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Hypertens ive  Eye Les ions  in the Rat.  
Effect of Carotid Libat ion 

I t  has previously been reported tha t  the hypertensive 
encephalopathy produced by chronic adminis t ra t ion of 
desoxycorticosterone acetate  (DCA) can be prevented 
by ligation of both carotid arteries 1. When one ar tery  is 
tied, the cerebral hemisphere on the same side is protect-  
ed, whereas the contralateral  hemisphere is edematous 
and shows extensive hemorrhages. Protect ion has been 
ascribed to the failure of the blood pressure to rise in 
the head area after ligation. 

The present paper describes the eye lesions seen in 
hypertensive rats and the influence of ligation of one or 
both carotid arteries on their development.  

Materiats a,zd Methods. 75 female rats of the Upjohn 
strain (originally from Sprague-Dawley) of an average 
body weight of 50 g were divided into four groups as 
follows: 
Group I :  8 rats, untreated controls; 
Group I1 : 20 rats, DCA + sham left carotid ligation ; 
Group I I I :  21 rats, DCA + left  carotid ligation ; 
Group IV : 26 rats, DCA + bilateral  carotid ligation. 

On day 0 the right kidney was removed in all animals 
and NaC1 0.9% given as drinking fluid, to sensitize the 
animals to the hypertensive effect of DCA. In groups II ,  
I I I  and IV a DCA pellet of 25 mg was implanted sub- 
cutaneously in the dorsal region. In  groups I I I  and IV 
the left common carotid ar tery was ligated whereas in 
group I I  the same vessel was exposed but  not  tied. All 
these operations were performed under ether  anesthesia 
in a single step. On day 10 a second pellet was implanted 
subcutaneously under ether anesthesia in animals of 
groups II,  I I I  and IV. Implanta t ion  of DCA pellets has 
been shown repeatedly to produce in rats a syndrome of 
mal ignant  hypertension 2. Final ly  on day 12, the r ight  
carotid ar tery in group IV was ligated. The fluid intake 
was measured daily. Special care was taken to note any 
ocular changes. The exper iment  was terminated after 
42 days. At autopsy, both eyes were removed and, after 
gentle extract ion of the lens, were fixed in formaldehyde 
10% for histological examinat ion.  

Results. Mortality Rate. Animals of group I I  (DCA 
without  ligation) began to die earlier than those of groups 
J I I  and IV, which had a unilateral  and bilateral Iigation 
respectively, and at  the end of the exper iment  a signifi- 
cant ly higher percentage of rats had died in this group 
as compared to the last two (Table II), This confirms 
earlier results showing the marked protection afforded 
by carotid ligation in hypertensive animalsL Most of 
the DCA-treated rats showed advanced nephrosclerosis 
and myocardi t is  in addit ion to widespread periarteritis 
nodosa. 

13rain Lesions. Table I summarizes the brain changes. 
I t  can be seen tha t  in the unligated DCA-treated rats 
(group II) the lesions (edema and hemorrhage) were 
dis tr ibuted on both sides and these were mostly on the 
surface of the brain. On the other  hand, in the rats 
ligated on the left side (group III) ,  only the r ight  
hemisphere showed lesions; finally, the brain was normal  
in animals having a bilateral l igation (group IV). This 
demonstrates  the effectiveness of this surgical procedure 
to counteract  hypertensive organic lesions in a given 
territory. 

t A. NOBI~RT, Circulation Research 4, 527 (1956). 
H. SELYE, C. E. HALL, and E. N. ROWLEr, Canad. med. Ass. J. 

49, 88 (1943). - F. M. FRmD~IAN, C. L. FRI~D~AN, and G. R. POLLEY, 
Amer. J. Physiol. 153, 226 (1948). - E.  SALGADO, Endocrinol. 55, 377 
0954). 

