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This paper consists of three parts. A: F u rth e r data  are furnished on the relation  
between th e  annual rhy thm  of germ ination and  th e  arctiine content; the arctiine 
content of the various organs is examined and a relation betw een the arctiine content 
and the C o m p o s i ta e  flow er-type is established. B: In  the second p art the effect of 
arctiine on roo t tissues is dem onstrated  by histological exam inations. No substantial 
effect due to  arctiine can be observed in the tissues of the stem . C: The interaction of 
arctiin w ith nucleic acids is dem onstrated by  circular dichroism . In  the presence of 
arctiine the  conform ation (into a double helix?) of the nucleic acids changes m arkedly.

In  a p rev ious p ap e r (S zabó , G a r a y  1970) i t  w as p o in te d  o u t th a t  a rc tiin e  
in h ib its  th e  g e rm in a tio n  o f v a rio u s  p lan ts . T he q u estio n , how ever, w h e th e r 
th is  effect m an ifests  itse lf  a t  a histo logical level, or, m ore ex ac tly , w h a t tissu e  
e lem ent of the s tem  and  th e  ro o t are  sensitive to  a rc tiin e , w as n o t in v estig a ted . 
No m ention  wras m ad e  ab o u t th e  effect of a rc tiin e  on m acrom olecules, a lth o u g h  
there  are som e d a ta  on th e  in te ra c tio n  betw een  nucleic acids and  phenolics. 
A ccording to  D ’A mato and  H o ffm a n  — Ost e n h o f  (1956), o rtho - and  p a ra -  
phenols ex e rt a m u tag en e  effect in  p lan ts . Ch a jl a h ja n  (1961) rem arks th a t  
in  th e  effect o f g ibberellins on nucleic  acids c innam ic acid  p lay s a roll. G row th  
stim u la tio n  induced  b y  cu m arin  ap p ears  also on th e  R N A  level (K n y p l  1966). 
I t  is no t know n to  th e  au th o rs  w h e th e r th e  in te ra c tio n  b e tw een  p lan t phenolics 
and  nucleic acids has been exam ined  in  vitro. T he q u estio n , how ever, is ju s t i ­
fied , since accord ing  to  th e  p re se n t th e o ry  th e  su b stan ces reg u la tin g  th e  growTh 
and  o rgan iza tion  p ro b a b ly  ac t on th e  level o f th e  nucleic acids.

M aterial and m ethods

A rctiin and arctigenin has been determ ined as described previously (S z a b ó , G a r a y  
1970). The seeds were germ inated in  P e tri dishes on w et filte r paper, and  w ith  5 mg/ml arctiine 
solution, respectively. G erm ination took place in  an incubato r a t  4000 lux, 14000 — 16000 
erg/sq. cm, a t 24°C. Three to  seven days old seedlings were fixed and preserved in 50 per cent 
alcohol. The pieces of root and hypocotyl were em bedded in  eelloidine. Cutting was carried 
ou t w ith a sliding m icrotome. A fter rem oving th e  eelloidine, the slides were treated  w ith  a 
solution of 5 —10 per cen t sodium -hypochlorite and 2 per cent acetic acid. Then they were 
stained w ith Erlich-type acidic haem otoxyline, while those from  which eelloidine had not been 
rem oved were stained w ith  gentiana violet. E valuation  was based on about 750 slides.

Four nucleic acids of different origin (yeast, y-R N A , M erck; t-R N A , Calbiochem; and 
highly polimerized p-R N A , Calbiochem;) were used for th e  investigation of interaction between 
arctiine and nucleic acids. The investigated  DNA was prepared from blood of chicken embryo.

Acta Botanica Academiae Scientiarum Hungaricae 18, 1973



IS« M. SZABÓ, G. LÁ ZÁ n, S. GULYÁS and A. GAKAY

U nfortunately , there was no opportun ity  for studying  the in teraction  betw een p lan t nucleic 
acids and arctiine. The nucleic acids were dissolved in ion-exchanged w ater (pH  6 — 6.5) 
contain ing 0.01 M NaCl, while the arctiine in ion-exchanged water. M easurem ents were carried 
ou t a t  room  tem perature, w ith Jasco-type ORD/UV-5 spectrophotom eter equipped w ith CD 
a ttach m en t.

