH~, Supl. Acta ent. bohemos]. 71 
(1971). - E. 13AUMANN und M. GERSCH, Zool. Jb. Physiol. 77, 153 
(1973). 

2 j .  E. ST~EL~, Nature, Lond. 192, 680 (1961). 
M. GERSCH, K. RlCeTER, G.-A. BSI~ und J. STORZEB~CHER, 
J. Insect Physiol. 16, 1991 (1970). 
M. G~RSCR, J. Insect Physiol. 18, 2425 (1972). 
G. J. GOLDSWO~TH% R. A. Jo~INSON and W. MORDU~, J. comp. 
Physiol. 79, 85 (1972). 

6 Ffir technische Unterstfitzung dauke ieh Frau R. WINKLER und 
Frau R. MEISSN~a. 

: Durehgeffihrt mit Unterstfitzung dureh die Sfichsische Akadem]e 
der Wissenschaften zu Leipzig. 



768 Specialia EXPERIENTIA 30/7 

Uti l izat ion of a Cellular Calc ium Pool  for Contract ion of the H u m a n  M y o m e t r i u m  

Mechanical ac t iv i ty  of smooth  muscle, l ike t h a t  of 
skeletM muscle, is regulated by  changes in the  level  of 
free Ca ions in the  myop lasm ~,~. S t imulan ts  and de- 
pressants of smooth  muscle appear  to act  by  e levat ing 
and lowering the  myoplasmic  Ca concentrat ion.  Various 
proposals have  been made  wi th  regard to the  source of 
the  Ca ions tha t  enter  the  cytoplasm.  

Acetylchol ine and other  s t imulants  of the  m y o m e t r i u m  
m a y  elevate  myoplasmic  Ca by increasing the  permeabi l i ty  
of membrane  to external  Ca, by  molil izing bound  Ca 
f rom cellular stores or by  a combined effect of the  two 
processes~, 2. In  spite of an early demons t ra t ion  tha t  
contract i le  responses by  drugs could be elicited f rom 
depolarized smooth  muscles in Ca free solutions and of 
other  da ta  in support  of a cellular pool  of Ca a, the  
existence of an intracel lular  store of the  ac t iva to r  Ca in 
smoo th  muscles is not  unequivocal ly  accepted 4-6. The 
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Fig. 1. Contractile response of K-depolarized human myometrium 
to varying Ca concentrations in Krebs-Ringer medium. 
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Fig. 2. Response of K-depolarized human myometrium induced by 
acetylcholine in 0.1 mM (low Ca) and zero-Ca media. Acetylcholine 
(ACh) concentration was 10 ~r g/ml. 
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Fig. 3. Repeated contractions of K-depolarized human myometrium 
in ~ero-Ca medium. At 0 min the bath solution was changed from low 
Ca to zero-Ca. Responses were induced by ACh (10 .r g/ml) at 
;ymbols (�9 in the figure. 

results presented here give strong evidence for the  exis- 
tence of a cellular calcium pool  in the  h u m a n  m y o m e t r i u m  
from which Ca can be mobil ized by  acetylcholine to 
induce contract ion.  

Myometr ia l  strips (0.5 • 3 • 15 ram) f rom non-pregnant  
tissues r emoved  at hys te rec tomy were moun ted  in a 20 ml 
organ ba th  filled wi th  Krebs-Ringer  b icarbonate  solution. 
The  composi t ion of this solut ion was r aM:  NaC1 115, 
KC1 4.63, CaC12, 2.47, MgSO~, 1.16, NaHCO3, 21.9, 
N a i l @ O n  1.16, glucose 5.0. 

Two other  solutions were used in these exper iments  
and are referred to as low Ca where Ca in the  Krebs- 
Ringer  solution was reduced to 0.1 raM, and zero-Ca 
where Ca was omi t t ed  bu t  1 m M  E G T A  was added. In  the  
depolarizing medium,  all of the  NaC1 was replaced by  
KC1. 

Mechanical  responses were recorded isometr ical ly  at  
37~ I l lustrat ions are t raced f rom original recordings, 
omi t t ing  the  periods of washings and solution changes. 

W h e n  K-depolar ized myomet r i a l  strips were exposed 
to increasing Ca concentra t ions  (0.6-4,1 raM), graded 
mechanica l  responses were obta ined (Figure 1). This 
clearly indicates  t ha t  external  Ca can di rec t ly  cause 
contract ion of the  depolarized myomet r ium,  which is 
essential ly in agreement  wi th  the  results obta ined by 
EDMAN and SCHILD 3 on depolarized ra t  uterus. F igure  2 
compares  the  responses of the  depolar ized m y o m e t r i u m  
induced by acetylcholine in zero-Ca and Ca-containing 
solution. The fact  t ha t  the  responses to acetylcholine 
were considerably faster (Figure 2) t han  those induced by 
the  addi t ion  of Ca (Figure 1) suggests t ha t  a cellular pool 
of Ca is being ut i l ized in the  former  case. This  is fur ther  
supported by  the  results in Figure  2 showing tha t  acetyl-  
choline was able to induce contract ion in zero-Ca med ium 
(which contained 1 m M  F, GTA). Changing the  med ium 
from low Ca to zero-Ca resulted in 67% decline of rest ing 
tension. Signif icant  response to acetylchol ine was ob- 
ta ined in zero-Ca medium.  This  response was con- 
s iderably reduced when compared  wi th  t h a t  obta ined in 
low Ca med ium (Figure 2). The type  of response obtained 
in zero-Ca med ium was also different  from tha t  in low Ca 
medium.  In  Ca-containing medium,  a sharp peak  followed 
by a sustained cont rac ture  (a biphasic response) was 
observed (Figure 2), while in zero-Ca med ium the  peak 
was abolished and only the  sustained cont rac ture  (a 
monophasic  response) was obtained.  

EDMAN and SCHILD 3, in their  s tudy  on the  depolarized 
ra t  uterus, observed a loss of response in successive con- 
t ract ions  induced by acetylchol ine in a Ca-free medium.  
These authors  observed t h a t  af ter  I h, when several repeat-  
ed contract ions by  acetylcholine had been induced, the  
responses became insignificant.  A similar  loss of response 
to s t imulants  of o ther  smooth  muscles in Ca-free med ium 
has been repor ted  (e.g.1,2). I n  fact  cer ta in  m a m m a l i a n  
smooth  muscles failed to respond to acetylchol ine  in Ca- 
free med ium ~. Figure  3 shows tha t  the  mechanica l  response 

1 E. E. DANIEL, Muscle, Eds. W. M. PAUL, ]~. E. DANIEL, C. M. 
KAY and G. MONCKTO~; (Pergamon Press, New York 1965), p. 295. 
L. HTaRWlTZ and A. SURIA, A. Rev. Pharmac. 11, 303 (1971). 

3 K. A. P. ]~DMAN and H. O. SCHILD, J. Physiol., Lend, 161, 424 
(1962). 

4 A. P. SOMLYO and A. V. SOMLYO, Pharmac. Rev. 20, 197 (1968), 
5 C. L. SEIDEL and D. F. BOHR, Circulation Res. Suppl. II, 28, 88 

(1971). 
6 E. E. DANIEL, A. Rev. Pharmac. 4, 189 (1964). 
7 j .  M. POTTER and M. P. SPARROW, Aust. J. exp. Biol. Med. Sei. ,46, 

435 (1968). 
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induced  b y  ace ty lcho l ine  in zero-Ca m e d i u m  r e m a i n e d  
u n c h a n g e d  for 2 h, in  wh ich  t i m e  9 successive con t r ac t i ons  
were induced .  I t  appea r s  the re fo re  t h a t  no t  on ly  d i f fe ren t  
s m o o t h  muscles  differ  in t he i r  Ca b i n d i n g  p rope r t i e s  b u t  
t he  same  muscle  f rom d i f fe ren t  species m a y  differ  in  th i s  
respectS,  9 The  p r e sen t  results ,  showing  t h a t  t he re  was no  
decl ine  in response  in successive c o n t r a c t i o n s  induced  b y  
ace ty lcho l ine  in zero-Ca m ed i um ,  ind ica t e  t h a t  Ca which  
is mobi l ized  b y  ace ty lcho l ine  is loca ted  e i the r  in t race l lu-  
l a r ly  or on  t h e  i nne r  surface of the  cell m e m b r a n e .  Th i s  
Ca, d u r i n g  i ts  mob i l i z a t i on  for con t rac t ion ,  does no t  a p p e a r  
to  leak ou t  in to  t he  ex t race l lu la r  m e d i u m ,  since in t h a t  
e v e n t  t he  dif fused Ca would be c a p t u r e d  b y  E G T A  in the  
e x t e r n a l  m e d i u m  (see me thods )  and  would  no t  be  ava i l ab le  
for the  consecu t ive  con t r ac t i ons  (Figure  3). A l t e rna t ive ly ,  
the  cel lular  ca lc ium pool  is e n o r m o u s l y  g rea te r  t h a n  t he  
f r ac t ion  mobi l i zed  d u r i n g  a con t rac t ion .  No i n f o r m a t i o n  
on  t h e  precise  loca t ion  of t h i s  Ca or t h e  m e c h a n i s m  of i ts  
release a n d  r e - a c c u m u l a t i o n  can  be  given.  P r e l i m i n a r y  
e x p e r i m e n t s  on i so la ted  m i t o c h o n d r i a  a n d  microsomes  
f rom th i s  t i ssue  showed  t h a t  ace ty lcho l ine  in t he  concen t r a -  
t ion  used in t he  p re sen t  e x p e r i m e n t  h a d  no effect  on  Ca 
b i n d i n g  or release b y  these  f rac t ions  ~, 1~, n.  

