
264 Specialia EXPERIENTIA 28/3 

hepa t ic  g lu ta th ione  reductase  ac t iv i ty  by  the  m e t h o d  of 
WENDELLL Pro te in  was de t e rmined  by  the  m e t h o d  of 
LOWRY et al. s Assays were also pe r fo rmed  wi th  F A D  added  
to  t he  me themog lob in  reduc tase  assay in a f inal  concen- 
t r a t i on  of 1 [x2VI and  to the  g lu ta th ione  reduc tase  assay in a 
f inal  concen t ra t ion  of 4 vM. 

Results and discussion. At the  t ime  of sacrifice, r ibof lavin  
def ic iency was readi ly  appa ren t  in ra t s  of Group 1, who 
showed rough  coats  and a failure to  gain weigh t  9, 1% 
Weigh t -ga ins  of ra ts  receiving the  def icient  d ie t  lagged 

Enzyme Groups ~ Mean Standard t ~ pa 
assayed specific error 

activity b 

Erythrocyte 1 4.7 0.7 
methemoglobin 2 4.0 0.7 
reduetase 3 4.9 0.6 

4 5.1 0.7 

Hepatic 1 31.5 4.8 
glutathione 2 50.2 4.5 . ., 
reductase 3 57.7 5.9 

4 50.5 2.8 

No significant 
difference 

3.82 <: 0.001 

. / , 

Six rats in each group: 1. Riboflavin-deficient diet; 2. Deficient diet 
with riboflavin supplementation; 3. Regular. diet with riboflavin 
supplementation; 4. Regular diet. ~Aetivity of methemoglobin re- 
duetase is expressed as nmoles methenmglobin reduced/rain/rag Hb, 
and activity of glutathione reductase is expressed as lxmoles glutha- 
thione reduced/min/g protein, o t -- Student's t-test for comparison of 
difference between means of enzyme activities of deficient and com- 
bined non-deficient groups, ap = p-value as determined by two-tailed 
test. 

s ignif icant ly  beh ind  those  of animals  whose diets  were 
suff icient  in r ibof lavin  (p < 0.001)11. Fur the rmore ,  r ibo- 
f lavin def ic iency of Group 1 animals  was cor robora ted  
b iochemica l ly  by  measur ing  the  ac t iv i ty  of hepa t ic  gluta-  
th ione  reductase .  The Table  shows t h a t  ac t iv i ty  of th is  
enzyme of an imals  in t he  def ic ient  group was  s ignif icant ly  
below t h a t  of animals  receiving adequa te  r ibof lavin  in- 
take  (p < 0.001). However ,  e ry th rocy t e  me themog lob in  
reduc tase  ac t iv i ty  was no t  affected by  r ibof lavin  deficien- 
cy (Table). Sl ight  a u g m e n t a t i o n  of enzyme ac t iv i ty  was 
observed in all groups wi th  addi t ion  of FAD in vi tro,  b u t  
the  increases were insignif icant .  The above f indings show 
t h a t  assay of e ry th rocy te  me themog lob in  reduc tase  act i-  
v i ty  is no t  a val id m e t h o d  for de tec t ion  of r ibof lavin  de- 
ficiency. 

Zusammen/assung. Bei R a t t e n  mi t  Ribof lav in-Mangel  
wurde  eine normale  Akt iv i t / i t  der NADH-abh~tngigen 
Meth~moglob in reduk tase  festgestel l t .  
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Side-Chain Hydroxylation in the Biosynthesis of j3-Ecdysone (20-Hydroxyecdysone) in the Blowfly 
Calliphora Stygia 

F r o m  a s t u d y  i of t h e  me tabo l i sm of 25-deoxyecdysone 
in th6' b lowfly  C. stygiaJit was concluded t h a t  s ide-chain 
h3)6ro,xylation p robab ly  precedes  modi f ica t ion  o f  the  
steroid ' i iucleus in the  b iosynthes is  of fi-edysone (20-hydro- 
xT~cd#sone ) f rom cholesterol.  To t es t  th is  conclusion we 
ha,~e now s tudied  the  me tabo l i sm in C. stygia of [26 -1~ C~- 
25-hydroxycholes tero l  and [22 -a H- l - (22R)-22-hydroxy-  
cholesterol .  

