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I N T R O D U C T I O N  

Subsequent to the original isolation of patulin from the filtrate of a strain of Penicil- 
lium urticae, Bainier (synonym, P. patulum) by BIRI~ENSHAW et al} and the charac- 
terization of gentisyl alcohol and gentisaldehyde as additional side products by this 
group 2, several other studies on the aromatic components of the mold have been 
made. The first of these by BRACK a noticed the presence of gentisic acid in the growth 
medium, and more important,  stressed the striking effect of varied trace metal  
concentration on the ration of C 7 aromatics to patulin. EHRENSVXRD 4 has confirmed 
BRACK'S general observations with regard to the shift of balance of metabolic products 
engendered by  the cationic composition of the medium, and has isolated 6-methyl- 
salicylic acid from these fermentations. 

In the course of a s tudy of the comparative biochemistry of patulin formation 
among four strains of P. patulum, '~ it was noticed that  the non-pigmented mutant  
strain 2159 A, probably owing to the genetic block, accumulated a larger number 
and quant i ty  of aromatic intermediates than did the others. Accordingly, it was 
selected for the most intensive investigation and from it have been isolated the afore- 
mentioned compounds plus the following: 6-formylsalicylic acid, 3-hydroxyphthalic 
acid, pyrogallol, p-hydroxybenzoic acid, and anthranilic acid. Several other not 
fully characterized components have also been obtained. This paper describes 
procedures for isolation of these additional substances from P. patulum broth, and 
tabulates their physical and chemical properties. 

M A T E R I A L S  AND M E T H O D S  
Microbiological 

P. urticae B a i n i e r ,  s t r a i n  2 1 5 9 A  w a s  k i n d l y  m a d e  a v a i l a b l e  b y  Dr .  C. W.  HESSELTINE, 
P e o r i a ,  I11. A s t e r i l e  s u s p e n s i o n  o f  m a t e r i a l  w a s h e d  off  C z a p e k - D o x  s l a n t s  w a s  u s e d  t o  i n o c u l a t e  
2 .8  1 F e r n b a c h  f l a s k s  c o n t a i n i n g  500  m l  o f  C z a p e k - D o x  4 °o d e x t r o s e  s o l u t i o n .  U n l e s s  m e n t i o n e d  
o t h e r w i s e ,  t h e s e  w e r e  i n c u b a t e d  a t  r o o m  t e m p e r a t u r e  f o r  7 - 1 2  d a y s .  T h e  g r o w t h  m e d i u m  w a s  
r e m o v e d  f r o m  t h e  m v c e l i a l  p a d s  b v  d e c a n t a t i o n  a n d  w a s  p o o l e d  f o r  t h e  i s o l a t i o n  o f  m e t a b o l i t e s .  

Chemicals 
G e n t i s a l d e h v d e  w a s  s y n t h e s i z e d  b y  t h e  m e t h o d  of  NEUBAUER AND I~'LATO'~V 6, a n d  g e n t i s y l  

a l c o h o l  f r o m  t h i s  in  t u r n  [)v con t ro l l e (1  c a t a l y t i c  h y d r o g e n a t i o n  ~ a t  a t m o s p h e r i c  p r e s s u r e  o v e r  

* S u p p o r t e d  b v  a g r a n t  ( N S F - G 2 9 1 4 )  f r o m  t h e  N a t i o n a l  S c i e n c e  F o u n d a t i o n .  

Re/ere~tces p. 3o/3L 
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lO% Pd on charcoal. Using the method of ELIEL et al. 7, 6-methylsalicylic acid was synthesized. 
We are indebted to Dr. ELIEL for his gift of 6-formylsalicylic acid. The prepara t ion of 3-hydroxy-  
phthal ic  acid (m.p. i54 °) was effected by  diazotization of 3-aminophthal ic  acid. The lat ter  was 
obtained by the reduction of 3-ni trophthal ic  acid with s tannous  chloride in hydrochloric acid. 
By a similar series of reactions, 5-hydroxyphthal ic  acid was made. All o ther  chemicals used were 
commercial ly available and were recrystallized several times. 