Zusammen/assung. I m  K-depo la r i s i e r t en  M y o m e t r i u m  
is t  die mechan i s che  A k t i v i t g t  d u r c h  die extrazel lul / t re  
C a - K o n z e n t r a f i o n  g radu ie rbar .  Zugabe  yon  Ace ty lcho l in  
in  die Ca-freie, depolar i s ie rende  L6sung  e rg ib t  mechan i sche  
S p a n n u n g s e n t w i c k l u n g  des Myome t r i ums .  
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Temperature Responses of Exercizing Dogs to Infusion of Electrolytes 

I n  man ,  equ i l i b r ium levels of rec ta l  t e m p e r a t u r e  (Tre) 
d u r i n g  exercise are h i g h l y  cor re la ted  (r = +0 .71)  w i t h  
p l a s m a  sod ium a n d  osmot ic  concen t r a t i ons ,  b u t  are 
essen t ia l ly  u n r e l a t e d  (r = + 0.34) to  v a r i a t i o n s  in  p l a s m a  
v o l u m e  ~-3. This  ion -osmot ic  fac to r  appea r s  to  ac t  b y  
con t ro l l ing  swea t  g l and  f u n c t i o n ;  t h a t  is, t he  r a t e  of 
swea t ing  is inve r se ly  p r o p o r t i o n a l  to  t he  p l a s m a  ionic- 
osmot ic  concen t r a t i on .  I t  is no t  c lear  if t he  ions ac t  
d i r ec t ly  on  the  swea t  g lands  or if t he  ac t ion  is p r i m a r i l y  
on t he  h y p o t h a l a m u s .  HASAMA 4 was one of the  f i rs t  to  
observe  t he  r e l a t i onsh ip  b e t w e e n  p l a s m a  ionic concen t r a -  
t i on  a n d  b o d y  t e m p e r a t u r e  in  r e s t i ng  an i m a l s  and  more  
r ecen t l y  MYERS a n d  YAKS~ 5 found  t h a t  so lu t ions  of 3 to 
5 t i m e s  n o r m a l  c o n c e n t r a t i o n  of sod ium in jec ted  in to  t he  
cerebra l  ven t r i c les  of m o n k e y s  increased  re s t ing  t e m p e r a -  
t u r e  a n d  s imi la r  c o n c e n t r a t i o n s  of ca lc ium decreased  
b o d y  t e m p e r a t u r e .  T h e y  p o s t u l a t e d  t h a t  t he  s e t p o i n t  for 
b o d y  t e m p e r a t u r e  d u r i n g  res t  was  d e t e r m i n e d  b y  t he  
Na+/Ca++ rat io.  I n  t h e  p r e s en t  s t u d y  t he  effect  of infus ions  
w i t h  so lu t ions  of va r ious  ionic and  osmot ic  compos i t i on  
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Fig. 1. Average (~  S.E.) rectal temperature responses at rest 
(0-min) and during 60 min of exercise for the 5 experiments. 

on exercise t e m p e r a t u r e  responses  was s tud ied  in dogs, 
who do no t  r egu la te  t h e i r  t e m p e r a t u r e  b y  sweat ing.  

Material and methods. Six, male,  mongre l  dogs (11.6 to 
27.2 kg) m a i n t a i n e d  on  a s t a n d a r d  d ie t  were used. 24 h 
before  each  e x p e r i m e n t  t h e y  were dep r ived  of food, b u t  

. h a d  free access to  water .  I n  all e x p e r i m e n t s  t he  dogs 
pe r fo rmed  1 h of s t a n d a r d  t r e a d m i l l  exercise (1.2 m/see ;  
12 ~ slope). The i r  Tre was m e a s u r e d  w i t h  a t h e r m i s t o r  
(Electronic)  inse r t ed  13 cm. There  were 5 d i f fe ren t  experi-  
m e n t s  pe r fo rmed  on each  dog:  a) h y p e r t o n i c :  c o n t i n u o u s  
i.v. in fus ion  of NaC1 so lu t ions  (6.7% to  10.0%, and  110 
to 134 ml  a t  a m e a n  r a t e  of 3.6 m l / m i n  (range 2.6 to  4.1) 
was  g iven  for t he  f i rs t  20 ra in  of exercise a n d  1.1 m l / m i n  
(range 0.7 to  1.3) for t he  f ina l  40 m i n ;  t he  r a t e  was  pro-  
po r t i ona l  to  t he  size of t he  e s t i m a t e d  ex t race l lu la r  f luid 
vo lume  des igned to raise  p l a s m a  osmola l i ty  to  a b o u t  320 
and  330 mOsm/1;  b) i so tonic :  0.9% NaC1 was infused 
d u r i n g  t he  r u n  a t  t he  same r a t e  as in  (a) ; c) p r e h y p e r t o n i c  : 
t he  same  osmot ic  load as in (a) was infused d u r i n g  30-min 
s t a r t i n g  1 h before exercise;  d) con t ro l :  1 h of exercise 
w i t h  no in fus ion ;  and  e) c i t r a t e :  3.8 % sod ium c i t r a t e  was 
in jec ted  i.v. a t  a dose of 1.8 m l / k g  i m m e d i a t e l y  before  
exercise. 

The  infus ions  were g iven  w i t h  a U n i p a n  (Model 304) 
pe r i s t a l t i c  p u m p .  P l a s m a  osmola l i ty  (Fiske Osmomete r ) ,  
p l a s m a  p ro t e ins  (Biure t  me thod) ,  p l a s m a  sod ium (Zeiss 
f l ame pho tome te r ) ,  and  m i c r o - h e m a t o c r i t  ( U n i p a n  Model  
316) were m e a s u r e d  on  the  0, 5, 15, 25, 40 a n d  60 ra in  
venous  blood samples .  The  resu l t s  were ana lyzed  b y  t he  
t - tes t  for pa i red  d a t a  w i t h  t he  level  of s igni f icance  ( P  < 
0.05). 

Results and discussion. A t  t he  end  of one h r  of exercise, 
t he  h ighes t  m e a n  Tre was a t t a i n e d  fol lowing p r e h y p e r -  

I J. E. GREENLEAF and B. L. CASTLE, J .  appi. Physiol. 30, 847 
(1971). 

2 j .  t~. GREENLEAF, The Pharmacology o/ Thermoregulation (Karger, 
Basel 1973), p. 72. 

3 B. NIELSEN, G. HANSEN, S. O. JORGENSEN and E. NIELSEN, Int. J. 
Biometeorol. 15, 195 (1971). 

4 B. I=IASAMA, Arch. exp. Path. Pharmak. 753, 291 (1930) . 
5 R. D. MYERS and T. L. YAKSH, J. Physiol., Lond. 218, 60 (1971). 
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tonic infusion, the  nex t  h ighest  was hyper tonic ,  then  
citrate,  as compared  to the  isotonic and control  T~e 
(Figure 1). The ztT~ in the  prehyper ton ic  and c i t ra te  
exper iments  were lower t h a n  in hyper ton ic  because their  
0-min values were e levated 0.2 to 0.3~ Tile prehyper-  
tonic T~e was higher  (P  <_ 0.05) t han  isotonic and control  
Tre. Mean Tre increases dur ing exercise were higher  (P  _< 
0.05) in the  prehyper ton ic  exper iment  compared  wi th  
those in the  control  exper iment  be tween  12 and 40 min  
dur ing the  run, bu t  not  thereaf te r  due to the  increasing 
var iance  between dogs. 

In  the  hyper ton ic  and c i t ra te  exper iments  Tre increases 
dur ing exercise were dis t inct ly  higher  t han  those in the  
control  and isotonic exper iments  in 4 out  of 6 dogs, 
however,  the  mean  differences were no t  s ta t is t ical ly  
significant.  

The p lasma prote in  concent ra t ions  and hematocr i t  
(Hct) ref lect  the  changes in p lasma vo lume  (PV) : wi th  a 
cons tant  red-cell  volume,  a one-uni t  change in H c t  is 
equ iva len t  to app rox ima te ly  a 4% change in PV% Pre- 
hyper ton ic  H c t  was low (P <_ 0.05) due to the  prior  
infusion and indicated an expanded  PV tha t  decreased as 
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Fig. 2. Average (2~ S.E.) values for hematocrit  and plasma sodium, 
osnlolality and total proteins a ~rest (0-rain) and during 60 rain of 
exercise for the 5 experiments. 

the  exercise progressed. Hyper ton ic  H c t  at  0-min was at  
the  normal  level and dropped wi th  infusion during exer- 
cise to the  prehyper ton ic  level ;  this  also indicated an 
increase in PV. The c i t ra te  and isotonic H c t  were essen- 
t i a l ly  cons tant  during exercise, while the  control  H c t  
rose s l ight ly (Figure 2). At  0-min the  prehyper tonic  pro- 
te in  concent ra t ion  was depressed (P  ~< 0.05) bu t  was not  
different  f rom those found in the  o ther  four condit ions at  
25 min  (Figure 2). Hyper ton ic  proteins  were s ignif icant ly  
lower than  those in the  o ther  4 exper iments  at  25 rain. 
There was no signif icant  difference in proteins  among the  
5 groups be tween  40 and 60 rain. In  agreement  wi th  the  
H c t  data,  these results indicate  t h a t  following prehyper-  
tonic  infusion, p lasma vo lume was e levated ini t ia l ly  and 
declined progressively dur ing exercise, while wi th  hyper-  
tonic  infusion PV increased dur ing the  first  25 min  of 
exercise and then  began to  decrease dur ing the  last  35 
min  when the  ra te  of infusion was reduced, I t  appears  
t ha t  Tre was not  inf luenced by these var ia t ions  in PV 
(Figure 1). 

Dur ing exercise, p lasma Na  concent ra t ions  (Figure 2) 
followed the  changes in p lasma osmolal i ty  in all 5 
experiments .  The higher  Tre in the  prehyper ton ic  and 
hyper tonic  exper iments  were associated wi th  higher  
p lasma Na  and osmolal i ty.  Since a cons tant  exercise load 
results in a cons tan t  hea t  p roduc t ion  for each animal,  the  
proposed explana t ion  is t h a t  the  ion-osmols act  to v a r y  
hea t  dissipation.  Tha t  is, the  higher  the  p lasma osmotic 
concentrat ion,  or cellular dehydra t ion ,  the  greater  the  
inhibi t ion of hea t  dissipation, and the  higher  the  core 
tempera ture .  I t  remains  to be de te rmined  if hyperosmola-  
l i ty  inhibi ts  per ipheral  blood flow, the  pant ing  response, 
or both.  I t  is clear t ha t  the  abi l i ty  to ~weat is not  a 
necessary component  of the  ion-osmotic  mechanism.  

