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will  b e  r e p o r t e d  e l sewhere  5, a m i n o  acid ana lyses  in  add i -  
t i o n a l  12 P a r k i n s o n i a n  p a t i e n t s  d i d  n o t  show t h i s  ab-  
n o r m a l i t y  of a m i n o  ac id  m e t a b o l i s m .  Never the l e s s ,  t h e  

Table I. L-Proline in plasma 

Normal adults Patient K.M. 

160 4- 58 ~Mll 18; 11; 16; 231~MI1 

Means and standai:d deviations. 

Table II. Amino acids in plasma ([zM[1) 

Normal adults • Patient 
K.M. 

Glu 69 q- 26 94 
Gly 153 q- 43 120 
Ala 249 ~ 66 296 
Val 157 :}: 31 177 
I Leu 42 4- II 52 
Leu 97 -4- 24 85 
Tyr 38 ± 8 34 
Phe 36 + 7 37 
Lys 105--207 b 104 
His 32- 97 b 39 
Arg 40-140 b 41 

0rn 30- 64 b 42 

poss ib i l i ty  t h a t  h y p o p r o l i n e m i a  r e p r e s e n t s  a b i o c h e m i c a l  
f ac to r  in  t h e  P a r k i n s o n i s m  of t h i s  p a r t i c u l a r  p a t i e n t  can-  
n o t  be  exc luded .  

COOH 

HsNCH 

H H (~H~,)2 

Proline ~-At-pyrrol ine-5-carboxylate  ~ glutamic acid. 

The  b iochemica l  m e c h a n i s m s  r e spons ib l e  for  t h e  h y p o -  
p r o l i n e m i a  o b s e r v e d  a re  as  y e t  obscure .  A defec t  in  t h e  
a m i n o  acid ca r r i e r  s y s t e m  a p p e a r s  less p robab le ,  because  
glycine, wh ich  is t r a n s p o r t e d  b y  t h e  s a m e  ca r r i e r  sys t em,  
is n o t  affected.  T h e  o b s e r v a t i o n s  desc r ibed  r a t h e r  sugges t  
a n  e n z y m a t i c  b lock  in t h e  p a t h w a y  f rom g l u t a m i c  ac id  to  
p ro l ine  (Figure),  i n v o l v i n g  e i t h e r  t h e  cyc l i za t ion  s tep  to  
d l - p y r r o l i n e - 5 - c a r b o x y l a t e  or  t h e  h y d r o g e n a t i o n  b y  t h e  
e n z y m e  A~-pyr ro l ine -5-carboxyla te  r e d u c t a s e t  

Zusammen]assung. I m  Verg le i ch  zu e iner  K o n t r o l l -  
g r u p p e  ze ig ten  Aminos~ tu renana ly sen  i m  P l a s m a  eines 
P a t i e n t e n  m i t  P a r k i n s o n i s m u s  e ine  s t a r k e  u n d  isol ier te  
R e d u k t i o n  v o n  L-Prolin.  
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l~fean from 4 analyses with exception of arginine (3 determinations), 
runs were done at 4 different occasions within a period of 4 month. 
b The normal values for the basic amino acids are taken from 
SOUPART 8. 
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P. SOUPART, in Amino Acid Pools (Ed. J. T. HOLOEN; Elsevier, 
Amsterdam 1962), p. 220. 

7 This study was supported by Deutsche Forschungsgemeinschaft. 

E f f e c t  o f  S e r o t o n i n  D e p l e t i o n  o n  H C - 3 - I n d u c e d  S l o w  W a v e  S l e e p  o f  Cat 

