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The re la t ive ly  simple NMR-spec t rum showed a double t  
(3H, J = 5 Hz) a t  3 1.9 ppm, a singlet  a t  ~ 3.8 p p m  (3H), 
a broad  singlet  (exchangeable wi th  D~O) a t  4.2 p p m  (H), 
a sharp singlet  (H) a t  4.5 p p m  and a compl ica ted  mul t ip le t  
(2H) centered a t  6.5 ppm. The possible presence of a 
me thy l  ester and hyd roxy l  group were thus  suppor ted  by  
the  NMR-spec t rum.  The me thy l  protons  a t  1.9 p p m  must ,  
t h rough  the i r  chemical  shif t  and coupl ing cons tan t  (J = 
5 Hz), be a t t ached  to a double bond, and, as a consequence,  
the  compl ica ted  mul t ip le t  centered a t  6.5 ppm mus t  be 
ascribed to olefinic pro tons  a t t ached  to a me thy l  bear ing  
double bond.  

The  I R - s p e c t r u m  fur ther  conf i rmed these conclusions. 
The  absorpt ion a t  3400 cm -1 is indica t ive  of a hydrogen  
bonded  hydroxy l  group, while a non-con juga ted  carbonyl  
of an ester group was indica ted  by  the  s t rong absorpt ion  
a t  1755 cm -~. The  presence of  a second carbonyl  was 
revealed  by  the  s t rong absorpt ion a t  1735 cm -~, while the  
double bond, the  e ther  l inkage and carbon to chlorine bond 
were fur ther  confirmed in the  appropr ia te  regions. 
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The above  findings accounted  for the  presence of 2 
chlorine, 10 hydrogen  and 4 oxygen  atoms,  and as a 
consequence of the  molecular  weight  of 246, a molecular  
formula  C10Hx0C1204, was assigned to the  compound.  

A search in the  present  l i te ra ture  for fungal  metabol i tes  
revea led  the  findings of ~V[cGAHREN et  al. 5 and STRUNZ 
et  al. 6 on chlor inated fungi toxic  and an t ib io t ic  fungal  
metabol i tes  isolated f rom Sporormia affinis Sacc. ]3omm 
and Rous  and a species of Cryptosporiopsis, respect ively.  

Comparison of our  da t a  wi th  those given by  these 
authors  for thei r  C10H10C1204 compound  and an au then t ic  
sample ~ revealed the  iden t i ty  of mel t ing  poin t  and spectra  
including the  UV-absorpt ion.  Singlecrystal  X- r ay  analysis 
was used by  McGA~IR~N et  al. 5 to show the  s t ructure  and 
absolute  conf igurat ion of the  dichlor inated metabol i te  
to  be (IS, 5S)-2-cyclopentene- l -carboxyl ic  acid-2-trans- 
a l ly l -3 ,5 -d ich loro- l -hydroxy-4-oxomethy l  ester  (I). This 
compound  was named  cryptospor iopsin  by  STRUNZ et  al. 6. 

For  fur ther  comparison,  the  opt ical  ac t iv i ty  of the  
present  compound  was measured.  Quite  unexpectedly ,  

the  specific ro ta t ion  was found to be of opposi te  sign 
( - 9 6  ~ to the  ro ta t ion  measured  by  MCGAHREN et  al. 5 
and STRUNZ et  al. 6 indicat ing the  an t ipoda l  na tu re  of the  
p roduc t  present ly  isolated f rom this  Phialophora. 

The observat ions  of the  product ion  of opt ical  ant ipodes  
by  different  l iving systems is no t  unusual  : ( + ) - l ac t i c  acid 
by  bac ter ia  and its ( - - ) - form in muscles and ( + ) -  and 
(--)- isousnic and usnie acid in Cladonia tuttis and Clado- 
nia pleurota 7, respect ively.  Produc t ion  of opt ical  ant i -  
podes by  re la ted fungal  species seems to be due to the  
abi l i ty  ei ther  to produce or no t  to produce an isomerase 
which m a y  then  conver t  the  or iginal ly  formed produc t  
into its opt ical  an t ipode  s, 9. 