In  the  c i t ra te  exper iment  Na  and osmotic  concentra-  
t ions dur ing exercise were cons tant  and at  the  same level 
as the  isotonic and control  values.  Therefore,  the  higher  
Tr~ in these exper iments  are due to factors o ther  t han  the  
Na  or osmotic concentrat ions,  perhaps to a decrease in 
the  Ca 2+ concent ra t ion  and subsequent  increase in the  Na+/  
Ca ~+ ratio.  These results  suggest an associat ion be tween 
plasma Na  + and Ca ++ wi th in  the  normal physiological 
range and the  control  of body t empera tu re  dur ing 
exercise. 

Zusammen/assung. Bei Hunden  im Tra in ing  steigt  
nach Infusion hypotonischer  Salzl6sungen die mi t t le re  
Mas tda rmtempera tu r  s tarker  an als bei nnbehande l ten  
Tieren. Gleichzeit ig wird ein s tarker  Anst ieg des Plasma- 
nutr iums und dami t  ve rbunden  eine erh6hte  Osmolalit~tt 
des Plasmas  gefunden. Wiewei t  diese beiden Fak toren  
oder einer yon ihnen fiir die Erh6hung  der Recta l -  
t empera tu r  ve ran twor t l i ch  sind, wird versucht  aufzu- 
zeigen. 

J.E. GREENLEAF 7, S. KOZLOWSKI, ]~. NAZAR, 
H.  I~ACIUBA-UgcILKO a n d  Z. BRZEZlNSKA 

Laboratory of Applied Physiology, 
Medical Research Centre, 
Polish Academy of Sciences, 
7 Jazgarzewska Street, 
P-00730 Warszawa (Poland), 
79 November 7973. 

6 W. VAN BEAUMONT, J. E. GREENLEAF and L. Ju~os,  J. appl. 
Physiol. 33, 55 (1972). 

7 Present Address: Laboratory of Human Environmental  Physiology 
Human Studies Branch, NASA-Alnes Research Center, l~offett 
Field (California 94035, USA). 



15.7.1974 Specialia 771 

Kininogenase in Urine Produced by Isolated Perfused Rat Kidneys 

A l t h o u g h  severa l  r epo r t s  show t h a t  u r i n a r y  ka l l ik re in  
differs  f rom p l a s m a  ka l l ik re in  a n d  resembles  rena l  
k in inogenase  ~-a, no  de f in i t ive  ev idence  has  been  p r o v i d e d  
as to  w h e t h e r  t he  u r i n a r y  e n z y m e  rep resen t s  t he  c learance  
of a b lood  k in inogenase  or is a p r o d u c t  e l abo ra t ed  a n d / o r  
s to red  b y  t he  k idneys .  E x p e r i m e n t s  here  descr ibed  show 
the  occurrence  of ka l l ik re in  in  t he  u r ine  p roduced  b y  
i so la ted  r a t  k idneys ,  pe r fused  w i t h  a d e q u a t e  f luids which  
do n o t  c o n t a i n  e i t he r  k in inogenase  or i t s  precursors .  

Methods. A d u l t  r a t s  (300-400 g) were a n e s t h e t i z e d  w i t h  
d i e t h y l - b a r b i t u r a t e .  Af te r  t he  in j ec t ion  of h e p a r i n  
(10 m g  in 0.1 ml), p o l y e t h y l e n e  c a t h e t e r s  connec ted  w i t h  
t he  pe r fus ion  sys tem,  were i n t r o d u c e d  in to  t h e  eava  ve in  
a n d  aor ta .  B o t h  vessels a n d  t h e i r  b r a n c h e s  were r ap id ly  
l igated,  l eav ing  free t he  sho r t  s egm en t  co r r e spond ing  to 
t he  rena l  a r te r ies  a n d  ve ins  emergences  in order  to  i r r iga te  
b o t h  k idneys  w i t h  t he  per fus ion  fluid. The  k i d n e y  
c i rcu la t ion  was i n t e r r u p t e d  for on ly  1-2 ra in  ( t ime 
requ i red  for  l igature)  and  t h e n  ar t i f ic ia l  c i rcu la t ion  was 
set  in  mot ion .  The  per fus ion  sys tem,  wh ich  can  be used 
as a closed or open  model ,  was set  up  in a s imi la r  way  as 
t h a t  descr ibed  b y  IKRAH~ e t  al. 5. A r o t a t i n g  f lask  where  
a m i x t u r e  of O 2 (95%) and  CO S (5%) was c o n t i n u o u s l y  
f lowing was used as f luid reservoi r  and  oxygena to r .  Two 
d i f fe ren t  pe r fus ion  f luids were used:  1. T y r o d e - d e x t r a n  
so lu t ion  (1 1 c o n t a i n e d  8 g NaC1, 0.2 g KC1, 0.24 g CaC12, 
1 g MgCI~ 6 H 2 0  , 1 g NaHCO3, 1 g D-glucose) and  40 g 
d e x t r a n  (m.w. 60,000) p lus  r a t  red cells (TDR) 2. called 
T A R  was s imi la r  to  T D R ,  b u t  d e x t r a n  was s u b s t i t u t e d  
b y  5% h u m a n  a l b u m i n  (U.S.P.  S q u i b b  and  Sons). E i t h e r  
to  d e x t r a n  or a l b u m i n  fluids, washed  r a t  red  ceils were 
added  in order  to  o b t a i n  a f ina l  h e m a t o c r i t  of 30 -35%.  
D u r i n g  t he  f i rs t  10-15 ra in  of perfusion,  o x y g e n a t e d  f luid 
pu rpose ly  l ack ing  red  ceils was  p u m p e d  to  t h e  k i dneys  in  
o rder  to  wash  ou t  t he  b lood r e m a i n i n g  in these  organs.  
F r o m  t h e n  on w a s h e d  r a t  red cells were added  to t he  
pe r fus ing  fluid.  The  pu lsa t i l  per fus ion  p u m p  was regu la ted  
so as to  m a i n t a i n  a m e a n  b lood pressure  of 90-120 m m  
Hg (systolic p ressure  of 120-140 m m  I-Ig) on  t he  a r t e r i a l  
side, wh ich  p r o v i d e d  a f low of 5-8  ml  of pe r fusa t e  pe r  
rain.  The  per fus ion  pressure  was c o n t i n u o u s l y  recorded  
t h r o u g h  a S t a t h a m  t r a n s d u c e r  P23 connec ted  to  a Grass  
po lygraph .  The  outflow" was checked  eve ry  15-20 min  
m e a s u r i n g  t he  f luid v o l u m e  d ra in ing  f rom t he  kidneys .  

W i t h  t h a t  flow, a d rop  of 8 - 1 2 %  O 3 s a t u r a t i o n  was 
recorded  be tween  a r te r ia l  a n d  venous  sides. Ur ine  pro- 
duced  d u r i n g  t he  e x p e r i m e n t  was  col lected t h r o u g h  an  
endwel l ing  b l adde r  c a t h e t e r  a f t e r  a t h o r o u g h l y  wash ing  
t he  c a v i t y  w i t h  sa l ine;  17 e x p e r i m e n t s  us ing  t he  closed 
s y s t e m  and  3 us ing  open  s y s t e m  were per formed.  In  each  
expe r imen t ,  l a s t ing  f rom 60 to 180 rain,  2 or 3 samples  of 
u r ine  (0.2 ml  to  0.8 inl /h)  were collected.  

The  occurrence  of a ka l l ik re in- l ike  e n z y m e  in  t h e  
u r ine  was i n v e s t i g a t e d  b y  chemica l  and  biological  approach ,  
accord ing  to t he  m e t h o d  a l r eady  descr ibed  for r ena l  
k in inogenase  iden t i f i ca t ion  6. 

Results and discussion. B o t h  w i t h  T A R  or T D R ,  the  
fol lowing resu l t s  were o b t a i n e d :  1. The  ur ine  samples  
d i sp lay  d i rec t  oxytoc ic  effect  upon  r a t  u terus ,  as n o r m a l l y  
u r ine  does. This  a c t i v i t y  does no t  d i m i n i s h  w i t h  dialysis.  
Ef fec t  e q u i v a l e n t  to  10 ng  of b r a d y k i n i n  were recorded  
w i t h  0.05-0.15 ml  of urine,  w h e n  i n t r o d u c e d  in to  a b a t h  
of 20 ml  capac i ty ,  where  t he  i so la ted  r a t  u t e rus  was 
immersed .  2. K in inogenase  a c t i v i t y  was easi ly d e m o n s t r a t -  
ed i n c u b a t i n g  for 2 min ,  0.02 to 0.08 ml  of u r ine  e i the r  
w i t h  k in inogen  I I  (Figure) or k in inogen  I a t  p H  7.4. 
These  s u b s t r a t e s  were p r e p a r e d  f rom r a t  p l a s m a  b y  
t he  m e t h o d  of JACOBSEN 7. The  s u b s t a n c e  p roduced  d u r i n g  
i n c u b a t i o n  induces  r a t  u t e rus  c o n t r a c t i o n  s imi la r ly  to  
k in ins  ; i ts  oxytocic  a c t i v i t y  is des t royed  b y  c h y m o t r y p s i n ,  
b u t  no t  b y  pepsin .  3. The  a d d i t i o n  to  t he  u r ine  of 200-  
500 I U  of a p r o t i n i n  (Trasylol,  Bayer)  b locks  i ts  k in ino-  
genase ac t iv i ty .  4. D F P  added  to  the  u r ine  (final con- 
c e n t r a t i o n  0,25 M) p roduced  a s t r i k ing  i n h i b i t i o n  of 

1 ]~. WERLE, Polypeptides which Ajject Smooth Muscles and Blood 
Vessels (Ed. M. SACHTER; Pergamort Press Oxford 1960), p. 199. 
K. NWSTAD, Br. J. Pharmac. 39, 73 (1970). 

8 H. R. CROXATTO and G. NoE, Commentat. pontif. Acad. Seient. 
Z0, 1 (1971). 
H. R. CROXATTO, Revta Med., Santiago 100, 708 (1972). 

5 p. KRAHE, H. ORTrt, W..'V[IKSOHE and F. GROSS, Kidney Internat. 
2, 6 (1972). 
H. R. CROXATTO, M. SAN I~{ART~N and J. ROBLERO, Vasopeptides 
Chemistry, Pharmacology and Pathophysiology (Eds. N, BACK and 
F. SICUTERI, Advances in Experimental Medicine and Biology 
(Plenum-Press, New York 1972), vol. 21. 

