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CHAPTER 1

INTRODUCTION

Scopolin and sco p o le tin  (P ig. l )  a re  w idely d is tr ib u te d  in  

p la n ts . Table I  l i s t s  h ea lth y  p la n ts  from which scopo lin  and 

sco p o le tin  have been is o la te d . Table I I  l i s t s  p la n ts  which under 

various s t r e s s  cond itions accumulated la rg e r  amounts o f scopo lin  

and sco p o le tin .

In  ad d itio n  to  i t s  occurrence in  growing p la n ts ,  Yang,

Nakagawa and Wender ( l 08 , 109) p o in t ou t th e  occurrence o f sco p o le tin  

in  c ig a r e t te s ,  c ig a r s ,  sn u ff , chewing tobaccos, p ipe tobaccos as 

w ell as in  th e  smoke from a number o f th ese  p roducts . Chr. P. 

van Sumere and Massant (98) and de Greef (35) have is o la te d  

sco p o le tin  from th e  uredospores o f Pucinnia gram inis t r i t i c i .

Only a  few s tu d ie s  have been made on th e  d is t r ib u tio n  o f 

scopo lin  and sco p o le tin  w ith in  a  p a r t ic u la r  p la n t .  Best (lO) made 

a study o f th e  d is t r ib u t io n  o f sco p o le tin  in  a  tobacco p la n t ,  and 

Watanabe and Wender ( I I 3 ) found th a t  stam ens, c o ro lla s ,  and 

calyxes o r sepa ls  bu t no t th e  p i s t i l s  o f tobacco flow ers contained  

scopo lin . Gordon and Pollock (32) rep o rted  on th e  d is tr ib u tio n  o f 

sco p o le tin  in  a  growing Avena ro o t.

1
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TABLE I

OCCURRENCE OF SCOPOLIN AND SCOPOLETIN IN HEALTHY PLANTS

P la n t

N ico tian s  tatacnm  
N ico tian s  s y lv e s tr is  
N ico tian s  r u s t i c s  
N ico tian s  glauca 
N ico tian s  a f f i n i s , 
t i s s u e  c u ltu re  
N ico tians tabacum, 
t i s s u e  c u ltu re  
tobacco t i s s u e  c u ltu re  
D atura K n ig h tii 
D atura a rbo res 
D atura inox ia  
D atura stramonium 
D atura t a tu l a  
Sonchus spinosus 
Fouauiera. splendens 
Skirmnln la u re o la  
Im patiens 
Murrays ex o tica  
C itru s  
Radix
Eymenodyctoyon
excelsum
Eelichrysum  arenarium  
Mandragora 
Prunus dom estics. 
Viburum 
Galium mollugo 
Anethum graveolens 
Coriandrum sativam  
Diospyros m aritim a BL 
Scammony 
Plum iers a lb a  
M elilo tus albus and 
T rig o n e lla  Foenum- 
graecum g ra f ts  
Nerium odorum 
P tae ro ly lo n  obliquum 
Dendrobium th y rs iflo ru m  
Artemis i s

Compound P resen t Reference

Scopolin  and sco p o le tin  108,113
S copo le tin  50
S copo le tin  50
S copo le tin  50

S copo le tin  101

Scopolin  and sco p o le tin  87
Scopolin and sco p o le tin  27

Scopolin  ,kO
S copo le tin  50
S copo le tin  50
S copo le tin  42,50
S copo le tin  50
S copo le tin  7
S copo le tin  8
S copo le tin  11
S copo le tin  12
Scopolin 13

S copo le tin  2k
S copo le tin  25

S copo le tin  28
S copo le tin  36
S copo le tin  43
S copo le tin  44

Scopolin  and sco p o le tin  45
S copo le tin  52,53
S copo le tin  51
S copo le tin  51
S copo le tin  69
S copo le tin  79
S copo le tin  80

S copo le tin  83
Scopolin and sco p o le tin  84

S copo le tin  99
S copo le tin  l l 4
S copo le tin  30 ,85,89



TABLE I —Continued

P lan t

Gelsemium
A lthaeu o f f ic in a l i s  L. 
A tropa belladonna L. 
D ig ita l is  purpurea L. 
Hyoscyamus n ig e r L.
Maiva s i l v e s t r i s  L.
Menyanthes t r i f o l i a t a
T ussilgo  f a r a f r a  L.
Avena
B ru n fe ls ia
Ipomoea
Fabiana
Convoluus scammonia 
Prunus s e ro tin a  
A ngelica .japonica 
Scopolia 
Fraxinus onnus 
Aescuius 
hippocustanum 
J a la p
Capsicum annum 
Lycium barbarum 
N iereberg ia  fru tescen s 
W ithania som nifera

Compound P resent

S copole tin  
S copole tin  
S copo le tin  
S copole tin  
S copole tin  
S copole tin  

L. S copole tin  
S copoletin  
S copoletin  
f '.opo letin  
S copole tin  
S copoletin  
S copole tin  
S copole tin  
S copoletin  

Scopolin and Scopoletin  
Scopolin and Scopoletin

Scopolin and Scopoletin  
S copoletin  
S copoletin  
S copoletin  
S copoletin  
S copoletin

Reference

29 , 72,118
42
29,42,50,56
42 
42 
42 
42 
42
31,32
74
29,78
22,57
29
29
4 l
23,55,73,93,95
55

55,81
77 
50 
50 
50 
50
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TABLE II

OCCTJRBENCE OF SCOPOLIN ABD SCOPOLETIN IN PLANTS SUBJECTED TO STRESS

P lan ts S tre ss  Compound P resent Reference

Tobacco In te rs p e c if ic  tumors Scopolin and
from hybrids sco p o le tin 102

Tobacco D ecapitated  and
in fe c ted  w ith sp o tted
tomato w il t Scopoletin 9

Tobacco 2,4-D Scopolin and
sco p o le tin 20

Tobacco Boron defic iency Scopolin 111
Tobacco In fec te d  w ith

Peronospora tab ac ina Scopoletin 67
Tobacco In fec ted  w ith

Pseudomonas
solanacearum Scopoletin 92

Tobacco Large exce&s o f NaCl
in  n u tr ie n t medium Scopoletin 26

Green mountain In fec ted  w ith le a f
po ta to  tubers r o l l  v iru s Scopoletin 3 ,4
Solanum tuberosum In fec ted  w ith C arla-y >

Ju b e l-x , General yellow
A and le a f  r o l l  v iru s Scopoletin 82

Moskovski v a r ie ty
o f po ta to  tubers I i f e c te d  w ith
r e s is ta n t  to  la te Phytophthora Scopolin and
b lig h t fungus in fe s tan s sco p o le tin 96
Sweet po ta to  ro o ts In fec ted  w ith

black  ro t  V, Scopolin 70
Sweet po ta to  ro o ts A ttacked by w eevil

Cylas form icarius
e legan tu lus Scopoletin 2

Sweet po ta to  s l ic e s In fec ted  with
C eratostom ella
fim b ria ta Scopoletin io4

Concolculus sepium 2,4-D Scopoletin 100
Celery In fec ted  w ith Scopolin and

S ep to ria  a p i i sco p o le tin 16,17
H elianthus annus 2,4-D Scopolin and

sco p o le tin 21



Cl 2 f ij-Dlchlorophenojqracetic a c id

GLUCOSE-0

Scopolin

S copoletin

GLUCOSE — 0
E scu lin

H C -K H -K H p  
L
II

/  ^g-O H

Maleic Bydrazide

Figure 1. S tru c tu ra l  Formulas o f  Some Compounds D iscussed in  This 
Report
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The ro le  o f  sco p o le tin  and scopo lin  in  p la n t t is s u e s  has no t 

been e s ta b lish e d . S copo le tin  has been s tu d ied  in  g re a te r  d e ta i l  than 

sco p o lin . S copoletin  appears to  in h ib i t  th e  growth o f some p lan ts  

(s4 ) and ro o ts  (33, 76) . Worsham, KLingman and Moreland ( I I 9 ) 

re p o rte d  th a t  sco p o le tin  a c tiv a te d  the  germ ination o f S tr ig a  

a s i a t i c a  seeds and in  h ig h er concen tra tions in h ib ite d  th e  

e lo n g atio n  o f th e  ro o ts  and caused branching.

L ib b ert and Lûbke (59, 60 , 61, 62) in  a  s e r ie s  o f  a r t ic le s  

d iscussed  th e  e f f e c t  produced by sco p o le tin , in d o leace tic  a c id  and 

a  combination o f  these  two compounds on various p la n ts .

Skoog and M ontaid i (94) and Sargent and Skoog (86) looked a t  

th e  e f f e c t  o f  various le v e ls  o f  auxin and k in e tin  (6-furfury lam ino- 

p u rln e ) in  reg ard  to  th e  scopo lin  and sco p o le tin  le v e ls  in  tobacco 

t i s s u e  c u ltu re s .  T he ir evidence suggested th a t  in d o leace tic  a c id  

caused a  conversion o f scopo lin  to  sco p o le tin  and th a t  k in e tin  

p reven ted  th is  re le a se  u n t i l  i t s  to x ic  le v e ls  were reached. The 

au thors suggested  th a t  a u x in -k in e tin  le v e ls  th e re fo re  re g u la te  the  

sco p o le tin -sc o p o lin  equ ilib rium  in  t i s s u e .  F r i t i g ,  E ir th  and Ourisson 

(27 ) c o r re la te d  th e  amount o f  scopo lin  and sco p o le tin  p re sen t in  

tobacco c u ltu re s  w ith th e  p ro te in  con ten t.

Andreae and Andreae (6) and Andreae (5 ) in d ic a ted  th a t  

sco p o le tin  in h ib ite d  th e  ox id a tio n  o f in d o leace tic  a c id  and suggested 

th a t  sco p o le tin  was a  com petitive in h ib i to r .  In  an e a r l i e r  paper, 

Andreae and Andreae (3 ) had c o rre la te d  th e  fluorescence  w ith abnormal 

s ta rc h  co n ten t in  th e  leaves o f  po ta toes in fe c te d  w ith le a f  r o l l  

v i r u s .
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Sequeira (91) sud Seguelra and Kelman (92) a lso  discovered th a t  

sco p o le tin  in h ib ite d  th e  d e s tru c tio n  o f in d o leace tic  a c id  in  p lan ts  

in fe c te d  w ith Pseudomonas solansiceanum. Both in d o leace tic  a c id  and 

sco p o le tin  increased  co n tin u a lly  u n t i l  th e  p la n t died. The in h ib i­

t io n  was c o rre la te d  w ith th e  in c rease  in  th e  sco p o le tin  w ith in  

d iseased  t i s s u e .  However, th e i r  data  in d ica ted  th a t  the  in h ib itio n  

was non-com petitive b u t followed complex k in e tic s .

S ch aeffer, Buta and Sharpe (88) in v e s tig a te d  th e  r a te  o f 

in d o leace tic  a c id  ox ida tion  w ith  h o rserad ish  peroxidase in  th e  f i r s t  

f iv e  minutes a f t e r  the  ad d itio n  o f  various phenolic compounds. 

Scopolin and sco p o le tin  both uH iib ited  th e  r a te  o f in d o leace tic  

a c id  d e s tru c tio n  although sco p o le tin  is  more than ten  times as 

e f fe c t iv e  as scopolin  in  th is  re sp ec t.

Dewey and Stepka (19) in d ic a ted  th a t  scopolin  became ra d io ­

a c tiv e  during p o s t-h a rv es t conversion o f nicotine-CHg-C^^ to  

n o m ic o tin e  in  th e  leaves o f a  s t r a in  o f c ig a r  tobacco. A ll of 

th e  ra d io a c tiv i ty  was found in  th e  -OCEg group o f scopolin .

M artin (66) q u a n tita tiv e ly  determined the  amount o f 

s c o p o le tin  p resen t in  ro o t w ater samples by a d ire c t measurement 

o f  the  fluorescence a t  d if fe re n t pH v a lues. Hughes and Swain (46) 

used  a  s im ila r  procedure to  determine the  scopolin  p resen t in  po tato  

tu b e rs  in fe c te d  w ith Phytophthora in fe s ta n s .

Sequeira (92 ) determined sco p o le tin  by chromatographing a 

t i s s u e  e x tra c t  on Whatman #1 paper and c u ttin g  the  sco p o le tin  area  

ou t and weighing i t .



8

Skoog and co-workers (86, 9^) determined sco p o le tin  

q u a n tita tiv e ly  using  a combination o f paper chromatography o r 

column chromatography follow ed by a  fluorescence  an a ly s is  a t  a  

pH o f 10. Skoog determined scopolin  by ac id  h yd ro lysis  to  

sco p o le tin  and then  ceO-CUlation back to  th e  amount o f  scopolin  

rep resen ted  by the  amount o f  sco p o le tin  determined.

W altz, Eaeuserman and K ru ll (llO ) developed a  polyamide 

column chromatographic procedure to  determine th e  amount o f 

sco p o le tin  p resen t in  cigarette-sm oke condensate.

Yang, Nakagawa and Wender (107) rep o rted  a  method fo r  the  

q u a n tita tiv e  determ ination o f sco p o le tin  in  cigarette-sm oke 

condensate. This method involved extended paper chromatography 

in  f iv e  so lv en ts  followed by e lu tio n  o f the  sco p o le tin  from th e  

paper and measurement o f  i t s  absorbance a t  3 ^  mp.

Watanabe e t  a l . ( i l l )  devised a  f lu o r im e tr ic  method fo r  th e  

determ ination o f scopolin . An a liq u o t o f  th e  t is s u e  e x tra c t  was 

f i r s t  su b jec ted  to  extended paper chroms-tography in  two so lv en ts .