I t  seems however ,  to the  best  of our  knowledge,  t h a t  
the  present  findings are the  second clear observa t ion  of 
the  p roduc t ion  of opt ical  ant ipodes  by  different  fungi. 
The  produc t ion  of ( - - ) -  and (+ ) -me l l e in  by  Aspergillus 
melleus lo and an unident i f ied  fungus 11, respect ive ly  seems 
unambigous,  while s t rong doubts  exist  abou t  the  earl ier  
observat ions  on the  produc t ion  of dechlorogeodin 1~. We 
m a y  poin t  ou t  here t h a t  the  known sexual  forms of some 
species of Cryptosporiopsis and Phialophora belong to the  
same fami ly  of Ascomycetes  : the  Dermateaceae .  The isola- 
t ion of cryptospor iopsin  f rom bo th  a Cryptosporiopsis sp. 
and a P .  asteris f. sp. helianthi is equal ly  in favour  of the  
re la t ionship be tween  the  two fungi. 

Cryptospor iopsinl ,  13 and the  ( - - ) -enan t iomer  showed 
comparable  fungi toxic  ac t i v i t y  towards  a va r i e ty  of 
moulds.  The  ac t i v i t y  of the  ( - - ) - enan t iomer  against  
Sclerotinia sderotiorum, also an i m p o r t a n t  pa thogen  on 
sunflower, seems no tewor thy .  

Final ly ,  two fur ther  metabol i tes  of P .  asteris f. sp. 
helianthi, with  weak  to nil  fungi toxic  ac t iv i ty ,  were 
t en t a t i ve ly  ident i f ied by  GCMS measurements  as a 
s tereoisomer of cryptospor iopsin  and its dehydra ted  
der iva t ive .  

5 W. J.  )/[CGAHREN, J.  H. vAx DEN HEI~DE and  L. A. ]V~ITSCHEI% 
J. Am. chem. Soc. 97, 157 (1969). 

6 G. ~ .  STRUixfZ, A. S. COURT, J.  KOMLOSSY and  M. A. STILLWELL, 
Can. J. Chem. d7, 2087 (1969). 

7 S. SHIBATA and H. TAGImHI, Tetrahedron Lett. 7967, 4867. 
8 S. GATENBECK and iVf. ]~AHLEI't, Acta chem. scand. 22, 2613 (1968). 
9 A. M:AHLEN and S. GATENBECK, Acta chem. scand. 22, 2617 (1968). 

10 :E. NISHIKAWA, 3" Agrie. Chem. Japan 9, 772 (1933). 
11 ]~. L. PATTERSOn, W. W. AI~DRES and  ~ .  ]3OHONOS, Expe r i en t i a  

22, 209 (1966). 
12 C. E. STIGKIIqGS and A. iVfAH~IOODIAN, ]3iochem. J. 92, 369 (1964). 
18 1~. A. STILLWELL, F. A. WOOD and G. IVf. STRO~Z, Can. J. Micro- 

biol. 75, 501 (1969). 

Effect of Orotic  Acid on Liver Glycogen  of Different A n i m a l  Spec ies  

!. FF.KGTE and Gu T6TI~ 

Institute of Zoology, Kossuth Layos University, I-1-4070 Debrecen (Hungary), 9 September 1975. 

Summary. The effect  of orot ic  acid on the  l iver  glycogen con ten t  in the  mice, frogs and catfish was studied. I t  was 
observed t h a t  the  orotic acid s ignif icant ly  increases the  glycogen con ten t  in the  l iver  of mice and catf ish as i t  does in 
rats.  On the  o ther  hand  i t  causes a fall  of the  glycogen level  in frogs in exper iments  made  bo th  in a u t u m n  and spring. 
This  effect was modif ied by  amino acids admin is t ra ted  toge ther  wi th  orotic acid. 

I t  is known t h a t  i.p. and oral  adminis t ra t ion  of orotic 
acid elicits f a t t y  changes in the  liver. I t  has also been 
observed t h a t  on prolonged adminis t ra t ion  of orotic acid, 
besides f a t t y  degenerat ion,  a rise occurs in glycogen 
con ten t  of the  l iver  associated wi th  an increase of uridine 
nucleot ides 1, 3. 

We have no data on the effect of orotic acid on the 
glycogen level of the organism in poikilothermal animals. 

