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Fig. 2. Averaged ERG at different intensifies (1-2-4-8-16) with a frequency of 1 Hz. A) Normal ERG; B} abolition of the oscillatory 
potentials 1 h after 0.005 g of glycine, and C) recovery of the oscillatory potentials 24 h after glycine (Rabbit Nr. 55). 

t he  second O P  d isappears .  3. The  p e a k t i m e s  of O P  1 a n d  
O P  2 are s l igh t ly  increased  d u r i n g  t he  decrease.  4. The  
m e a n  a m p l i t u d e  of t h e  b -wave  r em a i ns  normal ,  i ts  des- 
cend ing  slope is, however ,  p r o p o r t i o n a l l y  increased.  5. The  
ave raged  l a t e n c y  of t h e  a -wave  r em a i ns  n o r m a l  b u t  t he  
p e a k - t i m e  a n d  t h e  m e a n  a m p l i t u d e  are increased  be t ween  
2 to  10 h a f t e r  t he  in j ec t ion  of t he  s t ronger  dose a n d  be t ween  
4 to  6 h a f t e r  t he  in j ec t ion  of t he  weake r  one. 6. C F F  re- 
m a i n s  n o r m a l  for t h e  h ighe r  in tens i t i e s  of s t i m u l a t i o n  dur-  
ing t h e  ac t ion  of t h e  d rug  b u t  decreases  for t he  lower  in- 
tensi t ies .  7. F l i cker  a t t e n u a t i o n  curves  of O P  1, 2 and  3 
p e a k  t imes  show a p r o p o r t i o n a l l y  increased  a t t e n u a t i o n  of 
t he  lower  frequencies .  

A V E R  (Averaged  Visua l  E v o k e d  Responses) .  1. A di- 
m i n u t i o n  of t h e  ear ly  c o m p o n e n t  w i t h  cons e r va t i on  of t he  
l a t e r  one was found.  2. The re  was an  increased  l a t e n c y  of 
the  f i rs t  nega t i ve  wave.  

Recuperation. E R G .  t o t a l  r ecove ry  t akes  place  in 24 h 
a f t e r  t he  in j ec t ion  of t he  s t ronge r  dose a n d  in 10 to  12 h 
a f t e r  t he  in j ec t ion  of t he  weaker  one. 

I n  t he  f i r s t  s tage of recovery,  t h e  f i rs t  osc i l la tory  po ten-  
t i a l  increases  fas te r  t h a n  t h e  o t h e r  two.  T he  p e a k  t i m e s  of 
t he  O P  1 and  O P  2 are reduced.  T he  t h i r d  osc i l la tory  po- 
t e n t i a l  showed 2 d i s t i n c t l y  s e p a r a t e d  peaks  a t  32.5 msec 
a n d  42.2 msec. The  f i rs t  of these  peaks  p rogress ive ly  t akes  
t he  place of t h e  or ig ina l  O P  3 (X:  35,30 msec  4- 1.89) 9. 
The  second p e a k  s lowly decreases  i t s  a m p l i t u d e  a n d  dis- 
appea r s  in  t he  descend ing  slope of t he  b -wave .  

A V E R .  The re  was a t o t a l  r e cove ry  of t h e  ea r ly  compo-  
n e n t  in  t he  same  t i m e  lapse. 

Discussion. The  or ig in  of t he  osc i l la tory  p o t e n t i a l s  has  
been  t he  sub jec t  o f - m a n y  hypo theses .  T he  n a t u r e  of t he  