Paper  chromatography 

The following procedures  for prepara t ion  of samples  and for paper  ch roma tography  of 
metabol i tes  were used: 

(a) A measured al iquot of the growth  filtrate was placed directly on W h a t m a n  No. i or 
No. 3 MM filter paper.  (b) An aliquot of the metabol ism filtrate was acidified to p H  2 with HC1 
and was then  extracted twice with equal volumes of ether.  The ethereal ext rac t  was dried wi th  
sodium sulfate, evaporated,  the residue was taken up in ethanol  and applied to the paper.  This 
procedure extracts  the total  ether-solul~le material  in the broth.  (c) Acidic f rac t ion : . the  e ther  
ext rac t  f rom (b) was shaken with sodium bicarbonate,  the aqueous  layer was then acidified and 
re-extracted with ether. This, in turn,  was dried, evaporated,  taken up in ethanol  and chromato-  
graphed.  Three solvent sys tems were used rout inely for the resolution of compounds  by  18 h 
ascending chromatography .  These were (d) n-butanol -o .5  N NH4OH-e thano l  s (7o:20 : io), which 
was effective with the acidic compounds .  Patulin was decomposed to some extent  by  contact  
with this mixture.  (e) benzene-propionic  ac id-water  9 (2 :2 : i ) .  This sys tem was very useful in 
separat ing patulin,  pyrogallol, gentisic acid and 3-hydroxyphthal ic  acid from one another .  
(f) n-butanol-acet ic  ac id-water  1° (4: I : 1). This solvent was efficacious in separat ing "pre -pa tu l in"  
from patulin,  Indicat ing spray reagents  used were: aniline hydrogen oxalate for reducing sub- 
stances, o-dianisidine in glacial acetic acid for patulin,  FeCI a for enols and phenols, and diazotized 
sulfanilic acid or " N a p t h a n i l "  (du Pont  2,5-dichloro-benzenediazonium chloride) for phenols. 
A s u m m a r y  of R F values in the various solvents  and the color reactions of the metabolic products  
of P. pa tu lum is presented in Table I. 

RESULTS 

Work-up o/growth medium 

The Fernbach flasks were spot checked for pat~lin and aromatic biosynthesis 
by paper chromatographic analysis and by takii~g optical density readings on 1/2oo 
dilutions at 276 m/~. Peak production of these metabolites took place within the 
7th to I2th day, depending upon room temperature. Care was taken not to disturb 
the mycelial mat, since agitation decreased the formation of patulin considerably. 
A portion of the pooled fermentation mixtures was saved for the isolation of oxygen- 
sensitive materials, while the bulk was filtered, through Whatman No. 4 paper, and 
distilled under reduced pressure to around 1 / 2 o  of its original volume on the steam 
bath. Upon cooling, this concentrate was again filtered free of a precipitate of salts 
and proteinaceous material, acidified to Congo red with sulfuric acid, and was con- 
tinuously extracted with ether for 48 h. Further fractionation oi components was 
carried out as outlined in Fig. I. 

Patulin 
The total ether extract was cooled and extracted with chilled saturated sodium 

bicarbonate in a separatory funnel. The ether layer was dried with Na~SO4 and 
evaporated to the cloud point, whereupon patulin crystallized out after cooling to 4 °. 
By  reducing the filtrate from this precipitation to 1/3 its volume, a second crop 
of patulin was obtained. The combined yield was then purified by recrystallization 
twice from benzene, m.p. 111-112 °. A tabulation of the molar extinction coefficients 
and wavelengths of maximum absorption for this and subsequent compounds isolated 
is presented in Table II. The ultraviolet absorption spectrum for patulin is given in 
Fig. 2. 