I H. SIDRANSKY, E. VERNEY and D. S. WAGLE, Proc. Soc. exp. ]3iol. 
Med. 720, 408 (1965). 
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I t  therefore  seemed just i f ied to  inves t iga te  the  effect  of 
orotic  acid on the  changes  of glycogen con t en t  in lower 
animals.  

Mater ia l s  and  methods. In  the  p re sen t  work  we r epo r t  
on our results  ob ta ined  in expe r imen t s  on mice and  ra ts  
t r ea ted  wi th  orotic acid, and on the  effect  of orotic  acid 
on liver glycogen in the  cat f ish  and  edible frog. Paral lel  
w i th  the  exper iments ,  we have  inves t iga ted  the  effect  
of DL-leucine on liver glycogen in the  animals  men t ioned  
above. A t  the  same t ime  we have  s tudied  the  effect  of 
combined  admin i s t r a t ion  of orotic  acid and  DL-leucine. 
The effect  of I)L-leucine was compared  wi th  t h a t  of L- 
cyste ine and DL-valine. 

Male mice (CFLP strain) weighing 28-30 g, and ra ts  
(CFY strain) weighing 200-230 g were used. T r e a t m e n t  
consis ted of admin i s t r a t ion  of dai ly  i .p.  doses of 30 mg 
orotic acid/kg b o d y  wt.  Dura t ion  of t he  t r e a t m e n t  was 
10-14 days.  1 expe r imen ta l  group compr ized  10 mice or 
rats.  The frogs ( R a n a  esculenta) weighed 80-100 g. 1 ex- 
pe r imen ta l  group included 10 frogs (generally 5 males  
and  5 females). The animals  received i .p.  in ject ions  of 
50 mg /kg /day  orotic acid dissolved in physiological  saline. 

Catf ish ( Ic ta lurus  nebulosus) weighing 120-140 g were 
t r ea t ed  wi th  60 mg /kg /day  orotic acid. In  one group 10 
animals  were included.  

I)x-leucine, DL-vMine and  L-cysteine, d issolved in 
dist i l led water ,  were given in dai ly  i .p .  doses of 250 m g /  
kg/mice or 500 rag/rats ,  frogs and  catf ish.  The animals  
were t r e a t ed  twice a day, in t he  forenoon and  af ternoon.  
Orotic acid and  aminoac id  were in jec ted  together .  

On the  last  day  of t he  e x p e r i m e n t  (usually on the  
10 th -14 th  day) t he  animals  were  exsangu ina ted  and  the  
l ivers removed.  F r o m  the  liver 1 g was t aken  in to  10 ml  
10% t r ichloracet ic  acid. For  t he  de t e rmina t i on  of gly- 
cogen in the  l iver samples,  we used the  combined  m e t h o d  
of GooD, BLOO~ et  al.~, ~, t he  modif ied  m e t h o d  of RoE 
et  al. ~ respect ively.  

Resul ts  and  discussion.  The resul ts  on mice and  ra ts  
have  shown t h a t  under  t he  effect  of orotic  acid t he  gly- 
cogen co n t en t  of l iver increases to  abou t  the  double  of 
t he  original a m o u n t  (Figures A and  B). A more  modera t e  
b u t  still  s ignif icant  increase was no ted  in catf ish,  while 
a considerable  decrease in glycogen c o n t e n t  occurred in 
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A. Mus musculus. L-Cys: 2.61 i 0.36, p < 0.01; DL-Leu: 0.69 -~ 0.05, p < 0.05; DL-Val: 4.06 ~: 0.47, p < 0.01; OR-AC: 3.23 ~ 0.36, 
p < 0.01; L-Cys + OR-AC: 3.15 ~: 0.74, p > 0.05; DL-Leu + OR-AC: 5.42 ~ 0.34, p < 0.01; DL-Val + OR-AC: 2.68 4- 0.29, p -< 0.02; 
Control: 1.05 :[: 0.12. 
]3. Rattus norvegicus. L-Cys: 4.97 4- 0.51, p < 0.01; DL-Len: 5.35 :}: 0.53, p < 0.01; DL-Val: 1.91 -4- 0.20, p > 0.05; OR-AC: 5.38 q: 0.30, 
;b < 0.02; e-Cys + OR-AC: 2.30 ~: 0.54, p < 0.01; DL-Leu + OR-AC: 2.86 ~: 0.83, p < 0.02; DL-Val + OR-AC: 6.13 :~: 0.55, p < 0.01; 
Control: 2.39 ~2 0.26. 
C. Rana esculenta. L-Cys: 6.44 :{: 0.26; DL-Leu: 5.67 4- 0.51; DL-Val: 6.99 ~ 0.36; OR-AC: 4.70 :E 0.39, p < 0.02; L-Cys + OR-AC: 6.01 4- 
55; DL-Leu + OR-AC: 6.28 ~: 0.13; DL-Val -[- OR-AC: 6.70 • 0.32; Control: 6.76 :E 0.61. 