Table I 
Effect of Carotid Ligatioa on the Development of Hypertensive 

Encephalopathy* 

Group 
No. Rats 

Edema 
Left hemisphere 
Right henfisphere 

Hemorrhage 
Left hemisphere only 
Right hemisphere only 
Both hemispheres 

Total 

. c A  I , c a  l 
DCA + Left + Both! 
20 21 .. 26 

18 0 0 
18 17 0 

6 0 0 
2 17 0 
7 0 0 

15 17 0 

* Values indicate mnnber of rats showing the pathological change 

Eye Changes. Pathological  changes in the iris were 
noted in a high percentage of DCA-treated animals. The 
lesion appeared first either as small white spots or as a 
ra ther  large patchy area extending to about  ~ of the 
corneal surface through which it could be seen. In some 
cases, almost all the iris became involved. The pupil was 
deformed and usually eccentric. Sometimes the white 
spots were accompanied by red streaks and in other  
instances there was a frank hemorrhage within the eye. 
Frequent ly  the anterior chamber  contained a big clot 
(Fig. 1 B). Histological examinat ion showed in the iris 
and the ciliary body the presence of scar tissue which 
was probably formed as a consequence of hemorrhage in 
these organs. Usually, the vessels of the iris arterial  circle 
were found to be hyalinized and their  wall part ial ly 
necrotic (Fig. 1 C). This lesion of arteriolonecrosis was of 
the same type as tha t  seen in other  areas, with the differ- 
ences tha t  there was a less marked periarteri t ic reaction 
as in the case of the mesenteric or renal arteries. In  
many  animals, large, often mult iple cystic formations 
appeared within the iris, markedly  distending its struc- 
ture;  these cavities contained blood and were obviously 
the result of intrairidal  hemorrhages. When there had 
been extensive hemorrhage in the anterior  chamber  of 
the eye, the cornea was inflamed (Fig. 1C). The ret ina 
in most  cases appeared normal. Only in a few instances 
were the arterioles of the ret ina thickened and their  wall 
slightly hyalinized. This change was by far less frequent  
than the lesions in the iris and the ciliary body and it is 
noteworthy tha t  it never led to hembrrhage. This is in 
contrast  with the hypertensive lesions seen in man which 
are localized in the ret inal  vessels. All these changes 
(arteriolonecrosis and hemorrhage in the iris and ciliary 
body) were present in ei ther  eye in unligated rats 
(group II) and often bilaterally, but  they  appeared 
only on the right side in the animals of group I I I  which 
had their  left carotid ar tery  ligated. Finally, the eyes 
remained normal in bilateral ly ligated rats (group IV) 
in spite of the fact t ha t  extensive hypertensive vascular 

Table II 
Mortality Rate and Incidence of Eye Lesions on the 38th Day 

Group 

Group II, DCA 
Group III,  DCA with unilateral ligation 

Mortali- Incidence 
ty Rate of Eye Le- 

% sions % 

60 56 
28 73 
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l e s i o n s  w e r e  f o u n d  in  o r g a n s  s i t u a t e d  b e l o w  t h e  s i t e  o f  
l i g a t i o n ,  e .g . ,  n e p h r o s c l e r o s i s ,  p e r i a r t e r i t i s  n o d o s a .  

F ig .  2, w h i c h  g i v e s  t h e  i n c i d e n c e  o f  e y e  l e s i o n s  i n  
g r o u p s  I I  a n d  I I I ,  s h o w s  t h a t  t h e  c h a n g e s  a p p e a r e d  

f i r s t  b e t w e e n  t h e  s e c o n d  a n d  t h i r d  w e e k ,  U n t i l  t h e  32nd  
d a y ,  t h e  i n c i d e n c e  o f  a n i m a l s  s h o w i n g  t h e  l e s i o n s  was  
a l m o s t  i d e n t i c a l  in  b o t h  g r o u p s .  F r o m  t h e  33 rd  d a y  on,  
t h e r e  w a s  a n  i n c r e a s e d  t e n d e n c y  of  t h e  a n i m a l s  w i t h  

