
1252 Specialia EXPERIENTIA 31/1! 

mic shif t  in acidic medium,  suggested t h a t  t r igi l le t imine 
was a benzyl i soquino l ine-benzyl te t rahydro isoquino l ine  
dimeric  alkaloid of the  d ibenzodioxin  type  conta in ing  2 
m e t h o x y  and  1 N - m e t h y l  groups.  

N-me thy l t e t r ahydro t r ig i l l e t imine  (3) was shown to  be 
the  enan t iomer  of N-methy l t e lob ine  5 (6) (mp 175-180 ~ 
dec; ~al~) s +248  ~ [CHCla] ) by  di rect  compar ison  (uv, 
ir, nmr ,  ms, mp.  [e?D). Since N - m e t h y l t e t r a h y d r o t r i -  
gi l let imine (3) is the  enan t iomer  of N-methy l t e lob ine  (6), 
t e t r ahydro t r ig i l l e t imine  m u s t  be represen ted  by  2 or 7. 
This  was fu r the r  subs t an t i a t ed  by  the  fact  t h a t  t e t r a -  
hydro t r ig i l l e t imine  is no t  ident ical  to t r i lobine 4 (4), 
O-me thy lmic ran th ine  5 (5) or te lobine 5 (8) or the i r  enan-  
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t iomers  by  compar ison  (mp, ir, nmr,  [e]D). Since te lobine 
(8) is the  enan t iomer  of 7, and  ne i ther  are ident ical  to  
t e t rahydro t ig i l l e t imine ,  th is  indicates  t h a t  t e t r a h y d r o -  
t r i g i l l e t i m i n e  m u s t  be r ep resen ted  by  2 and  therefore  
t r igi l le t imine by  1. I t  is of in te res t  to  note  the  stereo- 
specific reduc t ion  of t r igi l le t imine to  te t rahydro t ig i l l e t i -  
mine.  A cons idera t ion  of models  reveals  t h a t  th is  m a y  be 
due to  a par t icu lar ly  s tab le  conformat ion  which  sub- 
s equen t ly  encourages hyd rogena t i on  in a stereospecif ic  
manner .  To our knowledge,  th is  is t he  first  example  of 
a na tu ra l ly  occurr ing d ibenzodioxin  alkaloid conta in ing  
an a romat ized  isoquinoline ring (which has only  been 
found  in one o ther  bisbenzylisoquinoline alkaloid, the  
q u a t e r n a r y  base p h a e a n t h a r i n e  chloride f rom Phae- 
anthus ebracteolatus 7). 

Summary. The s t ruc tu re  of t r igi l le t imine (1), a new 
bisbenzylisoquinoline dibenzodioxin  alkaloid f rom Tricli- 
sia gilletii (De Wild.) S tane r  and T: patens Oily., was 
de t e rmined  by  spect ra l  means  and convers ion to the  N- 
m e t h y l t e t r a h y d r o  der ivat ive .  
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Changes in Major Liver Constituents Following Hypophysectomy in Goldfish (Carassius auratus)l 
H y p o p h y s e c t o m y  in te leosts  resul ts  in species specific 

changes  in l iver glycogen levels. In  Anguilla rostrata 
l iver glycogen was  deple ted  2 whereas  in Poecilia lati- 
pinna it  was e levated  3. In  the  la t t e r  species, however ,  
compar isons  were made  wi th  unopera ted  and no t  sham-  
opera ted  fish, t hus  leaving unaccoun ted  the  s t ress  of 
operat ion.  Tilapia mossambica, on the  o the r  hand ,  showed 
no change  in l iver glycogen levels following h y p o p h y -  
s ec tomy  4. However ,  h y p o p h y s e c t o m y  can al ter  l iver 
size as well as glycogen concen t ra t ions  as shown in 
Fundulus heteroclitis; glycogen concen t ra t ions  d ropped  
s l ight ly  af ter  p i t u i t a ry  removal ,  b u t  l iver size a lmos t  
doubled  resul t ing in a ne t  accumula t ion  of glycogen 5. 
Again compar isons  were made  wi th  unope ra t ed  r a the r  
t h a n  sham-ope ra t ed  controls .  W i t h  th is  in mind  we have  
examined  the  q u a n t i t a t i v e  and qua l i ta t ive  changes  in 
ma jo r  cons t i tuen t s  of goldfish (Carassius auratus) l iver 
following h y p o p h y s e c t o m y .  