7 S. JACOBSEN, Br. J. Pharmac. 26, 403 (1966). 
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Effect of 2 urine samples upon isolated rat uterus. 111 1, 2 and 3, 6, 8 and 10 ng bradykinin were introduced in the bath; in 4, 0.05 lnl of 
urine (first sample collected between 0-32 rain of perfusion); in 5, a mixture incubated for 2 rain (pH 7.4) of 0.02 mI of the first urine 
sample plus 0.4 ml of kininogen II; 6, 0.05 ml of the second urine sample (collected between 33~,8 min; in 7, art incubated mixture of 
0.02 ml of urine plus 0.4 ml kininogen II; in 8, 0.4 ml kininogen II. 
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b o t h  t he  d i rec t  oxytoc ic  effect  and  k in inogenase  a c t i v i t y  
of t he  urine.  5. S o y a b e a n  a n t i t r y p s i n  also i nh ib i t s  a t  a 
h igh  c o n c e n t r a t i o n  (200-500 tzg for 0.1 ml  of urine)  
th i s  k in inogenase  ac t iv i ty ,  b u t  ovomuco id  (S igma 
Chemicals  Co.) does not .  6. P e p s t a t i n ,  a po l ypep t i de  
wh ich  i nh ib i t s  r en in  b u t  n o t  ka l l ik re in  ac t iv i ty ,  does no t  
h i n d e r  k in inogenase  effects. T he  ka l l ik re in  a c t i v i t y  of t he  
ur ine  p roduced  du r ing  t he  pe r fus ion  per iod  was 10-30- 
fold lower c o m p a r e d  w i t h  t h e  u r ine  vo ided  b y  t he  r a t  
before t he  expe r imen t .  D u r i n g  t h e  expe r imen t ,  O2 
c o n s u m p t i o n  a n d  vascu la r  res i s tance  were no t  s ign i f i can t ly  
changed ,  b u t  a progress ive  decrease  in ka l l ik re in  con- 
c e n t r a t i o n  was obse rved  in t he  fo rmed  urine.  On th i s  
ques t ion  f u r t h e r  s tud ies  will be  requ i red  to e s t ab l i sh  
w h e t h e r  some b iochemica l  i m p a i r m e n t  or o the r  fac tors  
are involved .  The  smal l  a m o u n t  of u r ine  col lected (not  
g rea te r  t h a n  0.6 to  1.8 m l  in t h e  e x p e r i m e n t a l  per iod)  
l imi ted  t he  poss ib i l i ty  of a chemica l  pu r i f i ca t ion  of t he  

enzyme.  The  resul t s  t e n d  to s u p p o r t  t he  a s s u m p t i o n  t h a t  
ka l l ik re in  found  in t he  n o r m a l  u r ine  is also p roduced  b y  
t he  k i d n e y  and  is no t  a n  e n z y m e  cleared f rom the  
c i rcu la t ing  blood. 

Rdsumd. L ' u r i n e  p rodu i t e  p a r  les re ins  isol6s du  r a t  
perfus6s 5~ press ion  n o r m a l e  p e n d a n t  60-180 ra in  avec  des 
l iquides  oxygen6s  a y a n t  en suspens ion  des globules  
rouges  c o n t i e n t  une  k in inog6nase  qui  a l e s  m~mes  
propr i6t6s  que la ka l l ik r6 ine  de l ' u r ine  p rodu i t e  en  
cond i t ions  physiologiques .  

j. ROBLERO, H. R. CROXATTO, i~. OARCiA and 
J. CORTHORN 

Laboratorio de Fisiolog~a, fnstituto de Ciencias 
Bioldgicas, Universidad Catdlica de Chile, 
Casilla 77d-D, Santiago (Chile), 12 November 7973. 

E f f e c t  of  Starva t ion  on B l o o d  Glu cos e  and N o n p r o t e i n  N i t r o g e n  Leve l s  of the F i sh  Clarias 
batrachus 

S t a r v a t i o n  effects the  n o r m a l  b o d y  m e t a b o l i s m  and  
p ro longed  s t a r v a t i o n  m a y  even  cause d e a t h  of t he  an imal .  
A decl ine in var ious  b o d y  c o n s t i t u e n t s  of fish, fol lowing 
e x p e r i m e n t a l  s t a rva t ion ,  h a v e  been  r epo r t ed  b y  va r ious  
au tho r s  1-a. Studies ,  fol lowing s t a rva t ion ,  on  t he  b lood 
glucose and  n o n p r o t e i n  n i t rogen  (NPN) levels,  etc. h a v e  
also been  m a d e  ~-~~ Th i s  pape r  deals w i t h  the  resul t s  
o b t a i n e d  for t he  f resh-wate r  ca t  f ish Clarias batrachus, 
fol lowing s t a r v a t i o n  up  to 150 days.  

Materials and methods. Normal ,  well  fed Clarias 
batrachus, ful ly acc l imat ized  to  l a b o r a t o r y  cond i t ions  
were used. R i g h t  f rom t he  beg inn ing  of t h e  e x p e r i m e n t  
t he  s t a r v i n g  f ish were k e p t  in  sepa ra te  aqua r i a  and  were 
no t  g iven  a n y  food for t he  en t i r e  pe r iod  of s t a rva t ion .  
E v e n  a q u a t i c  p l a n t s  were r e m o v e d  and  n o t h i n g  excep t  
pebb les  a n d  bed  of r i ve r - s and  was lef t  in  t he  aquar ia .  
W a t e r  was  changed  twice  a week  t h r o u g h o u t  t h e  experi-  
m e n t a t i o n  per iod  and  th i s  poss ib ly  r e m o v e d  even  t he  
n a t u r a l l y  deve lop ing  mic ro - f auna  a n d  f lora and  also 
a c c u m u l a t i n g  tox ic  was te  p roduc t s  of t h e  fish. Cont ro l  
f ish were k e p t  in  sepa ra te  a q u a r i a  and  were g iven  minced  
goa t  l iver,  e a r t h w o r m s  a n d  snai ls  on  a l t e rna t e  days.  

The  e x p e r i m e n t  was s t a r t e d  in t he  m o n t h  of N o v e m b e r  
and  conc luded  in t he  m o n t h  of April .  The  s t a r v a t i o n  was 
p ro longed  up  to  150 days  and  obse rva t ions  were m a d e  on 
1st, 10th, 30th, 90 th  a n d  150th  day  of s t a rva t ion .  On 
t he  f i rs t  day  only  5 f ish of t he  con t ro l  b a t c h  were exam-  
ined. I n  s u b s e q u e n t  periods,  5 f ish of con t ro l  group were 
also e x a m i n e d  a long w i t h  t he  s t a r ved  fish, to  coun te r  t he  
effects of seasonal  va r ia t ions ,  etc. T h u s  25 f ish of t he  
con t ro l  group a n d  36 s t a r v e d  f ish were e x a m i n e d  in t h i s  
expe r imen t .  

For  t a k i n g  blood, t he  f ish was careful ly  t a k e n  ou t  of 
the  a q u a r i u m  w i t h  t he  help  of a smal l  h a n d  net ,  i m m e r s e d  
in a j a r  c o n t a i n i n g  1.5% p a r a l d e h y d e  solut ion.  I t  t ook  
a b o u t  2 m i n  to m a k e  a f ish senseless. I m m e d i a t e l y  t he  
f ish was t a k e n  out ,  wiped  d ry  w i t h  a t u r k i s h  towel  and  
p u t  on a d i sec t ion  t r ay .  I t s  cauda l  ve in  exposed j u s t  
b e h i n d  t he  ana l  region a n d  b lood  d r a w n  in a syr inge  f i t t ed  
w i t h  a 20 gauze needle.  E x a c t l y  1 m l  b lood  was de- 
p ro te in ized  us ing  zinc h y d r o x i d e - b a r i u m - s u l p h a t e  pro- 
cedure  (OsERn).  Blood  glucose a n d  N P N  d e t e r m i n a t i o n s  
were m a d e  fol lowing t he  Ne l son -Somogy i  a n d  F o l i n - W u  
me thods ,  r espec t ive ly  (OsERn).  Af te r  t he  ~olood was 
d rawn,  gu t  c o n t e n t s  and  v iscera  of b o t h  t he  con t ro l  a n d  
s t a r v e d  group of f ish were examined .  No m o r t a l i t y  of 
these  fishes occur red  du r ing  t h e  en t i re  pe r iod  of s t a rva -  
t ion.  
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Effect of starvation on blood glucose and NPN levels of the fish Clarias batrachus 

Status and No. of observations Glucose and standard deviation (mg]100 ml) NPN and standard deviation (rag/100 ml) 

Control (25) 63.3 ~ 11.7 38,9 + 7.7 
Post starvation 

10th day (8) 
30th day (8) 
90th day (10) 
150th day (10) 

59.8 • 13.2 
53.5 ~ 11.7 
44.3 :~ 12.5 
32.0 =~ 9.1 

35.6 i 6.0 
31;1 3= 7.7 
27.3 i 7.3 
20.5 J= 4.8 
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Results and observations. The normal  blood glucose 
level in the  control  f ish was found to  be 63.3 • 11.7 mg  
100 ml (Table). The level showed a fall as the  s t a rva t ion  
commenced .  A direct  correla t ion was found to exist  
be tween  the  blood glucose level and per iod of s ta rva t ion ,  
i.e. the  level wen t  on fall ing as the  per iod of s t a rva t ion  
was prolonged.  Though  the  changes  in blood glucose and 
N P N  level (38.9 • 7.7 mg/100 ml) in the  control  group 
fish were s ta t i s t ica l ly  no t  s ignif icant  by  the  end of the  
10th day  of s t a rva t ion  (i~ never the less  a fall in the  
two values was observed.  This  deple t ion  of the  2 const i tu-  
ents  of the  blood became h ighly  s ignif icant  on the  30th 
day  (P(0.01) of s ta rva t ion .  The values of glucose and N P N  
levels in t he  blood of s t a rv ing  Clarias balrachus, on the  
150th day, the  last  day  of the  exper iment ,  were 32.07 ~z 9.1 
mg/100 inl and 20.5 :k 4.8 rag/100 ml respect ively .  I t  was 
ca lcula ted  t h a t  a fall of 49.3% and 47.3% had occurred in 
the  blood glucose and  N P N  levels respect ively ,  by  the  
end of the  150th day  compared  wi th  the  contro l  values. 