To determine w hether arctiine acts th rough  nucleic acids, the following experim ents 
were carried out. The absorption and CD spectra of four different nucleic acids and of arctiine 
were taken. Then arctiine was m ixed w ith the individual nucleic acids. A fter half an hour the 
abso rp tion  and CD spectra were again p lo tted , to  check w hether some kind of in teraction  
betw een arctiine and nucleic acids had happened? In  the absence of in teraction  we would 
obviously get spectra composed of the 2 individual spectra by simple addition  i.e. (NS) -4- (A) =  
=  (NS -)- A). If  arctiine and nucleic acid en ter in to  any kind of in teraction , the CD spectra 

which are extrem ely sensitive to various conform ations — should differ from the sum of 
spectra taken  separately.

Results and discussion

(a) N ew  data on the effect o f  arctiine on germ ination and its occurence in  the
various organs

I t  has a lready  been  suggested  in th e  previous p a p e r th a t  th e re  is a con­
n e c tio n  betw een  th e  a rc tiin e  c o n te n t an d  th e  annual rh y th m  of germ ination  
in  lig h t and  in d a rk n ess . T he in v es tig a tio n s  had  been p ro longed  for an o th e r 
y e a r  an d  so it was o bserved  th a t  th e re  is a paralle lism  in  th e  change o f th e  
a rc tig en in e  co n ten t o f th e  e th an o l-so lu b le  frac tion  and  th e  an n u a l rh y th m  of 
g e rm in a tio n . The h igher p ercen tag e  o f  g erm ina tion  o bserved  in  a u tu m n  and 
in  sp rin g  is associated  w ith  th e  rise in  th e  arctigenine c o n te n t o f th e  e th an o l- 
inso lub le  frac tion . H ow ever, th e  effect is n o t en tire ly  d e fin ite . T he e th an o l- 
in so lub le  frac tio n  g ra d u a lly  decreases w ith  the  annual changes of g e rm in a tio n . 
T h e  low est values w ere recorded  d u rin g  th e  in tensive  sp ring  g e rm in a tio n
(Fig- 1).

4S>

T/mg
150-
100-

50- III
□  germinated in light ■  ethanolinsoluble fraction
Щ germinated in dark □  ethanol soluble fraction

Fig. 1. Annual rhy thm  of germ ination of A rctium  lappa as a function  of arctigenine content
of th e  seeds
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The a rc tiin e  c o n te n t o f the o rgans o f A rctium  lappa  w as exam ined . As 
seen in T able I th e  occurence of a rc tiin e  is re s tr ic ted  to  th e  inflorescence and  
th  e seed. i t  is in te re s tin g  from  chem otaxonom ica l p o in t o f  v iew  th a t  th ere  is 
connection  b e tw een  I he Compositor in florescens-type  an d  th e  occurence of 
a rc tiin e . No a rc tiin e  could he d e m o n s tra te d  in p la n ts  w hose inflorescence 
ax is is e longated  (T able  I I )  s im ilarly  as in  th e  case o f M atricaria -type  in flo ­
rescence.

Table 1

A r c t ig e n in e  c o n te n t o f  A r c t iu m  la p p a

Organs Ethanol soluble Ethanol insoluble

Leaf — —

Stem - -

Root - -

Seed * * * *

Full inflo- y °ung
* -

rescence old * ** —

Tabic 2

I n f lo r e s c e n c e  t y p e  a n d  a r c t ig e n in e  c o n ten t w i th in  th e  C o m p o s i ta e

Type of inflorescence Species Ethanol soluble Ethanol insoluble

A r c t iu m  la p p a **
A r c t iu m  lo m e n to s u m *** ♦ *

S en ec io  c r u e n tu s —
H e lia n th u s  a n n u u s *** *

L a c tu c a  s a l iv a — **

V O n o p o r d u m  a c a n th iu m *** —
T a g e tes  p a tu lu s * **

Z i n n i a  e leg á n s *** —

C a r th a m u s  t in c to r iu s — -

V B id e n s  t r ip a r t i tu s - -
C a llis te p h u s  c h in e n s is _ _
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(b) The effect o f a rc tiine  on the morphology and tissue structure o f  seedlings