I t  h a s  b e e n  s h o w n  in  cats ,  w i t h  ch r on i ca l l y  i m p l a n t e d  
i n t r a v e n t r i c u l a r  c a n n u l a e  as wel l  as  E E G  a n d  E M G  re-  
cord ing  e lect rodes ,  t h a t  t h e  4 t h  v e n t r i c u l a r  i n j ec t i on  of 
h e m i c h o l i n i u m - 3  (HC-3) dose d e p e n d e n t l y  increases  slow 
wave  sleep (SWS) t i m e  x. Since HC-3 is a chol ine  t r a n s p o r t  
inh ib i tor~ ,  3 a n d  t h e  ef fec t  is f r e q u e n c y  d e p e n d e n t  4, 5, i t  
was  r a t i ona l i z ed  t h a t  HC-3  b y  b lock ing  r e u p t a k e  of cho-  
l ine  p r e v e n t s  r e s y n t h e s i s  of ace ty l cho l ine  (ACh) a n d  lowers  
t h e  ACh c o n t a i n i n g  n e u r o n a l  a c t i v i t y  w h i c h  in  t u r n  in ,  
creases  S W S ,  a n d  t h i s  is i n t e r p r e t e d  t h a t  b r a i n  A C h  ac t i -  
ve ly  m a i n t a i n s  t h e  s t a t e s  of v ig i l ance  L Th i s  f inding ,  t h a t  
b r a i n  ACh d e p l e t i o n  leads  to  sleep, r e fu tes  t h e  c o n c e p t  of a 
chol inerg ic  h y p n o g e n i c  sys tem% 

T h e r e  is, however ,  a cons ide rab le  a m o u n t  of work  w h i c h  
suggests  t h a t  b r a i n  s e ro ton in  (5-HT) p lays  a s ign i f i can t  
role in  SWS.  T h e  s t r o n g e s t  s u p p o r t  of t h i s  c o n c e p t  comes  
f rom those  s tud ies  w h i c h  d e m o n s t r a t e s  t h a t  in  ca t s  5 -HT 
dep le t ion  w i t h  para-chlorophenylalanine (PCPA) leads  to  
i n s o m n i a  v-9. T h e  p r e s e n t  s t u d y  has ,  the re fore ,  b e e n  ex- 
t e n d e d  t o  i n v e s t i g a t e  w h e t h e r  or  n o t  b r a i n  A C h  d e p l e t i o n  
w i t h  HC-3  leads  to  5 - H T  release  in t h e  b r a i n  w h i c h  in  t u r n  
induces  SWS.  Thus ,  HC-3  i nduced  S W S  t i m e  was  mea-  
sured  in  ca t s  before  a n d  a f t e r  P C P A  t r e a t m e n t .  I f  HC-3 
u l t i m a t e l y  induces  S W S  b y  caus i ng  5 - H T  release t h e n  
P C P A  t r e a t m e n t  shou ld  b lock  or  a l t e r  S W S  t i m e  due  to  
HC-3, s ince P C P A  is a r e l a t ive ly  se lec t ive  5 -HT dep le to r  ~0. 

Resu l t s  p re sen ted  here  were col lected f rom c a t s r e p o r t e d  
in a p r ev ious  pub l i c a t i on  1 wh ich  also r e p o r t e d  t h e  m e t h o d s  
of surgical  p r e p a r a t i o n s  and  record ing  a r r a n g e m e n t s .  I n  
brief,  each  ca t  was  s t e reo tax ica l ly  i m p l a n t e d  w i t h  deep  
a n d  surface  b r a i n  e lectrodes  as wel l  as a neck  musc le  elec- 
t r ode  for  r ecord ing  chron ica l ly  b o t h  E E G  a n d  E M G  in 
freely m o v i n g  condi t ions ,  a n d  a ¢ th  v e n t r i c u l a r  c a n n n l a  

1 j .  HAZRA, Europ. J. Pharmae. 71,395 (1970). 
J. E. GARDINER, J. Physiol,, Lend. 138, 13P (1957). 
F. C. MACINTOSH, Can. J, Biochem. Physiol. ,/1, 2353 (1963). 