D. Ictalurus nebulosus. L-Cys: 7.61 4- 0.49, p < 0.01; DL-Leu: 3.15 :J: 0.31, p < 0.01; DL-Val: 5.01 :]: 0.37, p > 0.05; OR-AC: 5.89 -[: 0.16, 
p < 0.01; L-Cys + OR-AC: 7.47 ~ 0.80,# > 0.05; DL-Leu + OR-AC: 5.32 4- 0.61, p < 0.01; DL-Val + OR-AC: 3.87 -4- 0.24, p < 0.05; 
Control: 4.46 :E 0.25. 
L-Cys, L-cysteine; DL-Leu, DL-leucine; DL-Val~ DL-valine; OR-AC~ orotir acid, 
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frogs. Since th i s  decrease  of g lycogen c o n t e n t  in  t he  frog 
l iver  was  obse rved  in a u t u m n  (November ) ,  a t  a t i m e  
w h e n  - in  a g r e e m e n t  w i t h  o t h e r  a u t h o r s  - we h a v e  found  
a cons iderab le  g lycogen a c c u m u l a t i o n  in severa l  exper i -  
m e n t s  6, we h a v e  r e p e a t e d  t h e  e x p e r i m e n t  in  Spr ing  
(April). I n  t h e  r epea t ed  expe r imen t ,  a f t e r  orot ic  acid 
t r e a t m e n t  a s l ight  b u t  n o t  s ign i f ican t  decrease  of g lycogen 
c o n t e n t  in  t h e  l iver  was  ob ta ined .  

The  obse rva t i on  of some a u t h o r s  t h a t  insu l in  enhances  
t h e  a c t i v i t y  of g lycogen s y n t h e t a s e  7-9, a n d  t he  f ind ing  
t h a t  a l loxan  d iabe tes  c an  be  no rma l i zed  b y  orot ic  acid ~0, 
ra ises  t h e  poss ib i l i ty  t h a t  orot ic  acid m a y  s t i m u l a t e  
g lycogen a c c u m u l a t i o n  t h r o u g h  insu l in  secre t ion  as well. 
Since a n  i m p o r t a n t  role is a t t r i b u t e d  to  leucine in t he  
p r o d u c t i o n  of insulin,  and  i t  is k n o w n  t h a t  leucine in- 
f luences t h e  b lood  sugar  l eve l ,  even  if i ts  role in g lycogen 
p r o d u c t i o n  is st i l l  d iscussed n-~v, we h a v e  i n v e s t i g a t e d  
t he  effect  of DL-leucine on  t h e  glycogen level  of t h e  
a n i m a l  species m e n t i o n e d  above,  b y  g iv ing  DL-leucine 
a lone  and  t o g e t h e r  w i t h  orot ic  acid. 

As can  be  seen f rom t h e  Figure,  in a l m o s t  all  a n i m a l  
species DL-leucine inf luenced,  in  one w a y  or in o ther ,  t h e  
effect  of orot ic  acid. W i t h  r a t s  a n d  ca t f i sh  DL-leucine 
depressed  t h e  l iver  g lycogen level  increased  b y  orot ic  
acid. On t h e  o t h e r  h a n d ,  g lycogen c o n t e n t  in  t h e  l iver  of 
mice  a u g m e n t s  cons ide rab ly  on  c o m b i n e d  orot ic  acid 
and  DL-leucine t r e a t m e n t  as c o m p a r e d  to  t h e  l iver  gly- 
cogen c o n t e n t  of an ima l s  t r e a t e d  on ly  w i t h  orot ic  acid. 
I t  is also r e m a r k a b l e  t h a t  in  frogs DL-leucine m o d e r a t e s  
t he  decrease  of g lycogen level  due  to  orot ic  acid.  Usual ly ,  
c o m b i n e d  a d m i n i s t r a t i o n  of orot ic  acid a n d  DL-leucine 
exer t s  a c o n t r a r y  effect  on  l iver  g lycogen of t he  species 
s tudied ,  as c o m p a r e d  to  t h e  va lues  o b t a i n e d  in cont ro ls  
a n d  orot ic  acid t r e a t e d  animals .  Therefore ,  i t  m a y  be  