The scopolin  was e lu te d  and hydrolyzed and th e  pH ad ju sted  to  10.

The fluorescence o f th is  so lu tio n  was then  measured.

Dieterman e t  a l . (20) rep o rted  on th e  q u a n tita tiv e  an a ly s is  

o f  scopolin  and sco p o le tin . Scopolin was determ ined by paper 

chromatography o f  an a liq u o t o f th e  t is s u e  e x tra c t  in  th re e  so lv en ts , 

follow ed by e lu tio n  and measurement o f th e  fluo rescence  o f the  

e lu te d  so lu tio n . S copoletin  was determined in  a  s im ila r  manner 

except th a t  a  d if f e re n t so lven t was used fo r  th e  l a s t  development 

o f  the  paper chromatogram than was used fo r  scopolin .
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Akazawa and U rita n i ( l )  used a th in  la y e r  method to  determine 

sco p o le tin  q u a n tita tiv e ly . The t is s u e  e x tra c t  was chromatographed 

on a  s i l i c a  g e l p la te  and th e  sco p o le tin  e lu te d  and fu r th e r  p u r if ie d  

hy paper chromatography. The sco p o le tin  was then  e lu te d  from th e  paper 

and determined f lu o r im e tr ic a lly .

This paper deals w ith the  development o f  a  ra p id , q u a n tita tiv e  

method fo r  th e  estim atio n  o f  scopo lin  and sco p o le tin  and th e  subsequent 

use o f th is  method to  determine q u a n tita tiv e ly  th e  amount o f change 

in  th e  co ncen tra tion  o f scopo lin  and sco p o le tin  in  2,4-D t r e a te d  

and m aleic hydrazide t r e a te d  tobacco p la n ts  as a  fu n c tio n  o f tim e.

The method developed used th in  la y e r  chromatography and flu o rescen ce .

A p a r t i a l  id e n t i f ic a t io n  o f  a  sco p o le tin  g lycoside from tobacco 

t i s s u e  c u ltu re  was a lso  undertaken.



CmPEER I I  

EXEEKIMEnSTAL EROCEDÜRES MD RESULTS

Chromatographic S tudies 

To explore th e  u sefu lness  o f  th in  la y e r  chromatography 

f o r  a n a ly s is  o f  phenolic  compounds, a  number o f  compounds has been 

te s te d  in  various so lv en t system s. The r e s u l ts  o f  th ese  s tu d ie s  a re  

l i s t e d  in  Tables I I I -V I I I .  The follow ing comments apply to  

Tables III-V .

For a n a ly s is , the  samples were d isso lved  in  methanol a t  an 

approxim ate co n cen tra tio n  o f  1 p g /p l and 5 p i  o f  th i s  so lu tio n  was 

a p p lied  onto th e  adsorbent. The so lv en t was allow ed to  ascend 

approxim ately 15 cm. The polyamide lay ers  were spread  w ith  a 

Desaga sp reader to  an approximate th ick n ess  o f 250 m icrons. Each 

chamber was l in e d  w ith  f i l t e r  paper and was s a tu ra te d  w ith  so lven ts  

b e fo re  in s e r t io n  o f th e  p la te .  A ll o f  the  values were obtained  

by measuring to  th e  to p  o f th e  sp o t. The tem perature o f  the  

chromatography room was approxim ately 70°F. The follow ing rec ip es  

were used to  make f iv e  p la te s .  Twelve g o f Macherey and Nagel 

polyamide (d is tr ib u te d  by Alupharm Chemicals, New O rleans, L a.) was 

added to  45 ml o f  a  benzene;methanol (2 :3; v /v ) so lu tio n  o r 45 ml o f

10
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UBLE I I I

Kf X 100 OP VARIODS DEPSIDES, COUMARINS AND PHENOLIC ACIDS

Compound
2«hydrcxy«5-glueoxy

KPW MH m BaM IPW.l NFM NIFBa TFEF

banaolc acid 
5-hydraxy-2»glucoxy

63 5 7 7 60 33 22 28

bansole aold 50 0 4 3 70 38 20 19
l-gvmtl#oyl-p»D-qulmlo acid 65 55 32 28 72 51 30 291
l»faruloyl«D-qttlnlc acid 65 9: 16 17: 77 37 491
3-faruloyl>D-quinlc acid 65 7: 22 20: 64 58 331
4-faraloyl-D-qulnic acid 64 7: 16 16: 63 55 321
5>farnloyl>D>4ulnlc acid 63 10: 11 13: 63 52 301
chlorogaalc ad d 58 6 10 11: 58 28 19 14
l>faruloyl*^D>glucoaa 74 70 42 42 83 66 50 361
acopolln 67 85 72 49: 89 81 731 43:
acopolaCln 62 28 71 57 551 78 79 46
4«hydroxycouaarln 52 6 25: 37: 59 45 32
7>hydroxyceaaarln 60 17 37 50 47 66 40
aaculaeln 58 14 34 34 571 50 32:
aacttlln 67 61 26 26 84 56 23
6,7-dlaathoxycouaarln 71 46 80 80 79 93 82:
o-hydrcxyolnmaalo acid 61 6 26 34 44 36 441
o°aaCboKyclnnaalc acid 71 5 57 60 58 71 71
a-hydrcxyclamaalc acid 59 6 26 37 50 42 44
aHMChoKyclmuualc acid . 6 57 62 58 71 73
p-hydroxyclnnaale acid 58 7 27 32 48 37 42
p-aaChcxyclnnaalc acid 58 7 27 32 48 70 42
caffalc acid 53 9 18 19 47: 23 19 28
hydrocaffalc acid _ 30 35 31 65 49 37
faru lle  acid 64 14 46 45 61 57 53 58
taoCarullo acid 62 12 42 42 57 59 50 53
■athyl caffaata • “ “ • 52 58 ■ 51

Adaorb«nti Maeharay ant Nagal Polyaaida (230 Hierona)

KPHt ■achyllaobueylkaeonatfomile aold(98X)twatari 14:3t2(v/v/v)
MW: M thanol:m tar; l:l(v /v )
tW: nltroaaehanataathanol; 5:2(v/v)
BaM: banaana:MChanol| 3:1 (v/v)
IPW»1: 2-propanal:(onalo acld(98X):watart 10:0.3:5(v/v/v)
NFM: nltroMthana:fonilo acld(98%):aathanol; 5 :0 .15:2(v/v/v)
MIFBb: nltroMthana:2>propanol:fonlc ac{d(98X):banaana; 5:2:0.2:4(v/v/v/v) 
TPEP: toluana:foniie acld(98X):athyl foraata; 5:l:4(v/v/v)

I -  apoe parelelly atraaked : -  apot badly atraakad
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XABLB IV

Rg K 100 OP VARIOUS DEPSIDES, COUMARINS, PHENOLIC ACIDS AMD GROWTH REGULATORS

Comottad Selvaat: 
2«bydraKy*9>gluooxy

SSL J!l£St tSL HPM 1Ü S É S si U SsL n t s n

banaolc acid 
9>hydr«Ky*2«glucaxy

69 “ 29i “ 8 9 “ 80 m

baaaolo aold 81 - 0 - 9 6 83 a

l-gaatlaoyl-P«D.giuooaa 74 • 73 - 43 32 86 a

leParwloyl-Dmqalalo aold 71 29 26i 29 11 8 87 17
3>faraloyl«0-qnlalo aold 77 49 22: 37 19 l i 79 82 96
Amfaruloyl-D-qwinlo aold 73 30 19: 29 11 8 96 78 48
9>Tarttloyl-0aqulale aold 72 30 20: 21 11 7 80 48
chlorogaalc aold 83 10 16: 20 10: 6 49 74 28
laooblorogaalo aold 92 4 9 9 4 3 29,11 41 11
1-Taruloyl-p-Dmgioooaa 79 34 61: 36 92 39 90 92
aoopolla 76 73 89 68 89 69 92 96 67
aeopolatla 88 84 49 84 87 76 92 80 80
A-hydroRyoowaarla m « 19: ■ 27 a 73 a

7«4gdroKyoouaarla 89 - 42 . 78 73 78 a

aaeulatla 78 49 34 90 92 44 79 721 98
aaoulla 47 30 63 37 42 27 79 90 90
fe,7»dlaatho«ycouaarln 93 • 66: - 100 99 921 a

o-hydroKyolaaamlo aold 91 m 14 . 26: 27: 79 a

o aathoayoltmaalo aold 94 m 20: 99: 64: 88 a

■>hydrcKyeliBiBalo aold 89 m 19 - 29: 29: 77 a

■■Mthoocyolnaaalo acid 96 • 16 > 90: 96: 86 a

p-hydroayolaaamlo aold 84 m 16: • 29: 29: 74 à
p-mathcayolanamlo aold 91 - 18: . 96: 99: 89 a

oaCfalo aold 74 22 21: 28 21: 20: 65 691 40
faru lle  aold 86 71 21: 61 41: 39: 80 79
Isofarullo ad d 89 _ 20: • 39: 27: 80
hydrocaffalc aold 78 . 24: _ 29: 22: 74
■athyl oaffaata - - . m . a 76
ra a lll lo  aold 89 68 98 . a 84 64
ladolaaoatlo aold 83 71 . 63 . . 76 77 60
kiaatln 86 87 • 81 " - 94 92 76

Adcorbmet Vo«la Foljnuitd* (250 MIorons)

KPHt MthyllsobatylkatoMtforalo aold(98X)iwat«r; I4t3i2(v/y/y)
NIPBc: nleroMthanatR-propanolifonile aotd(98X)ibamana; 9t2i0.2i4(v/v/r/v) 
MHt M thanolivatar; lsl(v/<r)
MFHt nltroaathaaatCoxale acld(98X)taathaiu>l; St0.15t2(v/v/v) 
m t altroMthanataathanol; 5i2(v/v)
BsNt baoaanatmaehamol; 3tl(r/ir)
DaMP.2: banaanaiMthanolifonilo aeld(98X); 3a2iO.I(r/v/v)
IPW-1: 2-propaaaltformlo aold(98X)i«atar; 10i0 .3 i 9(t/ v/ v)
BsMP-lt banaanaiaathanolifonilo aold(98X); 3 tlt0 .1(v/v/v)

I -  spot partia lly  atraakad t > spot badly atraakad
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TABLE V

Rj X  100 OF VARIOUS PLAVONOIDS

Compound Solvent: KPW IFW-l BzMF-l NIM NIPBz BzMP-2
iso sak u ran e tin -7-^ -
ru tin o s id e 81 9k 56 65 59 91
q u a rc ltr in 6k 76

59.'
18.' 7 7 64

kaempferide 80 .' 63,59 46 62 .' : 67
isorham netin 70 : 52: 46: 30.' 37: 64.'
kaempferol 68 : ^5: 33: 16 22 58
rhamnetin 68 : 52: 51: 44,66: 44: 68 :
q u ercé tin 58.' 20 .' 12 12 45:
rh o ifo l in 61 89 24 ■ 12 10 72
lu te o l in 62; 57: 28 : 17 : 61 .'
diosm etin 71: 63: 54: 46: 51: 74 .'

Adsorbent; Woelm polyamide (250 microns th ic k )

KPW: m ethylisobutylketone : formic ac id (98^): w ater; llt-:3 :2 (v /v /v )
IPW-1: 2-propanol: formic a c id  (98)^): w ater; 1 0 :0 .3 :5 (v /v /v )
BzMP-1: benzene:m ethanol:form ic anid(985^); 3 : l : 0 'l ( v / v /v )
NIM: nitrom ethane : formic ac id(98^ ) : methanol; 5 :1 .1 5 :2 (v /v /v )
NIPBz: n itrom ethane:2 -propanol: formic ac id (98^ ) :benzene;

5 :2 ; 0 . 2 :lf(v /v /v /v )
BzMF-2: benzene:m ethanol:form ic acid(98{6); 3 :2 :0 .l ( v /v /v )

sp o t p a r t i a l ly  s treak ed - spo t badly  s tre ak ed



1 4

m ethanol. This %ms shaJsen v igorously  fo r  approxim ately one m inute, 

sp read  immediately and a i r - d r ie d  befo re  use.

I t  can be seen th a t  th e  ad d itio n  o f a c id  to  th e  so lv en t 

system employed u su a lly  in c reased  the  value and helped to  

decrease spreading o r s tre ak in g  o f th e  m a te r ia l. I t  was a lso  

discovered th a t  formic a c id  was more e f fe c t iv e  in  th is  re sp ec t than  

a c e tic  a c id . With th e  polyamides on th in  la y e r  p la te s ,  ve iy  ra p id  

m ig ration  tim es were obtained  when compared to  those by paper 

chromatography. In  the  so lv en t systems s tu d ie d , i t  was noted  th a t  

w ith  Woelm polyamide m igration  tim es were approxim ately 2-3 tim es 

f a s t e r  than  w ith  th e  corresponding Macherey and Nagel polyamide.

Woelm polyamide a lso  produced e s s e n t ia l ly  no background fluorescence  

when viewed under u l t r a v io le t  l ig h t  whereas th e  Macherey and Nagel 

polyamide d id  have a  s l ig h t  pu rp le  flu o rescen ce . The purp le  background 

made i t  d i f f i c u l t  to  lo c a te  some o f th e  compounds s tu d ied . The 

polyam ides, however, were no t so u se fu l fo r  flavono id  sep a ra tio n  as 

th e  d a ta  in  Table I I I  in d ica ted . Many o f th e  compounds ex h ib ited  

p a r t i a l  o r  pronounced s tre ak in g  even in  th e  so lven ts  to  which ac id  

had been added. A disadvantage o f th e  polyamide lay e rs  was th e i r  

f r a g i l i t y ,  Woelm polyamide was p a r t ic u la r ly  bad in  th i s  re sp e c t.