4 N. L. RmTZEL and J. P. LO~CG, Arch, int. Pharmacodyn. I/9, 20 
(19s9). 
J. HAZRA and S. EHRENPREIS, Arch. int. Pharmacodyn. 184, 277 
(1970)~ 

e R .  HER•kNDEz-PE6N, G. CltAVEZ-IBARRA, P.J. MORGANE and 
C. TIMO-IARIA, Expl. Neurot. 8, 93 {1963). 
F. DELORME, J. L. FROMENT et M. JouvEr, C. r. Soc, Biol., Paris 
t60, 2347 (1966). 

s M. JOUVET, Science 163, 32 (1969). 
9 W. P. KOELLA, A. FELOSTmN and J. S. CZICMAN, Electroenceph. 

din. Neurophysiol. 25, 481 (1968). 
10 B. K. KoE and A. WEISSMAN, J. Pharmac. exp. Ther. lad, 499 

(1966). 



910 Specialia EXPERIENTIA 27/8 

for injecting the drug. Following completion of the in- 
vestigation, the electrode positions were verified histologi- 
cally according to a stereotaxic atlas of the cat brain 11. 
Three to 4 weeks post-operatively, the cats were placed 
individually in a light and temperature-controlled, sound- 
at tenuated recording chamber with a one way viewing 
mirror. In the chamber they had access to food and drink 
ad libitum. Each recording session lasted between 10.00 

to 17.00 h during which E E G  and EMG both were recorded 
on a polygraph (Grass model-7) and corresponding be- 
havioral changes were noted. Each cat was exposed to 2 
experimental conditions: 1. After 1 day of acclimatization 
to the recording arrangement a day of control (day 2) re- 
cording followed. On day 3, 5 ~g HC-3 dissolved in 50 ~1 
of sterile saline were injected into the 4th ventricle over 
a period of 60-70 sec; 5 [xg were used since in the previous 
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s tudy  1 th is  dose of HC-3 ef fec t ive ly  faci l i ta ted SWS.  5 I~g 
of HC-3 increased 6 h S W S  t i m e  of cats  A, B, and C f rom 
163, 152 and 147 min  to  250, 226 and 248 min  respect ively .  
There  was no qua l i t a t i ve  difference in S W S  be tween  the  
control  day  and HC-3 day.  I t  consis ted of bo th  l ight-  and 
deep-SWS.  Light -  f rom d e e p - S W S  was d i f ferent ia ted  
main ly  on the  basis of the  d is t r ibut ion  of h igh  vol tage  
slow waves  af ter  a pa r t i cu la r  segment  was classified as 
a sleep, which was based on E E G ,  EMG, as well  as be- 
haviora l  notes  and is consis tent  wi th  t he  me thods  of UR- 
SIN 12 (see also ref. by  URSlN). E x a m p l e s  of these 2 types  of 
S W S  due to 5 ~g of HC-3, before P C P A  t rea tment ,  a re  
shown in t h e  Figures  A and B. 2. The  2nd expe r imen ta l  
condi t ion  was in i t ia ted  15 days  a f te r  the  1st. Fo l lowing  a 
day  of acc l imat iza t ion  and a day  of control  recording,  each  
ca t  was in jec ted  a t  10.00 h on the  n e x t  d a y  wi th  P C P A  
(150 mg/kg,  i.p.) which  was suspended (I00 mg/mI)  in 
sterile s teroid suspending vehic le  (formula, ref2).  As ex-  
pec ted  f rom the  s t udy  of KOELLA et  a12, 150 m g / k g  i.p. 
P C P A  reduced s ignif icant ly  the  S W S  t ime  of all  cats. I n  
the  48 h pos t -PCPA recording session cats A, B and C 
demons t r a t ed  o n l y l l ,  0 and 7 rain of l i g h t - S W S  in the  6 h 
period. 72 h af ter  P C P A  t r e a t m e n t  t he  effect  of 5 ~g, of 
HC-3 adminis te red  in t r aven t r i cu la r ly  was reexamined  
and this  t i m e  cats  A, B and C demons t r a t ed  only  76, 25 
and 51 min  of S W S  dur ing the  6 h period. This  cons t i tu te  
a 70%, 89% and 80% loss respec t ive ly  of the  HC-3 effi- 
cacy  to induce S W S  when  compared  to  the  effect  of  HC-3 
before PCP2k t r ea tmen t ,  and is s ta t i s t i ca l ly  s ignif icant  
(p < 0.01) b y  S tuden t ' s  t-test.  Fu r the rmore ,  P C P A  pre- 

