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2 , 6 - D i c h l o r o b e n z y l i d e n e  A m i n o  G u a n i d i n e  A c e t a t e  

Several  useful hypo tens ive  (i.e., an t ihyper tens ive)  
compounds  have  been  in t roduced  in the  recen t  past .  
However ,  no subs tance  has  as ye t  satisfied all cr i ter ia  for 
effect iveness  and absence of un toward  actions. Therefore,  
the  search for more  efficacious and  safer drugs continues.  
Wy-8678 (2, 6-dichlorobenzyl idene amino  guanidine  ace- 
tate)  represen ts  a new class of hypo tens ive  agents.  I t  
bears  s t ruc tura l  s imilari t ies to  two o ther  effective drugs, 
i.e., guane th id ine  and St  155 [Catapres, 2-(2,6-dichloro- 
phenylamino-2- imidazol ine  hydrochlor ide)] .  The p resen t  
repor t  compares  the  hypo tens ive  ac t iv i ty  of Wy-8678 and  
o ther  subs tances  in two  widely  used exper imen ta l  models  
of hyper tens ion .  Al though  m a n y  subs tances  are capable  
of lowering blood pressure  in anes the t ized  animals  only  
a few re ta in  th is  ac t ion in conscious animals.  

Methods. Female  Sprague-Dawley  ra ts  were rendered  
hype r t ens ive  by  the  appl icat ion of a Figure-8 l igature  to  
the  left  k idney  and con t r a l a t e r a l  n e p h r e c t o m y  as pre-  
viously descr ibed 1, 3. Systolic blood pressure  was recorded 
indirect ly  f rom the  tail, using an occluding and  sensing 
cuff. The la t t e r  (Decker Corp., Bala-Cynwyd,  Pa.) 
de tec ted  t h e c h a n g e  in tai l  vo lume t h a t  occurred wi th  
each hea r t  beat .  Drugs  were admin i s t e red  orally via 
s tomach  tube  and pressures  recorded prior  to  dosing and  
a t  1.5, 4 and somet imes  24 h thereaf te r .  

Dogs were rendered  hype r t ens ive  in a 3-stage pro-  
cedure,  each per fo rmed  under  pen toba rb i t a l  anes thes ia  
(35 mg/kg).  The carot id  a r t e ry  b i furca t ions  were  exposed  
by  2 incisions and  the  sinuses dene rva t ed  by  s t r ipping  the  
adven t i t i a  in the  region. The r igh t  renal  a r t e ry  was 
exposed by  a f lank incision and  cons t r ic ted  by  a silver 
Goldb la t t  c lamp.  Finally,  the  left  k idney  was  removed.  
Blood pressure  was recorded indi rec t ly  f rom the  tai l  wi th  
an occluding cuff and a condenser  mic rophone  by  the  
m e t h o d  of PRIOLI and WlNBURY 3. Drugs were adminis -  
te red  i.p. or orally. D a t a  are r epor ted  as means  • 
s t anda rd  errors. 

Results. Several  doses of Wy-8678 and o ther  clinically 
useful hypo tens ive  drugs were admin i s t e red  via  s tomach  
tube  to  unal les the t ized  hype r t ens ive  rats .  Table  I l ists 
m a x i m u m  changes  in pressure  t h a t  were encoun te red  at  

Table I. Effects of Wy-8678 and other hypotensive agents on 
systolic blood pressure of hypertensive rats 

Dose No. of Blood pressure (mm Hg) 
(mglkg) rats Control Change 

St 155 0.01 4 183 4- 10 -- 17 4- 3 
0.025 4 185 4-: 12 -- 31 4- 6 
0.05 14 185 4- 7 -- 43 -4- 7 
0.1 8 190 4- 8 -- 55 4- 10 
1 12 184 4- 5 -- 62 4- 9 
2.5 4 181 :t: 6 -- 96 4- 5 
1 12 174 4- 5 -- 29 4- 7 
2 11 183 4- 8 -- 34 4- 9 
3 11 185 4- 7 -- 54 -F 8 
4 8 183 :[: 7 -- 43 4- 5 
2.5 8 167.4- 9 - -  22 4- 8 
5 16 181 4- 4 -- 47 4- 7 

10 8 1 7 4 i  7 --74 4- 9 
10 4 179 :t: 17 -- 27 4- 5 
20 12 180 4- 5 - -  41 4- 6 
40 8 188 4- 11 -- 64 4- 13 
50 8 168 4- 5 .-- 42 4- 5 
75 4 198 4- 19 -- 83 4- 16 