L ater in  th e  course o f  resea rch  a  m ic ro c ry s ta llin e  c e llu lo se  

c a l le d  A vicel-SF (d is tr ib u te d  by ÏMC C orporation, American Viscose 

D iv is io n , Marcus Hook, P a .) became g en era lly  a v a ila b le . This m a te ria l 

gave sep ara tio n s  s im ila r  to  those  o f paper chromatography b u t the  

re s o lu tio n  was f a r  su p e rio r. In  ad d itio n , th e  m a te ria l adhered very



15
firm ly  to  the  p la te ,  thus overcoming the  pronounced f r a g i l i t y  o f the  

polyamides. Phenolic compounds o f in te r e s t  were te s te d  on A vicel-SF, 

and th e  re s u l ts  a re  ta b u la te d  in  Tables V I-V III.

The Avicel-SF layers  were made by tak ing  approxim ately 3*5 g 

o f  A vicel-S F /p late  and adding 4-. 5 ml o f w ater/g  o f Avicel-SF and 

bea tin g  a t  high speed in  a Waring b lender fo r  approxim ately seconds. 

This procedure e lim inated  any s tr in g in e ss  In  the  m a te ria l. The m a te ria l 

was spread w ith  a  Desaga spreader to  an approximate th ickness o f 375 

microns and allowed to  a ir -d ry  before  use. For a  p la te  approxim ately 

250 microns th ic k , 2 .5  g o f Avicel-SF was u sed /p la te . For a  p la te  

approxim ately 500 microns th ic k , 5 g o f Avicel-SF was u sed /p la te . 

O ver-beating o f  th e  m a te ria l must be avoided as th e  m a te ria l becomes 

very  th ic k  and d i f f i c u l t  to  spread. I t  can be seen from th e  data  In 

Table VI th a t  a  good sep ara tio n  of the  Chlorogenic a c id  isomers was 

ob ta ined .

A number o f sugars and amino acids was a lso  te s te d  using th is  

medium. These data  a re  p resen ted  in  Tables V II and V III. A study of 

th e  recen t l i t e r a tu r e  in d ica ted  th a t  although some work w ith  sugars 

has been done w ith th in  la y e r  chromatography on c e llu lo se  powder 

p la te s ,  no t very much has been done w ith A vioel-SF .(106, I I 7 ). No 

work has been done in  which th e  so lu tio n s  were s treak ed  o r banded 

ra th e r  than  sp o tted  a t  the  o r ig in . The sugar samples used in  Table V II 

were d isso lved  in  IC^ 2-propanol:w ater a t  an approximate concen tra tion  

o f  3 p g /p l, and 5 o r 1 0  |clL were sp o tted . The chambers were no t lin e d  

w ith  f i l t e r  paper bu t th e  chamber wets s a tu ra te d  -before the  p la te  was
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TABLE VI

X  100 OF VARIOUS COMPOURDS

Compound IFW-2

chlorogenic ac id 57
neochlorogenic ac id 63
band 510 51 ^
isoehlorogenic  a c id 25,16,9
sco p o le tin 25
scopo lin 67
e sc u lè tin 30;
e sc u lin 53
c a f fe ic  a c id 28;
f e r u l ic  a c id 28
1 -feru lo y l-D -g u in ic  a c id 67:
3 -feru loy l-D -qu ln ic  ac id 58i
i-fe ru lo y l-D -q u in ic  ac id 52:
5-feru lo y l-D -g u in lc  ac id 67
r u t in 38
kaempferol-3-rhamnoglucos ide 38
kaempferol 3
methyl-p-coum arate h9:
apigenin-7-/ff-ru tinoside 15
o-hydroxycinnamic ac id 47 :
p ro tocatechu ic  ac id 47
rhamnetin 3
pob ih e tih : 3
morin 9
o-methoxycinnamic ac id 43 :
p-methoxycinnamic ac id 49:
a n is ic  a c id 60 :
1 -g en tis  oyl-^-D -glucos e 79 , 73,50
rh o ifo lin 17
is o fe ru l ic  aCid 26 :
g u ercetin 3
apigenin 3

Adsorbent: Avicel-SF (375 microns th ic k )

IFW-2: 2-propanol:form ic acid (98^):w aterj 5 :^ :9 5 (v /v /v )

.• - spo t p a r t i a l ly  s treak ed  : - spo t badly s treak ed
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TABLE VII

X  100 OF SUGARS AMD RELATED CQMPOUMDS

Compound Solvent: I I I I IV(developed once)

rib o se 51 32 62 39
xylose 46 25 58 34
arabinose 40 23 51 27
mannose 39 - 54 -

glucose 35 16 48 25
g a lac to se 30 15 42 22
fru c to se 37 21 50 30
rhamnose 56 37 67 45
c e llo b io se 23 5 35 18
m altose 24 7 37 18
in o s i to l 17 7 18 10
g a lac tu ro n ic  ac id 16 15 17 8
galac tu ronolac tone 73 32 75 58
glucuronic a c id 18 17 20 10
giücûronolàctone 75 40 73 66
qu in ic  ac id 28 30 33 13
shikim ic a c id 51 4 l 60 17

Compound I I I IV(developed tw ice)

rib o se 48 83 60
xylose 4o 78 53
arabinose 37 73 46
mannose - 75 -

glucose 27 71 4 l
g a lac to se 25 65 36
fru c to se 35 74 45
rhamnose 56 88 65
c e llo b io se 8 56 28
m altose 10 60 30

Ad£.orbent: A vicel-SF (375 microns th ic k )

Solvent I ;  p y rid in e :e th y l a o e ta te :a c e tic  acid rw ater; $ :5 :1 :3  
(v /v /v /v )

Solvent I I :  formic acid(9o5& ):m ethylethylketone:t-hutanol:w ater;
15:30:40:15(v /v /v /v )

Solvent I I I :  2 -p ro p an o l:p y rid in e :ace tic  eicid:w ater; 8:8:1:4-
(v /v /v /v )

Solvent IV: e th y l a c e ta te :p y rid in e :w àter; 2 :1 :2 , upper la y e r  ,
(v /v /v )
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a?ABLE V III

Rj X  100 OF AMINO ACIDS

Compound S olven t: V YI VII VIII K X

alan in e 4o 4 l 59 32 53 22
aspsurtic a c id 23 20 29 30; 35 15
a rg in in e 20 9 24 2 28 11
c y stin e 0 5 - 5 0 5
cy ste in e 7 39 - 80 10 25
glutam ic ac id 35 30 37 40J 43 24
g lycine 25 24 51 18 36 16
h is t id in e l6 16 60 16 24.' 11
hydroxyproline 25 39 51 26 36 16
iso leu c in e 68 68 68 57 76 51
leu cin e 71 67 70:; 58 79 57
ly s in e 19 8 3 28.» 9
m ethionine - 57 66 48 66 40
phenylalanine 66 64 68 53 70 50
p ro lin e 42.» 64 59; 39 52 25
s e r in e 24 23 65 25 35 l4
tlireon ine 36 35 73 42 42 17
tryptophane 63 42 67 35 58 40
ty ro s in e 56 51 60 42 55 35
v a lin e 57 60 67 49 68 40

Adsorbent: Avicel-SF (375 microns th ic k )

Solvent V: sec -b u tan o l:acetone: formic a c id (98)6):w ater;
ÎÔT40:8:20(v/ v/ v/ v)

Solvent VI: phenol:m ethanol:w ater; 3 5 :i5 :5 0 (v /v /v )
Solvent V II: methanol : acetone : ammonia : w ater; 40 :4 0 :8 :2 0 (v /v /v /v )
Solvent V III: m e th an o l:ace to n e :co llid in e :w ate r; 40:40:8:20 

(v /v /v /v )
Solvent IX: 2-propanol:form ic acid (98^):w ater; 2 0 ;2 :5 (v /v /v ) 
Solvent X: n -b u ta n o l:a c e tic  ac id :w ate r; 6 : l :2 (v /v /v )

spo t p a r t i a l ly  s treak ed
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in s e r te d . The sugars were de tec ted  w ith an a n ilin e  hydrogen oxa late  

apray ( I I 5 ) o r a  spray {97)• The guinic a c id  and shikim ic ac id

were d e tec ted  w ith  a  KMnO]̂  ̂ spray  (34). Solvent 17 seemed to  be the  

most s e n s itiv e  to  varying loads and th e re fo re  i t  produced th e  g re a te s t 

v a r ia tio n  in  values from p la te  to  p la te .  This may have been due, 

in  p a r t ,  to  th e  f a c t  th a t  so lv en t 17 i s  a  two la y e r  so lven t and sm all 

changes in  tem perature may cause a  v a r ia tio n  in  th e  p roportion  o f the  

so lv en ts  in  th e  upper la y e r . Solvent I I  was th e  most co n sis ten t 

so lv en t under varying loads although the  bands produced were la rg e r  

than  in  th e  o th e r so lv en ts . A ll the  values were measured to  the

to p  o f  th e  band. Banding produced very compact zones, most o f  them 

being le s s  than  l / k  o f an inch wide. Thus, even c lo se ly  re la te d  

sugars could q u ite  e a s i ly  be d is tin g u ish ed . Solvent I ,  I I ,  and 17 

tak e  approxim ately 3-4  hours to  ascend and so lv en t I I I  takes 

approxim ately 6-8 hours. Three o f the  so lven ts  were developed a 

second tim e to  see i f  any fu r th e r  sep ara tio n  could be achieved as in  

th e  case o f  so lven t I I  as employed by 7omhof and Tucker (106).

Although a  b e t te r  sep ara tio n  d id  occur, i t  was f e l t  th a t  the  

advantage o f the  sep ara tio n  was o f f s e t  In most cases by th e  ex tra  

tim e i t  would tak e  to  develop th e  p la te  tw ice.

An in te r e s t  in  p ro lin e  prompted an in v e s tig a tio n  in to  th e  

sep a ra tio n  o f  amino acids on A vicel-SF. A survey o f the  recen t 

l i t e r a tu r e  in d ica ted  th a t  a  number o f so lven ts had been t r i e d  w ith 

c e llu lo se  powder bu t no t w ith A vicel-SF. T herefore , s ix  so lven ts  were 

chosen and the  amino acids were run and th e i r  R^ values determined as
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l i s t e d  in  Table V III . This work was done in  cooperation w ith 

C a rro ll Smith.

Banding was no t employed sin ce  most o f th e  spots remained 

compact and no appreciab le  increase  in  sep a ra tio n  was noted by 

banding. The compounds were d isso lved  in  w ater a t  an approximate 

co n cen tra tio n  o f 1 p g /p l and 5 p i  o f  so lu tio n  was sp o tted . The 

p la te s  were pu t in to  chambers which had been loaded w ith so lv en t 

immediately befo re  u se , so th e re  was no chamber s a tu ra tio n . This 

seemed to  improve th e  sep a ra tio n  and compactness o f  the  sp o ts . The 

amino acids were d e tec ted  by spraying the  p la te  w ith a  so lu tio n  o f 

0.2$  so lu tio n  o f  n inhydrin  in  acetone. For p ro lin e , an i s a t in  spray 

was used. This co n sis ted  o f 300 ml o f  a  0 .2^ so lu tio n  o f i s a t in  to  

which had been added 200 ml o f  h'jo a c e tic  ac id . The was measured 

in  th e  middle o f  th e  spot s in ce  most amino acids a re  rep o rted  in  th is  

manner. A number o f  two-dim ensional p la te s  was a lso  t r i e d  w ith 

20 p i  o f  a  so lu tio n  combining a l l  o f th e  amino a c id s . The follow ing 

combinations were t r i e d  in  an e f f o r t  to  f in d  a combination th a t  would 

s a t i s f a c to r i ly  sep ara te  p ro lin e  from th e  r e s t  o f the  amino acids as 

w e ll as allow  a  p o ssib le  determ ination  o f o th e r amino ac id s : a ) so lven t

V, so lv en t VI; b^ so lv en t V II, so lv en t VI; c ) so lv en t V III , so lv en t VI; 

d) so lv en t IX, so lv en t VI. Solvent V II followed by so lv en t VI gave 

th e  b e s t o v e ra ll  r e s u l t s .  When th is  system was t r i e d  on a  number o f 

crude e x tra c ts  th e  r e s u l ts  in d ic a ted  th a t  th e  crude e x tra c ts  would 

have to  undergo some p u r if ic a t io n  befo re  attem pting  to  determine in  

t h i s  manner th e  amino ec id s  p re se h t. Solvents V-VIII were taken  from
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an a r t i c l e  by C h ia r i, e t  a l . ( l 8 ) and so lv en t IX was a  m odifica tion  

o f  a  so lv en t employed by Jones and Heathcote (49). Solvent X is  a  

very  common so lv en t employed in  th is  lab o ra to ry  fo r  many y ears .

Growth. Treatment and H arvesting o f P lan ts  

2 ,4-D-Treated-Tobacco (Code; Tob'3-2^4-3)-). N ico tiana  

tabacum. One-Sucker v a r ie ty , seeds were spread  on th e  su rface  o f 

s t e r i l e  quartz  sand on October 11, 196$. These seeds were w atered 

once a  day w ith  approxim ately 400 ml o f  complete so lu tio n  (4?, 65). 