osci l la t ions  is st i l l  obscure  4, 9, n.  A n i m a l  s tudies ,  w i t h  t he  
aid of i n t r a r e t i n a l  and  in t r ace l lu l a r  record ings  w i t h  micro-  
electrodes,  c o m b i n e d  w i t h  e lec t ron  mic roscopy  studies ,  
f u r t h e r  e luc ida ted  t he  or igin of t he  osc i l la tory  po ten t ia l s .  
BROWN 1~ p o s t u l a t e d  t h a t  t h e  osc i l la tory  p o t e n t i a l s  are 
gene ra t ed  in neu ra l  f eedback  ci rcui ts  in  t h e  i nne r  nuc lea r  
aye r  of Cyllomolgus m o n k e y ' s  re t ina �9  Morpho log ica l ly  a 
feed-back  s y n a p t i c  a r r a n g e m e n t  of amacr ines  and  b ipo la r s  
was suggested  b y  DOWLING a. The  p r e sen t  work  shows t he  
e l i m i n a t i o n  of t he  osc i l la tory  po t en t i a l s  in  t he  r a b b i t  E R G  
b y  glycine w i t h  pa r t i a l  b lock ing  of t he  A V E R .  Be ing  in 
accordance  w i t h  ]~RUUN a n d  EHING1~R 1, o u r  resul t s  are 
qu i te  c o m p a t i b l e  w i t h  t he  a s s u m p t i o n  t h a t  g lycine  m a y  be 
an  i n h i b i t o r y  n e u r o t r a n s m i t t e r  in  ce r t a in  ne rve  cells of the  
inne r  p l ex i fo rm layer  in  t he  r a b b i t  r e t i n a  ( synap t ic  ama-  
cr ine c o n t a c t  ?) w i t h  a p r o b a b l e  func t i on  re l a t ed  to t he  ori- 
gin of t he  osc i l la tory  po ten t i a l .  

Rdsumd. L ' i n j e c t i o n  i n t r a v i t r 6 e n n e  de Olycine (0.005 et  
0.002 g) chez le l ap in  e n t r a l n e  l ' a b o l i t i o n  des po ten t i e l s  os- 
c i l la toi res  de I'E1RG m o y e n n 6  pho top ique ,  ph4nom6ne  r6- 
vers ib le  en 12-24 h. La  Glycine  exerce p r o b a b l e m e n t  u n  
effet  i n h i b i t e u r  sur  l '61ectrogen6se des po t en t i e l s  oscilla- 
toires.  
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Permeability of the Blood-Brain-Barrier in Lymphostatic Encephalopathy Combined with 
Complex Vitamin B Deficiency. The Protective Effect of Vitamin (Factor) P Treatment 

I n  sp i te  of t he  we l l -known  absence  of l y m p h  vessels  ba r r i e r  (BBB).  Th i s  has  been  d e m o n s t r a t e d  b y  means  of 
f rom t h e  b r a i n  t issue,  cervical  l y m p h a t i c  b lockage  resul t s  t he  e lec t ron  microscope,  us ing  t h o r o t r a s t  as a t r a c e r  1, b y  
ill a n  e x p e r i m e n t a l  disease, l y m p h o s t a t i c  e n c e p h a l o p a t h y ,  t he  E v a n s  b lue  f luorescence t e c h n i q u e  9 a n d  b y  chemica l  

�9 Th i s  s y n d r o m e  is cha rac t e r i s ed  b y  va r ious  p a t h o p h y s i o -  ana lys i s  of E v a n s  b lue  u p t a k e  b y  t he  b r a i n  t i ssue  3. Re-  
logical  a n d  n e u r o p a t h o l o g i c a l  a l t e ra t ions ,  i.e. b y  ce rebra l  cent ly ,  SEll)EL a n d  BACK ~, us ing  h a r m i n e  as all ind ica tor ,  
o e d e m a  w i t h  all increased  p e r m e a b i l i t y  of t he  b l o o d - b r a i n  d e m o n s t r a t e d  a p r o l o n g a t i o n  of t h e  t r e m o r - i n d u c i n g  effect  
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of ha rmine  and  a s ignif icant ly  e levated  ha rmine  con ten t  
of bra in  t issue in ra ts  suffer ing f rom lymphos t a t i c  ence- 
pha lopa thy .  