t r e a t m e n t  no t  on ly  v i r t u a l l y  abol ished deep-SWS,  b o t h  
dur ing  the  cont ro l  recording session (i.e., 48 h pos t -PCPA)  
and in t he  recording session af te r  HC-3 admin i s t r a t ion  in 
P C P A  p re t r ea t ed  an imal  (i.e., 72 h pos t -PCPA) ,  b u t  also 
a t t enua t ed  l ight -S 'WS as evidenced in the  background  
electrical  a c t i v i t y  level,  i.e., increase in low vol tage  fast  
act ivi ty ,  especial ly  in the  deep areas of the  brain. F igure  C 
shows the  P C P A  induced change in the  E E G  of l i g h t - S W S  
due to HC-3. 

The  fact  t h a t  P C P A  t r e a t m e n t  causes sleeplessness in al l  
cats  supports  the  con ten t ions  of others  t h a t  bra in  5 -HT 
is an essential  e l emen t  in SWS~-L  Fur the rmore ,  this  
finding, t h a t  p r e t r e a t m e n t  w i t h  P C P A  reduces the  eff icacy 
of HC-3 to induce  SWS,  suggests  t h a t  in t he  bra in  a loss in 
t he  tonic ac t iv i ty  of ACh con ta in ing  neurons  leads to 5 -HT 
release which in t u r n  induces  SWS.  This  is suggested be- 
cause HC-3 induces S~VS b y  reduc ing  the  tone  of  h igh ly  
ac t ive  ACh conta in ing  neurons  1. However ,  P C P A  blocks 
synthesis  of 5 -HT x° and 150 m g / k g  i.p. P C P A  lowers 
bra in  5-HT level of the  ca t  9, and p r e t r e a t m e n t  wi th  
150 mg/kg  i.p. P C P A  (i.e., b ra in  5 -HT depletion) reduces 
s ignif icant ly (70%-89%)  the  HC-3 (i.e., ACh depletor) 
eff icacy to induce SWS. As bra in  5 - H T  deplet ion wi th  
P C P A  t r ea tmen t  reduces the  HC-3 eff icacy to induce SWS, 
HC-3 therefore by  reducing  the  tonic  ac t i v i t y  of ACh 

it R. S. SUmER and W.T. NIIH~tER, A Stereotaxic Atlas of the Cat 
Brain (University of Chicago Press 1961). 

lz R.  URSlN, B r a i n  Res. II ,  347 (1968). 
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Monopotarly recorded (indifferent electrode, frontal Nnus polygraph record of acat withchronicatlyimplantedelectrodesanda4thventri- 
cular cannuta, taken from 2 different recording sessions, each recorded after 5 ~.g of hemicholinium-3 in 501xl sterile saline administered 
intraventricularly over a period of 60-70 see. A) and B) recorded before,p-ehlorophenylalalnine (PCPA) treatment and shows light slow 
wave ~leep (A) and deep slow wave sleep (B). C) is from the recording session 72 h after 150 mg]kg i.p. PCPA treatment and also shows light 
slow wave sleep. Note the change caused by PCPA treatment in the EEG which consists of background low voltage fast activity, especially 
in the deep areas (MRF and CAU) even when the animal is in light slow wave sleep (C). R, right; L, left; NTS, nucleus tractus solitarii; 
VC, visual cortex; MRF, mesencephalie reticular formation; CAU, Caudate nucleus; HIP, Hippoeampus (ventral); EMG, Eleetromyo- 
gram (neck muscle) l TM, Time marker, 1 see. 
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conta in ing  neurons of t he  bra in  mus t  cause 5 -HT release 
and the reby  induces SWS.  This  suppor ts  t he  no t ion  t h a t  
in the  bra in  a loss in the  tonic  ac t i v i t y  of ACh conta in ing  
neurons  leads to  5 -HT release which in t u r n  induces S'vVS. 