The crock o f  sand w ith  th e  seeds was p laced  in  a  la rg e  growth 

chamber under th e  follow ing co n d itio n s: 16 hours o f  l ig h t/d a y ,

tem perature - 80°F in  th e  l ig h t  p e rio d  and $0°F in  th e  dark p eriod . 

The l ig h t  in te n s i ty  was approxim ately JOO f t- c a n d le s . Seedlings 

were tra n sp la n te d  a t  intervsuLs beginning on November 12, 19^5» 

u n t i l  December 1 , 19^5, to  #29 crocks o f  s t e r i l e  q u artz  sand. One 

seed lin g  was p laced  in  each crock. The p la n ts  s ta r te d  to  flow er 

on January 3; 1966 (age — 84 days). The p la n ts  were sprayed on 

January  l4 ,  I 966, w ith  a  so lu tio n  o f  2,4-D u n t i l  th e  so lu tio n  ran  

o f f  th e  le av es . The 2,4-D so lu tio n  co n s is ted  o f  1 g o f  2,4-D 

d isso lv ed  in  approxim ately one l i t e r  o f  w ater w ith  $ g o f  Carbowax 

1500 added. The pH was ad ju sted  to  7.O w ith  ammonium hydroxide.

Two drops o f  tween-20 were added, and th e  so lu tio n  was ad ju sted  

to  ex ac tly  one l i t e r  w ith  a d d itio n a l w ater. The c o n tro ls  were 

sprayed  w ith  a  c o n tro l so lu tio n  which con tained  a l l  o f  th e  above 

m a te r ia ls  j u s t  l i s t e d  except th e  2,4-D . The p la n ts  were harvested
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a t  weekly in te rv a ls  ‘beginning on January 21, I966 (age =  102 days), 

and continuing  u n t i l  February I 8 , 1966 (age =  13O days). S ingle 

p la n ts  were h a rvested  in  d u p lica tes . The p la n ts  were ha rv ested  in  

th e  morning a f te r  th e  p la n ts  had been under illu m in a tio n  fo r  

approxim ately two hours. The p la n ts  were d iv ided  in to  four 

f r a c t io n s ;  flo w ers , stem s, ro o ts ,  and leav es . The p a r ts  were 

weighed immediately a f te r  sep a ra tio n  and plunged in to  b o ilin g  

methanol fo r  5 m inutes. This was done as rep id ly  as p o ss ib le  to  

avoid  the  p o s s ib i l i ty  o f  any major changes in  th e  phenolic con ten t.

Maleic Hydrazide-T reated  Tobacco (Code: 1$10-JMI-11, 12-MH-).

Seeds o f N ico tiana tabacum, One-Sucker v a r ie ty , were p lan ted  on s t e r i l e  

q u artz  sand on October 11, 1965, and w atered w ith  i|-00 ml o f  complete 

so lu tio n  every day. These seeds were germ inated under the  same 

cond itions as s ta te d  on page 21 fo r  2 ,4-D-Treated-Tobacco. Seedlings 

were tra n sp la n te d  to  la rg e  crocks o f s o i l  in  th e  greenhouse on 

November 12, I 965. The s o i l  m ixture c o n sis te d  o f  approxim ately 2 

p a r ts  s o i l ,  1 p a r t  d rie d  manure and 1 p a r t  sand. N inety p la n ts  

were used.

On December 8 , I 965 (age =  $6 days), th e  p la n ts  were d ivided 

in to  equal groups, and one group was sprayed w ith  a  I'jh m aleic hydrazide 

so lu tio n  and th e  o th e r w ith a  co n tro l so lu tio n . The p la n ts  were 

sprayed on th e  upper su rface  o f  th e  leaves u n t i l  th e  so lu tio n  ran  o f f  

f r e e ly .  The m aleic hydrazide so lu tio n  was made up as fo llow s: 11.8

ml o f  tr ie tly la m in e  was added to  approxim ately one l i t e r  o f  w ater.

Ten g o f m aleic hydrazide was d isso lved  in  th i s  so lu tio n , h eating  i f
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necessary . The pH was then ad ju sted  to  approxim ately 7 .0  w ith 

g la c ia l  an e tic  a c id , and 5 g o f Carbowax 15OO was added. The 

so lu tio n  was then ad justed  to  ex ac tly  one l i t e r .  The co n tro l 

so lu tio n  contained a l l  o f the  above except th e  m aleic hydrazide.

C ontrol and tre a te d  p lan ts  (9 iu  each group) were 

h a rvested  3; 7 ; 15> 29 and k j  days a f te r  trea tm en t. The p lan ts  

were divided in to  ro o ts , stems and leaves and plunged in to  b o ilin g  

m ethanol, a f t e r  weighing, fo r  approxim ately 15 m inutes.

About I - I 5  weeks a f t e r  sp ray ing , th e  p la n ts  o f  th e  two 

groups began showing a  marked d iffe ren ce . I t  appeared th a t  very 

l i t t l e  o r no term inal growth was tak in g  p lace in  the  m aleic 

hydrazide t r e a te d  p la n ts ,  whereas th e  co n tro ls  appeared normal.

Some l a t e r a l  growth may have taken p lace in  th e  maleic hydrazide 

t r e a te d  p la n ts  bu t th i s  appeared s l ig h t .  At th e  l a s t  h a rv est the  

t r e a te d  p la n ts  were e i th e r  dead o r very sev ere ly  c h lo ro tic . This 

work on growth and treatm ent o f tobewco p la n ts  w ith  m aleic lyd raz ide  

was done by J .  W. M izelle .

N itrogen D ioxide-Treated Beans (Code: 151O-BWIII-1 ^ ,16-B-

l-NOg-, ) . Red kidney bush beans were p lan ted  in  fou r inch c lay  pots 

f i l l e d  w ith  a  s t e r i l e  s o i l  m ixture which co n sis ted  o f 4 p a r ts  s o i l ,

2 p a r ts  sand, 2 p a r ts  o f  d ried  manure and 1-2 p a r ts  o f  p ea t moss. 

F i f ty  po ts were p lan ted . Five seeds were p lan ted  a t  a  depth o f 

approxim ately 3/ ^  o f  an inch on January 20, 1967,  and th e  contents 

o f  th e  po ts were w atered thoroughly w ith d i s t i l l e d  w ater. The pots
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were covered w ith a  p iece o f s l i t t e d  f i l t e r  paper to  help  prevent 

ra p id  drying o f th e  s o i l .  A fte r th e  seeds had germ inated, they  were 

p laced  in  a  sm all growth chamber. Thejî were given l6  hours o f l i g h t /  

day. The l ig h t  in te n s i ty  was approxim ately 15OO f t-c a n d le s . The 

tem perature was 85°P during the  l ig h t  p e rio d  and 65°F during th e  dark 

pe rio d . The p la n ts  were g radually  th in n ed  u n t i l  one p la n t was l e f t  

in  each p o t. The p la n ts  received  w ater every day and complete 

so lu tio n  tw ice a  week.

The p la n ts ,  approxim ately 15 cm in  h e ig h t, were t r e a te d  w ith 

NOg gas. The trea tm en t was begun a f t e r  th e  p la n ts  had been illum ina­

te d  th re e  hours to  in su re  th a t  th e  stom ates were open. The p lan ts  

were t r e a te d  on February 6 , 1967 (age ss I 7 days). They were p laced  

in  a  m odified paper chromatography tank  o f approxim ately 80 l i t e r s  

and covered w ith  a  la rg e  p iece o f g la ss  to  l e t  th e  l i ^ t  in to  the  

chamber during trea tm en t. The NOg gas, a t  a  concen tra tion  o f  50 

ppm (Matheson, Coleman, and B e ll, R utherford , N. J .  ) , was re le a se d  

in to  th e  chamber con tinuously . A s l ig h t ,  p o s itiv e  p ressu re  g rad ien t 

was m aintained. The gas was p laced  in to  th e  chamber a t  th e  r a te  o f 

600 ml/minute fo r  two hours and then  fo r  an a d d itio n a l two hours a t  

a  r a te  o f 300 m l/m inute. C ontrols were p laced  In th e  chamber fo r  

fo u r hours w ith  compressed a i r  flow ing through th e  chamber.

Ten p la n ts  were h a rvested  on February 10, 1967, fo u r days 

a f t e r  tre a tm en t, and every th re e  days th e re a f te r .  These te n  p la n ts  

were d iv ided  in to  le av e s , stem s, and ro o ts  and plunged in to  b o ilin g  

2-propanol-w ater azeotrope fo r  f iv e  minutes a f te r  weighing. Since
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th e  t r e a te d  p la n ts  n o t y e t h a rvested  d id  n o t appear to  show any 

severe  damage they  were t r e a te d  again  on February 1^, 196?# fo r  

two hours a t  a  flow ra te  o f  300 m l/m inute. T h irteen  deys a f t e r  

trea tm en t th e  p la n ts  began to  bud and by th e  l a s t  h a rv est ( l 6 days 

a f t e r  trea tm en t) they  were flow ering .

N itrogen Dioxide-T reated  Tomatoes (Code: 151O-BWIII-

17>l8-T-l-N O g-,) . Tomatoes, Lycopersicon esculentum M i l l . ,

Marglobe v a r ie ty ,  were p lan ted  on January 9 , I 967, follow ing a  

procedure s im ila r  to  th a t  described  on pages 23 and 2̂ i fo r  

N itrogen D ioxide-T reated Beans. F if ty  po ts were p lan ted . The 

s o i l  m ixture was m odified s l ig h t ly ,  due to  problems incu rred  when 

p e a t moss was p re s e n t, to  th e  follow ing p ro p o rtio n s: 3 p a r ts  o f

s o i l ,  2 p a r ts  o f  sand and 1 p a r t  d ried  manure. The seeds were only 

inbedded s l ig h t ly  in to  th e  s o i l .  Seven-ten seeds were p laced  in  each 

p o t. A fte r  germ ination , th e  seed lings were p laced  in  sm all growth 

chambers under cond itions s im ila r  to  those  described  under th e  sec tio n  

e n t i t l e d  N itrogen D ioxide-T reated Beans. The po ts  were th inned  to  

one p la n t o f  uniform  s iz e /p o t  and t r e a te d  on February 6 , 1967 (age =

28 days). The p la n ts  were approxim ately 12-15 cm in  h e i ^ t  a t  the  

tim e o f  tre a tm en t. They were t r e a te d  w ith  NOg gas as described  on 

page 2h fo r  beans. Ten p la n ts  were h a rvested  fo u r days a f te r  

trea tm en t and every th re e  days th e r e a f te r ,  using  the  procedure 

d escribed  fo r  beans on page 2k.

The tom atoes, as th e  beans, d id  n o t show any s ig n if ic a n t  

damage a t  th e  f i r s t  h a rv es t so th a t  p la n ts  no t y e t harvested  were
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t r e a te d  again  on January 15> 19^7  ̂ w ith NOg gas fo r  two hours a t  

a  r a te  o f  300 m l/m inute.

S u lfu r D ioxide-Treated Beans (Code: 151O-BWIII-19,20-

B-2-SO2- , ). Red kidney hush beans were p lan ted  and t r e a te d  as 

described  under N itrogen Dioxide T reated  Beans on January 3 , 1967, 

and January 22, I 967, re sp e c tiv e ly . In  th i s  c a se , however, SOg gas 

a t  a  concen tra tion  o f  10 ppm (Matheson, Coleman, and B e ll ,  R utherford ,

N. J . ) was used. The p la n ts  harvested  th re e  days a f t e r  treatm ent 

showed l i t t l e ,  i f  any damage. On January 27 ,  19^7, th e  p lan ts  not 

y e t h a rvested  were su b jec ted  to  an atmosphere o f  10^ SOg fo r  25 

m inutes to  no te  th e  e f f e c t  o f  a  sh o rt exposure to  a  severe overdose.

The leaves became a  d u ll brown a f t e r  trea tm en t. Ten p la n ts  were 

ha rv ested  on January  28, 1967, one day a f t e r  trea tm en t. The stem 

t is s u e  was s t i l l  g reen , a l th o u ^  th e  leaves bad become severe ly  damaged. 

An a d d itio n a l te n  p la n ts  were h a rvested  on February 3 , 19^7, fou r days 

a f t e r  trea tm en t.

Since 50 ppm NOg and 10 ppm SOg caused no apparent damage, 

th e  rem aining bean p la n ts  were su b jec ted  to  a  s e r ie s  o f  varying 

concen tra tions o f  NO2 and SOg fo r  a  p e rio d  o f  one hour in  an attem pt 

to  define more c lo se ly  th e  l im its  o f  p e rm issib le  trea tm en t, which 

would cause p h y sica l damage to  th e  p la n t b u t no t k i l l  i t  o u tr ig h t.

The amount o f  gas needed to  produce a  given concen tra tion  was 

generated  by use o f an app rop ria te  re a c tio n  and th e  amount needed 

c a lc u la te d , using  a  chamber volume o f  80 l i t e r s .  In  th e  case o f 

th e  NOg th e  re a c tio n  o f copper w ith  concen tra ted  n i t r i c  a c id  was
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used , and in  th e  case o f 80g th e  re a c tio n  o f sodium b i s u l f i t e  w ith 

s u lfu r ic  a c id  was used.

Three bean p lan ts  were su b jec ted  to  1000 ppm NOg (Code: 

B-G-lO^NOg-, ) fo r  one hour on March 3; 196?; and harvested  on March 6, 

1967. The leaves were severe ly  damaged w ith  a la rg e  number o f 

yellow-brown sp o ts , bu t th e  stems appeared to  have su sta in ed  l i t t l e  

damage.