T he 5 nig/m l a rc ti in e  so lu tion  hat! an effect on all o f th e  exam ined  sp e ­
cies. T he size o f  th e  tr e a te d  seedlings in  com parison w ith  th e  co n tro l seedlings 
becam e tw ice to  th re e  tim es  sm aller (P la te  I). A sim ilar in h ib itio n  m an ifested  
i ts e lf  also in A rc tiu m  lappa  seedlings d esp ite  the  h igh  endogene a rc tiin e  con­
te n t  o f its seed.

T hough  the  lo n g itu d in a l g ro w th  o f ro o t was in h ib ite d , a rc tiin  had  no 
e ffec t on the shape a n d  th ickness o f th e  ro o t. F orm  rem a in ed  also unchanged , 
w hile  few er and sh o rte r  rad ica ls  grew . T h e  in h ib itin g  effect o f  a rc tiin e  M as m an i­
fest also in the  ep ib lem a  fo rm atio n . I t  can  be s ta ted  a lth o u g h  no s ta tis tic a l 
ex am in a tio n s  were c a rr ie d  ou t - t h a t  in  th e  u n it a rea o f ab so rb in g  zone th e  
n u m b e r  of roo t h a irs  is sm aller an d  th e  h a irs  are sh o rte r.

In  3 — 7 d ay -o ld  a rc ti in e - tre a te d  seedlings th e  sh o rten in g  o f th e  hypo- 
co ty l could still be observed .

F o r th e  ex a m in a tio n s  of th e  s te m  only  h y p o co ty l p ieces of a few m m  
len g th  were a t ou r d isp o sa l. No essen tia l dev ia tion  could be observed  in th e ir  
tissu e  s tru c tu re . M inim al d ev ia tions ap p a ren t in  th e  cell d im ensions of 
ph loem  p aren ch y m a, in  th e  th ick n ess  o f phloem , and in  th e  change in shape 
of th e  s ta rch y  capsu le  cells Mere fo u n d  only in Phaseolus.

Concerning th e  ro o ts  arc tiine  cau sed  changes only  in  th e  p rim a ry  phloem  
and  in  the  m orphology  o f th e  ro o t h a irs . The endoderm is o ften  becam e poly- 
ce llu la r and d isa rran g ed  (P ic tu res  1 and  2, P la te  I I ) . T he ep ib lasts  o f phloem  
p a re n c h y m a  in C ucum is  rap id ly  aged . Suberose-M alled m a n y -lay e red  p ro tec ­
tiv e  tissu e  appeared  o fte n  on the w hole surface, som etim es even  on th e  to p , 
in  a few days. The in ten siv e  su b e rific a tio n  is observab le  also on th e  young 
rad ic les . In  certa in  a rea s  th is  reaches such  an e x te n t th a t  a d estro y in g  effect 
o f  the  arc tiine  can be claim ed (P ic tu re s  3 — 5 in P la te  I I ) .  T h is is confirm ed 
also b y  the  fact th a t  no ep ib lem a can  be seen on the  C ucum is  roo ts .

A rctiine  d is tu rb e d  the no rm al a c t iv i ty  of tr ic h o b la s ts  in  th e  Phaseolus, 
A rc tiu m  and  Lactuca  species. I t  was fre q u e n tly  observed  th a t  on th e  sam e rh i- 
zoderm al cell several ro o t h a irs  M e r e  in d u ced  (P ic tu re  3, P la te  I I I ) .