Af te r  P C P A  t r ea tmen t ,  the  cats  fai led to  show deep- 
S W S  and  the  background  electr ical  a c t i v i t y  level  dur ing  
l i g h t - S W S  was high in low vo l tage  fas t  a c t i v i t y  (Figure C) 
compared  to  the  electr ical  a c t i v i t y  level  before the  P C P A  
t r e a t m e n t  (Figure A). This  m a y  be expla ined on the  basis 
t h a t  the  in i t ia t ion  of l i g h t - S W S  probab ly  takes  place wi th  
the  release of 5 -HT and ma in tenance  of this  phase leading 
to d e e p - S W S  is the  consequence of 1. an  ava i lab i l i ty  of 
more  5-HT, and 2. accumula t ion  and escape of its in ter -  
med ia te  me tabo l i t e  f rom the  synapt ic  cleft  to ex t race l lu lar  
spaces in adequa te  concentra t ion.  Consis tent  w i th  th is  
v iew is the  f inding t h a t  100 ng of 5 -hydroxy t ryp topho l  in 
50 ~1 sterile saline, when in jec ted  into t h e  4 th  ven t r ic le  of 
cats  w i th  a chronic  recording device,  induces b o t h  be- 
haviora l  and  E E G  signs of SWS,  whereas  a dose of 50 ng 
was n o t  effect ive  in inducing  S'vVS (unpubl ished obser-  
vat ion) .  

Zusammen/assung. Hemicho l in ium-3  (HC-3) in den 4. 
Vent r ike l  der  Ka t ze  verabre icht ,  bewi rk t  l angsamen  
Schlaf. Vorbehand lung  m i t  para-Chlorophenylalanin ver-  
m inde r t  die SVirksamkeit  des HC-3-  H e m m u n g  zent ra ler  
cholinergischer  Nervenze l len  f i ihr t  ve rmu t l i ch  zur  Fre i -  
se tzung yon  Serotonin  und d a m i t  zu I angsamem Schlaf.  

j .  HAZRA 13,14 

Worcester Foundation/or Experimental Biology, 
Shrewsbury (Massachusetts 01545, USA), 
22 February 1977. 

13 Supported in part by Foundation's general research fund No. 
FRO5528. The valuable suggestions of Dr. J. R, BEgGEN in the 
preparation of the manuscript is gratefully acknowledged. I thank 
Dr. U. Sc}Ia~PPx for the histological service and Dr. A. FELDSTEIN 
for the gift of p-chlorophenylalanine and 5-hydroxytryptophol. 
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Propert i e s  of Granules  that Contain Kal l ikrein and Renin  ~ 

The r ichest  source of kal l ikrein  in the  body is the  sub- 
max i l l a ry  gland of the  ra t  2, A s ignif icant  a m o u n t  of t he  
enzyme  in th is  g land is located in subcel lular  part icles,  in 
granules  3. The  submax i l l a ry  g land of t he  whi te  adu l t  male  
mouse  conta ins  less kal l ikrein  b u t  i t  has  renin as well  in 
large quan t i t i e s*-L  Granules  ob ta ined  f rom the  homo-  
genized gland of t he  mouse  released b o t h  kat l ikre in  and 
renin.  4 d i f ferent  cen t r i fuga t ion  procedures,  however ,  
h a v e  fai led to  separa te  the  kal l ikre in  and renin  con ta in ing  
par t ic lesL The  present  repor t  describes some addi t iona l  
proper t ies  and  separa t ion  of kal l ikre in  and renin  conta in-  
ing the  granules.  