Re[erences p. 3o/31. 
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Fig. 1, Flow sheet of chemical operations for the separat ion of metabolic products  of 
P. patulum 2159A. 
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Gendsaldehyde 
Further concentration of the final ethereal filtrate from the patulin isolation and 

treatment with IO vol. % Skellysolve C caused the deposition of a yellow-white 
precipitate. This was centrifuged off and recrystallized twice from chloroform. The 
pure gentisaldehyde melted at 97 ° and was identical with the synthetic compound 
in spectrophotometric (Fig. 2) and chromatographic behavior. 
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T A B L E  I I  

SUMMARY OF ABSORPTION PROPERTIES OF COMPOUNDS ISOLATED 
FROM FILTRATE OF STRAIN 2159A 

Compound* 
Primary Secondary 

2t max, ml 2 e m~x k max m# e max 

G e n t i s i c  a c i d  335  4 ,7  oo 
G e n t i s y l  a l c o h o l *  * 294  
G e n t i s a l d e h y d e  * * * 228  16, 73 ° 260  
6 - m e t h y l s a l i c y l i c  a c i d  242 5 , 7 9 0  307  
6 - f o r m y l s a l i c y l i c  a c i d  3 0 0  3 ,57  ° 
3 - H O - p h t h a l i c  a c i d  323  1 ,665  
P a t u l i n  2 7 6  1 3 , 3 5 o  
p - H O - b e n z o i c  a c i d  255  
A n t h r a n i l i c  a c i d  247  3 3 6  
P y r o g a l l o l  § 295  

8 , 0 4 0  
3 , 0 9 5  

* Al l  in  95  % e t h a n o l  e x c e p t  f o r  p a t u l i n  v a l u e s  w h i c h  w e r e  d e t e r m i n e d  in  w a t e r .  
* * S y n t h e t i c .  

*** A t h i r d  ~ m a x  a t  37 ° m r .  
§ T h i s  p e a k  is  b r o a d  a n d  v a r i a b l e ,  d u e  t o  r a p i d  o x i d a t i o n  in  s o l u t i o n  o f  c o m p o u n d .  

" ' 2 9 2  m i x "  compound 
After removal of gentisaldehyde, an increase in the volume of Skellysolve C in the 

solution to 50 vol. % precipitated tile "292 mff" compound. It was obtained in better 
yield from the first ether extract of the bulk medium by evaporation to dryness and 
subsequent treatment with boiling heptane. The hot heptane was filtered from the 

R e [ e r e n c e s  p .  3 o / 3 1 .  
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amorphous residue and after chilling deposited long yellow needles. These were col- 
lected and sublimed several times at I mm pressure with a bath  temperature of 2oo °. 
The resulting white sublimate melted at 218 °, and migrated as a single spot in several 
chromatographic solvents (Table I). Tests for nitrogen, halogens and sulfur were 
negative. The substance possessed optical activity, [ct]~ 7 ~ + 625 ° (c --  1.2 °//o in 
acetone). I t  gave a positive hydroxamic acid test. A molecular weight of 326 was 
obtained by  the Rast  method (camphor). Chromatographic analyses following partial 
acid hydrolysis with 2 N HC1 revealed 6-formylsalicylic and 6-methylsalicylic acids 
as products. Alkaline hydrolysis with lO% NaOH for several hours gave rise to 
6-methylsalicylate and five additional spots which were diazo positive and ultraviolet 
absorbing. The nature of these latter degradation products is not known. From a 
consideration of these properties, it may be tentat ively concluded that the "292 m~" 
compound is a dimer containing 6-methyl and 6-formyl salicylic acid moieties either 
in depside, diester or anhydride linkage or with a spirane linkage, such as found in 
griseofulvin n. Indeed, the high optical activity and the fairly close resemblance of 
the absorption spectrum of the "292 m~"  compound to that  of griseofulvin (Fig. 3), 
weigh in favor of the spirocyclic possibility. A carbon and hydrogen analysis of 
C, 58.23%, H, 5.24% was obtained. Although this fits best a combination of both 
moieties as an anhydride, with one water of hydration, the last structure would 
not possess a center of asymmetry.  The chemical nature of the "292 m/," compound 
must be deferred until more material is available for further degradative experiments. 