T he roo t ha irs  a re  ex trem ely  v a ry in g  (P ic tu res 2 —4 and  5, P la te  I I I ;  
P ic tu re s  1 6 ,  P la te  IV ). T here are sp ira lly  tw isted  ha irs  am ong  the  one-celled 
u n d iffe re n tia ted  ha irs  w ith  sm aller or la rg e r side tu b e rs , h a v in g  longer or shor­
te r  side b ranches as w ell as h a irs  w ith  d ifferen t lo n g itu d in a l ax is, and  even 
b ran ch in g -o ff hairs. In  th e  case of A  rc tium  lappa  also m u ltice llu la r, b ranch ing - 
o ff roo t hairs could be observed  (P ic tu re  2, P la te  IV).

Ada Butanica Academiae Scientiarum Hungaricae 18, 1973



Acta Botanica Academiae Scientiarum Hungoricae 18, 1973 Plate I. P icture 1: 5 day control (above), and arctiine-treated  (below) Phaseolus vulgaris seedlings. P icture 2: 5 day control (above), 
and arctiine-treated  (below) Cucumis sativus seedlings. P icture 3: 3 day control (above), and arctiine-treated  (below) Lactuca seed- 

lings. P icture 4: 7 day control (above), and arctiine-treated  (below) Arctium lappa seedlings
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(c) The interaction o f  arctiine and nucleic acids

T he resu lts  a re  show n in  F igures 2 — 5. T h e  correspond ing  ab so rp tio n  an d  
CD sp e c tra  are g iv e n  to g e th e r. I t  is consp icuous th a t  th e  ab so rp tio n  curves 
g ive no  in fo rm atio n  a b o u t th e  in te ra c tio n  be tw een  nucleic ac ids and  a rc tiin e ,
i.e . th e  sum s o f th e  a rc tiin e  an d  th e  nucleic  acids sp ec tra  ta k e n  sep a ra te ly  do

a b s o r p t io n circ. dichroism.
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Fig. 2. Interaction  betw een DNA and arctiine. (a) Absorption and circular dichroism of DNA. 
(b) Absorption and circular dichroism of arctiine. (c) Absorption and  circular dichroism of 
DNA and arctiine together, (d) Calculated absorption and circular dichroism  of DNA and 
arctiine. (e) (DNA -|- A )— A difference spectrum . (f)(D N A  -f- A) —DNA difference spectrum
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Plate I I .  P icture 1: Control root cross-section in Phaseolus vulgaris (x 2 0 0 ). P icture 2: R oot 
cross-section of Phaseolus vulgaris treated  w ith  arctiine (x200 ). P ic tu re  3: Suberification and 
destruction in the m ain root of Cucumis savitus trea ted  w ith arctiine (x 8 0 ) . P icture 4: Sub­
erification of root-phloem  parenchym a in Cucumis sativus treated  w ith arctiine (X 500). P icture  

5: Suberification of radicle in Cucumis sativus treated  w ith arctiine (x 5 0 0 )
13
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n o t  differ from  th e  sp ec tru m  show ing  th e  ab so rp tio n  b y  th e  tw o co m pounds 
m ix ed . On the  o th e r  h a n d , from  th e  CD curves i t  is c lear t h a t  arc tiine  an d  th e  
nuc le ic  acids h a v e  e n te re d  in to  som e k in d  o f in te ra c tio n ; th e  so-called sum - 
cu rv es  essen tia lly  d iffe r from  th e  sp e c tra  ta k e n  a fte r h a lf  an  h o u r’s in te r a c ­
tio n .

I t  is p rim a rily  th e  CD b a n d  in  th e  h igher w av e len g th , w hich becom es 
m o re  expressed; th e  p lu s values co n sid e rab ly  increase. T h e  n eg a tiv e  CD h a n d

absorption
£x1Cf 5

cirk. dichroism

Fig. 3. Interaction betw een polymerized RNA and arctiine. (a) A bsorption and circular d i­
chroism  of pRNA. (b) A bsorption and circular dichroism of arctiine. (c) Absorption and cir­
cu lar dichroism of pR N A  and arctiine together, (d) Calculated absorption  and circular d i­
chroism  of pRNA and arctiine. (e) (pRNA-f-)A — A difference spectrum . (f)(p R N A + A ) — pRN A

difference spectrum
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Plate I I I .  P icture 1: Control epiblema in Lactuca saliva ( x 2 0 0 ) .  P icture  2: Arctium  lappa  
epiblem a treated  w ith arctiine ( x  200) Picture 3: Growing rhizodermis cell in Phaseolus vulga­
ris trea ted  w ith arctiine (X 5 0 0 ) .  Picture 4: R oot-hairs in Phaseolus vulgaris treated  w ith a rc ­
tiine ( x  500) Bifurcating. P icture  5: root hair in Phaseolus vulgaris trea ted  w ith arctiine (X  500)