Discussion. A perusal  of t he  resul ts  ob ta ined  (Table) 
clearly shows t h a t  marked  deple t ion  in the  blood glucose 
and  N P N  levels occurred t h roughou t  the  per iod of 
149 days  of s ta rva t ion .  AL-GAuHARI 6 did no t  observe 
any  change in blood glucose level of the  fish Clarias 
lazera, even af ter  4, 5, 6 and  7 mon ths  of fas t ing  period.  
However ,  HANNA ~2 noted  a fall of 60% in the  glucose 
level of t he  same species af ter  7 m o n t h s  of s ta rva t ion ,  
a l though  the  value did no t  change dur ing  the  f irs t  
4 months .  PHILLII~S et  al.~, on the  contrary ,  observed  a 
decrease in blood glucose level of the  fish Salvelimts 
]ontinalis in the  f i rs t  3 days,  a f ter  which the  level was 
a lmost  s teady.  Simil lary the  blood glucose level of Gadus 
morhua declined f rom 108 rag/100 ml to 72 rag/100 ml in 
the  f i rs t  37 days  bu t  r emained  a t  th is  level af ter  51 days  
a t  6.5 ~ ~. Surprisingly,  t he  blood glucose level appeared  
unaffected,  even af ter  3 weeks of s t a rva t ion  in Myxine 
glutinose~! KIERMEIR ~ observed t h a t  several  species of 
fresh wa te r  teleosts,  b o t h  act ive  and sluggish, ma in t a ined  
the i r  no rmal  blood glucose levels dur ing  long periods of 
s ta rva t ion .  In teres t ingly ,  the  act ive fish showed a very  
gradual  decrease, while the  sluggish ones exhib i ted  a 
r emarkab le  cons tancy.  

BENTLEY and  FOLLETT 15 observed a def ini te  fall in the  
blood glucose level of the  l amprey  af ter  5 m o n t h s  of 
s tarvat ion.  SUNDARARAJ et al. ~ not iced  a def ini te  and  
cont inuous  fall in the  blood glucose level of the  Clupeoid 
f ish Notopterus notopterus, b u t  only af ter  48 h of s tarva-  

tion, dur ing  which a hyperg lycemic  peak  was found 
af ter  24 h, while HOCHCHKA and  SINCLAIRE 17 did no t  
not ice  any  change in the  blood glucose level of Salmo 
gairdnerii, even af ter  14 days  of s ta rva t ion ,  t h o u g h  its 
l iver glycogen had  fallen considerably.  

Studies  on blood N P N  level are no t  m a n y  8, a s l ight  
rise in serum N P N  level following 3-4 days  of s t a rva t ion  
was found in the  eel Anguilla japonica. However ,  the  
p resen t  s tudy  shows t h a t  the re  was a paral lel  fall in blood 
glucose and N P N  levels of the  fish Clarias batrachus 
dur ing  s ta rva t ion ,  the  fall appeared  to  be very  p r o m i n e n t  
as compared  w i t h  the  control  values. 

Conclusions. F r o m  the  foregoing discussions it is ev iden t  
t h a t  con t r ad i c to ry  results  have  been ob ta ined  by  various 
authors ,  on the  blood glucose and  N P N  levels of fishes. 
I t  appears  s t range  t h a t  m a n y  workers  did not  f ind any  
change in the  blood glucose level of several  species, even 
af ter  qui te  long periods of s ta rva t ion ,  since s t a rved  
animal  should ordinar i ly  show li t t le or more  deple t ion in 
i ts  blood glucose level. However ,  the  p resen t  observat ions ,  
like those  of m a n y  workers,  show that  a defini te  fall in the  
blood glucose and N P N  values, f rom the  contro l  levels of 
63.3 zk 11.7 rag/100 ml and 38.9 • 7.7 mg/100 ml to  
32.0 ~= 9.1 rag/a00 ml and 20.5 zk 4.8 rag/100 ml respec- 
t ive ly  occurred by  150th day  of s ta rva t ion .  

Zusarnmen/assung. U n t e r s u ch u n g en  tiber das Verha l t en  
des /31utzuckers nach  1/~ngerem Nahrungsen t zug  bet 
Fischen.  
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T h e  A b i l i t y  o f  C o d  (Gadus morhua) to  O r i e n t  T o w a r d s  a S o u n d  S o u r c e  

The acoustic  pe rcep t ion  of the  di rect ion of a sound wave 
(sound localization) in fish is theore t ica l ly  p rob lemat ic  ~-8 
bu t  there  is qui te  a lot  of evidence t h a t  several  sharks  4 
and some te leosts  5-s possess th is  sensory abil i ty.  However ,  
for several  reasons,  e i ther  incomple te  expe r imen ta l  
designs or i nadequa te  sound fields caused b y  imprope r  
b o u n d a r y  condi t ions ,  a lmos t  none of these  exper imen t s  
p rov ided  a real ly decisive proof  for acoustic  local izat ion 
at  several  me te r s  f rom the  sound source, e.g. no specific 
a l t e rna t ive  exp lana t ions  have  been inves t iga ted  9. 

The p re sen t  expe r imen t s  ~~ mee t  t he  r equ i r emen t s  to  
answer  the  following ques t ions :  Is  cod able to  de te rmine  
the  di rect ion of a sound ? If  so, is the  l abyr in th ine  sys t em 
involved or the  la te ra lq ine  sys tem (hypothesis  of VAZe 
BERG1~IJK 1) ? 

Unde r  a raf t  in the  middle  of an a lmos t  circular f jord 
(local d e p t h  35 m;  ' d i ame te r  range '  300-400 m) a round  
ne t t ing  cage, a l t i tude  17 cm, was suspended  a t  a d e p t h  of 
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4.75 m (top). B y  m e a n s  of n e t t i n g  screens in the  cage, a 
r ad i a l  corr idor  was m a d e  w i t h  a n  e n t r a n c e  nea r  t he  cir- 
cumference  a n d  w i t h  a n  end ing  in t he  centre .  A cod, 
l eng th  a b o u t  30 cm, was re inforced to  pe r f o r m  a closed 
t r a c k  t h r o u g h  t h e  corr idor  (operant) .  W h e n  t he  cod s w a m  
in t he  corr idor ,  a t r a n s i e n t  free switched,  i n t e r r u p t e d  
pure  t one  of 75 Hz  (18 d B  re I ~bar)  was  presen ted ,  w h e n  
i t  was  in t h e  correc t  pos i t ion  and  o r i e n t a t i o n  to  m a k e  
a choice ou t  of 4 possible  sound  d i rec t ions  (I, I I ,  I I I  a n d  
IV  n u m b e r e d  counterclockwise) .  Fo r  t h i s  ob jec t  4 sound  
pro jec to rs  were h a n g i n g  in a circle ( radius  5.3 m) a r o u n d  
t he  cen t re  of t he  cage each  60 ~ apa r t .  T he  o u t e r m o s t  
s t imu lus  a l t e r n a t i v e s  I a n d  I V  were  90 ~ to  t h e  r i g h t  
a n d  t h e  left, respect ive ly ,  of t h e  f i sh  w h e n  leav ing  t h e  
corridor.  

The  s t i m u l a t i o n  ended  w h e n  a response  of t h e  cod was 
observed,  or o therwise  t he  obs e r va t i on  per iod  ended  a f te r  
4.5 sac equa l  to  3 in t e rva l s  (sound 0.75 sec p lus  pause  
0.75 sec). S u b s e q u e n t l y  t he  f ish was r ewarded  a t  t he  
feeding place t h a t  was  in  l ine  w i t h  t he  ac t ive  sound  pro-  
jector.  A d i rec t iona l  response  cons is ted  of s t opp ing  
locomot ion  w i t h  the  pec tora l  f ins ( this  p a t t e r n  could be  
absent ) ,  fol lowed b y  sudden ly  t u r n i n g  a n d  s w i m m i n g  
s t r a igh t  t o w a r d s  t he  l a te ra l  n e t t i n g  wall.  Typ ica l ly  i t  
was  a correc t  choice:  a n  o r i en ted  response  t o w a r d s  t he  
source. The  responses  were observed  t h r o u g h  a per i scope  
a n d  classified by  a n  i n d e p e n d e n t  observer  n o t  aware  of t h e  
s t imu lus  di rect ion.  Af te r  t h e  j u d g e m e n t ,  t he  f i sh  was 
r ewarded  b y  t h e  t ra iner .  T he  4 r emo te ly  opera ted ,  
acous t ica l ly  t r a n s p a r e n t  food d ispensers  ~ were m o u n t e d  
in a cy l indr ia l  f r ame  res t ing  on t he  cage. The  food cons is ted  
of feet  of per iwinkles .  A cy l inder  of opaque  PVC shee t  
(acoust ical ly  t r a n s p a r e n t )  a r o u n d  t he  n e t t i n g  cage con- 
cealed t he  loca t ions  of t h e  sound  p ro jec to r s  f rom t h e  eye 
of t he  fish. 

Table I. Example of a stimulus response matrix 

Response ~owards I II III IV 

Stimulus type I1 6 0 0 0 
I2 5 1 0 0 
II1 i 5 0 o 

112 o 7 i o 

II13 I 1 5 o 

I114 o 2 3 i 

IV3 0 0 0 6 

IV4 0 0 1 5 

Table II. 

Type: minus left pars inferior Type: control animal 
N = 14 N = 44 

D u r i n g  the  obse rva t i on  series, t h e  loca t ions  of t he  
sound  p ro jec to r s  ( the pa i r  1 a n d  2) in  t h e  d i rec t ions  I a n d  
I I  could be i n t e r changed  and /o r  s imi la r ly  t he  pa i r  a t  t h e  
o the r  side of t h e  r a f t  (3 and  4 in t he  d i rec t ions  I I I  and  IV). 
This  p rocedure  p rov ided  a t e s t  w h e t h e r  d i s c r imina t i on  is 
based  on  i n h e r e n t  m i n u t e  differences  be tween  t he  sound  
pro jec to rs  ( in tens i ty ,  t imbre ) .  The  choices of t he  f ish can  
t h u s  be classified in 4 • 8 d i f fe rent  categories  depend ing  
on  t he  s t imu lus  type.  