6-Melhylsalicylic acid 
The major  acidic compound in the bicarbonate extract of the total ether-solubles 

from the fermentation mixture was 6-methylsalicylic acid. After acidification with 
HC1 and cooling, crystals of this substance promptly precipitated. I t  was then re- 
crystallized from water, and was finally sublimed under high vacuum. The sublimate 
melted at 164-165 °. The acetyl derivative was prepared in the usual manner and 
melted at 13o-132° after recrystallization from benzene. Both synthetic and isolated 
compounds had the same chromatographic and spectrophotometric (Fig. 4) charac- 
teristics. 

Pyrogallol 
Since it was found that  vacuum distillation caused its destruction, this compound 

was isolated from an aliquot of the original growth filtrate. The work-up closely 
paralleled the procedure given above for the isolation of 6-methylsalicylate from the 
concentrated growth medium (Fig. I). After removal of the fairly insoluble 6-methyl- 
salicylate by  precipitation, the filtrate was again extracted with ether, the ethereal 
extract was evaporated to dryness, and pyrogallol was obtained from the resultant 
mixed residue by sublimation at a bath  temperature  ot 6o ° at I mm pressure. After 
further purification by resublimation, it melted at 134 ° mixed m.p. with a commercial 
sample, 134 °. The triacetate, m.p. I62 °, mixed m.p. with an authentic derivative, 
i6o-I62 °, was prepared by  acetylation with acetic anhydride in pyridine. The ultra- 
violet absorption spectrum for the isolated pyrogallol is presented in Fig. 4- 

Gentisic acid 
This compound could be recovered in small yield from the 6-methylsalicylic 

acid filtrates by repeated fractional vacuum sublimation, which gradually separated 

Re/erences  p. 3o/31 . 
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i t  from o ther  minor  const i tuents .  I t  was be t t e r  i sola ted from a f e rmen ta t ion  wi th  
s t ra in  2159A to which CaCO 3 h a d  been in i t i a l ly  added.  The  presence of CaCO3 in 
growing cul tures  caused a , m a r k e d  d iminu t ion  in the  yie ld  of pa tu l in ,  and  6-methyl -  
sa l icylate ,  gentis ic  acid, and  " p r e - p a t u l i n "  were present  in high concentra t ions .  
Af te r  r emova l  of the  6 -me thy l sa l i cy la t e  b y  prec ip i ta t ion ,  gentis ic  acid  was crys ta l l ized  
from the  mo the r  l iquors.  Upon  recrys taUiza t ion  i t  me l ted  at  2Ol ° and  exh ib i t ed  its 
charac te r i s t i c  absorp t ion  spec t rum in the  u l t r av io le t  region (Fig. 5). 

6-/ormylsalicylic acid 

Although  not  enough of this  ma te r i a l  has  ye t  been isola ted  for a microchemica l  
analysis ,  the  following proper t ies  indica te  tha t  i t  is indeed an in t e rmed ia t e  in the  
in te rconvers ion  of a roma t i c  compounds  by  P. patulum 2159 A. 6 -Formyl sa l i cy l a t e  
was first de tec ted  on p a p e r  ch roma tog rams  of the  f rac t ion from which 6 -methy l -  
sa l icy la te  h a d  been removed,  and  which conta ined  gentisic acid. I t  was sepa ra t ed  
from gen t i sa te  and  the  o ther  minor  a roma t i c  components  by  repea ted  large-scale 
pape r  c h r o m a t o g r a p h y  in the  b u t a n o l - e t h a n o l - a m m o n i a  solvent.  The final chro-  
m a t o g r a m  was m a r k e d  under  the  u l t r av io le t  lamp,  and  the  6-formylsal icyl ic  ac id  
area  was e lu ted  wi th  e thanol .  This  ex t rac t  was placed into  the  lower half  of a v a c u u m  
sub l ima t ion  a p p a r a t u s  and  was concen t r a t ed  on a wate r  ba th .  Previous  exper ience  
h a d  shown tha t  v a c u u m  dis t i l la t ion  of the  e thanol ic  ex t rac t  or  reduc t ion  in vo lume 
in an a i r  s t r eam a t  this  po in t  in the  procedure  caused des t ruc t ion  of the  6- formyl-  
sa l icyla te .  The  residue was then  sub l imed  at  h igh vacuum and  col lected on the cold 
finger. The resu l tan t  whi te  crys ta ls  had  the same absorp t ion  spec t rum (presented 
elsewhere12; see also Fig.  5) and  mel t ing  poin t  as d id  an au then t i c  sample.  I t  read i ly  
formed a 2 ,4 -d in i t ropheny lhydrazone  wi th  B r a d y ' s  solut ion.  This de r iva t ive  was 
then  reduced  in a mic rohydrogena t ion  a p p a r a t u s  to give the  p re sumpt ive  6-amino-  
methy l sa l i cy l i c  acid.  A compar i son  of the  proper t ies  of the  i so la ted  and  au then t i c  
6-formylsal icyl ic  acids  and the i r  de r iva t ives  is presented  in Table  I I I .  