13* Acta Botanica Academiae Scientiarum Hungarica 18, 1973
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in  th e  low  w aveleng th  reg io n  does n o t ch an g e  so d efin ite ly , h u t  the in te ra c tio n  
is c le a r  on  th e  basis o f th is  b a n d  as well. I f  th e  differences b e tw een  the so-called  
su m -sp e c tra  are co nsidered  (F igs 3 an d  5) i t  will be seen t h a t  a rc tiine  h as  e n ­
te re d  m o st strong ly  in to  in te ra c tio n  w ith  th e  y eas t R N A  a n d  w ith  th e  h ig h ly  
p o ly m erized  R N A . T h e  sp e c tru m  ta k e n  from  D N A  an d  tR N A  to g e th e r w ith  
a rc ti in e  suggests e s se n tia lly  sm aller changes in  con fo rm atio n  (Figs 2 a n d  4).

N o closer asp ec t o f  th e  in te ra c tio n  betw een  th e  pheno lic  g e rm in a tio n  
in h ib ito r  and  nucleic ac id s is know n. U n fo rtu n a te ly , th e  CD m axim a o f arc-

absorption
Ex IQ"5

Fig. 4. Interaction  betw een tR N A  and arctiine. (a) Absorption and  circular dichroism  of 
tR N A . (b) Absorption and circular dichroism of arctiine. (c) A bsorption and circular dichroism  
of tR N A  and arctiine together, (d) Calculated absorption and circular dichroism of tR N A  and 
arctiine. (e) (tRN A -|-A )—A difference spectrum , (f) (tRNA-]-A) — tR N A  difference spectrum
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Plate IV .  P icture 1: B ifurcating  root-hair in A rctium  lappa tre a te d  w ith arctiine ( x 5 0 0 ) .  
Picture 2: Multi-celled, b ifurcating  root-hair in A rctium  lappa  tre a te d  with arctiine ( x 5 0 0 ) .  
Picture 3: R oot-hair in  side-tuberred Lactuca sativa trea ted  w ith  arctiine ( x 5 0 0 ) .  P ictu re  4: 
Spiral and bifurcating roo t-hairs in  Arctium  lappa  trea ted  w ith  arctiine ( x 5 0 0 ) .  P ic tu re  5: 
Bifurcating and irregularly  growing root-hairs in  Lactuca sativa tre a te d  w ith arctiine ( X 5 0 0 ) .  

Picture 6: B ranching-off root-hairs in Lactuca sativa trea ted  w ith  arctiine ( x 5 0 0 )

^ 3
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ti in e  a n d  of nucleic acids are  too  n e a r to  each  o ther in th e  sy s te m , hence i t  is 
v e ry  d ifficu lt to  d e te rm in e  w h a t th e  d ifference  betw een  th e  “ jo in t” -sp ec tra  
a n d  th e  sum  sp ec tra  can  be a t tr ib u te d  to . S ev era l works are k n o w n  in th e  l i te r ­
a tu r e  a b o u t in v es tig a tio n s  of th e  in te ra c tio n  betw een nucle ic  acids an d  dyes. 
T h e  ab so rp tio n  m ax im u m  of dyes a re  v e ry  fa r  from  th e  a b so rp tio n  b a n d  of 
D N A , so i t  was easy  to  te ll to  w h a t e x te n t  th e  dye and  th e  CD curve  o f  th e  
n u c le ic  acid , re sp ec tiv e ly  changed.

absorption

y RNA + A (measured)

y RNA+A (calculated)