e . /  

r 

i' r,, 

Fig. 1 .--On top, the cornea; on the bottom, the iris. Magnification: 
110 × .  A Normal eye. B and C Eyes of animals treated with DCA 
for 42 days. B Note hyalinization of arteries in the ciliary body and 
in the iris. Also, cystic formations due to intra-iridal hemorrhage. 
Cornea is normal. C Massive hemorrhage in the anterior chamber of 
the eye with secondary corneal inflammation. Marked arteriolone- 

crosis in the iris as in B. 

u n i l a t e r a l  l i g a t i o n  to  d e v e l o p  t h e  l e s i o n s  b u t ,  a s  sa id  
b e f o r e ,  o n  t h e  u n l i g a t e d  s ide  o n l y .  S i n c e  t h e s e  eye 
l e s i o n s  a p p e a r  l a t e  in  t h e  c o u r s e  of  D C A  t r e a t m e n t ,  t he i r  
h i g h e r  i n c i d e n c e  in  g r o u p  I I I  is l i k e l y  to  be  d u e  to  t he  
f a c t  t h a t  in  t h i s  g r o u p  m o r e  a n i m a l s  w e r e  l i v i n g  d u r i n g  
t h e  l a t t e r  p a r t  of  t h e  e x p e r i m e n t ,  t h u s  a l l o w i n g  m o r e  
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Fig. 2. -- Incidence of eye lesions in DCA-treated animals, with and 
without carotid ligation. There is increased incidence after unilateral 
ligation hut  only on the opposite side. At the same time tile survival 
rate is prolonged after an unilateral ligation. Each plus (~}) indicates 

the death of an animal. 
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t ime  for the pa tho log ica l  changes  to  deve lop  in t he  un-  
p r~ tec t ed  eye. This  is bes t  i l lus t ra ted  b y  a cor re la t ion  
b e t w e e n  m o r t a l i t y  ra te  and  inc idence  of eye lesions,  F o r  
ins tance ,  on d a y  38, a t  a t ime  when  ocu la r  changes  were  
a l m o s t  m a x i m u m ,  the  re la t ion  was as ind ica ted  i n T a b l e  
II .  I t  is also possible  t h a t  the  sys t emic  b lood p r e s s u r e -  
which was no t  d e t e r m i n e d - w a s  h igher  in g r o u p  I I I  t h a n  
in group  I I ; if th i s  were t he  case, th is  m a y  have  c o n t r i b u t -  
ed to a g rea t e r  inc idence  of eye lesions in g roup  l i l ,  

Disc,tssio.n. I t  is e v i d e n t  t h a t  ca ro t id  l igat ion signifi-  
c a n t l y  p r o t e c t e d  the  an imals  aga ins t  some of t h e  m o s t  
serious compl i ca t ions  of m a l i g n a n t  h y p e r t e n s i o n .  The 
pr , ) tec t ion  seems to  be due to  t he  fact  t h a t  by  l igat ing 
the  a r t e ry ,  t he  bl(~od pressure  could no t  rise in t he  head  
area  fol lowing a d m i n i s t r a t i o n  of ]_)CA. Therefore ,  it  is 
l ikely t h a t  t he  mere  e leva t ion  in blood pressure  p lays  a 
p r o m i n e n t  role in the  pa thogenes i s  of vascu la r  lesions 
f~)und in t he  eye  a n d  the  b ra in  in m a l i g n a n t  h y p e r t e n s i o n .  
It is too ear ly  to know w h a t  p rac t i ca l  app l i ca t ion  could 
be made  of such  a t r e a t m e n t .  

.4ck~towledgme~d. The authors are i~Mebted to Mr. EUGEN~ 1£. 
BEaLS for the photomicrographs. 