Re/erences p. 3o/3z. 
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"I" XBLE III 
( ' O M P A b l I S O N  O F  P R O P E R T I E S  O F  I S O L A T E D  A N D  A U T H E N T I C  6 - F O R M Y L S A L I C Y L I C  A C I D S  

I )eterminalion Isolated A nthentic 

M.p. 134 ° 

Fe('l a color in solution 

RF (ILV. color)* 

I )iazo spray 

M.p. 2,4-dinitroph enylhydrazone 

134-i37 ° 
(mixed, 134 °) 

Red Red 

o.6o (yellow) o.6o (yellow) 
o.82 (blue) 0.82 (blue) 

Light brown Light brown 

265 ° 2720 
(mixed, 265 ° ) 

0.66 0.66 

Orange Orange 

RF of [6-aminonlethylsalicylic acid] 

Ninhydrin color of above 

* 6-Formylsalicylate consistently gives two spots in all solvents tested. 

p-Hydroxybenzoic and anthramlic acids 

These well-known mold metabol i tes  13 were separated from gentisic and  6-formyl- 
salicvlic acids by  paper chromatography.  They  were provisionally identified by their  
characteristic appearance under  the U.V. Mineralite and from their R v values and  
color reactions (Table I). F inal  identif icat ion was made by  co-chromatography with 
known samples, as well as from their absorpt ion spectra (Fig. 5) after elution from 
the paper with ethanol.  I t  is in teres t ing to note tha t  growth of P. patulum at 37 ° 
resulted in increased yields of p-hydroxybenzoate  in the medium. 

3-hydroxyphlhalic acid 

This is another  ins tance of a substance whose presence was ini t ia l ly suspected 
from examina t ion  of paper chromatograms of the gentisic acid fraction. Due to its 
low concentra t ion  it could never  be isolated from the growth medium. However,  
from replacement  exper iments  with mycelial  mats  of s train eISOA, using 6-methyl-  
salicylic acid as substrate,  enough o*-the mater ia l  accunmlated  so that  it could be 
isolated v' after repeated chromatographic separat ion on W h a t m a n  No. 3 MM paper. 
A comparison of the properties of the substance thus obta ined  and  of the synthe t ic  
compound is made in "Fable IV. Their  absorption spectra are likewise compared in 
Fig. (). (;.vrl~-NlmCK x4 has recently detected this metabol i te  by chromatographic means  

in 1'. islandicmn. 

"Pre-pahdin '"  

As ment ioned  earlier, this product  accumula ted  in relat ively large amounts  
when cultures of P. patulum 2159A were grown with added calcium carbonate.  
Cont inuous ether extract ion of the concentra ted bulk  medium,  followed by par t i t ion  
into NaHCOa and then acidification, removed most  of the 6-methylsalicylic acid. 
]'tie filtrate was then concentra ted to yield a reddish oil, which contained "pre- 
pa tu l in , "  residual traces of 6-methylsal icylate,  and  gentisic acid. This oil was taken 
up in water, and  was extracted once more with ether in a separatory funnel  to remove 
tile more ether-soluble aromatic  acids. The aqueous phase was evaporated to dryness 

Re/erences p. 3o/3 z. 
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T A B L E  I V  