I—
! 0 240 270 300 A

cir. dichroiem

Fig. 5. In teraction  betw een yeast RNA and a rc tim e ' (a) Absorption and  circular dichroism 
of yR N A . (b) A bsorption and circular dichroism of arctiine. (c) A bsorption and circular di­
chroism  of yRNA  and arctiine together, (d) C alculated absorption and circular dichroism by 
yR N A  and arctiine. (e) (yRNA-)-A) — A difference spectrum , (f) (yRNA-f- A )—yR N A  difference

spectrum
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T H E  EFFECT O F A R C T IIN E  ON GERM INATION 199

Two k inds o f  in te rac tio n  can  in essence be d is tin g u ish ed : (1) B ind ings 
occur betw een th e  an ion  b ind ing  s ite s  an d  th e  anions so t h a t  the  dye m olecule 
coils itse lf  as i t  w ere a round  th e  nuc le ic  acid helix . (2) T h e  dye m olecule p e ­
n e tra te s  in  betw een  th e  bases an d  th u s  a so-called d isp e rs io n  or ex c iton  in te r ­
ac tio n  m ay  evolve. In  th e  p resen t case — as has heen sa id  above — it  is e x ­
tre m e ly  d ifficu lt to  say  a n y th in g  d e fin ite , as th e  CD b a n d s  o f arc tiine  a n d  of 
th e  nucleic acids a re  v e ry  near to  each  o th e r. E ven  so, th e  problem  w as a p ­
p ro ach ed  in th e  follow ing w ay.

(a) The h y p o th es is  was th a t  th e  CD spec trum  of a rc tiin e  docs n o t change 
su b s ta n tia lly  in  th e  presence of nuc le ic  acid . T he sp ec tru m  o f arc tiine  w as sub-

Fig. 6. Circular dichroism  of RNA a t 40°C and a t  20°C

s tra c te d  from  th e  “ jo in t”  sp ec tru m . T he difference sp e c tra  so o b ta in ed  show  
th e  con fo rm ation  change of the  n u c le ic  acid  (see “ e”  in  F igs 2 — 5). I t  m u s t be 
em phasized  here t h a t  th e  d ifference sp e c tra  ob ta ined  in  th is  w ay  are n o t irrea l, 
b u t  ch a rac te ris tic  o f nucleic acids h a v in g  a higher he lix  c o n te n t. In  o rd e r to  
p ro v e  th is , ex p erim en ts  were ca rr ied  o u t. I t  is well k n o w n  th a t  th e  s tru c tu re  
o f  th e  nucleic acid is v e ry  sensitive to  te m p e ra tu re . A t a h ig h  te m p e ra tu re  helix  
con fo rm atio n  decreases. A ccording to  F ig . 6 , th e  CD sp e c tru m  shows a h ig h er 
m ax im u m  due to  a h ig h er co n fo rm atio n  a t 20°C th a n  a t  40°C. The sp ec tru m  
o f y e a s t R N A  -f- a rc tiin e  is closer to  th e  ty p e  m easured  a t  20°C th a n  to  th e  
sp e c tru m  observed  a t  40°C. In  th e  p resen ce  o f arctiine th e  CD spec tru m  changes 
as if  th e  te m p e ra tu re  h a d  been re d u c e d . T h is is valid  fo r all nucleic acids.

(b) On th e  o th e r  h an d , if  th e  con fo rm ation  of th e  nucleic acids is n o t 
supposed  to  change in  th e  presence o f  a rc tiin e  th e n  one h a s  to  su b s tra c t from  
th e  “ jo in t”  sp ec tru m  (“ f ”  in  Figs 2 — 5). H ow ever, in  th is  w ay  a p lo ttin g  will 
be o b ta in ed  w hich is d ifficu lt to  t r e a t  th eo re tica lly , a t  le a s t accord ing  to  th e  
p re se n t s ta te  of know ledge. For, i f  th e  a rc tiin e  h ad  coiled u p  ro u n d  th e  nucleic  
acid  helix , th en  b o th  CD bands sh o u ld  h av e  changed a t  th e  sam e ra te  in  th e
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p o s itiv e  d irection , s im ila r  to  the o b se rv a tio n s  o f В ш и т  an d  co-w orkers (1965) 
co n cern in g  th e  in te ra c tio n  betw een  he lix  m olecules an d  d y es . A ccording to  
th e ir  experim en ts, d y es  coiled up ro u n d  th e  le f t h an d ed  h e lix  produce  a n eg a­
t iv e  CD.