Two sub jec t s  were cond i t i oned  successful ly af te r  a b o u t  
30-70 t r ia l s  (2 to  3 days).  Tab le  I p resen t s  t he  s t imulus  
response  m a t r i x  for cod G4. Fo r  va r ious  reasons,  i t  was  
no t  possible  to  o b t a i n  a f ixed  n u m b e r  of obse rva t i ons  in  
each row. 

Since i n t e r c h a n g i n g  t he  pos i t ions  in  a pa i r  of sound  
p ro jec to r s  was r a t h e r  laborious ,  each  of t he  four possible  
conf igura t ions  was  k e p t  u n a l t e r e d  d u r i n g  a va r i ab l e  
n u m b e r  of t r ia l s  ( range:  7-18),  b u t  t he  s t imu lus  d i rec t ions  
were a lways  selected a t  r a n d o m .  

The re  were no  ind ica t ions  for a cond i t ion ing  on source 
specific cues ~2 in t he  sequence  of response  obse rva t ions ,  
t a k e n  in the  o rder  of occurrence.  Moreover,  r a n d o m n e s s  
could be  accep ted  12 for t he  sequence  of successes a n d  
fai lures  (runs t e s t ) :  a necessa ry  cond i t i on  for t h e  pre-  
s e n t a t i o n  in  a con t ingency  tab le .  Smal l  sample  tes t s  
showed t h a t  i t  is admiss ib le  to  jo in  t he  bo ld  p r i n t e d  
f requencies  in  Table  I in  c o m m o n  categor ies  w i t h  equa l  
s t imu lus  d i rec t ions  (compar i son  of 2 b i n o m i a l  popu la -  
t ions  ~3 for  each  direct ion) .  S imi la r  resu l t s  were  o b t a i n e d  in 
a n o t h e r  sub jec t  (G1) ; however ,  responses  for s t imu l i  f rom 
d i rec t ion  I h a d  to be  exc luded  f rom s ta t i s t i ca l  ana lys i s  in  
G1, because  i t  v i s i t ed  food d ispenser  I too  l i t t le .  I f  all  
categories  are pooled b y  a s imi la r  procedure ,  a 4 • 4 t a b l e  
is o b t a i n e d  (3 •  in  G1). 

The  d i s c r i m i n a t i o n  of t he  bea r ing  of t he  sound  sources 
b y  t he  i n t a c t  cod G4 is e v i d e n t  (b inomia l  t e s t  for t he  
d i c h o t o m y  success a n d  fa i lure  w i t h  t he  pess imis t ic  nu l l  
hypo thes i s  Ho:P{success}  _< 0.5 for each  cons idered  
d i rec t ion ;  b y  comloinat ion  of these  t e s t s  g o  is re jec ted  if 
t he  sum S of all successes, i r respec t ive ly  of t he  di rect ions ,  
a ssumes  large  va lues ;  in  G1, t h e  wors t  case, t h e  ou tcomes  
were:  S = 25, 15 = 0.01). M e a s u r e m e n t s  of t he  acous t ic  
pressure  a n d  t he  par t ic le  ve loc i ty  conf i rmed  the  absence  
of specular  ref lec t ions  l l  (echoes; acous t ic  i sot ropy) .  

Af te r  sever ing  ~4,15 t he  ne rve  roots  i n n e r v a t i n g  t h e  
pa r s  infer ior  of t he  lef t  l a b y r i n t h  in cod G4, t he  ab i l i t y  
to  d i s c r imina t e  t h e  d i rec t ions  of sound  was abol i shed  
(upper  Tab le  I I )  a l t h o u g h  the  la te ra l - l ine  s y s t e m  was 
st i l l  func t ion ing .  The  p r o m p t  responses  obse rved  before  
t he  ope ra t i on  pers is ted,  b u t  a r ap id  e x t i n c t i o n  of pe r form-  
ing t h e  o p e r a n t  was  observed .  I n  t he  we l l - t r a ined  cod G1, 
M1 the  procedures  of t he  surgery  ~s were car r ied  ou t  w i t h  
t h e  excep t ion  of t he  sever ing  of t h e  ne rve  roots.  Af ter  t h e  
opera t ion ,  the  d i s c r im ina t i on  resul t s  were a t  leas t  as good 
as before  t he  ope ra t i on  (control  e x p e r i m e n t ;  Table) .  I t  is 
conc luded  t h a t  coope ra t ion  of b o t h  l a b y r i n t h s  is i n v o l v e d  
in d i rec t iona l  hear ing .  T h e  resu l t s  c o n t r a d i c t  t h e  unver i f i ed  
t h e o r y  of VA~ BERGEIJK 1. 

A a B C D A B 
I 1 1 1 1 I 5 5 
II 0 0 2 1 II 0 6 
III 4 0 0 0 III  0 1 
IV 2 1 0 0 IV 0 0 

a A = response towards I, etc. 

C D 1~ M. A. VAN ARKEL, W. MAASSE and A. SCHUlJF, Experientia 29, 
1 0 642 (1973). 

1~ A. ScHmjP, in preparation. 
4 0 la E. L. LEHMA~N, Testing Statistical Hypotheses (Wiley, New York 

12 0 1959), in particular p. 143. 
3 7 x~ The author would like to express his gratitude to Prof. S. DIJK- 

ar~AAF who developed and performed all the necessary operations 
(see ref. 15) for this study. 

15 S. DIJKGr~AAF, Experientia 29, 737 (1973). 
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T h a t  cod p r o b a b l y  possesses d i rec t iona l  hea r i ng  has  
p rev ious ly  been  s t a t e d  ~,~". C ~ P ~ A N  ~" has  p r o v e d  t h a t  
sound  p e r c e p t i o n  in cod depends  on  t he  angle  be t w een  t he  
d i rec t ions  of a tone  and  a m a s k i n g  noise. R e c e n t l y  ~ i t  
has  been  shown  t h a t  t he  saccula r  mic rophon ics  in  the  
h a d d o c k  (Alelanogrammus aegle[inus) exh i b i t  a d i rec t iona l  
sens i t iv i ty ,  as has  been  expec ted  since long ~s. The  
e x p l a n a t i o n  of direcs hea r ing  is sough t  in  t h e  d i rec t  
s t i m u l a t i o n  of t h e  l a b y r i n t h i n e  m acu l ae  ~",a, ~ (not  v ia  a 
l ink  w i t h  t he  swimbladder ) .  However ,  in  cod, i nd i r ec t  
s t i m u l a t i o n  of t he  saccular  o to l i ths  is l ikely ~0. E N t e R  
et  al. ~ the re fore  sugges t  t h a t  s t i m u l a t i o n  of t he  macu lae  
b y  r e - r ad i a t ed  sound  f rom the  s w i m b l a d d e r  is avo ided  
(minimized)  b y  p rope r  o r i e n t a t i o n  of (par t  of) t he  ha i r  
cells ( insens i t ive  to  r ad ia l  d i sp l acemen t s  e m a n a t i n g  f rom 
the  swimbladder ) .  

Zusammen[assung. I m  freien Schal l feld wurde  in airier 
B e l o h n u n g s d r e s s u r  b e i m  K a b e l j a u  (Gadus morhua) 
akus t i sche  Loka l i s a t i on  nachgewiesen.  Die E n t f e r n u n g  

des Fisches  yon  de r  Schal lquel le  b e t r u g  5,3 m (/ = 75 Hz).  
Ausscha l t ve r suche  zeigen, dass  das  S e i t e n o r g a n s y s t e m  
n i c h t  wesen t l i ch  an  de r  S c h a l l r i c h t u n g s u n t e r s c h e i d u n g  
be te i l ig t  ist. 

A. SCHUIJF a n d  M. E. SIEMELINK 

Laboratory o/Comparative Physiology, 
Jan van Gale~straat dO, Utrecht (The Netherlands); and 
Fisheridirektoratet, Institute o/Marine Research, 
Bergen (Norway), 3 January 7974. 

16 C. J. CHAPMAN, Helgol~tnder wiss. Meeresunters. 2d, 371 (1973). 
17 p. S. ENGER, A. D. HAWKINS, O. SAND and C. J. CHAPMAN, 

J. exp. Biol. 59, 425 (1973). 
IS HL. DE VRIES, Acta otolar. 38, 262 (1950). 
19 S. DIJKGRAAF, Prop. R. Soc. B 152, 51 (1960). 
20 C. J. CHAPMAN and A. D. HAWKINS, J. comp. Physiol. 85 (1973). 

Einf luss  yon A T P  in einer ho l id i schen  Digit auf Myzus persicae (Sulz . )  (Aphidina) 
Bei  der  t3ea rbe i tung  s tof fwechse lphys io logischer  Pro-  

b lame g e w i n n t  die Ern/~hrung der  Versuchs t i e re  m i t  e iner  
ho l id i schen  (vo l l - syn the t i schen)  Di/ i t  i m m e r  gr6ssere 
B e d e u t u n g .  Die bei  p h l o e m s a u g e n d e n  I n s e k t e n  ver-  
w a n d t e n  N/ ih r l6sungen  o r i en t i e ren  s ich a n  P h l o e m s a f t -  
a n a l y s e n  d ive r se r  Pf lanzen~,  ~ u n d  e n t h a l t e n  a l l e samt  
V e r b i n d u n g e n  der  S tof fk lassen  K o h l e n h y d r a t e ,  A m i n o -  
s/~uren, V i t a m i n e  sowie Spurene lemen tea ,  4. Als Mass ffir 
die Gfite der  Di/ i t  wi rd  Pin m6g l i chs t  hohes  Gewich t  n a c h  
def in ie r t e r  Lebenszei t ,  kurze  Ontogen ie  und  hohe  Repro-  
d u k t i o n s r a t e  gew/ihlt .  Mi t  de r  p h l o e m s a u g e n d e n  Aph ide  
Myzus persicae i s t  e r s tma l ig  der  Nachweis  gelungen,  dass  
A T P  in der  N a h r u n g  a u c h  ffir p h y t o p h a g e  I n s e k t e n ' v o n  
B e d e u t u n g  ist. Als Di/~t (kurz:  ST-Di/Lt) wurde  eine 
speziell  f a r  diese Spezies o p t i m i e r t e  N/~hrl6sung 5 ver-  
wand t .  Dieser  Di~ t  zugesetz tes  A T P  (hier  als Adenos in  
- -5 ' - t r i phosphor s / i u re  D ina t r i umsa l z )  b l e ib t  a u c h  n a c h  
10 Tagen  bei 20~ 65% R L F  u n d  D a u e r l i c h t  gu t  n a c h -  
weisbar  (Boehr inger  Test ,  e n z y m a t i s c h e  l~eakt ion) .  Ffir  
die Versuche  w u r d e n  an  j u n g e n  R e t t i c h p f l a n z e n  gezogene 
Virgines  in  K/~figen m i t  e n t s p r e c h e n d e n  Di/ t ten  einge- 
schlossen.  N a c h  je  24 h w u r d e n  die geborenen  L a r v e n  
gez/~hlt u n d  die Mfi t te r  in  e inen  n e u e n  Kgf ig  t iberff ihrt .  
N a c h  4 Tagen  h a t t e n  die a n  e iner  Dig t  m i t  1,11 ~z2~I A T P  
s a u g e n d e n  Mfi t te r  ein u m  9,4% h6heres  Gewich t  als 
Mfi t te r  a n  de r  ST-Digt .  Tggl ich  w u r d e n  a n  de r  A T P - D i g t  
5,7 L a r v e n / I m a g o  ( =  120%),  an  der  ST-DiXt 4,5 (100%) 
geboren .  11 Tage  alte, auf  den  e n t s p r e c h e n d e n  D i g t e n  
geborene  Mfi t te r  zeug ten  bei  e inmal ige ln  Dig twechse l  