C O M P A R I S O N  OF P R O P E R T I E S  OF I S O L A T E D  A N D  A U T H E N T I C  3-HYDROXYPHTHALIC ACIDS 

Determination Isolated A uthentic 

M.p. 1480 , 154 ° 154 ° 
( I55-I59° )  18 

FeC1 a color in so lut ion  red-brown red-brown 

RF (butanol-NHa-ethanol) o.o8 o.o8 

RF (benzene -prop ion ic  a c i d - H 2 0  ) o.44 o.44 

U.V. color l ight  blue l ight  blue 

D iazo  spray ye l low ye l low 

29 

and was then repeatedly taken up in boiling anhydrous ether, cooled and evaporated 
again. The final hot ether extract when cooled deposited first a reddish sticky material 
(m.p. softens at 45 5o°), tollowed by a crop of white crystals which turned out to be 
patulin. The red amorphous material, or "pre-patulin," has an absorption maximum 
in the ultraviolet at 28o m/x with a low molar extinction coefficient as opposed to 
patulin, which has a peak of max imum absorption at 276 m/x with a high molar 
absorbance. "Pre-patulin" can be catalytically reduced over Pd to give an acidic 
substance which chromatographs as a single spot ( R  F = O.15, propanol-ammonia la 
(9 ° : IO) ; bromphenol blue indicator). It reacts immediately with Brady's solution at 
room temperature to give an acidic 2,4-dinitrophenylhydrazone , m.p. 156°, (2 max. 
ethanol, 372 m/x; 2 max. Na2CO3, 38o and 4oo m/x). "Pre-patulin" reacts immediately 
on paper chromatograms with aniline hydrogen oxalate. Patulin does not react 
with Brady's solution readily; it must be allowed to stand for a period of time 1, or 
else be heated, before a visible precipitate is seen. It also must be heated on paper 
to lO5 ° in order to be detected with aniline oxalate. When, however patulin was 
dissoh'ed in 95 % alcohol and allowed to stand for several days at room temperature, 
it assumed the characteristics of "pre-patulin" with regard to all of the above recorded 
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properties. The dinitrophenylhydrazone of this alcohol-aged patulin was acidic, with 
an R F of 0.78 (identical for that  of the dinitrophenylhydrazone of "pre-patulin") 
in bu tanol -e thanol -NH 3 solvent, as opposed to one of 0.92 ~or the dinitrophenyl- 
hydrazone from the freshly precipitated species. The aged patulin dinitrophenyl- 
hydrazone was furthermore hydrogenated to give the same amino acid (R F 0.40 , 
butanot-acetic acid-water) which resulted from reduction of "pre-patul in" dinitro- 
phenylhydrazone. All of this evidence supports the contention that  "pre-patul in" 
arid the mishandled patulin are the same. This substance may  correspond to the 
completely open chain configuration for patulin described by  WOODWARD AND 
SINGH TM. That  "pre-patulin" is not an artefact arising from the steps used in the isola- 
tion of patulin is supported by  the repeated observations ttlat it did not arise after 
the same chemical manipulations of the medium from normally grown strain 2159A. 
Because it is held as its calcium salt, "pre-patul in" must be made unavailable to the 
lactonizing and hemi-acetal forming enzymes which usually transform it into patulin.  

"322 m~" compound 

This material  has been isolated by  treating the washed mycelial pads of strain 
2159 A with ethyl acetate. This "skinning" resulted in the removal of all of the white 
or non-pigmented material  from the top of tt/e mat.  The ethyl acetate layer was then 
dried with Na2S04, evaporated to dryness, and the residue was taken up in ethanol, 
chilled, and then filtered. The insoluble portion was discarded, and addition of water 
to the clear filtrate precipitated the "322 m/~" compound. I t  melted at 142-144 °, 
dissolved in alkali to give a yellow color, reacted positive in the iodoform test, negative 
in the fuchsin aldehyde test, and formed a 2,4-dinitrophenylhydrazone, m.p. 124-128 o. 
I t  possesses optical activity. Ultraviolet absorption spectra in ethanol, ethanolic 
hydrochloric acid, and in cyclohexane are presented in Fig. 7. The shift in absorption 
max imum from 230 m~ in ethanol to 286 m/~ in cyclohexane is usually indicative 
of keto-enol tautomerism. From the above chemical and physical characteristics, 
coupled to the fact that  this substance reacts on chr0matograms (Table I) with diazo 
sprays, we have drawn the conclusion that  the "322 m/~" compound contains the 
aromatic nucleus and a methyl  ketone group. The presence of aromatic methyl  
ketones in the closely related P. brevi-compactum was shown by  OXFORD AND RAI- 
STRICK 17. Further  work on the structure of the "322 m/z" compound is in progress. 