S hortages in  d a ta  p rec lude  a m ore d e ta ile d  sp ecu la tio n . I t  can be in fe r­
re d  o n ly  th a t  a rc tiin e  e n te rs  in to  in te ra c tio n  w ith  nucleic ac ids re su lting  in  an  
co n fo rm atio n a l ch an g e  o f  th e  nucleic ac id s . T he n a tu re  o f  th e  in te rac tio n  is 
u n k n o w n . A ccording to  o u r know ledge th is  is th e  f irs t  case t h a t  an in  vitro 
in te ra c tio n  b e tw een  nuc le ic  acids an d  g ro w th  reg u la tin g  pheno lic  has been  
p ro v e d . I t  should be  n o te d  here th a t  th e  in  vitro  in te ra c tio n  b e tw een  gibberellic 
ac id  an d  nucleic ac id s  w as a lread y  d e m o n s tra te d , b u t o f a q u ite  d ifferen t ty p e  
from  th e  one o b se rv ed  here  ( K e s s l e r  1969).

S um m ary

T he ph y sio lo g ica l effect o f a p h en o l-ty p e  sub stan ce , a rc tiin e  and  arctige- 
n in e , w as in v e s tig a te d  on d iffe ren t levels o f  o rgan iza tion .

(1) D uring th e  g e rm in a tio n  o f A r c tiu m  lappa , th e  a rc tig en in e  co n ten t 
g ra d u a lly  decreases. T h e  g e rm in a tio n  show s a endogene rh y th m  w hich is fo l­
low ed  b y  the  q u a n t i ta t iv e  change o f th e  a rc tig en in e  in  a lcoho l insoluble fra c ­
tio n . A rctigenine is d e te c ta b le  in  th e  g e n e ra tiv e  organs o f A rc tiu m  lappa. A rc ti­
gen ine  is n o t specific  fo r one species, i t  can  be found  in  th e  seeds o f o th e r p la n ts  
w ith in  th e  fam ily  Com positae  as well. A ccord ing  to  ex p erim en ts , its  occurrence 
dep en d s on th e  sy s te m a tic  place o f  th e  p a r tic u la r  p la n t.

(2) T re a tm e n t w ith  a rc tiin e  m a rk e d ly  in h ib its  th e  groÁvth of seedlings, 
a lth o u g h  i t  has no  u n ifo rm  effect on th e  v a rio u s  species. I t  does no t in fluence  
th e  an a to m y  o f th e  s te m . C oncerning th e  ro o t, a rc tiine  ab o v e  all d istu rbs th e  
g ro w th  of tr ic h c b la s ts , i t  induces ab n o rm a l g row th . B y  its  e ffec t, sh o rt b ifu r­
c a tin g , tw isted  ro o t h a irs  occur fre q u e n tly . I t  has a s tro n g  d e s tru c tiv e  in fluence 
o n  th e  ro o t of c e r ta in  p la n ts , re su ltin g  in  an  ea rly  su b erifica tio n  o f the  p rim ary  
p h lo em . P re su m a b ly  th is  causes serious d is tu rb an ces  in  n u tr ie n t  ab so rp tion .

(3) The in te ra c tio n  be tw een  a rc tiin e  an d  th e  nucleic acids of d iffe ren t 
o rig in  shows th a t  a rc tiin e  changes th e  s tru c tu re  and  increases th e  double helix  
(?) conform ation  o f  th e  nucleic acids. T he n a tu re  of th e  in te ra c tio n  is n o t 
k n o w n  and  i t  c a n n o t be  b ro u g h t in to  re la tio n  w ith  th e  g e rm in a tio n  reg u la tin g  
e ffec t of arc tiine  o r  a rc tigen ine .
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