Three bean p lan ts  were then  su b jec ted  to  750 ppm NOg 

(Code: B-2-750NOg-,) fo r  one hour on March 6 , 1967. These p lan ts

were harvested  on March I 3 ,  I 967. The leaves were severe ly  

damaged w ith many o f th e  leaves bleached and w ithered.

On March 6 , I 967, th re e  bean p la n ts  were t r e a te d  w ith 

300 ppn SOg (Code: B-2-300S0g-,) fo r  one hour. They were harvested  

on March 13, 1967. Only minor damage was noted w ith  a  l i t t l e  

sp o ttin g  on some leaves.

S u lfu r D ioxide-Treated Tomatoes (Code: 151O-BWIII-2I ,

22-T -2-S0g-,) . Tomatoes, Lycopersicon esculentum M i l l . , Marglobe 

v a r ie ty , were p lan ted , using  conditions described  p rev iously  under 

th e  sec tio n  e n t i t le d  N itrogen D ioxide-Treated Tomatoes on January 23, 

1967, and t r e a te d  on February 22, 1967 (age =  30 days), w ith SOg gas 

a t  a  concen tra tion  o f 10 ppm (Matheson, Coleman, and B e ll, R utherford , 

N. J .  ) . Ten p la n ts  were harvested  on February 25, 1967. There being 

l i t t l e ,  i f  any, n o ticeab le  damage to  th e  p la n ts ,  they  were su b jec ted  

to  a  la rg e  overdose o f SOg as described  on page 26 under th e  sec tio n  

e n t i t l e d  S u lfu r D ioxide-Treated Beans on February 27 ,  19^7, fo r  a
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p erio d  o f one hour. The leaves tu rn ed  a dark hrown and the 

p e tio le s  lo s t  most o f  th e i r  green co lo r and became almost tr a n s ­

lu c en t. Seven p la n ts  were harvested  on February 28 , 1967,  one day 

a f t e r  trea tm en t. A ll o f  the  t r e a te d  p la n ts  were completely 

bleached and appeared to  be dead.

The rem aining tomato p la n ts  were t r e a te d  w ith varying 

concen tra tions o f  NOg and SOg to  determine th e  perm issib le  lim its  

o f  trea tm en t which would allow  severe damage b u t no t k i l l  them 

o u tr ig h t. NOg and SO^ were generated  as described  under th e  sec tio n  

e n t i t l e d  S u lfu r D ioxide-Treated Beans, and on March 1, 1967, th re e  

p la n ts  were t r e a te d  w ith  50O ppm SOg (Code: T-2-500S0g-,). They

were h a rvested  on March 3; 19^7. There was ex tensive le a f  damage 

w ith  c u rlin g  and b leach ing . The stem t is s u e  appeared to  be h ea lth y . 

On March 1 , 1967,  th re e  p la n ts  were t r e a te d  w ith  $00 ppm NOg (Code: 

T-2-500N0g-, ) and h arvested  on March 6 ,  1967. The leaves showed 

only  minor damage w ith  some sp o ttin g  o f th e  lower leaves.

On March J ,  I 967, th re e  p la n ts  were t r e a te d  w ith  100 ppm 

SOg (Code: T-2-lOOSOg-,), Since th e re  d id  no t appear to  be any

damage to  th e  p la n ts  one day a f t e r  trea tm en t, th e  p la n ts  were l e f t  

f o r  11 days befo re  h a rv estin g . There was s t i l l  no apparent damage 

to  th e  leaves b u t th e  stems appeared to  be th ickened  and had some 

tum or-like  growths p re sen t.

Because o f th e  minor damage to  th e  tomatoes a t  ^00 ppm 

NOg, a  h igher le v e l was t r i e d .  On March 3 , 1967, th re e  p la n ts  were 

t r e a te d  w ith 1000 ppm NOg (Code: T-2-lo3NOg-, ) and harvested  th re e
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days a f t e r  trea tm en t. The p la n ts  showed f a i r l y  severe damage w ith 

a  general browning o f th e  leav es .

I t  appeared, from th ese  s tu d ie s , th a t  tomatoes were more 

re a d ily  a ffe c te d  by SOg and beans more re a d ily  a f fe c te d  by NOg.

For tom atoes, the  con cen tra tio n  needed to  produce damage, w ith  a  

one hour trea tm en t p e rio d , would be approxim ately 100-500 ppm fo r  

SOg and 750-1500 ppm fo r  NO^. For beans th e  ap p ro p ria te  le v e ls  

would be approxim ately 500-1000 ppm fo r  SOg and NOg.

E x trac tio n  o f  P lan t M ateria l

I t  was d iscovered  th a t  a  s in g le  e x tra c tio n  o f  the  

m acerated m a te r ia l w ith  2-propanol : w ater azeotrope was no t 

s u f f ic ie n t  to  remove a l l  th e  flu o resc in g  m a te ria l from th e  p la n t 

t i s s u e s .  The follow ing procedure was, th e re fo re , designed fo r  a  

q u a n ti ta tiv e  e x tra c tio n  o f  th e  tobacco t i s s u e s .

The le a v e s , stem s, o r flow ers were tra n s fe r re d  to  a  

Waring b len d e r , w ith  th e  a id  o f  methanol. The m a te ria l was then 

ground a t  h igh  speed fo r  30 seconds o r one m inute. This suspension 

was poured in to  a  thim ble which had been p laced  in  a  g la ss  e x tra c tio n  

th im ble fu n n e l. This allow ed th e  l iq u id  to  f i l t e r  through th e  

th im ble d i r e c t ly  in to  a  round-bottom f la s k .  Methanol was used to  

a id  in  th e  t r a n s f e r  o f  th e  m a te ria l from th e  b lender to  the  

th im ble . The t i s s u e  was th en  e x tra c te d  by pouring th e  follow ing 

so lv en ts  over th e  t i s s u e .

1) ho t 2-propanol-w ater (1 :1; v /v )

2 ) ho t IBMW (2-propanol:benzene:m ethanol:w ater; 2 :1 :1 :1 ;

v /v /v /v )
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3) ho t 2-propanol-w ater azeotrope.

The amount o f  so lv en t used in  th e  case o f l )  and S) was th ree  

tim es the  f re sh  t is s u e  weight o f th e  sample i f  i t  was a  co n tro l 

sample and fo u r tim es i f  i t  was a  t r e a te d  sample. The amount o f 

HMW used was 4 tim es th e  fre sh  t is s u e  weight fo r  a  co n tro l sample 

and 5 tim es fo r  a  t r e a te d  sample.

The thim hle was then p laced  in  a  Soxhlet e x tra c tio n  

apparatus and e x tra c te d  fo r  2k hours w ith  2-propanol-w ater azeotrope. 

The t is s u e  was then  e x tra c te d  a  second tim e w ith fre sh  2-propanol 

fo r  another 2k hours. A ll o f  th ese  e x tra c ts  were combined and the  

so lv en t removed in  vacuo. The dry o r resinous m a te ria l was then 

red is so lv e d  in  a  so lv en t m ixture which approximated IBMW as follow s:

1) The t o t a l  volume necessary  was ceilculated  by m ultip ly ing  

th e  fre sh  t i s s u e  weight by 2 .5  (Example: A 100 g sample would req u ire

a volume o f 250 m l).

2) Approximately "JOf) o f th e  t o t a l  volume o f benzene and 

w ater necessary  was then  added, and th e  m ixture was shaken u n t i l  

th e  m a te ria l was in  suspension. (Example; With a  250 ml f in a l  

volume, a t o t a l  o f  50 ml o f benzene and w ater would be necessary . 

T herefo re , 35 ml (TOĴ ) o f  benzene and w ater would be added. )

3) 'When th e  m a te ria l had been suspended, the  req u ired  

amount o f 2-propanol was added. (lOO ml o f  2-propanol would be 

necessary  in  th e  exam ple.) This u su a lly  r e s u lte d  in  a c le a r  

so lu tio n .

k) This so lu tio n  was then  tra n s fe r re d  to  an app rop ria te  

volum etric fleisk and th e  round-bottom f la s k  was rin se d  w ith IBMW
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to  complete the  tra n s fe r  o f a l l  th e  m a te ria l to  th e  volum etric 

f la s k .  The so lu tio n  vas then  d ilu te d  to  the  mark w ith  IBMW and 

2 -propanol o r 2-propanol-w ater ( l : l ;  v /v ) . These so lu tio n s  were 

th en  put in  con tainers and p laced  in  th e  co ld  room. A sm all v ia l  

o f  the  sample was poured out fo r  general use and p laced  in  the  

f r e e z e r .

The ro o t samples were chopped o r cut ra th e r  than  ground 

in  the  Waring b lender s ince  grinding  produced a suspension which 

d id  no t allow  so lven ts to  f i l t e r  through th e  e x tra c tio n  thim ble 

e a s i ly .

Thin la y e r chromatography o f some o f th e  i n i t i a l  tomato 

Eind bean p la n t e x tra c ts  in d ica ted  th a t  th e  e x tra c tio n  procedure 

could  be shortened. The e x tra c tio n  procedure was m odified as 

follow s :

1) The ho t 2-propanol-w ater azeotrope e x tra c tio n  was 

e lim in a ted  fo r  a l l  o f th e  tomato t is s u e  samples and fo r  the  ro o t 

and stem t is s u e  samples o f  the  beans.

2) The leng th  o f the  f i r s t  Soxhlet e x tra c tio n  w ith

2-propanol azeotrope was shortened  to  6-12 hours fo r  a l l  o f th e  

tomato t is s u e  sam ples, th e  bean stem , and ro o t t is s u e  samples.

3) The second Soxhlet e x tra c tio n  w ith 2-propanol was 

e lim in a ted  fo r  a l l  tomato and bean t is s u e  samples.

If-) The to t a l  volume necessary  was c a lc u la te d  by m ultip ly ing  

th e  fre sh  t is s u e  weight by 2 in s tead  o f  2.5
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Chromatographic S tud ies on th e  Separation  o f 

Scopolln and S copoletln

Development o f  a  Mult1 -dlmenslonal S eparation  o f Scopolln 

and S copole tln  on Macherey and Nagel Polyamide. Macherey and Nagel 

polyamide vas f i r s t  used In th ese  th in  la y e r  chromatography 

experim ents s in ce  I t  gave a  firm er p la te  than  d id  Woelm polyamide.

The follow ing so lven ts  were t r i e d  on a t r e a te d  tobacco le a f  and ro o t 

sample as w ell as on s tandard  scopo lln  and sco p o le tln  so lu tio n s  In 

o rd e r to  observe the  c l a r i ty  o f sep a ra tio n  o f  scopo lln  and sco p o le tln  

from o th e r compounds ; p a r t ic u la r ly  from th e  ch lo rophy ll In  th e  leaves;

l )  w ater, 2) 2^ a c e tic  a c id  (v /v ) , 3) 2^ formic a c id  (v /v ) , 4) MN 

(1 :1 ; v /v ) ,  5) MN (2:8; v /v ) , 6 ) benzene, j )  BzMF-1, 8) MAW (methanol: 

a c e tic  ac id :w ate r; 5 : 0 . 2 :^ ; v /v /v ) ,  follow ed by benzene in  th e  same 

d ire c t io n , 9) NIF (nltrom ethane : 2-propanol : formic a c id  (98^)j 5 :2 :0 .3 ; 

v /v /v ) ,  10) IPBz (2-propanol:form ic a c id  (98^ ) :benzene; 5 :0 ,1 5 :2 ; 

v /v /v ) ,  11 ) BA.W, 12) IFW-1, and 13) NIM. The r e s u l ts  In d ica ted  th a t  

a two-dim ensional development would be necessary  to  achieve the  

d e s ired  sep a ra tio n . T herefore , th e  follow ing so lv en t combinations 

were te s te d  on a t r e a te d  le a f  sample: l )  NFM, IPW-1; 2) IPW-1, NPM;

3 ) KFW, IPBz; 4) IPBz, KPN; 5 ) NIP, IFBz; 6 ) NIP, KPN; and 7 ) IPBz, 

NPM. The r e s u lts  o f  the one dim ensional s tu d ies  in d ica ted  th a t a 

d iffe r e n t  s e t  o f  so lv en ts  should be necessary fo r  use on the root  

sam ples. The fo llow in g  two-dim ensional combinations were t e s te d  on 

a trea ted  root sample: l )  IFN-1, HIM; 2 )  HEM, IPW-1; 3 ) IPW-1, NIP;

4) NIP, IPW-1; 5 ) NIP, NPM; 6 ) NPM, NIP; and 7 ) IPW-1, IPBz.
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The r e s u l ts  in d ic a ted  th a t  th e  scopo lin  and sco p o le tin  in  

th e  ro o t samples were s a t i s f a c to r i ly  sep ara ted  hy IFW-1, HIM. The 

le a f  sam ples, however, d id  no t y ie ld  the d esired  sep a ra tio n  even in  

two dim ensions, in  th e  combinations s tu d ied . T herefore , a  number o f 

th ree-d im ensional so lv en t combinations were t r i e d ,  in  th ese  cases, 

th e  th i r d  so lv en t was run in  th e  same d ire c tio n  as the  f i r s t  so lv en t. 

The hope was th a t  th e  th i r d  so lv en t would make th e  scopo lin  and scopo­

l e t i n  spo ts  more compact. A fte r a  review  o f the  data  th e  follow ing 

s ix  so lv en t combinations were te s te d :  l )  NIPBz, IIFM, IPW-lj

2 ) NIEBz, IFW-1, HIM; 3 ) benzene, HIM, HW -l; 4) benzene, H ¥ - l ,

HIM; 5 ) NIPBz, HIM, IFW-1; and 6) HMPBz (nltrom ethane;m ethanol: 

form ic a c id  (98^ ) :benzene; 5 :2 :0 .25 :5J IFW-1, HIM.