SUMMARY 

A non-pigmented m u t a n t  s t ra in  of Penicillium patulum excretes a var ie ty  of aromat ic  substances  
into the  fe rmenta t ion  medium. In  addit ion to gentisic acid, gentisaldehyde,  6-methylsalicylic 
acid, and patu]in, already known in this species, th is  microorganism forms 6-formylsalicylic 
acid, 3-hydroxyphthal ic  acid and pyrogallol. Anthranil ic  acid and p-hydroxybenzoic  acid were 
also detected chromatographical ly .  The propert ies  of seyeral o ther  isolated bu t  as yet  unchar-  
acterized materials  designated as "pre-pa tu l in" ,  "292 m#",  and "322 m/z" compounds  have been 
described. 
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T H E  S I G N I F I C A N C E  OF P O T A S S I U M  A N D  

S O D I U M  F O R  T H E  S Y N T H E S I S  OF G L Y C O G E N  I N  T H E  

I S O L A T E D  R A T  D I A P H R A G M  

Z. D R A H O T A ,  M. K L I C P E R A  AND R. ~ /kK 

Institute of Physiology, Czechoslovak Academy of Sciences, Prague (Czechoslovakia) 

The synthesis of glycogen at various K/Na ratios has been studied extensively by many 
authors, especially on slices of liver 1-5. All the reports indicate that the optimal syn- 
thesis occurs in a medium containing a high concentration of potassium. A decrease of 
potassium ions in the medium leads in these experiments to a decrease in the synthesis 
of glycogen. TUERKISCHER AND W E R T H E I M E R  6 a n d  STADIE AND ZAPP 7 have shown, 
however, that in the isolated diaphragm, optimal synthesis of glycogen takes place 
when there is a low concentration of potassium in the medium or when the medium 
is completely free from potassium. 

In the experiments performed both on the liver slices and on the diaphragm, 
changes in the synthesis of glycogen were only determined in relation to the ion 
composition of the medium. The relationship between glycogen synthesis and the 
potassium or sodium content of the tissue was not studied. For this reason our atten- 
tion was directed to the problem of the relation of glycogen synthesis to changes of 
potassium content in the tissue. 

METHODS 

R a t s  8 o - I o o  g were  used  a nd  the  a n i m a l s  fas ted  for 2 4 hours  pr ior  to  the  expe r imen t .  The  r a t s  
were  d e c a p i t a t e d  a nd  i so la t ion  of  t h e  d i a p h r a g m  was  pe r fo rmed  accord ing  to  RIESER 8. In  order  
to  d e t e r m i n e  the  g lycogen  s y n t h e s i s  in the  s a m e  r a t  in a n o r m a l  and  modif ied m e d i u m ,  e x p e r i m e n t s  
were car r ied  ou t  w i t h  q u a r t e r s  of t he  d i a p h r a g m .  I t  has  been s h o w n  in a p rev ious  p a p e r  9 t h a t  
the  d i a p h r a g m  syn thes i ze s  g lycogen  to  t he  s a m e  ex ten t ,  i r r e spec t i ve l y  of w h e t h e r  ha lves  or 
q u a r t e r s  were  used. The  v e n t r a l  ( thicker)  q u a r t e r  of the  d i a p h r a g m  was  a lways  used for the  
d e t e r m i n a t i o n  of t h e  in i t ia l  v a l u e s  of glycogen,  whi le  the  dorsa l  ( thinner)  q u a r t e r  was  a lways  used 
for incubat ion .  It  is n e c e s s a r y  to  a d h e r e  to  th i s  s t a n d a r d  procedure ,  because  the  dorsal  ha lves  
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