Cerebral oedema and  collapse of the  B B B  are well- 
known  consequences  of severe v i t amin  B~ deficiency, too, 
In  the  p resen t  paper ,  a complex  v i t amin  B deficiency has 
been  induced  and its effect  on tile BBB,  b o t h  alone and  in 
combina t ion  wi th  l y m p h o s t a t i c  encepha lopa thy ,  has  been  
studied.  In  a fu r the r  series, the  influence of t r e a t m e n t  wi th  

Composition of diets used 

Groups 1 -k 2 Groups 3-7 
(Mtromin C 1000) (Altromin C 1000 without 

B-vitamins) 

Casein 22 % Casein 22 % 
Rice starch-flour 64% Rice starch-flour 64% 
Soja oil 2% Soja oil 2% 
Cellulose powder 4% Cellulose powder 4% 
Minerals 6 % Minerals 6 % 
Vitamins �9 2% Vitamins b 2% 

~)itamins : b Vitamins : 

DL-Methionin 1.200 mg Vitamin A 15.000 I.U. 
Vitamin A 15.000 I.U. Vitamin D a 500 I.U. 
Vitamin D~ 500 I.U. Vitamin E 150 I.U. 
Vitamin E 150 mg Vitamin K s 10 mg 
Vitamin K~ 10 mg Vitamin C 20 mg 
Vitamin B 1 HCI 20 mg 
Vitamin B~ 20 mg 
Vitamin B a HCI 15 mg 
Vitamin Bi~ 30 Jig 
Pantothenic acid 50 mg 
Nicotinic acid 50 mg 
Cholinehlorid 1.000 mg 
Folio acid 10 mg 
Biotin 200 [zg 
Inosit 100 mg 
p-amino benzoic ae. 100 mg 
Vitamin C 20 mg 

two memb er s  of t he  ' v i t ami n  P family ' ,  i.e. coumar in  and  
t roxeru t in ,  has  been  inves t iga ted .  Po lyv iny lpyr ro l idone  
(PVP),  w i th  a molecular  weigh t  of 40,000, was used as an 
indica tor  of the  pe rmeab i l i t y  of t he  BBB.  

Materials and methods. 60 d' Wis t a r  ra t s  (200 4- 20 g) 
were d iv ided  in to  7 groups. Group 1. For  49 days  the  ra t s  
were fed a d ie t  r ich in B v i t ami n s  (Table). Be tween  the  
42th and 49th day  17 ml /kg  saline was in jec ted  i.p. On the  
45th day  a sham opera t ion  was pe r fo rmed  under  n e m b u t a l  
anes thes ia :  F r o m  a midl ine  incision on the  neck, cervical  
l y m p h  nodes  were p repa red  b u t  no t  l igated.  On the  49th 
day  700 mg/kg  P V P  was admin i s t e red  i.v. 

After  comple t ing  the  infusion, t he  ra t s  were anes the t iz -  
ed. The abdomina l  aor ta  was p repa red  and  cannu la t ed  
and  blood was w i t h d r a w n  for P V P  de te rmina t ion .  Af ter  
dissect ing the  vena  cava  inferior,  saline was infused into 
t he  aor ta  w i th  a pressure  of 2 m HsO unt i l  clear wa te r  left  
t he  vena  cava.  Final ly ,  skull was opened  and  bra in  re- 
m o v e d  in to te .  P V P  con ten t  was e s t ima ted  in homogenized  
bra in  t issue and  in blood p l a sma  according to the  m e t h o d  
of LI~vY &rid FERGUS 5. P V P  con ten t  of cerebral  t issue was 
calculated as percen tage  of p l a sma  concent ra t ion .  