n a c h  6 Tagen  bis  zu d iesem Z e i t p u n k t  auf  de r  ST-Dig t  
2,6 L a r v e n / I m a g o  (100%),  auf  der  A T P  Dig t  6,4 (245%).  
Die L a r v e n  e r r e i ch t en  ih r  h6chs tes  K 6 r p e r g e w i c h t  bei 
1,11 b~M A T P  in der  Dig t  im Bere ich  yon  0,44 bis 2,22 ~ M  
(Tabel le  I) .  

Das  O p t i m u m  l iegt  e twas  fiber den  im P h l o e m  fest-  
ges te l l ten  A T P - M e n g e n :  fiir 18 ve r sch iedene  L a u b b g u m e  
wurde  bis  zu 0,59 ~tM 6, im  L/ iuser t i sse lexsudat  yon  Salix 
im  Mi t te l  1,68 ~ M  7 und  fiir die Monoko ty l e  Yucca  1,22 ~zM 
A T P  8 gemessen.  Die A T P - K o n z e n t r a t i o n  is t  im  S o m m e r  
wesen t l i ch  ger inger  als im F r i i h j a h r  6, s t e ig t  j edoch  im 
H e r b s t  wieder  an  8. E igene  D i g t w a h l v e r s u c h e  zeigen, dass  
A T P  wie a u c h  bei  der  b l u t s a u g e n d e n  Tsetsefl iege ~ als 
P h a g o s t i m u l a n s  in e r h 6 h t e r  K o n z e n t r a t i o n  v o n  Bedeu-  
t u n g  ist. Vie l le icht  b e v o r z u g t  2~I. persicae einen r e l a t i v  
h o h e n  A T P - G e h a l t  (vergleiche h ie rzu  a u c h  die ger inge 
P o p u l a t i o n s d i c h t e  der  A p h i d e n  im Sommer ,  hohe  im 

1 j .  S. KENNEDY Und T. E. MITTLER, Nature, Lo•d. 171,528 (1953). 
2 H. ZIEGLER, Planta 417, 444 (1956). 

R. H. DADD, D. L. KRIEGER und T. E. MITrLER, J. Insect Physiol. 
13, 249 (1967). 

4 p. EgRHARDT, Z. vergl. Physiol. 58, 47 (1968). 
5 T. E. MITTL~g und J. E. KLEINJA~Y, J. Insect Physiol. 16, 833 

(197o). 
6 M. KLUGE und H. ZI~GLEg, Planta 61, 167 (1964). 
7 D. C. GARDNEg und A. J. PEEL, Nature, Lond. 222, 774 (1969). 
s M. K~VG~, D. BECKER und H. ZI~GLER, P1anta 91, 68 (1970). 

R. GALUN und J. MAgCALIT, Nature, Lond. 222, 583 (1969). 

Tabelle I. Beeinflussung des K6rpergewichtes alatoider (geflfigelt werdender)und apteroider (flfigellos bleibender) Morphen 6 Tage alter 
M. persicae Larven dutch ATP-Gaben in der holidisehen Di/it 

Gewicht % Morphe ~tM ATP in der Di~t 
0,00 0,35 0,44 1,11 1,67 2,22 4,45 

Alatoid 100,0 104,4 110,9 111,1 109,4 106,0 102,6 

Apteroid 100,0 105,0 107,0 110,6 108,1 109,7 104,4 

Die mittleren K6rpergewichte aller in 4 Tagen geborener Larven sind prozentual auf das KBrpergewicht von Larven auf ATP-freier 
Digit bezogen. 
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Tabelle iI. Einfluss der Dauer kiinstlieher Ern~ihrung auf M. persicae Imagines, festgestellt im Gewichtsunterschied (%) ihrer an verschiede 
hen Di~iten saugenden Larven (6 Tage alte alatoide Morphen) 

Gewiehtsunterschied (%) 

Digit 1. Tagslarven 2. Tagslarven 3. Tagslarven 4. Tagslarven 

ohne Zusatz 100 100 100 100 

mit ATP, Na 2 104 108 110 116 

mit Na2H PO 4 105 103 100 98 

1. Tagslarven sind in den ersten 24 h auf der Di/it geboren, usw. Eine dem Na-Gehalt der ATP-Di~it ~quimolare Na-Gabe hat keine signifikant 
unterschiedliche Wirkung zur Digit ohne Zusatz. 

F r i i h j a h r  u n d  Herbs t ,  b i she r  n u r  im Z u s a m m e n h a n g  m i t  
dem Aminos/ iurespiegel  d i skut ie r t ) .  M6glicherweise  s t e h t  
die A T P - t Z o n z e n t r a t i o n  auch  in e inem b e s t i m m t e n  Zu- 
s a m m e n h a n g  m i t  der  H 6 h e  des Geha l tes  a n  Zucker  u n d  
AminosXuren  in der  Di~t.  A la to ide  M o r p h e n  e r re ichen  
schon  bei  ge r ingen  A T P - G a b e n  ein h6heres  Gewich t  als 
ap te ro ide ,  anderse i t s  h a b e n  sie, a n  der  ST-Di/~t saugend,  
weniger  K o h l e h y d r a t e  im K o t  1~ Vie l le ich t  k 6 n n e n  sie 
Zucker  schon  bei ge r inge rem A T P - G e h a l t  besser  resor-  
b ieren .  

L~ngere  Zei t  a n  der  ST-Di/ i t  saugende  A p h i d e n  
e rsche inen  ve rg l i chen  m i t  na t f i r l i ch  e rn / ih r t en  Geschwi-  
s t e rn  Ms Ki immer t i e r e .  Dies  k a n n  m i t  e inem st i tndig 
z u n e h m e n d e n  Mange l  b e s t i m m t e r  S u b s t a n z e n  in der  Digit 
gegeni iber  der  P f l anze  e rk l~ r t  werden.  L a r v e n  a n  der  
A T P - D i ~ t  (1,67 tzM) werden  m i t  z u n e h m e n d e m  Auf- 
e n t h a l t  ih re r  Mi i t t e r  a n  dieser  Di/~t schwerer  als ST-Tiere  
u n d  d a h e r  a n  der  P f l anze  s a u g e n d e n  A p h i d e n  ghn l i che r  
(Tabel le  II) .  

A T P  in der  Di/~t k a n n  m i t h i n  zu den  S u b s t a n z e n  gez/~hlt 
werden,  die Mange l e r s che inungen  im O r g a n i s m u s  der  
Mt i t t e r  wie a u c h  in  der  E m b r y o n a l e n t w i c k l u n g  ih re r  
L a r v e n  ve r r inge rn .  

Die  Ergebn i s se  zeigen, dass  A T P  fl i t  e in  p f lanzen-  
saugendes  I n s e k t  wich t ige r  B e s t a n d t e i l  der  k f ins t l i chen  
Di~t  ist. A u c h  u n t e r  na t f i r l i chen  VerhXltnissen an  der  
W i r t s p f l a n z e  di i r f te  A T P  ein wich t ige r  N a h r u n g s f a k t o r  

sein u n d  eine b e d e u t e n d e  Rolle  in  der  P o p u l a t i o n s d y n a m i k  
der  A r t  spielen. Welche  phys io logische  B e d e u t u n g  A T P  
u n d  m6gl icherweise  wei tere  K o m p o n e n t e n  des Adenyl -  
s~uresys tems  oder  ande re  Nuk leo t ide  dabe i  kaben ,  b l e i b t  
noch  fes tzuste l len .  

Summary. L a r v a e  and  adu l t s  of t h e  a p h i d  Myzus 
persicae (Sulz.), r ea red  on  a s y n t h e t i c  diet ,  ga in  h igher  
w e i g h t  if t h e i r  d i e t  con t a in s  A T P  (1.11 ~zM). T h e  n u m b e r s  
of l a rvae  b o r n  on  d ie ts  w i t h  A T P  are h igher  (20 %)  t h a n  on  
die ts  w i t h o u t  ATP.  The  longer  a p h i d s  were fed on  t he  A T P -  
d ie t  t h e  more  t h e i r  we igh t  increased  c o m p a r e d  w i t h  
l a rvae  on  a d ie t  w i t h o u t  ATP.  Genera l ly  A T P  seems to  
ba l ance  t he  s y n t h e t i c  d ie t  in  w h a t e v e r  physio logica l  way  
i t  m a y  be. Since p h l o e m  sap con ta ins  a h i g h  level  of 
ATP,  i t  is sugges ted  t h a t  A T P  m a y  also be  of g rea t  
i m p o r t a n c e  u n d e r  n a t u r a l  cond i t ions  on  t he  hos t -p l an t s .  

P~. HERTEL 

Institut [i~r Angewandte Zoologie der Universitiit Bonn. 
An  der Immenburg 7, D-53 Bonn I (BR Deutschland), 
7d. Januar 197,1. 

