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drought-fed or food and/or water deprived) sheep, the 
drug had at  least a 7-8-fold therapeutic index at the 25 
mg/kg level; a t  least a 3-4-fold index at  the 40 mg/kg 
level  

The safety and efficacy of SYD-230 was confirmed in 
the field. During trials carried out under a variety of 
climatic and geographic conditions in Australia, 12,755 
sheep were drenched at  25 mg/kg. Of 22 deaths, only 2 
were judged to be drug-related. The other deaths were 
attributed to enterotoxemia, other clostridial .toxins, the 
consequences of the parasitic infections or drought condi- 
tions encountered in Australia during the period of testing 
the drug. Among 1572 sheep dosed at 50 mg/kg, there 
were 12 deaths of which 3 were probably drug-related. 
The high efficacy of the drug against immature  and 
mature F. hepatica was confirmed in these statistically 
designed field trials. The super ior i ty  of SYD-230 over 
carbon tetrachloride has been demonstrated in outbreaks 
of acute fascioliasis. Details of these experiments will be 
published at  a later date. 

Zusammen[assung. 2-Acetoxy-4'-chlor-3, 5-dijodbenza- 
nilid zeigte eine hohe Wirksamkeit  gegen junge und 
gereifte F. hepatica and H. contortus in Schafen bei einer 
oraien Dosis yon 25 und 40 mg/kg. Die gate  Vertr~glich- 
keit der Verbindung in Schafen ergab sich aus Feldver- 
suchen in Australien. 
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T h e  L i p i d  C o m p o s i t i o n  of  F r o g  R e t i n a l  R o d  

Outer Segments 

Retinal rod outer segments are derived from the plasma 
membrane of a neuron, the rod cell I. They may, therefore, 
provide a relevant  macromolecular model for neuron 
plasma membranes, just  as myelin may for oligodendro- 
cyte plasma membranes. The paracrystalline structure of 
outer segments makes them amenable to examination by 
X-ray diffraction as well as electron microscopy; conse- 
quently, circumstances are especially favorable for deter- 
mining their biochemical architecture by correlated 
chemical techniques ~. This article describes studies of the 
lipid composition of chloroform-methanol extracts of in- 
tact dark-adapted outer segments of the leopard frog. 

Materials and methods. All operations were done under 
dark-room conditions and retinas and outer segments 
were kept at 0 °C as much as possible. Retinas dissected 
from dark-adapted large male frogs (Rana pipie**s) were 
suspended in frog Ringer 's  solution in a 3 ml tube (1 or 2 
retinas/1 mt). The tube was held flexibly by its top while 
the lower end was stroked repeatedly with a finger or wet 
piece of rubber tubing, to cause the retinas to spin rapidly 
in the saline. After 3 rain, another 1 ml of saline was 
added and the agitation continued for 2 rain. This simple 
technique effectively freed outer segments from rod inner 
segments and produced fewer free nuclei and less debris 
than any other method of detachment  tried 3. The retinas 
and retinal fragments were allowed to settle for 10 min. 
The outer segments in the supernatant  fluid were pipet ted 
of/, combined, and passed through Nitex mesh 25 /~ in 
diameter (Tobler, Ernst  and Traber, Inc., New York). In 
some experiments 10 /~ Nitex was also used. The outer 
segments were sedimented in 2 min a t  half speed on an 
International Clinical Centrifuge (1500 ~pm, 350 g) and 
Washed with saline. The red pellet consisted predominantly 
of intact  rod outer segments, the chief contaminant  being 
large nuclei. Ten retinas yielded 2-3 million outer seg- 
ments (hemacytometer count). A series of 19 pellets, total- 
ling 30 million outer segments, provided 7 mg of lipids. 

The pellets were extracted with chloroform-methanol 
(2:1, v/v) in the dark for several days at  4 °C. The extracts 
were combined and washed to remove non-lipid contami- 
nants 4,5. The residues from the pellets were then extracted 

with chloroform-methanol-concentrated. HC1 (200 : 100 : 1, 
v/v) to solubilize any potyphosphoinositides present 6,7 
and these acid extracts were combined. 

Analyses for protein and lipid hexose were performed 
as previously describedS; cholesterol was assayed in the 
non-saponifiable fraction by the method of GLICK et  al. s. 
Individual  phospholipids were determined on the weighed 
solids of the washed chloroform-methanol extract  by suc- 
cessive chemical hydrolyses and separation of the hydro- 
lysis products by paper chromatography and electro- 
phoresis according to DAWSON et al.~; for comparison, 
lipids were also extracted from frog retinas and the 
phospholipids and cholesterol similarly analyzed. 