supposed  t h a t  b o t h  subs t ances  h a v e  a n  inf luence  on  
glycogen s y n t h e t a s e  e n z y m e  as well. I t  is i n t e r e s t i ng  t h a t  
genera l ly  t he  s i m u l t a n e o u s  a d m i n i s t r a t i o n  of orot ic  acid 
and  DL-leucine f avours  t he  a c c u m u l a t i o n  of glycogen,  
even  if t h i s  a c c u m u l a t i o n  is n o t  a lways  of h igh  degree. 

A l t h o u g h  DL-valine differs in one CH2-grou p f rom DL- 
leucine,  s t i l l  i t  exer t s  a f u n d a m e n t a l l y  d i f fe ren t  effect  on  
l iver  g lycogen in ce r t a in  species, b o t h  in c o m b i n a t i o n  
w i t h  orot ic  acid or g iven  alone, t h a n  does DL-leucine. 

F r o m  t h e  resul t s  o b t a i n e d  i t  m a y  be  c o n c l u d e d  t h a t  
a m i n o  acids c o n t a i n i n g  an  SH-g roup  m a y  p l ay  an  im- 
p o r t a n t  role in  t he  p r o d u c t i o n  of glycogen,  p r o b a b l y  as 
e n z y m e  componen t s .  I n  add i t i on  to  t he  s t i m u l a t o r y  ef- 
fect  of L-cysteine on  glycogen p r o d u c t i o n  (even w i t h  
frogs t he  decrease  of g lycogen due  to  cys te ine  t r e a t m e n t  
is n o t  s ignif icant) ,  i t  also modif ies  t he  effect  of orot ic  acid 
in  a l m o s t  all  species s tudied .  

6 I. FEKETE, Acta biol. debrec. 9, 33 (1971). 
W. H. DANFORTH and P. HARVEY, Bioehem. biophys. Res. Com- 
mun. 16, 466 (1964). 

s B. J. WILLIAMS and S. E. MAYER, Molec. Pharmae. 2, 454 (1966). 
9 p. O. SEGLEN, FEES Lett. 30, 25 (1973). 

10 j .  METHFESSEL, R. SCHMIDT und S. KEIL, Z. ges. exp. Med. 740, 
149 (1966). 

11 L. POLLAK, Biochem. Z. 727, 120 (1922). 
12 L. C. FERRIERE and J. S. BUTTS, J. biol. Chem. 790, 1 (1951). 
13 p. JOHNSON, B. HERRING and J. B. FIELD, Metabolism 70, 415 

(1961). 
14 A. SZlGETI and IV[. BED6, Nahrung 9, 809 (1965). 
15 S. S. SANBAR, Metabolisnl 75, 557 (1966). 
16 A. M. DIGEORGE, V. H. AUERBACH and C. C. MABRY, Nature, 

Lond. 788, 1036 (1960). 
17 A. J. CLARK and M. C. BARRON, J. Nutr., Bethesda 102, 1407 

(1972). 

I s  S e r o t o n i n  o r  a r e  i t s  M e t a b o l i t e s  R e s p o n s i b l e  f o r  I n d u c t i o n  o f  H y p o t h e r m i a ?  1 

P~.. RITZMANN2 a n d  B.  TABAKOFF 

Department o] Physiology, University o/ Illinois Medical Center, 901 South Wolcott Street, Chicago (Illinois 60612, 
USA), 22 September 7975. 