10 R. HERTEL, Diplomarbeit, Bonn (1971). 

Tranexamic Acid and Fibrinolytic Activity of the Vessel Wall 

The  e n d o t h e l i u m  of ce r t a in  vessels, especial ly  veins,  
con t a in  a c t i v a t o r s  of f ibr inolys is  wh ich  are c o n t i n u o u s l y  
l i be ra t ed  to  t h e  b lood s t r e a m  a n d  m a i n t a i n  the  s p o n t a n e o u s  
f ib r ino ly t i c  a c t i v i t y  of t h e  blood.  These  a c t i v a t o r s  serve 
to  r e m o v e  ear ly  f i b r i n  depos i t s  f rom t he  vessel walls  a n d  
t h e r e b y  to  p r e v e n t  t h rombos i s .  T he  s ignif icance of t he  
f ib r ino ly t i c  a c t i v i t y  in  t he  vessel  wal l  is a p p a r e n t  f rom 
the  f ind ing  of a low a c t i v i t y  in  t h e  vessel  wal l  in  55% 
a n d / o r  a n  impa i r ed  release of a c t i v a t o r s  to  t h e  b lood  in 
73% of a series of p a t i e n t s  w i t h  r e c u r r e n t  i d iopa th i c  
t h r o m b o s i s  t. PANDOLFI et  al. ~ found  t he  f ib r ino ly t i c  
a c t i v i t y  in  t he  ve ins  of t he  lower  leg to  be  lower t h a n  
t h a t  in  t h e  arms,  a f ind ing  in  accord  w i t h  t he  h igher  
f r equency  of t h r o m b o s i s  in  t h e  lower leg. 

T r a n e x a m i c  acid (AMCA) a n d  eps i lon-aminocapro ic  
acid (EACA) are com pe t i t i ve  i nh ib i t o r s  of p l a s m inogen  
a c t i v a t i o n  3,4. I t  would  t h u s  a p p e a r  t h a t ,  b y  v i r t u e  of t h e i r  
suppress ive  effect  on  t he  b lood  f ib r ino ly t i e  ac t iv i ty ,  these  
i nh ib i t o r s  m i g h t  i nv i t e  t h rombos i s .  Bu t ,  as men t ioned ,  i t  

is t he  a c t i v a t o r  c o n t e n t  b y  t h e  vessel  wal l  r a t h e r  t h a n  t h a t  
in  t he  c i rcu la t ing  b lood  wh ich  is of i m p o r t a n c e  in pre-  
v e n t i n g  t h rombos i s .  

I n  a n  e n d e a v o u r  to  f ind  ou t  w h e t h e r  AMCA h a s  a n  
inf luence  on  t he  a c t i v a t o r  c o n t e n t  of t h e  vessel  wall, t h e  
d rug  was g iven  in large dosage to  rats .  The  f ib r ino ly t i c  
a c t i v i t y  in  a r te r ies  and  ve ins  of t he  h e a r t  was e s t i m a t e d  
h i s tochemica l ly  a n d  c o m p a r e d  w i t h  t h a t  in  a control  
group.  

1 S. ISACSON and I. M. NILSSON, Acta ehir. scand. 738, 313 (1972). 
2 M~. PANDOLFI, I. M. NILSSON, B. ROBERTSON and S. ISACSON, 

Lancet 2, 127 (1967). 
F. B. ABLONDI, J. J. HAGAN, IV[. PHILIPS and 13. C. DE RENZO, 
Arch. Biochem. Biophys. 82, 153 (1959). 
L. ANDERSSON, I. M. N[LSSON, J.-E. NIL~ItN, U. HEDNER, 
B. GRANSTRAND and B. MlgLKlqDtgR, Seand. J. Haemat. 2, 230 
(1965). 



15.7.1974 Specialia 777 

24 Sprague-Dawley  male ra t s  of un i form age and 
weighing 266 :h 15 g were used. 12 of t he  an imals  were  
given 2 g of AMCA in wa te r  solut ion per  kg bodywe igh t  a 
day  in the i r  d r ink ing  wa te r  for 8 weeks. The animals,  
which  did no t  receive any  o ther  fluid, will ingly d rank  the  
solution.  12 ra t s  served as controls .  At  the  end of th is  
period,  the  ra t s  were killed and  the  hea r t s  immed ia t e ly  
r emoved  toge the r  w i th  the  large hea r t  vessels. The 
spec imens  were i m m e d i a t e l y  f rozen in l iquid ni t rogen.  
Cryos ta t  sect ions were placed in a p lane  th rough  the  
large vessels (aorta, a r ter ia  and  vena  pulmonal is)  im- 
med ia t e ly  af ter  the i r  origin in the  hea r t  ; o thers  in a p lane  
pass ing  t h rough  the  sulcus coronarius.  The sect ions were 
cut  8 Ixm th ick  and  collected on cleaned glass slides. 
4 slides wi th  6 sect ions on each were p repa red  for every  
sample.  The f ibr inolyt ic  ac t iv i ty  was de t e rmined  his to-  
chemical ly  wi th  t he  m e t h o d  of TODDa, as modif ied  and 
g raded  in a rb i t r a ry  uni ts  by  PANDOLFI6 

The resul ts  are given in the  Table. No s igni f icant  
differences were found  be tween the  ra t s  t r ea ted  wi th  
AMCA and  the  controls  of the  f ibr inolyt ic  ac t iv i ty  in the  
walls of the  large hea r t  vessels or of the  coronary  vessels. 
These f indings are compa t ib le  w i th  observa t ions  in organ 
cul ture  of veins in m e d i u m  wi th  an add i t ion  of AMCA. The 
ac t iva to r  con ten t  of these  vessel exp lan t s  did no t  differ 
f rom t h a t  of exp lan t s  cul tured  w i thou t  AMCA ( ~ S ~ D r ,  
to be publ ished) .  

Occurrence of m i c r o t h r o m b i  in the  glomeruli  ~-1~ has 
been repor ted  in some pa t i en t s  and a t h r o m b o t i c  s ta te  in 
one n dur ing  t r e a t m e n t  w i t h  EACA. B u t  in ex tens ive  

Fibrinolytic activity in the walI of the large heart vessels (aorta, art. 
and v. pulmonalis) and the coronary vessels of rats after treatment 
with AMCA 2 g/kg body weight a day for 2 weeks 

Groups Large heart vessels Coronary vessels 

AMCA 7.5 (6-8.5) 4.5 (2.0-6.0) 

Controls 6.0 (3.0-9.5) 4.25 (3.0-7,0) 

Arbitrary units. Median value and range. 

clinical invest igat ions ,  no increase in t h rombo t i c  com- 
pl ica t ions  has  occurred dur ing  such t r a e t m e n t  ~2-15 

In  the  previous  s tudy,  the  p o t e n t  f ibr inolyt ic  inh ib i to r  
AMCA was given in a large dose wi th  no effect  on the  
f ibr inolyt ic  ac t iva to r  co n t en t  in t he  vessel  wall. I n  
ag reemen t  wi th  t he  clinical experience,  the  results  thus  
argue against  AMCA, favour ing  the  deve lopmen t  of 
thrombosis .  

Zusammen/assung. R a t t e n  w u r d e n  mi t  hohen  Dosen 
des F ibr inolyse inhib i tors  T ranexamsgure  gefi~ttert. Die 
f ibr inolyt ische Ak t iv i tg t  der  grossen Herzgef/isse und  der  
Coronargef/~sse wurde  h i s tochemisch  un te r such t  und  mi t  
einer Kon t ro l lg ruppe  verglichen,  wobei  sich ergab, dass  
der  Gehal t  der  Gefgsswgnde an F ib r ino lyseak t iva to ren  
durch die Tranexams/ iure  n ich t  beeinf luss t  wurde.  
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Ciliary Action and Normal  Movement of Odorant 
Lepisosteus osseus 

The olfactory  receptors  of mos t  f ish are d i s t r ibu ted  on 
lamellae wi th in  the  nasal  capsule. Odoran t s  ord inar i ly  
reach the  o l fac tory  receptors  of f ish when  s t r eams  of 
wa te r  en te r  the  an te r ior  nares  and exi t  t h rough  the  poste-  
r ior  nares.  In  fish, th is  f low is normal ly  p roduced  by  
various combina t ions  of ac t ive  and passive mechan i sms  1. 

Since m o v e m e n t  of an odor/~nt wave- f ron t  across t he  
mucosa  m a y  be a re levan t  p a r a m e t e r  of o l fac tory  inpu t  e, 
i n fo rma t ion  concerning the  normal  m o v e m e n t  of odoran t  
wave  f ronts  would be useful to  those  s tudy ing  the  physio-  
logy of o l factory  s t imula t ion .  In  fish, flow pa t t e rn s  in the  
nasal  capsule have  been  s tud ied  only  in the  eel a. 

The  p re sen t  r epo r t  shows the  re la t ionsh ip  in t he  capsule 
be tween  flow p a t t e r n s  and  d i s t r ibu t ion  o5 receptors  on the  
lamellae of the  garfish,  Lepisosteus osseus. W e  suggest  t h a t  
ci l iary cur ren ts  are responsib le  for the  efficient del ivery  of 
odoran t  molecules to  the  o l fac tory  receptors ,  and  p r ev en t  
the  exis tence of an uns t i r red  layer  a long the  epi thel imn.  

Wavefronts in Garfish Nasal Capsule of 

Figure  1 i l lus t ra tes  the  left  nasal  capsule af ter  the  
dorsola tera l  wall has  been removed.  The lamellae are 
a t t a ch ed  to  the  capsule along the i r  media l  and  ven t ra l  
borders.  The nasal  capsule of the  garf ish has  no anci l lary 
p u m p i n g  s t ruc tures  such as are p resen t  in mos t  te leosts  1, 
and  flow is p roduced  by  act ion of cilia. In  a 0.75 m fish, 
the  capsular  vo lume (de te rmined  by  a para f f in -cas t ing  
procedure)  was 0.04 cm a, while t h a t  of a 1 m fish was 
0.065 cm 3. These volumes m a y  be over -es t imates  because 
of t issue shr inkage caused by  f ixa t ion  and t r e a t m e n t  
wi th  ho t  paraff in.  

1 H. KLEEREKOPER, Olfaction in Fishes (Indiana University Press, 
Bloomington 1969), p. 58. 

2 M. M. MOZELL and R. J. O'CoNr~ELL, J. Neurophysiol. 32, 51 
(1971). 
H. TEICmUAt,~N, Z. vergL Physiol. g2, 206 (1959). 