A colloidal suspension of E26-14 C~ - 25-hydroxycholes tero l  
(37.0 • 10Sdpm, 60 mCi/mmole)  in wa te r  conta in ing  0.5% 
sodium oleate was in jec ted  into 3rd ins ta r  larvae  of C. 
stygia (100 insects) 6-9 h pr ior  to  p u p a r i u m  fo rma t ion  
toge the r  w i th  [1-3HI-cholesterol (145 •  10 Ci/ 
mmole)  to  serve as a reference s t anda rd  (3H:14C = 3.9:1). 
The p repupae  were collected 6-9 h af ter  p u p a r i u m  forma-  
t ion  (about  18 h incubat ion) ,  homogenized  in e thanol  and 
the  fi-ecdysone isolated as descr ibed previous ly  2. As 
observed earlier a, [1-3H~-cholesterol was found  to  be 
incorpora ted  in to  fl-ecdysone (0.016%). However ,  the  
3H : 14C ra t io  of the  puri f ied fi-ecdysone isolated was 20 : 1, 
ind ica t ing  t h a t  25-hydroxycholes terol ,  if incorpora ted ,  
was incorpora ted  to  a m u c h  lower ex t en t  t h a n  cholesterol .  
Recen t ly  i t  was repor ted4  t h a t  25-hydroxycholes te ro l  is 
no t  metabo l i sed  to fi-ecdysone in seedlings of Podocarpus 
elatus. 

[22=3H]-(22R),22-hydroxycholesterol (1 • dpm,  2.46 
Ci/mmole,  radioChemical  pu r i t y  98 %), p repared  by  reduc-  
t ion  of 22-ketocholesterol  wi th  sodium boro t r i t ide  5 was 
incuba ted  in C. stygia and the  f l -ecdysoneisolated as before. 
Af ter  ex tens ive  pur i f ica t ion the  fi-ecdysone f rac t ion was  
ch ro ma t o g rap h ed  wi th  non- rad ioac t ive  fl-ecdysone. The  
curve of the  UV-abso rp t ion  p lo t t ed  agains t  e lut ion 
vo lume t h e n  coincided wi th  a weak peak  of r ad ioac t iv i ty  
which  cor responded  to  an incorpora t ion  of no t  more  t h a n  
0.0001%, t h a t  is abou t  1/100 of t h a t  ob ta ined  wi th  cho- 
lesterol.  

The cholesterol  pool  in C. stygia is very  large a and  
p robab ly  ve ry  much  larger t h a n  any  of its more  polar  
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metabo l i t e s  8. I t  is t hus  clear t h a t  the  a m o u n t  of incorpo- 
ra t ion  observed  w i t h  the  hydroxycho les te ro l s  it  is no t  
s ignif icant  and  t h a t  ne i the r  of these  compounds  can be 
biological precursors  of fl-ecdysone. By con t ras t  is was 
found  t h a t  in C. stygia 25-deoxyecdysone  1 and  22-deoxy- 
ecdysone  ~ r a p i d l y  af forded fl-ecdysone by  s ide-chain  
hydroxy la t ion .  I t  appears  t h a t  the  enzymes  responsib le  
for the  modi f ica t ion  of the  nucleus are sensi t ive  to t he  
s t a tus  of the  s ide-chain and  i t  is l ikely t h a t  in the  bio- 
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syn thes i s  of f i-ecdysone f rom cholesterol  some e labora t ion  
of t he  5-ene sys t em of cholesterol  m u s t  take  place before 
h y d ro x y l a t i o n  of t he  s ide-chain  can proceedS. 