Materials and methods. White ,  over  60-day-old Swiss 
male  mice (Webster) were sacrificed and the  submaxi l l a ry  
glands were homogenized  as described p rev ious ly  7. The  iso- 
la ted  granules  were col lected a t  480 g in a 0.25/~f sucrose 
solut ion or a t  800 g in a 0.88M sucrose solut ion buffered wi th  
5 mM Tris of p H  7.4. The  enzymic  ac t iv i t ies  of the  gran-  
ules were de te rmined  af te r  lysing t h e m  wi th  0.1~o Tr i ton  
X-100 or  af ter  repea ted  freezing and thawing  ~. 7. Mill ipore 
f i l t ra t ion  was carr ied ou t  in a 0.88 2/ /sucrose  solut ion wi th  
a Swinny  adap te r  a t t a ched  to  a 3 ml  syringe.  The  pore  
size of  the  f i l ters  ranged  f rom 0.45 to  3.0 ~tm. 

I sopycnic  grad ien t  cen t r i fuga t ion  was per formed  in a 
d iscont inuous  sucrose dens i ty  g rad ien t  rang ing  f rom 
1~62 M to 1.84 M" wi th  an  increase in mo la r i t y  of 0.02 for 
each layer.  The  cen t r i fuga t ion  was done a t  room t empera -  
tu re  for 4 h at  40,000 g in a Spinco L-2 65 p repa ra t ive  
u l t racent r i fuge .  

R a t e  zonal  cent r i fugat ion  was carr ied ou t  in a discont in-  
uous sucrose dens i ty  gradient  using Spinco band forming  
caps. The  grad ien t  was formed by  layer ing 6 t imes  2 ml  
v o l u m e  of sucrose solut ion of molar i t ies  increasing step- 
wise f rom 1.0 to  1.5 2//. A SW 25.1 ro tor  was used in the  
u l t racent r i fuge  a t  room tempera tu re .  

The  hydrolys is  of benzoyl-L-arginine e thyl  ester  (BAEe) 
was de te rmined  in a Cary recording UV-spec t rophoto-  
me te r  s. Ren in  a c t i v i t y  was measured  by  assaying the  
a m o u n t  of angiotens in  l ibera ted  by  the  enzyme  f rom puri-  
fied angiotensinogen on the  sys temic  ar ter ia l  blood pres- 
sure of t he  p i thed  ra t  L Kin in  release by  kal l ikrein f rom a 

puri f ied h u m a n  kininogen subs t ra te  was followed on the  
isolated ra t  uterus~. 

Results. We  showed prev ious ly  t h a t  isolated granules  
f rom the  ra t  or  mouse  submax i l l a ry  gland released the i r  
enzyme  con ten t  when  kep t  a t  0 °C, b u t  no t  a t  r o o m  t e m -  
pe ra tu re  3, 7. Of t he  var ious  agents  tes ted,  l aury l  alcohol,  
p rev ious ly  used to  s tabi l ize  amylase  conta in ing  granules  
f rom the  paro t id  g land s, s tabi l ized also t he  m e m b r a n e  of  
t he  granules  f rom t h e  mouse  submaxi l l a ry  gland.  W h e n  
incuba ted  for 30 min  in a 0.25 2 / / sucrose  solut ion a t  0°C, 
74% (68-79) of B A E e  esterase ac t i v i t y  was released into  
the  supe rna t an t  f luid on s tanding  for 20 rain f rom the  
t rea ted  particles.  I n  cont ras t  only  41% (18-51) of the  
ac t i v i t y  was l ibera ted  in the  presence of 10 -8 M laury l  
alcohol,  

The  m e m b r a n e s  of t he  granules  were  fu r the r  s tabi l ized 
when, in add i t ion  to laury l  alcohol,  g lu ta ra ldehyde  
(0.025%) was added  to  the  incuba t ion  mix ture .  The  gran- 
ules so t r ea ted  lost  only  28% (22-41) of the  esterase ac- 
t i v i t y  in to  the  supe rna t an t  f luid on s tanding,  while  in  
these exper iments  the  un t r ea t ed  cont ro l  released 78~/o 
(74-88) a f te r  s tanding  for 30 rain in an  ice bath .  H ighe r  
concent ra t ions  of g lu ta ra ldehyde  s ignif icant ly  reduced t h e  
r ecovery  of enzymic  ac t iv i ty .  
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