Results and discussion. The outer segment preparations 
contained a high percentage of lipid, two-thirds of which 
was phospholipid (Table I). Lesser amounts of glycolipid 
and cholesterol were present. The molar ratio of phospho- 
lipid-gtycolipid-chotesterol was 1 : 0.33 : 0.13. Examinat ion 
of the non-saponifiable fraction by thin layer chromato- 
graphy (silica gel G, CHC13 solvent) confirmed the presence 
of cholesterol and revealed 4 additional spots as ye t  un- 
identified xo. Chemical evidence for glycolipids in rod outer 
segments has not been reported before, but  their presence 
was suggested by LILLIE U on the basis of histochemical 
staining reactions. The outer segments resembled mito 
chondria, chloroplasts and myelin in containing appreci- 
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ab le  a m o u n t s  of p ro t eo l ip id  p ro te in .  These  p r o t e i n s  a p p e a r  
to  be  a n  in t eg ra l  p a r t  o f  t h e  c o m p o u n d  m e m b r a n e  s t ruc-  
t u r e  of such  organel les  ~. 

The  o n l y  p r ev ious  r e p o r t  on  t h e  l ip id  c o m p o s i t i o n  of 
frog ou t e r  s e g m e n t s  is t h a t  of COLLINS e t  a l )  *. These  
a u t h o r s  found  t h a t  p h o s p h o l i p i d  P a c c o u n t e d  for  61% of 
t o t a l  P in the  o u t e r  segments ,  b u t  on ly  389/0 in t h e  frog 
re t ina .  However ,  severa l  i nves t i ga to r s  h a v e  s t ud i ed  l ipids  
in  o u t e r  s e g m e n t  p r e p a r a t i o n s  f rom c a t t l e  1~-~4 I n  t e r m s  
of d r y  weight ,  t h e  l ip id  c o n t e n t  for  frog o u t e r  s e g m e n t s  
(40.6%) c o r r e s p o n d e d  w i t h  t h e  r e su l t  of SJOSTRAND 
(38.8%)1S; a n d  t h e  phos pho l i p i d  c o n t e n t  (26.6%) agreed  
w i t h  t h e  v a l u e  of COLLINS e t  al. (27.7%) ~,  b u t  was  lower  
t h a n  t h a t  of SJOSTRAND (31.5%),  w ho  r e p o r t e d  81% of 
t h e  l ipids  as phosphol ip ids .  O ur  v a l u e  of 27/2g P / rag  l ipid 
for i n t a c t  frog ou t e r  s e g m e n t s  was  l ikewise lower  t h a n  t h a t  
for b o v i n e  ou t e r  s e g m e n t  disks (32 /2g P / m g  lipid) g iven  
b y  FLEISCHER a n d  ~/[cCONNELL 14 

Frog  o u t e r  s e g m e n t s  were c h a r a c t e r i z e d  b y  a r e l a t ive ly  
s imple  phospho l i p id  c om pos i t i on  (Tab le  II) .  P h o s p h a t i d y l  

Table I. Chemical composition of frog retinal rod outer segments 

Constituent % of WTLE % of lipids % of dry 
solids a weight a 

Lipids 86.0 
Cholesterol 3.7 
Phosphoiipids 56.3 
(lipid P x 25) 
Glycolipids 20.0 
(hexose "X 4.6) 
Proteolipid prote!n b 14.0 
Residue protein ¢ 
Total protein 

100.0 40.6 
4.3 1.7 

65.5 26.6 

23.3 9.5 

6.6 
52.8 
59.4 

The outer segments were extracted with chloroform-methanol (2:1, 
v/v). The lipid extract was partitioned 4. a WTLE, washed total 
lipid extract /lower phase), b Protein extractable b y  chloroform- 
methanol, c Protein not extractable by the solvent, d Dry weight, 
WTLE solids + residue protein. 

Table If. Phospholipids of frog rod outer segments and retina 

Substance % of total lipid P 
Rod outer 
segments 

Retina 

chol ine,  p h o s p h a t i d y l  e t h a n o l a m i n e  a n d  p h o s p h a t i d y l  
ser ine  c o n s t i t u t e d  t he  h ighes t  p e r c e n t a g e  (83.5%) of t he  
l ip id  P y e t  f o u n d  in a n y  t i ssue  or subce l lu la r  f rac t ion .  
Smal l  a m o u n t s  of acidic phospho l ip id s  a n d  s p h i n g o m y e l i n  
were  p resen t .  P o l y p h o s p h o i n o s i t i d e s  were  n o t  de tec ted  
on  ana lys i s  of t h e  acidif ied c h l o r o f o r m - m e t h a n o l  e x t r a c t L  
I n  c o m p a r i s o n  w i th  f rog re t ina ,  t he  o u t e r  s e g m e n t s  were 
en r i ched  in p h o s p h a t i d y l  e t h a n o l a m i n e  a n d  r e l a t ive ly  
de f ic ien t  in  p l a s m a l o g e n s  as  well  as  s p h i n g o m y e l i n  + a lkyl  
e t h e r  phospho l ip ids .  I n  al l  b r a i n  subce l lu la r  f r ac t ions  so 
fa r  a n a l y z e d  is, t h e  a m o u n t s  of p l a s m a l o g e n  (9 .4 -25 .8% of 
t o t a t  l ip id  P)  a n d  s p h i n g o m y e l i n  (3 .7 -12 .4%)  are  fa r  
h i g h e r  t h a n  in  o u t e r  segments .  T h e  l ipid compos i t i on  of 
frog o u t e r  s e g m e n t s  was  t h u s  s imple r  t h a n  t h a t  of myel in .  
A t o t M  of 54% of t h e  l ip id  w e i g h t  was  m a d e  u p  b y  
p h o s p h a t i d y l  choline,  p h o s p h a t i d y l  e t h a n o l a m i n e  a n d  
p h o s p h a t i d y l  ser ine ;  11% b y  o t h e r  phospho l ip id s ;  23% 
b y  glycol ipids  ; a n d  on ly  40/0 b y  choles terol .  