Group 2. In  th is  group, p rocedure  differed only in one 
respec t  f rom t h a t  descr ibed in group 1 : I n s t ead  of a s h a m  
operat ion,  radical  cervical  l y m p h  blockage was pe r fo rmed  
by  carefully l igat ing all cervical  l y m p h  nodes  found.  
Group 3. For  49 days  the  animals  were fed a d ie t  free of 
v i t ami n s  of the  t3 group (Table). Otherwise,  p rocedure  
was the  same as t h a t  employed  in geoup 1. Group 4. Pro-  
cedure was the  same as in group 3, but ,  ins tead  of a sham 
operat ion,  a cervical  l y m p h  blockae was performed.  
Group 5. P rocedure  was the  same as in group 4, w i t h  one 

t F. Joo,O. T. ZOLTkN, B. CSILLIK, M. F()LDI, Angiologica 6, 318 
(1969). 

2 T. VARKONYI, F. Joo, B. CSILLIK, O. T.  ZOLTs M. !~/5LDI, Angiol- 
ogica 6, 275 (1969). 

3 U.X. WENDEL and G. SEIDEL, Pharmacology 7, 17 (1972). 
4 G. SEIDZL and G. G. BACK, Blood-Brain-Barrier of rats with 

lymphostatic encephalopathy. Lecture, Frtihjahrstagung d. 
Deutseh. Ges. Pharmak., Mainz 1973. 
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The influence of lymphostatic encephalopathy, of complex vitamin B deficiency, of lymphostatie encephalopathy combined with complex 
Vitamin B-deficiency and of various treatments on the permeability of the BBB. 1. Normal diet, sham operation, saline treatment; 
2. Normal diet, lymph blockage, saline treatment; 3. B-avitaminosis, sham operation, saline treatment; 4. B-avitaminosis, lymph blockage, 
saline treatment; 5. B-avitaminosis, lymph blockage, vitamin-B-treatment; 6. B-avitaminosis, lymph blocage, Coumarin treatment; 
7. B-avitaminosis, lymph blockage, Troxerutin treatment. 
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difference : during the Iast week, the rats were treated with 
the following vitamins:  Vitamin B~, 40; lactoflavin, 23; 
niamid, 160; pyridoxin, 16; panthothenic acid, 240; biotin, 
2 mg/kg, and cyanocobalamin, 80 y/kg body weigth 
(BVKS). Group 6. Procedure differed from that  used in 
group 5 only in one respect: instead of Vitamin /3, con- 
mat in  v was given (25 mg/kg/day). Group 7. Procedure dif- 
fered from that  used in group 6 by injecting troxerutin s 
(500 mg/kg/day) instead of coumarin. Data were analysed 
statistically by variance analysis. 

Results. After cervical lymphatic blockage, permea- 
bility of the BBB increases significantly in rats fed the 
normal diet. Complex vi tamin B defiency had the same 
effect. By combining Vitamin B deficiency and lymphosta- 
tic encephalopathy, the lesion of the B13B was the most 
pronounced. This combined effect could be influenced 
therapeutically not only by the administration of the Vit- 
amin 13 drug BVK, but  also by the 2 members of the 
'vi tamin P-family', coumarin and troxerutin. 

Zusammen/assung. Die bereits bekannte Permeabili- 
t~ttszunahme der Blut-Hirnschranke be/der  lymphostati- 
tischen Enzephalopathie wurde mittels ether neuen Me- 
thode best~Ltigt: i.v. infundiertes PVP, mit  einem Mole- 
kulargewicht yon 40.000, drang bet normalen Kontroll- 

fat ten in die Hirnsubstanz nicht ein; bet Tieren mit  einer 
lymphostatischen Enzephalopathie war PVP in der Hirn- 
substanz nachweisbar. Eine komplexe B-Avitaminose 
fiihrt ebenfalls zum Eindringen yon PVP in die Hirnsub- 
stanz; eine Kombination zwischen lymphostatischer En- 
zephalopathie und komplexer B-Avitaminose hat eine 
Addition der Permeabilit/itsst6rung zur Folge. Zwei in die 
((Vitamin P-Familie~ gehSrende Stoffe, Cumarin und 
Troxerutin, iibten einen weitgehenden protektiven Effekt 
gegen die Zunahme der Permeabilit~it der Blut-Hirn- 
schranke aus. 