Materials and methods. Medium size goldfish (4-9 g) 
were ob ta ined  f rom H a r t z  Mounta in  Pe t  Supplies, Rex-  
dale, Ontar io  and  ma in t a ined  at  20 • 0.5~ for a t  least  
1 m o n t h  pr ior  to operat ion.  Opera ted  and  unope ra t ed  
fish were  held in 20 ~ t ap  water .  NaC1 was added  to  the  
wa te r  giving a 0.2% solut ion to insure aga ins t  osmo- 
regula tory  failure in hypophysec tomized  fish. The fish 
were fed Pur ina  t rou t  ra t ion  dai ly  excep t  on the  d a y  of 
killing. The m e t h o d s  of h y p o p h y s e c t o m y  and  sham 
opera t ion  were r epor ted  earlier ". Completeness  of hypo-  
p h y s e c t o m y  was de t e rmined  by  the  colour-loss cr i ter ion 
of JOHANSEN and  RoY 7 and  the  absence of any  p i t u i t a ry  
r e m n a n t s  unde r  mode ra t e  magni f ica t ion  at  au topsy .  

In  the  5th week af ter  opera t ion  fish were killed by  
decap i t a t ion  and the i r  l ivers were analyzed immedia te ly  
for the i r  cons t i tuents .  Lipid co n t en t  was e s t ima ted  by  
the  m e t h o d  of BLIGH and DYER s. Glycogen was de te rmin-  
ed by  the  m e t h o d  of Lo et  a l )  wi th  sl ight  modif icat ion.  
I t  was found t h a t  the  glycogen isolation s tep effected by  
prec ip i ta t ion  wi th  ice-cold e thanol  and cent r i fugat ion  
could be omi t t ed  w i t h o u t  s ignif icant  change in yield 
(Table). P ro te in  was assayed by  the  me t h o d  of LOWRY 
et  al. 1~ and  the  b iure t  m e t h o d  11. Addi t ion  of b iure t  
r eagen t  to the  TCA prec ip i ta te  of di luted ground liver 
homogena t e  resul ted  in a pers i s ten t  cloudiness which  was 
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Summary of liver constituents from normal, sham operated, and hypophysectomized Carassius auratus 

1253 

Parameter Unoperated Sham operated Hypophysectomized 

Liver somatic index 3.83 ~_ 0.24 4.02 -L 0.33 7.80 Jc 0.52 ~ 
(mg liver/g of fish • 100) (10) (12) (12) 
Dry weight 314 ~ 4 321 2= 7 315 _-t= 4 

(10) (12) (12) 
Glycogen (alkaline digest) 198 ~ 4 194 =~ 3 253 -L 3 ~ 

(10) (12) (12) 
Glycogen (ethanol precipitate) 192 -c 5 252 ~ 3 

{10) (10) 
Proteill (Biuret) 103.0 ~ 3.2 95.9 • 3.3 50.6 ~_ 2.9 �9 

(10) (12) (10) 
Protein(LowRY) 87.6 • 3.4 ~ 86.0 ~ 3.1 b 46.6 ~c 2.4 ~ 

(10) (10) (11) 
Lipid 31.3 • 1.8 27.9 • 1.1 15.4 • 1.0 

(12) {13) (14) 

Data are expressed as mean ~= standard error (sample size), and all values except liver somatic index are ing/g wet w t. of liver. ~ Significantly 
different from unoperated arm sham operated, p < 0.05. L, Significant/y different from biuret method in the same group, p < 0.05. o Signif- 
icantly different from biuret method in the same group, p % 0.005. 

e l iminated  by  the  addi t ion  of 0.2 ml of a 4% sodium 
deoxychola te  solut ion giving a final volume of 4.2 ml. 

One-way  analysis  of var iance  was per fo rmed  to deter-  
mine the  significance of the  results.  Where  significance 
occurred compar i son  be tween  groups was made  by  the  
N e w m a n - K e u l s  mult iple  range test .  Significance be tween  
the  two t echn iques  for each of glycogen and  prote in  
analysis  was de te rmined  wi th  the  two- ta i led  S tuden t ' s  
/-test .  

Results and discussion. Results  are shown in the  Table. 
The liver somat ic  index and glycogen concen t ra t ion  
were s ignif icant ly  higher,  while the  concen t ra t ions  of 
lipid and pro te in  were s ignif icant ly lower in hypo-  
physec tomized  fish t h a n  in unopera ted  and sham-  
opera ted  fish. There  were no s ignif icant  differences be- 
tween  unopera ted  and sham-opera ted  fish. 