T h e  low choles te ro l  c o n t e n t  of frog o u t e r  s e g m e n t s  is in 
a g r e e m e n t  w i t h  r e su l t s  on  c a t t l e  p r e p a r a t i o n  ~3,14. T h e  
m o l a r  r a t i o  of choles te ro l  to  p h o s p h o l i p i d  fell a t  t h e  low 
end  of t h e  r a n g e  found  in  a series of m e m b r a n e s  in which  
t h e  r a t i o  va r i ed  f rom 1 : 4 (muscle  s a r co l emma)  *co app rox i -  
m a t e l y  1 : 1 (myel in)  16,17. Since ou t e r  s e g m e n t s  a n d  mye l in  
b o t h  arise f r o m  p l a s m a  m e m b r a n e s  a n d  r e p r e s e n t  com- 
p o u n d  m e m b r a n e  s t ruc tu res ,  t h e y  m i g h t  be  expec t ed  to 
r e semble  one  a n o t h e r  in  h a v i n g  a h igh  ra t io  if e i t he r  an  
or igin f rom surface  m e m b r a n e s  or e v e n t u a l  m e m b r a n e  
c o n t a c t  r e l a t i onsh ips  were of c r i t ica l  i m p o r t a n c e .  The  low 
r a t io  in  o u t e r  segments ,  however ,  wou ld  t e n d  to  s u p p o r t  
t he  conclus ion1  ~ t h a t  t h e r e  a re  no  cha rac t e r i s t i c  p ropor -  
t ions  of s t e ro l  to  p h o s p h o l i p i d  in p l a s m a  m e m b r a n e s  
genera l ly .  N e u r o n a l  p l a s m a  m e m b r a n e s  free of glial  con- 
t a m i n a t i o n  h a v e  n o t  y e t  been  p r e p a r e d .  Hence ,  i t  is im-  
poss ib le  to  k n o w  w h e t h e r  t h e  low r a t i o  of cho les te ro l  to  
p h o s p h o l i p i d  in ou t e r  s egmen t s  ref lects  t h e i r  or igin 
specif ical ly f rom t h e  n e u r o n a l  cell surface,  b u t  t h i s  seems 
a r ea sonab le  h y p o t h e s i s  ~s,~9. 

Rdsumd. Les l ipides des s e g m e n t s  ext6r ieures  des  b~ ton-  
ne t s  de  la  r6 t ine  de  la  grenoui l le  s o n t  p r i n c i p M e m e n t  
compos~s  de  phospho l i p ide s  (66%),  g lycol ip ides  (23%) e t  
choles t6rol  (4%).  Le  p h o s p h a t i d y l e  chol ine,  te p h o s p h a -  
t idy le  6 t h a n o l a m i n e  e t  le p h o s p h a t i d y l e  s6rine c o n s t i t u e n t  
le 84% des  phosphol ip ides .  Les  r6su l t a t s  n e  s ' a c c o r d e n t  
pas  avec  le concep t  q u ' u n  r a p p o r t  ~lev6 du  choles tero l  
aux  phospho l ip ide s  carac t~r i se  les m e m b r a n e s  du  p l a s m a  
e t  leurs  d~riv~s. 

Phosphatidyl choline 49.4 51.7 
Phosphatidyl ethanolamine 24.6 18.8 
Phosphatidyl serine 9,5 9.6 
Phosphatidyl inositol 1.4 1.6 
Phosphatidie acid 3.0 0.9 
Cardiolipin 1.3 2.4 
Ethanolamine plasmalogen 0.6 3.0 
Choline plasmalogen trace not 

detected 
Sphingomyelin 1.8 } 
Alkyl ether phospholipifl 3..5 12.7 
Recovery 96.5 a 100.7 

Substance Rod outer Retina 
segments 

WTLE solids b (ms) 7.38 13.2 
Phospholipid (% of WTLE solids} 56.3 67.9 
Cholesterol/lipid P (molar ratio) 0.13 0.33 

Includes 1,4% of a phospholipid tentatively identified as diphos- 
phoinositide, b These solids include chloroform-methanol soluble 
protein (proteolipid protein). 
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