Rdsumd. Dans  la mouche  a v iande  Calliphora stygia le 
25-hydroxycholes tero l  et  le (22R)-22-hydroxycholesterol 
son t  ineorpor6s a la f l-ecdysone (20-hydroxy-ecdysone)  
beaucoup  moins  qu ' au  cholesterol  et  ne sont  done proba-  
b l e m e n t  pas  des pr6curseurs  de ce t te  hormone .  

M. N. GALBRAITH, D. H. S. HORN, 
E. J. MIDDLETON and J. A. THOMSO N 

Division of Applied Chemistry, C.S.I.R.O., 
Box 4331, G.P.O., Melbourne (Australia); 
and Department of Genetics, University o/Melbourne, 
(Australia), 73 September (7977). 

C e l l u l a r  P r o l i f e r a t i o n  in  the  A r t e r i a l  W a l l s  of E p i n e p h r i n e - T r e a t e &  R a b b i t s  

Recen t  s tudies  have  shown t h a t  bo th  in m a n  and ani- 
mals  the  sm oo th  muscle  cells of t he  ar ter ia l  wall  m a y  ac- 
t ive ly  pro l i fe ra te  in several  pa thologica l  condit ions.  So far, 
t he  repor t s  in this  f ield have  been main ly  concerned  wi th  
h u m a n  and  expe r imen ta l  a therosc leros is l  8; ve ry  l i t t le  is 
known  as to  o ther  ar ter ia l  lesions ~, s. As early as 1903, Jo-  
su~  8, conf i rmed by  o thers  10-1a, r epor ted  the  p roduc t ion  of 
ar ter ia l  lesions in r abb i t s  a i te r  i.v. in ject ions  of epinephr i -  
ne. The mos t  charac ter i s t ic  fea tures  of th is  a r t e r i opa thy  
are necroses in the  media  of the  large elastic ar ter ies  w i th  
an increase of PAS-s t a inab le  mucopolysacchar ides ,  fol- 
lowed by  calc ium deposi t ion.  The a im of the  p resen t  work  
was to  s t u d y  in l ight  and electron microscopy the  ear ly  
s tages of t he  ep inephr ine  a r t e r i o p a t h y  and  to  de te rmine  
by  3H- thymid ine  and  colchicine m e t h o d s  whe the r  af ter  
ep inephr ine  the  media l  smoo th  muscle  prol iferates .  

Adul t  r abb i t s  weighing abou t  2 kg were used. 4 un-  
t r ea t ed  animals  served as control .  6 animals  received i.v. 
a to ta l  dose of 500 ~xg/kg b o d y  wt. of ep inephr ine  dur ing  
a per iod of 12 h. Other  6 r abb i t s  received i.v. twice dai ly  
25 txg/kg of the  drug. The animals  of bo th  t r ea t ed  groups 
were killed 1, 3, 5, 7, 10 and  12 days  af ter  the  beginning  of 
the  exper iment .  1 h before the  sacrifice aH- thymidine ,  
1 mC/kg of body  wt. ,  was in jec ted  i.v. For  colchicine s tu-  
dies 6 r abb i t s  were in jec ted  wi th  dai ly  doses of 100 ~g/kg 
of ep inephr ine  and killed as above.  Colchicine, 1 mg/kg  
b o d y  wt. ,  was admin i s t e red  s.c. 9 h before the  sacrifice. At  
autopsy ,  selected segments  of the  main  p u l m o n a r y  a r t e ry  
and of t he  aor ta  were  processed pa r t l y  for l ight  and elec- 
t ron  microscopy  and  pa r t l y  for au to rad iography .  F o r  
l ight  microscopy  the  convent iona l  histological  me th o d s  
were employed .  For  e lec t ron microscopy  the  t issues were 
f ixed in K a r n 0 w s k y  mix tu r e  and  ref ixed in osmium te t ro-  
xide, e m b e d d e d  in Epon ,  subsequen t ly  s ta ined wi th  uranyl  
ace ta te  and lead c i t ra te  (Reynolds) and examined  under  
a Siemens  E lmiskop  IA e lec t ron microscope.  For  auto-  
r ad iog raphy  the  usual  t echniques  were employed.  In  each 
ar ter ia l  s egmen t  t he  mean  n u m b e r  of labelled nuclei  per  
m m  ~ of t he  surface area of the  media  was calculated.  In  
the  u n t r e a t e d  rabbi ts ,  a l l - label led nuclei  were only ex- 
cep t iona l ly  seen and colchicine mi toses  (metaphases)  were 
never  observed.  