A. ROm~RT and  J. E. NEZAMIS 

Department o~ Endocri~mlogy, The UDjohn Compa~y,  
Kalama:'oo (~]lichigan), 3 f a y  22, 1957. 

Rdsumd 

1 ° ITn s y n d r o m e  d ' h y p e r t e n s i o n  mal igne  a fit6 repro-  
du i t  chez le ra t  pa r  l ' a d m i n i s t r a t i o n  d ' a c 6 t a t e  de ddsoxy-  
cor t icos t6rone  ([)CA). Ce t r a i t e m e n t  p rodu i s i t  de l ' a r -  
t6riolondcr(~se des va i s seaux  de l ' iris e t  du corps  ciliaire, 
des h~morrhag ies  d a n s  la c h a m b r e  antd~rieure de l'ceil 
ainsi que  de l'o:,d~me e t  des  h6mor rhag ie s  c(~r(?braux. 
2 ~ Ces 16sions, oculaires  et  c6rbbrales,  fu ren t  compl~te-  
m e n t  p r6venues  par  une  l igature  b i la tdra le  de I 'ar t6re 
ca ro t ide  p r imi t i ve ,  p r o b a b l e m e n t  par  su i te  d ' u n e  di-  
m i n u t i o n  de p ress ion  sangu ine  dans  la r~gion de la t£;te. 
: \prbs  une  l igature  unilat(}rale, l'0eil homola td ra l  res ta i t  
no rma l  t and i s  que  les ldsions a p p a r a i s s a i e n t  dans  l ' au t r e  
(~.il; de  m~me,  l ' h6misph~re  c6r~bral  homola td ra l  ~tai t  
no rmal  alors que  l ' h6misphbre  con t ra l a t6 ra l  m o n t r a i t  un 
c~,dbme m a r q u 6  et  de  n o m b r e u s e s  hdmor rhag ies .  3: I.e 
r01e pa thog~n ique  de l ' h y p e r t e n s i o n  per se es t  d iscut~ 
bri},vement. 

S e n s o r y  Cana l s  of the  Head  in Wallagonia attu 
(Day) 

All avai lable  desc r ip t ions  of the  sensory  canals  of the  
head  in Siluroid f ishes ind ica te  a genera l  p a t t e r n  of 
~heir dispr~sition. The  a u t h o r  has,  however ,  n o t e d  ce r t a in  
fea~.ures m Wallagonia attu. wh ich  differ  f rom the  t y p e s  
h i t h e r t o  desc r ibed  and  which  a p p e a r  excep t iona l .  The  
following desc r ip t ion  of t he  d i s t r i bu t i on  of the  ma in  
canals  is based  on s tud ies  of spec imens  m e a s u r i n g  25 m m  
to 28 m m  in length .  

(I) The in f ra -o rb i t a l  canal  cons is t s  of (a) t he  sub-  
(~rbital, and  (t)) t he  pos t -o rb i t a l  par t s .  

(a) The sub-orb i t a l  pa r t  s t a r t s  w i t h  a pore  below the  
pos te r io r  nasa l  opening,  runs  d o w n w a r d s  for a shor t  
d i s t ance  a n d  t h e n  opens  to  t he  ou t s ide  by a pore.  The  
first  sense o rgan  is lodged in th i s  region.  B e y o n d  th i s  

pore,  it  t u r n s  pos te r io r ly  and  a f t e r  r u n n i n g  fl)r some 
dis tance ,  c o m m u n i c a t e s  wi th  the  e x t e r i o r  by  a n o t h e r  
pore.  The secured a n d  th i rd  sense ~ rgans  are  h)cated on 
e i the r  s ides of th i s  pt>re. Con t inu ing  f u r t h e r  b a c k w a r d s  
below the  eye,  it f inal ly passes  over  as an  open  d e r ma l  
groove,  unt i l  it  loses its ex i s tence  be low the  pos te r io r  
l imits  of the  orb i t .  The  fl)urth aud  the  last  sense organ  
of the  sub-orb i ta I  p a r t  is located in the reg ion  of the  open  
de rma l  groove.  