Since the  phenol-sulfur ic  acid reagent  reacts  wi th  many  
sugars12 the  usual procedure  for glycogen analysis  using 
an e thanol  prec ip i ta te  measures  the  quan t i t y  of alkali 
soluble polysacchar ide  which is p resumed  to be main ly  
glycogen la. Direct  analysis  of the  alkaline digest  is 
po ten t ia l ly  prone  to error  if in terfer ing subs tances  react  
wi th  the  phenol-sulfur ic  acid reagent .  However ,  the  
resul ts  compar ing  the  e thanol  prec ip i ta te  wi th  the  alkaline 
digest  indicate  no s ignif icant  difference be tween  the  two 
procedures  for goldfish liver. The glycogen concent ra -  
t ion repor ted  here for unopera ted  goldfish liver is much  
higher  t h a n  t h a t  found  by  STIMPSON 14 (4.32 • 0.54 mg/  
100 mg for 2 to 8 g fish). This may  be due to the  di f ferent  
me thod  of analysis.  STIMPSON 14 used one of two  me t h o d s  
(unspecified) descr ibed by  VAN DER VIES15. I t  should be 
no ted  in compar ing  our  results  for unope ra t ed  fish wi th  
o thers  in the  l i te ra ture  t h a t  some difference may  be 
a t t r i bu t ab le  to ma in ta in ing  unopera ted  fish in di lute 
saline for 4 to 5 weeks. 

Pro te in  d e t e r m i n a t i o n  by  the  me thod  of LOWRY et al. t~ 
gave cons is ten t ly  lower values t h a n  the  b iure t  me t h o d  11. 
The difference be tween  the  2 me thods  was s ignif icant  for 
sham opera ted  and unope ra t ed  fish, b u t  no t  for hypo-  
physec tomized  fish. The prote in  concen t ra t ion  repor ted  
here for unope ra t ed  goldfish liver is h igher  t h a n  t h a t  
r epor ted  by  HOPPER 16 (56.8 ~2 3.0 mg/g for 29 to 59 g 
fish) bu t  s imilar  to concen t ra t ion  calcula ted by  l)As 17 
(8.4 mg/100 mg for 14 to 18 g fish held a t  25~ 

DAS 17 also de t e rmined  the  wa te r  co n t en t  of goldfish 
liver and found it to be 72.3% ~- 0.69%, s l ight ly h igher  
t h a n  the 68.6~ repor ted  here. ST1MPSON'S 14 de t e rmina -  
t ion of l iver lipid (2.97 • 0.26 mg/100 mg tissue, we t  wt.) 
is similar to our f inding.  

I t  is a p p a r e n t  t h a t  the  app rox ima te  doubl ing of l iver 
mass following h y p o p h y s e c t o m y  is a resul t  b o t h  of glyco- 
gen, which increases absolu te ly  and  re la t ively  wi th  respec t  
to controls,  and of water ,  which  increases to ma in t a in  a 
cons t an t  propor t ion .  The decrease in lipid and  pro te in  
concen t ra t ions  can be accounted  for by  di lu t ion wi th  
doubl ing of liver size, i.e. the  absolute  amo u n t s  of lipid 
and pro te in  are ve ry  similar in unopera ted ,  sham-  
opera ted ,  and h y p o p h y s e c t o m i z e d  goldfish. This  indica tes  
t h a t  there  is no e labora t ion  of liver t issue bu t  an accumula-  
t ion of glycogen into pre-exis t ing  hepa tocy t e s  wi th  ti~e 
concomi t an t  addi t ion  of water,  unt i l  the  glycogen co n t en t  
of h y p o p h y s e c t o m i z e d  goldfish livers is a p p r o x i m a t e l y  
2.5 t imes  t h a t  of controls .  This is in con t ras t  to mos t  o ther  
ve r t eb ra t e s  where,  af ter  h y p o p h y s e c t o m y ,  liver weigh t  
decreases and  glycogen co n t en t  remains  co n s t an t  or 
decreases is. 

Summary. The increase in the  size of goldfish (Carassius 
auratus) l iver following h y p o p h y s e c t o m y  is due to  a ne t  
accumula t ion  of glycogen and the  addi t ion  of wa te r  to 
ma in ta in  a c o n s t a n t  p ropor t ion  wi th  no change  in the  
absolute  a m o u n t  of e i ther  pro te in  or lipid. 
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