100 4 164 4- 4 - -  67 4- 10 

Hydralazine 

Wy-8678 

Reserpine 

Guanethidine 

Methyldopa 

( W y - 8 6 7 8 ) .  A N e w  H y p o t e n s i v e  A g e n t  

any  of the  3 observa t ion  periods regardless of t ime  of 
occurrence.  These peaks  were  usual ly observed a t  1.5 h w i th  
Wy-8678, St  155 (Catapres), hydra laz ine  and a t  4 h wi th  
reserpine,  guane th id ine  and  me thy ldopa .  I t  is ev ident  t h a t  
Wy-8678 is more  p o t e n t  on a weigh t  basis  t h a n  reserpine,  
guane th id ine  and  m e t h y l d o p a  bu t  less so t h a n  St 155 or 
hydralazine.  On the  o ther  hand ,  Wy-8678 p ro d u ced  as 
grea t  a response as St 155 and a s o mew h a t  smal le r  one 
t h a n  t h a t  ob ta ined  wi th  the  o ther  subs tances  b u t ,  never-  
theless,  the  response  to Wy-8678 a m o u n t e d  to a ve ry  
large drop  in pressure.  

In  sortie ra t s  t he  per iphera l  pulse became  unde tec tab le  
a t  h igher  dosage levels of Wy-8678 and  St 155 making  
pressure  de te rmina t ions  impossible.  This p rob lem was 
encoun te red  wi th  the  4 mg/kg  dose of Wy-8678 in t h a t  
pressure  could be read in only 8 of t he  12 ra ts  used. H a d  
pressure  been  recorded  d i rec t ly  grea ter  responses  would, 
in all probabi l i ty ,  have  been  observed a t  h igher  doses. 

Wy-8678 was admin i s t e red  to 4 groups of hype r t ens ive  
dogs, i.e., i.p. in doses of 0.5, 1 and  2.5 mg/kg  and orally 
a t  5 mg/kg  and  pressure  recorded  a t  2 and  4 h. All doses 
lowered blood pressure  subs tan t i a l ly  b u t  a clear dose- 
response  re la t ionship  was no t  observed  a t  the  range used 
(Table II).  H e a r t  ra te  fell d ramat ica l ly  in all animals.  
St  155 p roduced  resul ts  t h a t  were similar  to those  ob ta ined  
wi th  Wy-8678. Guane th id ine  did no t  lower pressure  over  
t he  usual  4 h obse rva t ion  period.  Therefore,  a second 
dose was given in the  evening.  Pressure  was cons iderably  
reduced  by  the  nex t  morning.  H e a r t  ra te  was no t  recorded 
in th is  series of expe r imen t s  bu t  was decreased by  a mean  
of 16 bea t s /min  in a previous  group of 4 dogs. 

Discussion. Although  m a n y  effect ive hypo tens ive  agents  
are cu r ren t ly  avai lable each of these  subs tances  is ve ry  far 
f rom the  ideal and  possesses t roub lesome side effects.  Wy-  
8678 is a m e m b e r  of a newly s tudied  chemical  series possess- 
ing hypo tens ive  actions.  The p resen t  r epor t  examined  the  
co mp o u n d  in 2 expe r imen ta l  models  of hyper tens ion .  W y -  
8678 lowered pressure  in a dose-re la ted  m a n n e r  when  given 
orally to  hype r t ens ive  rats.  The degree of hypo tens ive  activ- 

Table II. Effects of Wy-8678, St 155 and guanethidine on blood 
pressure'and heart rate in hypertensive dogs 

Dose Route No. Blood pressure Heart rate 
(rag/ dogs (mm Hg) (beats/min) 
kg) Control Change Control Change 

Wy-8678 0.5 i.p. 4 2041131 -- 281-- 21 102 -- 50 4- 12 
• 816 • 1119 4- 6 

1 i.p. 4 2041137 -- 31 I -  17 111 -- 65 _L 7 
4- 10/9 4- 618 4- 10 

2.5 i,p. 4 190/135 -- 31f-- 32 92 -- 45 4- 7 
4- 7/8 4- 519 4- 9 

5 orally 5 2021127 -- 26/-- 34 103 -- 55 :L 9 
• 9/5 4- 9[11 4- 7 

St 155 0.025 orally 4 211/140 -- 391-- 35 110 -- 45 4- 14 
4- 13/9 4- 6/5 • 

Guanethi- 5 orally 8 203/132 -- 24/-- 20 - - 
dine (twice) 4- 917 4- 615 

Changes refer to maximum decreases in pressure regardless of time 
of occurrence. 
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i ty  a t ta inab le  wi th  this compound  was somewhat  less t han  
t h a t  observed wi th  several  o ther  agents, possibly because 
of the  use of the  indirect  recording method.  On the  o ther  
hand,  the  compound  was ac t ive  a t  lower doses t h a n  
reserpine, guaneth id ine  or methy ldopa ,  the  3 clinically 
most  widely  used substances.  Wy-8678 also lowered 
pressure subs tant ia l ly  in hyper tens ive  dogs. A marked  
decrease in hear t  ra te  was also observed.  The  dose of 
guaneth id ine  used was the  m a x i m u m  to lera ted  in these 
animals.  