A review  o f  a l l  th e  data  c o lle c te d  in d ica ted  th a t  th e  b e s t 

so lv en t com binations o f those  t r i e d  were H W -l, HIM fo r  th e  ro o t

samples and NIEBz, H W -l, HIM fo r  th e  le a f  samples.

Since a  ra p id  method was being sought, i t  was decided no t to  

use Macherey and Nagel polyamide fo r  th e  follow ing reasons: Two

d if f e r e n t  so lv en t combinations would be needed to  analyze th e  samples 

and one so lv en t combination was p re fen ab le . A ra p id  method was being 

sought and th e  b e s t so lv en t combinations found included HW-1 which 

had a  m ig ra tion  tim e o f approxim ately 5? hours. The len g th  o f th is  

development p lu s  th e  drying tim e and development in  one o r two o th er

so lv en t combinations appeared to  make th is  approach r a th e r  lengthy .

A lso , i t  was f e l t  th a t  th e  s l ig h t  purp le  flu o rescen t background might 

in te r f e r e  in  th e  d ire c t  readout method contem plated.
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PeveloBment o f  a  Tvo-Dlmenslonal Separation  o f Scopolln 

and Scopoletln  on Woelm Polyamide. Woelm polyamide was vised In the 

r e s t  o f  th e  s tu d ie s  s in ce  I t  d id  not have a  flu o rescen t background 

and I t  u su a lly  y ie ld e d  b e t te r  separa tions than  did  I&cherey and 

Nagel polyamide. A lso , w ith I t ,  f a s te r  m igration  tim es were obtained 

th an  w ith  th e  corresponding so lven ts developed w ith  Macherey and Nagel 

polyamide. The follow ing multi-dlm ens lo n a l solveng combinations were 

te s te d  on Woelm polyamide which had been sp o tted  w ith  a  t r e a te d  le a f  

sample p lus scopo lln  and sco p o le tln : l )  BzMP-1, ICBWj 2) KFW, BzMP-1;

3) BzMF-2, KFW; 4) KFW, BzMP-2j 5) BzMF-1, IFW-lj 6) IFW-1, BzMF-1;

7 ) BzMP-2, IFW-1; 8) IFW-1, BzMP-2; 9) IFW-1, KFW, BzMF-2; 10) IFW-1, 

KFW, BzMP-1; 11 ) IFW-1, BzMF’-2 , KFW; 12) BzMF-2,..IFW-1, KFW;

13) NIFBz, IPW-1, KFW; l4 )  IFW-1, KFW; 15) IFW-1, BzMF-2, BzMP-2; 

l6 )  BzMF-1, IFW-1, BzMP-2; 17) KFW, IFW-1; l8 )  NIFBz, KFW, IFW-1;

19) IFW-1, IFW-1; 20) KFW, KFW; 21 ) BzMF-2, KFW, BzMP-1; 22) KFW, 

BzMF-2, BzMF-1; 23) KFW, BzMF-2, BzMF-2; 24) BzMP-2, KFW, BzMF-2;

25) IFW-1, BzMF-2, BzMF-1; 26) BzMF-1, MW; 27) BzMF-1, NIFBz;

28) MW, BzMF-1; 29) HIM, IFW-1; 30 ) NFM, KFW; 31 ) NFM, BzMF-1;

32) NIFBz, IFW-1; and 33) NIFBz, NÏM.

An an a ly s is  o f  th e  data  In d ica ted  th a t  so lven t combinations 

l )  and 2) gave e x c e lle n t separa tions o f scopolin  from sco p o le tin  as 

w e ll as from th e  ch lo ro p h y ll. The scopolin  and sco p o le tin  spots 

were a lso  compact. BzMF-1 appeared to  be a  good system fo r  a  one- 

dim ensional sep a ra tio n  o f  scopolin  from sco p o le tin . The major 

d isadvantage o f th e  two-dim ensional system using so lven t
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combinations l )  and 2 ) was th a t  KFW increased  th e  f r a g i l i t y  o f  

th e  p la te .

Some a d d itio n a l s tu d ie s  were done a t  a  l a t e r  time in  order 

to  see i f  th e  sep ara tio n  could be improved fu r th e r  s ince  BzMP-1 

seemed to  be very tem perature dependent. Small changes in  tem perature 

sometimes caused a double so lven t f ro n t to  fo m . This le d  to  irreg u ­

l a r  spo ts fo r  scopolin  and sco p o le tin  and a  sm aller than  desired  

sep ara tio n  o f  scopolin  from sco p o le tin .

BzMP-1 was m odified by th e  ad d itio n  o f more benzene to  the  

m ixture. Two d if fe re n t m odifications were te s te d : a) BzMF-̂ 4- 

(benzene:m ethanol:form ic a c id (98^ ) ;  4 :1 :0 .1 ; v /v /v ) and b) BzMF-5 

(benzene:m ethanol:form ic acid (98^); v /v /v ) . These two

m odified so lven ts were te s te d  on a  t r e a te d  le a f  sample p lus scopo­

l e t i n  in  th e  follow ing two-dim ensional so lv en t com binations:

1 ) BzMF-4, MW; 2) BzMP-5, MW; 3) BzMF-4, KFW; 4) BzMP-5, KFW; and

5 ) BzMP-1, BzMF-4. Although e x ce lle n t sep ara tio n s  o f scopo lin  and 

sco p o le tin  occurred in  a l l  o f th e  above system s, only so lv en t combina­

t io n  3 ) y ie ld ed  spo ts which were compact enough. BzMP-4 a lso  y ie ld ed  

e x ce lle n t separa tions in  one-dimension.

I t  was thought th a t  the  crude m ixture probably contained  

w ater o r MW ( l : l )  so lub le  compounds, such as sugars and amino a c id s , 

which co n trib u ted  to  the  e longation  o f th e  scopolin  and sco p o le tin  

sp o ts , w ith a  concomitant lo ss  in  sep a ra tio n . With th is  in  mind, a 

new three-d im ensional technique was t r i e d .  The procedure involved 

allow ing w ater o r MW ( l : l )  to  m igrate  up the  p la te  fo r  various
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d is tan ces , drying the p la te  and running a  second so lv en t in  th e  

same d ire c tio n , follow ed by a  th i r d  so lv en t a t  n in e ty  degrees to  

th e  f i r s t  two so lv en ts . The follow ing combinations were te s te d  on 

a t r e a te d  le a f  sample p lus sco p o le tin .

1) Water m igrated approxim ately 3 cm, BzMF-4, BzMF-5j

2) Water m igrated  approxim ately 15 cm, BzMP-4, BzMF-5;

3) MW ( l : l )  m igrated  approxim ately 3 cm, BzMF-4, BzMP-5;

4) MW ( l : l )  m igrated approxim ately 3 inches, BzMP-4, BzMF-5;

5) MW ( l ; l )  m igrated approxim ately 15 cm, BzMP-4, BzMF-5j and

6) MW ( l : l )  m igrated  approxim ately 3 inches, BzMP-5, BzMF-4.

A nalysis o f th e  da ta  in d ica ted  th a t  only so lv en t 

combinations 2) and 4) y ie ld ed  spo ts which were s ig n if ic a n t ly  

more compact. Examination o f the  p la te s  developed w ith  Woelm 

polyamide ( in  one-, tw o-, o r th ree-d im ensions) in d ic a ted  th a t  th e re  

were no major b lu e -flu o re sc en t contam inants in  th e  scopo lin  and 

sco p o le tin  a reas o f  a  p la te  developed in  EzMF-l and BzMP-4. Since 

a  ra p id  method o f  an a ly sis  was being sought, a  one-dim ensional 

approach was used s in ce  i t  appeared to  be as e f f ic ie n t  as a m u lti­

dim ensional method and had the  advantage o f  speed.

Development o f  a New, Rapid Q uantitative Method fo r  th e A nalysis

o f Scopolin and S copoletin  

Attempted Development o f  a  D irec t Readout Procedure. The 

i n i t i a l  s e r ie s  o f experiments were devised w ith  a  one-dim ensional 

approach using  BzI4P-l fo r  th e  follow ing reasons:
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I t  was more ra p id  than  a two-dlmens lo n a l method both  from 

th e  p o ln t-o f-v lew  o f the  tim e req u ired  to  run th e  second so lv en t and 

because up to  n ine samples could be p laced  on a  p la te  using  a one- 

dlm enslonal technique and only one sample could be sp o tte d  In a  two- 

dim ensional technique.

A nalysis o f  th e  chromatographic da ta  In d ica ted  th a t  th e  

sco p o lln  and sco p o le tln  a reas contained  no o th e r b lu e -flu o resc ln g  

sp o ts  which could  In te r fe re  In  th e  a n a ly s is .

The polyamide la y e r  tended to  be le s s  f r a g i le  when only one 

so lv en t was used  rà th e r  than  two o r th re e .

The b e s t  sep a ra tin g  so lv en t fo r  th e  second dimension was 

KPW which tended  to  Increase  th e  f r a g i l i t y  o f th e  p la te  g re a tly .

In  th e  f i r s t  s e r ie s  o f  escperiments, sm all amounts o f 

s tan d ard  scopo lln  so lu tio n s  in  methanol were sp o tte d  on a  Woelm 

polyamide p la te  w ith a  K irk-design m icrop ipet. This p la te  was 

developed In BzMP-1 (approxim ately one hour m igration  tim e). The 

p la te  was p laced  in  a  drying chamber equipped w ith  exhaust fans fo r  

one hour o r more to  remove a l l  tra c e s  o f  formic a c id  from th e  polyamide 

la y e r .  The p la te  was then  p laced , w ith  th e  polyamide la y e r  face  down, 

on th e  s tag e  o f  a  Photovolt TLC D ensitom eter Model 530# equipped w ith 

a  Photovolt M u ltip lie r  photometer Model 520-M, V arlcord  v a ria b le  

response reco rd er Model k-2-B, and In tegraph  In te g ra to r  Model k9.

This Instrum ent had been m odified fo r  f lu o rim e try . The Instrum ent 

con ta ined  a  means fo r  changing th e  secondary f i l t e r  b u t no t th e  

prim ary f i l t e r .  No Inform ation could be ob ta ined  about th e
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e x c ita tio n  wavelength o f th is  f i l t e r .  The polyamide p la te s  were 

p laced  on the  s tag e  so th a t  the  developed spo ts o f  scopolin  and 

sco p o le tin  were scanned in  a  d ire c tio n  which was n in e ty  degrees to  

th e  d ire c tio n  in  which th e  chromatogram had been developed.

A ppropriate s e tt in g s  were made on th e  instrum ent, and th e  area  o f  

each spo t on th e  p la te  was determined a t  l e a s t  tw ice. Three p la te s  

were sp o tte d  w ith  5-9 samples o f d if f e r e n t  concen tra tion  o f scopolin  

ranging from 0.125-10.80 fig, and analyzed as described above. The 

instrum ent was s e t  a t  100 x and R 1. R is  a  response s e t t in g  on the  

reco rd e r. This can be vai'ied  from 1-12, bu t 1 was suggested by the  

Photovolt company fo r  flu o rim etry . The p h o to m u ltip lie r could be v a ried  

from 1 X to  1000 x in  m u ltip les  o f  te n . 100 x o r 10 x were used in  

a l l  ceises. A §110-816, sharp cu t f i l t e r ,  co lo r spectrum #2A, which 

passes a l l  wavelengths longer than  kl3  mfi, was used els th e  secondary 

f i l t e r .  In  th e  e a r ly  experiments th e  flu o rescen t l ig h ts  were 

tu rn ed  o f f  s in ce  they  in te r fe re d  in  th e  a n a ly s is . In  l a t e r  ex p eri­

ments a  wooden frame covered w ith sev e ra l lay ers  o f a  d u ll b lack  

c lo th  was used to  e lim in a te  the  in te rfe re n c e  due to  th e  flu o rescen t 

l ig h t s .

This f i r s t  s e r ie s  o f  experiments in d ica ted  sev e ra l 

problems. There seemed to  be a  g re a t deal o f  photodecomposition 

as  in d ica ted  by a  la rg e  decrease in  th e  a rea  when determined a 

second tim e. A s t r a ig h t  l in e  could n o t be drawn through a l l  o f 

th e  po in ts  due to  th e  v a r ia b i l i ty  o f  th e  data . A s tr a ig h t  l in e  

drawn through as many o f  th e  po in ts  as p o ssib le  d id  no t go through 

th e  o r ig in .
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The photoâecoinposition was thought to  he p a r t ly  due to  the  

prim ary f i l t e r .  Therefore th e  instrum ent was m odified so th a t  the  

prim ary f i l t e r  could he changed as w ell as th e  secondary f i l t e r .

The m odified instrum ent was then  equipped w ith  a  f l lO - 8l l ,  narrow 

pass f i l t e r ,  co lo r spectrum #  1- 60,  which peaked a t  360 mp.

In  th e  next s e r ie s  o f  experim ents, th re e  p la te s  were sp o tted  

w ith  n ine samples on each p la te  ranging in  con cen tra tio n  from 

0 .125- 10.80  pg and determ ined as described  ahove. Although th e  

r e s u l ts  in d ic a ted  a  sm aller photodecom position, th e  d a ta  were s t i l l  

extrem ely v a ria b le  and a l in e  drawn through as many p o in ts  as p o ssib le  

d id  no t pass through th e  o r ig in . The data  a lso  in d ic a ted  th a t  th e  

l in e a r  range may be above one pg o r th a t  th e re  were two l in e a r  ranges 

(O -l and 1-10 pg) w ith  d if f e r e n t  s lo p es . Scopolin a t  concen tra tions 

above 10 pg seemed to  undergo quenching so 10 pg appeared to  be the  

upper l im i t .