Summary. Sero ton in  per  se, r a t h e r  t h a n  i ts  metabo l i t e s ,  was  shown  to  p roduce  h y p o t h e r m i a  in mice. This  effect  was 
m e d i a t e d  w i t h i n  t h e  CNS a n d  could  be  a t t e n u a t e d  b y  me thyse rg ide .  

The  i n v o l v e m e n t  of t he  cen t r a l  se ro tonerg ic  s y s t e m  in 
neu ra l  r egu la t ion  of b o d y  t e m p e r a t u r e  in  m a m m a l s  ha s  
been  t h e  sub j ec t  of n u m e r o u s  r epo r t s  (for rev iew see 
MYERS3). Severa l  po in t s  of c o n t r o v e r s y  are  read i ly  ap-  
p a r e n t  w i t h i n  t h e  l i t e ra tu re .  T he  m a j o r  p o i n t  ha s  been  
t h e  lack of a g r e e m e n t  as to  w h e t h e r  se ro ton in  ac t s  in  t h e  
CNS to  p roduce  a h y p o t h e r m i c  or h y p e r t h e r m i c  response  
in  core t e m p e r a t u r e .  M a n y  of t he  s tudies  a imed  a t  eluci- 
d a t i n g  th i s  p o i n t  h a v e  used  i n t r a c e r e b r a l  a d m i n i s t r a t i o n  
of s e ro ton in  a n d  m o n i t o r e d  rec ta l  t e m p e r a t u r e  ~-7, a n d  
lack of a g r e e m e n t  b e t w e e n  s t u d i e s  ha s  been  a t t r i b u t e d  
to  species differences*,  5, a n d  locale a n d  rou t e  of ad-  
min i s t r a t ion6 ,  ~. A n o t h e r  possible  e x p l a n a t i o n  for t he  
con t rove r s i a l  resu l t s  ha s  been  i n t r o d u c e d  b y  BAROFSKY 
a n d  FELDSTEIN S. The i r  s tud ies  i nd i ca t e  t h a t  t h e  se ro ton in  
m e t a b o l i t e  5 - h y d r o x y t r y p t o p h o l  p roduces  h y p o t h e r m i a  
in mice. T:he poss ib i l i ty  t h u s  ar izes t h a t  5 -HT m a y  pro-  
duce  h y p e r t h e r m i a  whi le  i ts  m e t a b o l i t e s  p roduce  hypo-  
t he rmia .  The  convers ion  in b r a i n  of exogenous ly  ad-  
min i s t e r ed  5 -HT to  a m e t a b o l i t e  wh ich  also m o d u l a t e s  
t e m p e r a t u r e  m a y  be  respons ib le  for  some of t he  con-  

f l ic t ing resul ts .  Our  s tud ies  were, therefore ,  a imed  a t  
e luc ida t ing  w h e t h e r  t h e  effects of 5-HT, a d m i n i s t e r e d  
in to  t he  CNS, were a resu l t  of t h e  ac t ion  of t he  amine  or 
p r i m a r i l y  due  to  i ts  metabo l i t e s .  

Materials and methods. C57B1/6J male  mice, 60-80 
days  old, were used for  all  expe r imen t s .  Fo r  a t  leas t  6 
days  p r io r  to  in ject ions ,  mice were housed  in a cont ro l led  

1 This study was supported in part by grants No. NS-12759 and 
No. AA-2696 from the USPHS and a research grant from the 
Graduate College of the University of Illinois. 

2 Recipient of NIAAA postdoctoral fellowship. 
3 R. D. MYERS, in Handbooh o] Drug and Chemical Stimulation o/ 

Brain; Behavioral Pharmacological and Physiological Aspects 
(Van Nostrand, Reinbold, Cincinnati 1974), p. 237. 

4 W. FELDBERG and R. D. MYERS, J. Physiol., Lond. 173, 226 
(1964). 

5 t(. ]~. COOPER, W. I. CRANSTON and A. . l .  HOtCOUR, J. Physiol., 
Lond. 181, 852 (1965). 

6 R. D. MYERS and T. L. YAKSH, Physiol. Behav. 3, 917 (1968). 
7 L. I. CRAWSHAW, Physiol. Behav. 9, 133 (1972). 
s I, B4ROFKSy ~n(~ A, FI~LD~TEIN~ Experientia 26~ 990 (1970), 