The  above  findings clearly indicate  t h a t  Wy-8678 
shows promise as a po ten t ia l ly  useful therapeut ic  agent.  
A recent  repor t  showed t h a t  the  compound  also reduces 
pressure in anesthet ized animals  af ter  an init ial  pressor 
phase 4. The  mechanisms responsible for the  hypotens ive  
act ion are cur rent ly  under  invest igat ion.  P re l iminary  
exper iments  suggest  t h a t  inhibi t ion of sympa the t i c  tone  
is a major  feature  of the  compound  5. 

Zusammen/assung. Bei unan~sthesier ten R a t t e n  und 
H u n d e n  wurden  die an t ihyper tens iven  Eigenschaf ten  

yon 2, 6-Dichlorobenzyl iden-Aminoguanid in-Azeta t  (WY 
8678), welches zu einer neuen Reihe  yon ak t iven  Sub- 
s tanzen geh6rt,  sowie noch einige andere  klinisch wirk- 
same Substanzen an zwei exper imente l len  Modellen fiir 
Hyper tens ion  gepri if t  und dabei  eine wesentl iche Blut-  
drucksenkung festgestell t .  
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5 St 155 was kindly supplied by Boehringer Ingelheim GmbH, 
guanethidine and hydralazine by Ciba Pharmaceutical Co., and 
methyldopa by Merck; Sharp & Dohme. 

Electron Microscopic Observations on the Granular Vesicles in the Ciliary Ganglion of the Rat 

On the  basis of f luorescent  microscopical  studies, 
adrenergic  nerve  te rminals  have  been pos tu la ted  to exist  
in the  ci l iary ganglion of the  cat, the  goat, and the  ra t  ~-3. 
In  addit ion,  s imilar  s t ructures  have  been observed in the  
av ian  ci l iary ganglion 4. However ,  recent  reports  on elec- 
t ron microscopy fail to ment ion  the  existence oI granular  
or 'dense core'  vesicles in the  av ian  ci l iary ganglion 5-9. 
Small  granular  vesicles (about 900 A in diameter)  have  
been presumed to store biogenic amines, which take  par t  
in the  t ransmiss ion of impulses in the  nervous  tissue, 
while larger  granular  vesicles (about 2000 A in diameter)  
are general ly in te rpre ted  as neurosecre tory  ones~0, ~1. 
The present  s tudy  was designed to inves t iga te  the  mode 
of d is t r ibut ion  of granular  vesicles in the  ci l iary ganglion 
of the  rat ,  a subject  not  previous ly  studied. 

Abou t  20 male  and female  albino rats  of Sprague- 
Dawley  s t ra in  were used. The  animals  were decapi ta ted  
under  l ight  e ther  anaesthesia.  The  fresh ganglia  were 
quickly  r emoved  and f ixed by  immers ion  in 3.5% 
glu ta ra ldehyde  solut ion for 1-2 h, followed by  immers ion  
in 1~ osmium te t rox ide  solution for 1-2 h. Both  f ixa t ives  
were ice-cold and buffered to p H  7.2 wi th  0 . 1 M  phos- 
phate .  Af ter  rinsiflg in the  buffer  solution, the  specimens 
were dehydra ted  in the  graded alcohol series and em- 
bedded  in Epon.  The  u l t ra th in  sections were s tained wi th  
lead citrate,  and for electron mic rography  a Philips 
EM-200 appara tus  was used. Abou t  10 ra ts  were injected 
i.p. wi th  reserpine (Serpasil | Ciba), 1 mg  daily, 3 doses 
al together ,  which t r e a t m e n t  depletes the  catechol-  
amines f rom all au tonomic  synapses including those in 
the  ci l iary ganglion, as was demons t ra ted  by  form- 
Mdehyde- induced fluorescence 3. Bo th  ci l iary ganglia  of 
the  injected animals  were t rea ted  equal ly  as those of the  
control  rats.  No difference in the  results were observed 
be tween  the  sexes in the  present  s tudy.  

I l l  the  ci l iary ganglion of the  rat,  g ranular  vesicles 
were observed in 2 different  regions. First ly,  granular  
vesicles were found in some nerve  endings and synapses 
surrounding the  nerve  cell bodies. In.  these synapses, 
which are mos t ly  of axodendr i t ic  type,  t h e  granular  
vesicles were localized in the  presynapt ic  or axonal  pa r t  
of the  synapse (Figure 1). I n  addi t ion  to these apparen t ly  

Fig. 1. Adrenergic synapse. Several granular vesicles in the pre- 
synaptie terminal. Ca. • 55,000. 

Abbreviations used in the figures: A, Axou; DCV, Dense core 
vesicle = Granular vesicle; M, Mitoehondrion; NC, Neuronal cyto- 
plasm; NE,  Nerve ending; NG, Neurosecretory granule; PST, 
Presynaptic terminal; S, Synapse. 
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