In an attem pt to  e lim in a te  some o f th e  v a r ia b i l i ty  in  the  

d a ta , th e  samples were sp o tte d  in  t r i p l i c a t e  on each p la te .  Three 

more p la te s  were analyzed as in d ic a ted  p rev io u sly  using  scopo lin  in  

a  concen tra tion  range o f 1 .1 5 -8 .85 pg. Although th e  v a r ia b i l i ty  

o f  th e  d a ta  decreased, a  s t r a ig h t  l in e  could n o t be drawn which 

would include a l l  o f  th e  p o in ts  and th e  l in e  d id  n o t pass through 

th e  o r ig in . A p la te  was analyzed w ith  a  s e r ie s  o f  d if f e r e n t  

secondary f i l t e r  combinations and p h o to m u ltip lie r s e t t in g s  in  an 

a ttem pt to  improve th e  s e n s i t iv i ty .  The follow ing cond itions 

were te s te d :
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Secondary f i l t e r  S e ttin g s

#2A lOCx, Rl

#2 A. p lus 4TB lOCx, Rl

4TB lOQx, Rl

#2A p lus 48 ICx, Rl

48 ICx, Rl

A nalysis o f  th e  data  in d ic a ted  th a t  th e  h e s t  o v e ra ll  comhlnatlon 

was th e  follow ing: prim ary f i l t e r  - =j{^-60, secondary f i l t e r  - #2A

plus 48, Instrum ent s e t t in g s  o f  10%, R l. The 4TB and 48 f i l t e r s  

were Kodak W ratten f i l t e r s .

Four p la te s  were sp o tte d . In  t r i p l i c a t e ,  w ith  a  s in g le  

standard  scopo lln  so lu tio n  on each p la te  and analyzed as p rev io u sly  

In d ica ted . The r e s u l ts  were again  very  v a r ia b le . A Hamilton 10 p i  

sy rin g e , w ith a  Chaney ad ap te r , was used f o r  sp o ttin g  s in ce  g re a t 

d i f f ic u l ty  had been Incurred  when sp o ttin g  w ith  a  m icrop ipet.

Two p la te s  were sp o tte d , in  d u p lic a te , and analyzed. A new 

standard  scopo lln  so lu tio n  was made and d i lu te d  to  two d if f e r e n t  

concen tra tions In  an attem pt to  e lim in a te  th e  continued v a r ia b i l i ty  

o f the  d a ta . A sco p o le tln  s tandard  was a lso  used.

S ix  p la te s  were analyzed In  th e  nex t s e r ie s  o f experim ents. 

The data  s t i l l  had v a r i a b i l i ty ,  although no t as g re a t as p rev io u sly  

d e tec ted  and th e re  was s t i l l  some photodecom position occu rrin g . The 

b e s t  s t r a ig h t  l in e  s t i l l  d id  no t pass through th e  o r ig in .

A 1 mm s l i t ,  co n stru c ted  o f  b lack  co n stru c tio n  p ap er, Vas 

tap ed  over th e  re g u la r  s l i t  o f  th e  In s tilm en t In  an attem pt to
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reduce th e  photodecom position. Nine p la te s  were analyzed w ith  th is  

m od ifica tio n . In  ad d itio n , d if f e r e n t  response s e tt in g s  were te s te d .  

The r e s u l ts  were poorer than  those ob ta ined  w ith  th e  re g u la r  s l i t  and 

th e  photodecomposition was no t decreased. The sm aller s l i t  was thus 

abandoned in  favo r o f  th e  re g u la r  s l i t .

E ight p la te s  were analyzed using  th e  re g u la r  s l i t  and 

d if f e r e n t  response s e tt in g s  (R l, R2, R3, R$, R?)» The a rea  was 

determ ined by tr ia n g u la t io n  as a check on th e  in te g ra to r ’s 

r e s u l t s .  S copole tin  appeared to  be le s s  su b jec t to  photodecompo­

s i t i o n  th an  scopo lin  and as a  r e s u l t  th e  p lo ts  were more n early  

l in e a r  and c lo se r  to  th e  o r ig in . There was s t i l l  wide v a r ia b i l i ty  

o f  th e  scopo lin  d a ta , however. The da ta  were a lso  p lo t te d  on 

s em ilogarithm ic graph paper bu t th e  l in e a r i ty  o f  th e  data  was no t 

improved.

Two p la te s  were analyzed using  very low concen tra tions o f 

sco p o le tin  (O.OO5 to  0.025 pg) and scopo lin  (0.026 to  O.IO9 p g ).

The r e s u l ts  were very e r r a t i c  in d ic a tin g  th a t  th ese  concentra tions 

were apparen tly  too  low to  be e a s i ly  determined.

E ight p la te s  were nan in  two-dimens ions using  BzMP-l,

Kj?W. Three samples were sp o tted  on th e  p la te :  two samples o f  a

t r e a te d  tobacco le a f  sample and a  s tan d ard  so lu tio n  o f scopo lin  and 

sco p o le tin . KFW was only allowed to  m igrate in  th e  second 

d im ^ i o n  to  a  p o in t th a t  was below where th e  o th e r samples had 

been sp o tted . In  th is  way a sample could be checked in  one as w ell 

as two dimensions on one p la te .  The s tan d ard  so lu tio n s  ex h ib ited  

sm all v a r ia t io n s , bu t th e  t r e a te d  le a f  samples were more e r r a t i c .
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This prompted another look a t  th e  o v e ra ll  procedure. I t  was noted 

th a t  in  sp o ttin g  the  le a f  sample some o f  th e  so lu tio n  appeared to  he 

l e f t  on the  needle o f th e  Hamilton sy rin g e . The v a r ia tio n  might 

have been due to  a  p a r t i a l  lo ss  o f  sample. S ix  p la te s  were sp o tted  

w ith  a  standard  sco p o le tin  so lu tio n . Two were sp o tted  w ith a 

Hamilton syringe; two w ith  a m icrop ipe t, and two w ith a  0 .2  ml 

EGI micrometer syringe (Kontes Glass C o., V ineland, N. J .  ) ,  equipped 

w ith  a  26 gauge needle. The micrometer syringe had th e  le a s t  amount 

o f  v a r ia b i l i ty ,  although none o f the  p lo ts  passed through th e  o rig in .

Several p la te s  were t r i e d  in  BzMF-4 using Improvements in  

th e  o v e ra ll  procedure as described  in  th e  next sec tio n . This data 

y ie ld e d  equally  poor r e s u l ts .

T. L. Ih n e ra r ity  in  th is  lab o ra to ry  attem pted some l a t e r  

work on scopolin  using Avicel-SF (250 microns th ic k )  w ith BA.W and 

EPtf as th e  developing so lv en ts . A s im ila r  lack  o f  success was 

noted . The d ire c t  readout procedure was abandoned fo r  the  follow ing 

reasons. Although much o f the  v a r ia b i l i ty  in  th e  d a ta , i t s e l f ,  was 

removed by improvements in  th e  o v e ra ll  procedure th e  p lo ts  o f  the  

d a ta  obtained  were no t lineeur and d id  no t pass through the  o r ig in . 

The instrum ent was no t too s ta b le  and had to  be co n tin u a lly  ad ju sted . 

The in te g ra te r  y ie ld ed  a reas w ith very low counts. The count r a te  

could  no t be increased  even by adjustm ent o f the  param eters. In  

a d d itio n , the  a rea  obtained  seemed to  be d ire c t ly  c o rre la te d  to  

th e  spo t s iz e . The n e ce ss ity  o f  p lac ing  th e  p la te  face  down 

freq u en tly  caused a  lo ss  o f  m a te ria l from the  p la te .  Photo- 

decomposition was very pronounced, e sp e c ia lly  w ith scopolin .



43

As a r e s u lt  great care had to  he exerc ised  not to  ea^pose any o f  

the spots to  th e  l ig h t  source fo r  any length  o f  tim e before the  

a ctu a l determ ination. Very sm all amounts o f  scop o lin  and 

sco p o le tin  could not he determined w ith  th is  approach.

Development o f  a  One-Dimens io n a l E lu tio n  Method. The lack  

o f success in  th e  d ire c t  readout method prompted th e  development o f 

an e lu tio n  method. The h asic  approach was s im ila r  in  design to  

th a t  used fo r  th e  d ire c t  readout procedure. Woelm polyamide 

p la te s  (250 microns th ic k ) ,  sp o tted  in  t r i p l i c a t e ,  were developed 

in  one-dimension w ith  BzMF-1, in  th e  f i r s t  s e r ie s  o f  experim ents. 

BzMP-4 was s u b s t i tu te d  in  th e  l a t e r  s e r ie s  o f  experiments due to  

th e  problems w ith  BzMF-1 d iscussed  in  a  previous sec tio n . They 

were p laced  in  a  drying chamber w ith  exhaust fan s . A fte r  th e  l a s t  

tra c e s  o f formic a c id  had been removed, th e  scopo lin  and sco p o le tin  

spo ts  were lo ca ted  under a  long-wavelength u l t r a v io le t  l ig h t .  The 

spo ts  were o u tlin e d  w ith a  d is se c tin g  need le . A b lank a rea  o f 

approxim ately th e  same s iz e  was a lso  o u tlin e d . The o u tlin e d  spots 

were removed w ith  a  microvacuum c lean er apparatus (38,  P ig . 2 ) . A 

one cm diam eter c i r c le  o f  g la ss  f ib e r  (cu t from a  Cambridge f i l t e r ,  

Phipps and B ird , I n c . , Richmond, Va. ) was pushed in to  one end o f  the  

vacuum c lean e r u n t i l  i t  was firm ly  sea ted . The g la ss  f ib e r  was 

washed w ith  f iv e  p o rtio n s  o f  approxim ately two ml o f methanol to  

in su re  removal o f  a l l  p o ssib le  in ® u ritie s . A vacuum l in e  from a 

w ater a s p ir a to r  was a tta ch ed  to  th e  f i l t e r  end o f  the  c le a n e r, and 

th e  adsorbent con tain ing  th e  d esired  sample was swept from th e  p la te
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a sm all-d iam eter polyethylene tube was in s e r te d  in to  th e  f i l t e r  end 

o f  th e  c lea n e r. The c lean e r was then  f i t t e d ,  w ith  the  f i l t e r  end 

down, in to  a  one-hole rubber stopper which se a ls  th e  to p  of a 

s p e c ia lly  designed g la ss  vacuum cy lin d e r (37, F ig . 5)* The p o ly ­

ethy lene tube was in s e r te d  in to  th e  neck o f  a  $ ml volum etric 

f la s k  con tained  in  th e  vacuum cy lin d e r. Vacuum from a w ater 

a s p ir a to r  was th en  ap p lied  and approxim ately $ ml o f ho t methanol 

was added, in  sm all increm ents, to  e lu te  th e  scopo lin  and sco p o le tin  

from th e  adso rben t. The volum etric f la s k  was then  allow ed to  reach  

room tem perature and th en  was d ilu te d  to  th e  mark w ith  methanol and 

thoroughly mixed. The fluo rescence  determ inations were made w ith  a 

model 110 Turner fluorom eter (G. K. Turner A sso c ia tes , Ealo A lto , 

C a l i f . ) ,  u sing  I^ rex  cuvets and a  h igh s e n s i t iv i ty  attachm ent. A 

study  o f  th e  fo u r ranges a v a ila b le  on th e  fluorom eter ( ix ,  3x, lOx,

3Ox) in d ic a ted  th a t  3% and IQx gave th e  b e s t  r e s u l t s .  The primar y 

and secondary f i l t e r s  used fo r  th e  d ire c t  readout procedure were 

a lso  used in  th e se  s tu d ie s .

Nine p la te s  were analyzed as described  in  th e  preceding 

se c tio n  to  check th e  one- versus two-dimension r e s u l ts  on scopo lin  

and sco p o le tin . The values o b ta ined  in d ic a te d  th a t  th e  one- 

dim ensional method was as e f f ic ie n t  as th e  two-dim ensional method. 

The e a r ly  s tu d ie s  were done w ith  a  micrometer sy ringe  equipped w ith  

a  26 o r 30 gauge need le . Since some o f  th e  e a r ly  data  were q u ite  

v a r ia b le  th e  e n t i r e  procedure was reviewed in  an attem pt to  improve
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th e  o v e ra ll  r e s u l t s .  I t  was f i r s t  d iscovered th a t  a  la rg e r  

needle (2k gauge) gave le s s  run-hack than  th e  sm aller gauge 

n eed les . I t  was a lso  le a rn ed  hy experim entation  w ith  d if fe re n t 

p roportions o f 2-propanol/w ater m ixtures th a t  a  minimum of 7056 

w ater was necessary  to  avo id  any run-hack on th e  need le . The 

so lv en t system was changed to  BzMP-4. New standards were made up 

and kept in  th e  f re e z e r  to  avoid  any breakdown o f  th e  sample in  

so lu tio n . I t  was a lso  d iscovered  th a t  2 p i  increm ents o f  

s tandard  so lu tio n s  and 3 p i  increm ents o f f re s h  t i s s u e  could 

he re a d ily  sp o tted  w ith no lo s s  o f  th e  sample.