(b) The pos t -o rb i t a l  p a r t  is a sho r t  canal ,  r u n n i n g  
obl iquely  b e h i n d  the  eye. I t  opens  by  two pores  a h m g  
its c()urse a n d  lodges one sense organ.  There  is no 
evidence ,  w h a t s o e v e r ,  of any  cCmtinuitv b e t w e e n  the  
sub -o rb i t a l  a n d  the  pos t -o rb i t a l  pa r t s  ¢~f the  infra-  
orb i ta l  canal ,  or, b e t w e e n  the  l a t t e r  and  the supra-  
orbi ta l  canal .  

p.n.o, s o. p.o. rgc. 
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sub.o, d. 9. d}p. 
1)iagrammatic viow <,f the head of a °s mm lou~ 1Valla~o~Ha attu, 
sh~wing the c~urse of the ~ens(~ry canal~ with their openin~a, am.0. 
antcri(~r nasal ~H~cning; d.g. dermal gr,~ov(,; d.p. dermal pits; ma. c. 
mai}dil)ular canal ; m. c. main canal ; rio. c. prt.,~pcrc~llar canal; p.n.o. 
pohtrri,)r nasal ,~penin;~; p.o. ptJst-,rbital p,trt; s.0. supra orbital ca- 

nal; 5zd~.o. sttb-orl)itaI part. 

(2) The  sup ra -o rb i t a l  cana l  s t a r t s  by  a pore  p laced  ju s t  
an t e r io r  to  and  abow~ tile level of the  anteri~)r nasa l  
t u b u l a r  opening .  I t  t h e n  takes  a sho r t  ob l ique  course  
dorsa l ly  and  opens  to the  ou t s ide  t)y a pore.  The  f irs t  
sense o rgan  is p laced in th is  region.  ;ks it runs  p()steriorly, 
it  g radua l ly  acqui res  a dursal  t)ositi~)n and  h~dges th ree  
me)re sense organs .  At  its p()sterior e x t r e m i t y ,  it g ives  
off  a dt~rsal b a c k w a r d l y  d i r ec t ed  b ranch ,  wh ich  possesses  
one sense organ .  Af te r  a sho r t  d i s t ance  it opens  and  is 
s u b s e q u e n t l y  lost. 

The  j u n c t i o n  b e t w e e n  the  s u p r a - o r b i t a l  canal  and  the  
ma in  canal  of the  head  is m a r k e d  by  a large double  pore.  
B e y o n d  this  poin t ,  a fully deve loped  main  cana l  is 
d iscernible ,  which h)dges def in i te  sense ~)rgans. 

(3) The p r e o p e r c u l o - m a n d i b u l a r  canal  is also d i s t in -  
guishable  in to  two  p a r t s  t h e  m a n d i b u l a r  and  the  pre-  
opercular ,  which  are  no t  con t inuous  wi th  each  other .  
The  m a n d i b u l a r  p a r t  has  e ight  pores  and  nine  sense 
o r g a n s - t h e  last  two  of which  are s i t u a t e d  in open  d e r ma l  
pits .  Close to  th is  poin t ,  a l i t t le  dorsal ly ,  a pore  leads in to  
t he  p r eope rcu l a r  canal ,  which at  f i rs t  runs  ob l ique ly  
a long a pos t e ro -do r sa l  course,  b u t  soon t u r n s  a b r u p t l y  
in a dorso-ver t i ca l  d i rec t ion.  Final ly ,  i t  ends  by  a pore 
s i t ua t ed  at  some d i s t ance  f rom the  ma in  canal .  The  
p reopercu la r  cana l  p()ssesses t h ree  sense o rgans  in all 
and  does  no t  c o m m u n i c a t e  w i th  the  ma in  canal .  