In  the  r abb i t s  t r e a t ed  wi th  a single h igh  dose of epine- 
phr ine ,  t he  histological  p ic ture  was p r imar i ly  one of in- 

v o l v e m e n t  0 f i h e  media.  There  was a separa t ion  or loosen- 
ing of the  medial  e h s t i c  and muscle  componen t s  due to the  
accumula t ion  of basophi l ic  m e t a c h r o m a t i c  mater ia l .  La te r  
these e lements  appeared  to be degenera ted  and  necrotic.  
E lec t ron  microscopic  examina t i on  showed widened  inter-  
cellular spaces conta in ing  an e lect ron- lucent ,  s t ructure less  
mater ia l .  Associate  f indings were necrot ic  or in jured 
s mo o t h  muscle cells showing swollen mi tochondr i a  wi th  
disorganized cr is tae and  e lec t ron- lucent  mat r ix .  Sca t te red  
vacuoles were f r equen t ly  seen and  mos t  of the  myof i l aments  
appeared  as granular  debris.  Regress ive  changes  were found 
only  in the  r abb i t s  kil led up to  7 days  af ter  ep inephr ine ;  
t he rea f t e r  the  nb rma l  s t ruc tu re  appeared  to  be fully 
restored.  As repor ted  in the  Table  (left) small  number s  of 
labelled nuc le i  were cons t an t l y  found in the  media  of the  
aor ta  and  p u l m o n a r y  ar tery ,  i n d ep en d en t l y  f rom the  
t ime  elapsed af ter  t r e a t m e n t  and  even af ter  ap p a ren t  
res tora t ion  of the  ar ter ia l  s t ruc tu re  (Figure 1). Similar ly 
t r ea ted  animals  in jec ted  wi th  colchicine showed meta-  
phase -a r res ted  mitoses,  ma in ly  concen t ra t ed  in t he  inner- 

1 G. C. I~{CI~ILLAN and G. L. DUFF, Arch. Path. 46, 179 (1948). 
2 S. C. SPRARAGEN, V. P. BOND a n d  L. K. DAHL, Ci rcu la t ion  Res. 11, 

329 (1962). 
3 G. C. McMILLAN and H. C. STARY, Ann. N.Y. Acad. Sci. 149, 699 

(1968). 
4 j .  JARMoLICH, A. S. DAOUD, J. LANDAU, K. E. FRITZ and E. McEL- 

VENE, Exptl. 1 molec. Path. 9, 171 (1968). 
5 R. A. FLORENTIN, S. C. NAM, K. T. L ~ ,  K. J. LEE and W. A. THO- 

MAS, Arch. Path. 88, 463 (1969). 
6 C. CAVALLERO, 13. TUROLLA a n d  G. RICEVUTI, Atheroscleros is  73, 9 

(1971). 
7 C. CAVALLERO, E. TUROLLA and G. RICEVlZTI, Arch. Mal. Coeur 62, 

Suppl. I, 10 (1969). 
s j .  C. F. POOLE, S. 13. CROMWELL and E. P. BENDITT, Am. J. Path. 

62, 391 (1971). 
9 M. O. Josv~, C.r. Soc. Biol., Paris 55, 1374 (1903). 

10 y. T. OESTER, Ann. N.Y. Aead. Sci. 72, 885 (1959). 
11 Sv. BARTELSEN, Acta path. microbiol, stand. 53, 335 (1961). 
12 S. Y. Yu and H. T. BLUMENTHAL, Fed. Proc. 20, 159 (1961). 
13 j .  DE BRUX, R. CALVARIN a n d  H.  KAUFMANN, Presse m6d.  72, 1539 

(1964). 

2 �84 