ETHEL F6LDI-BSRCS6K and M. FOLDI 

Research Laboratories, Schaper und Bri~mmer, 
P.O. Box 1760, D-3324 Salzgitter-Ringelheim (Germany). 
6 March 1973. 

BVK Roche% Hoffmann-La Roche AG, Grenzach/Baden (Ger- 
many). 

7 A component of Venalot | Schaper and Brtimmer, Salzgitter- 
Ringelheim (Germany). 

s A component of Venalot *, Schaper and Briimmer, Salzgitter- 
Ringelheim (Germany). 

Myocardial Concentrations of High Energy Phosphates in Normal Mini-Pigs and Dogs I 

In  recent years evidence indicating that  the use of mini- 
pigs and swines might offer distinctive advantages in 
comparative cardiovascular research has accumulated 2,a. 
In this paper we report on the normal myocardial 
concentration and distribution of ATP, ADP, creatine 
(Cr) and creatine phosphate (CrP)in mini-pigs, comparing 
the results with values obtained in dogs. As the myo- 
cardial stores of high energy phosphates are of primary 
importance for the mechanical performance of the 
heart ~-9, this work will serve as a basis to study heine- 
dynamic and metabolic alterations during a controlled 
reduction of coronary flow. 

Materials and methods. 6 mini-pigs (27-39 kg) of the 
G6ttinger breed, premedicated with 0.5 mg/kg azaperon 
(Stresnil| 3 mg/kg phencyclidin-I-tC1 (Parkesernyl | 
and 0.1 mg/kg atropine-sulfate were connected to a 
respirator (Bird-Mark IX) and ventilated initially with 
1 vol.% and after reaching surgical tolerance with 
0.5 vol. % of methoxyf!uran (Pentrane| in 50 vol. % 
oxygen and 50 vol. % air at 20 cycles/rain. The pO2, 
pCO2 and pH of the arterial blood were controlled during 
the experiments and constantly readjusted to preoperative 
values. Details of the anaesthesia will be published 
elsewhere 10. 

Eight mongrel dogs (18-24 kg) premedicated with 
1.25 mg/kg methadon-He1 (Polamivet | and 0.5 mg/kg 
propionyl-promazin (Combelen | were anaesthetized 
with 25 mg/kg pentobarbital-sodium (Vetanarcol | They 
were connected to an Engstr6m-respirator and ventilated 
with a mixture of 50 vol. % 02 and 50 vol. % air at 
20 cycles/min. 

After a thoracotomy on the left side, the heart was 
exposed. Proceeding from the apex to the base of the left 
ventricle, two to four biopsies were obtained at intervals 
of 30-60 sec. We used a small WOLLENBERG]~R-tong 1* with 
cutting edges (details of construction on request) pre- 
cooled in liquid nitrogen. Slices of tissue with a thickness 
of less than 1 Am weighing between 40-120 mg were 
obtained. 

The frozen tissue was freeze-dried, pulverized in a 
mycrodysmembrator (Braun, Melsungen) and extracted 
with freezing 0.6M HC104 under constant stirring in an 
alcohol bath of --70~ The suspension was centrifuged 
for 3 rain at --4~ The sediment was re-extracted with 
0.45M HC104 under the same conditions. The combined 
extracts were neutralized to p i t  6 with 54 m M  triethanol- 
amine in 2 M  K2CO a. The supernatant  obtained after 
centrifugation was kept at 0 ~ and used for analysis. 

1 Supported by the Swiss National Science Foundation (Grant 
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2 Swine in Biomedical Research (Eds. L. K. BUSTAD and R. O. 
~[cCL]ELLAND; Frayn Printing Co., Seattle 1966). 
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