S tandard scopo lin  and sco p o le tin  so lu tio n s  were each 

added d ire c t ly  to  a  $ ml volum etric f la s k  and d i lu te d  to  th e  mark 

and th e i r  fluorescence  determ ined. Scopolin and sco p o le tin  were 

determ ined a t  3x w ith  a  p lu s  #48 p lus 503̂  n e u tra l  d en sity  

f i l t e r  fo r  the  secondary f i l t e r  arrangem ent. F igures 2 and 3 

in d ic a ted  th a t  scopo lin  was l in e a r  in  th e  range o f 0 to  $ .0  |ng 

and sco p o le tin  In  th e  range o f  0 to  0.5  pg.

S ix  p la te s  were analyzed using  th e  m odified procedure.

A ll  o f th e  p lo ts  y ie ld ed ".lin ea r l in e s  passing  through th e  o r ig in .

L ater s tu d ie s  in d ic a ted  th a t  th e  sm all amounts o f t is s u e  

sample th a t  were sp o tted  on th e  p la te  would y ie ld  le s s  th an  1 pg o f 

scopo lin  and 0 .1  pg o f sco p o le tin . T herefo re , th e  l i n e a r i ty  was 

re-exam ined in  th i s  lower range. S tandard scopo lin  and sco p o le tin  

samples were sp o tte d  and analyzed as described  p rev io u sly . Scopolin 

was determined a t  3x and th e  sco p o le tin  a t  IQx. At th e se  lower
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values o f  scopo lin  and sco p o le tin , no n e u tra l  d en sity  f i l t e r  was 

needed. F igures 4 and 5 in d ic a ted  th a t  th e  data  were l in e a r  w ith 

th e  l in e  passing  through th e  o r ig in .

The re p ro d u c ib il i ty  was checked by sp o ttin g  e ig h t p la te s  

w ith  a  s tan d ard  sco p o lin , s tan d ard  sco p o le tin  and a tobacco co n tro l 

ro o t so lu tio n . The amount o f  scopo lin  and sco p o le tin  p re sen t in  the  

c o n tro l ro o t sample was c a lc u la te d , and th e  d a ta  ob ta ined  in d ica ted  

th a t  th i s  method was rep roducib le .

Even though th e  chromatographic s tu d ie s  in d ic a ted  no 

in te r fe r in g  substances th e  p o s s ib i l i ty  o f  some was rechecked. 

Approximately 400 p i  o f  a  tobacco ro o t c o n tro l so lu tio n  was sp o tted  

on a  Woelm p la te  and developed in  BzMP-4. The scopo lin  and sco p o le tin  

zones were removed by use o f  th e  microvacuum c lean e r and e lu te d  w ith 

te n  ml o f  ho t methanol. The so lu tio n  was co n cen tra ted , in  vacuo, to  

a  sm all volume and 10, 20 and 30 p i  o f  th e  sco p o le tin  and scopolin  

samples were sp o tte d  on two Woelm and two A vicel-SP (250 microns 

th ic k )  p la te s .  The Woelm p la te s  were developed w ith  KFW and MW, 

and th e  A vicel-SP p la te s  were developed w ith  BAW and IFW (2-propanol: 

form ic a c id  (98^ ) :w ater; 5:0*1^95; v /v /v ) . The p la te s  were then  

examined under long-wavelength u l t r a v io le t  l i g h t .  The r e s u l ts  

in d ic a te d  th a t  th e re  was no s ig n if ic a n t  contam ination o f e i th e r  

th e  sco po lin  o r  sco p o le tin  zones.

As a  f in a l  check, th e  tobacco c o n tro l ro o t so lu tio n  was 

sp o tte d  on two Woelm p la te s  along w ith  s tan d ard  scopo lin  and developed 

in  BzMF-4. One p la te  was su b jec ted  to  the  p rev io u sly  described  

a n a ly s is . The s tan d ard  and unknown scopo lin  zones were e lu te d  from
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th e  o th e r p la te .  The so lv en t was removed, in  vacuo, and 200 p i  o f 

methanol was added. The s tan d ard  and unknown scopolin  so lu tio n s  were 

banded, in  t r i p l i c a t e ,  on an A vicel-SF (250 microns th ic k )  p la te  and 

developed in  IPW (2-propanol : formic a c id  (9896): w ater; 5:2:95; v /v /v ) . 

These samples were e lu te d  and analyzed in  th e  Turner fluorom eter as 

p rev io u sly  described . The c a lc u la te d  r e s u l ts  were w ith in  59̂  o f  th e  

average.

The e s s e n tia ls  o f  th e  procedure f in a l ly  adopted were:

(1 ) Woelm p la te s  (con ta in ing  0 .1  g so lu b le  p o ta to  s ta r c h /p la te ,

250 microns th ic k )  were sp o tte d , in  t r i p l i c a t e ,  w ith  two unknown 

samples and a s tandard  scopo lin  and sco p o le tin  so lu tio n . A 0 .2  ml 

micrometer sy rin g e , equipped w ith  a  2k gauge n eed le , was used to  

sp o t th e  samples.

(2 ) The p la te s  were developed in  BzMF-4 fo r  approxim ately 4o minutes 

and d rie d  fo r  approxim ately one hour.

(3 ) The scopo lin  and sco p o le tin  zones p lus a  b lank were removed w ith  

th e  micro vacuum c lean e r and e lu te d  w ith  ho t methanol.

(4) The fluo rescence  was determ ined and a  l in e  was drawn through the  

o r ig in . Curves were thus ob ta ined  fo r  th e  s tan d ard  scopo lin  and 

sco p o le tin . The amount o f  scopo lin  and sco p o le tin  in  th e  unknown 

samples was th en  determ ined g ra p h ic a lly . This y ie ld ed  th e  concentra­

t io n  o f  scopo lin  and sc o p o le tin  in  th e  unknown so lu tio n  in  terms o f 

pg/number o f  p i  o r ig in a l ly  sp o tte d .

. ( 5 ) The d a ta  were then  c a lc u la te d  in  terms o f th e  number o f pg o f 

scopo lin  and sco p o le tin  p re se n t/g  o f  f re sh  t is s u e .
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This method had the  major advantage o f  speed when compared 

to  the  o ther published  methods o f determ ination . A complete an a ly s is  

o f  th e  scopolin  and sco po le tin  p resen t in  two unknown samples could 

be accomplished in  le s s  than  e ig h t hours. P relim inary  p u r if ic a t io n  

o r  sep ara tio n  o f the  fre sh  t is s u e  e x tra c t  was no t necessary . The 

method could be used to  d e tec t extrem ely sm all amounts o f  scopolin  

and sco p o le tin . This i s  an advantage accru ing  to  fluorescence 

an a ly s is  methods in  general. In  a d d itio n , a  standard  so lu tio n  o f 

scopolin  and sco p o le tin  was sp o tted  on every p la te .  T herefore , 

th e  standards were sub jec ted  to  th e  same amount o f v a r ia tio n  as the  

unknown samples. The method is  very sp e c if ic  s ince  th e  prim ary and 

secondary f i l t e r s  chosen very c lo se ly  approximated the  e x c ita tio n  

and emission wavelengths o f  scopolin  and sco p o le tin . Thus, th e  only 

compounds which could have in te r fe re d  would have to  have e x c ita tio n  

and emission wavelengths very s im ila r  to  those o f scopolin  and 

sco p o le tin . Very sm all t is s u e  samples could be determined sin ce  

le s s  than  30 p i  was needed. There appeared to  be two disadvantages. 

The polyamide la y e r was very f r a g i le  and so extreme care  had to  be 

ex erc ised  in  sp o ttin g  and handling th e  p la te .  The polyamide 

m a te r ia l, i t s e l f ,  seemed to  f lu c tu a te  in  q u a lity  somewhat from 

b a tch  to  ba tch .

A nalysis o f Maleic H ydrazide-Treated Tobacco and 

2,4-D -Treated Tobacco 

Maleic hydrazide is  used by tobacco growers to  e lim inate  

sucker form ation chem ically. The tobacco produced by th is  trea tm en t.
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however, does no t have th e  same q u a lity  o r t a s t e  as th a t  produced 

hy manually removing th e  suckers. I t  was thoufeht th a t  m aleic 

hydrazide might a f f e c t  th e  phenolic con ten t o f tobacco, p a r t ic u ­

l a r ly  th e  coumarins scopo lin  and sco p o le tin . In  o rder to  follow  

q u a n tita t iv e ly  th e  change in  th e  scopolin  and sco p o le tin  content 

as a  fu n c tio n  o f tim e in  such t r e a te d  tobacco , m aleic Iqfdrazide 

was sprayed on tobacco p la n ts ,  and the  q u a n tita tiv e  procedure 

fo r  scopolin  and sco p o le tin  as described  in  th e  preceding sec tio n  

was used.

The le av e s , stems and ro o ts  o f th e  m aleic hydrazide- 

t r e a te d  tobacco p la n ts  and the  flow ers o f  the  2 ,4 -D -trea ted  tobacco 

p la n ts  were analyzed fo r  th e i r  scopolin  and sco p o le tin  con ten t. The 

r e s u l ts  a re  l i s t e d  in  Tables IX and X and F igures 6-15. 

s tandard  d ev ia tio n  was a lso  ca lc u la te d  fo r  each r e s u l t  (105).

The r e s u l ts  l i s t e d  in  Tables K  and X a re  th e  average o f  2-6 

an aly ses.

Figures 6 and 7 in d ic a te  th e  change in  scopo lin  and 

sco p o le tin  in  leaves as a  fu n c tio n  o f tim e. Both th e  t r e a te d  and 

co n tro l leaves underwent only minor changes in  scopo lin  and 

sco p o le tin  con ten t fo r  th e  f i r s t  15 days a f t e r  trea tm en t. The 

scopo lin  con ten t then  ro se  ra p id ly  in  th e  t r e a te d  leaves to  th e  

47th  day a f t e r  trea tm en t.

The scopolin  con ten t increased  alm ost 5 -f‘o l 'l  from the  

15th  to  the  29th  day in  c o n tro l leaves and then  decreased to  a 

le v e l  very s im ila r  to  th e  le v e l before  th e  15th  day.
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TABLE IX

gcOPOLIU AMD SCOPOLETIN IN MALEIC HYDRAZIDE-TREATED TOBACCO

D I

TNL

I I I I I IV I

CHL

I I I I I IV

3 5.3 2 .0 0 .8 0 .1 5.6
4 .0

0 .0 1 .1 0.2
7 7.8 0 .2 1 .0 0 .1 1.3 0 .8 0.1
15 8 .9 0.3 0 .8 0 .2 3 .3 0 .0 0 .8 0 .0
29 54 3.5 5 .2 0 .3 i6 2.5 2 .7 0 .4
47 139 1 .7 3 .3 0 .2 6 .8 0.8 1 .2 0.3

D I

TNS

I I I I I IV I

CHS

I I I I I IV

3 31 0 .0 0 .7 0 .1 15 3.2 0.5 0.1
7 63 6 .2 1 .5 0.1 15 0.0 0 .9 0 .2
15 223 11 3 .8 0 .4 23 3.6 0 .9 0 .4
29 255 3 .2 6 .3 0 .0 20 3.5 1 .4 0.1
47 400 6 .4 9 .6 0.8 42 5 .7 0.9 0 .1

D I

TMR

I I I I I IV I

CNR

I I I I I IV

3 38 0 .0 0 .6 0 .0 47 9.1 0 .6 0.1
7 22 1 .6 0 .6 0 .0 63 4.1 1.3 0.1
15 l44 1 .7 1 .9 0.1 38 0 .0 0.8 0.1
29 177 4.5 3 .0 0 .4 79 2.1 2 .0 0 .1
47 l8o 4 .3 7-7 0 .4 128 1.6 3.1 0.3

I :  pg o f sco p o lin /g  o f  f re sh  t is s u e
I I :  s tan d ard  d ev ia tio n  o f I
I I I :  pg o f  s c o p o le tin /g  o f  fre sh  t is s u e
IV: s tan d a rd  d ev ia tio n  o f I I I
T: t r e a te d  sample
C; c o n tro l sample
N: N ico tiana  tahacum
L: leaves
S: stems
R: ro o ts
D: days a f t e r  trea tm en t w ith m aleic hydrazide
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TABLE X

SCOPOLIN AND SCOPOLETIN IN 2>-D-TREATED TOBACCO FLOWERS

D I

aTF

I I I I I W I

aCF

I I I I I IV

8 163 12 4 .0 0 .0 55 4.1 1.28 0.1
lit 170 3.5 3 .7 0.1 53 0 .0 1.74 0 .0
21 325 1 .4 7 .1 0 .0 69 5 .2 1.97 0.2
28 iWt 8 .1 3 .2 0.2 52 6 .7 2.5 0 .0
35 180 5.3 6 .4 0.6 107 2 .1 4.9 0 .0

D Z

hTF

I I I I I IV I

bCF

I I I I I IV

8 lli-2 2.9 4 .6 0.1 44 1.7 1 .4 0.1
lit 100 3.7 3 .1 0.1 37 2 .4 2 .1 0.1
21 275 0.0 7 .4 0.0 60 3.6 1.9 0.2
28 175 9 .0 3 .4 0.0 56 3.5 2 .6 0.3
35 67 12 5.9 0.8 86 2 .4 4 .6 0.1

T; t r e a te d  p a rts  
C: c o n tro l p a r ts
F; flow ers
a and B: d u p lica te  s e ts
I :  pg o f sco p o lin /g  fre sh  t is s u e
I I :  s tan d ard  d ev ia tio n  o f I
I I I :  pg o f  sco p o le tin /g  fre sh  t is s u e
IV: s tan d ard  d ev ia tio n  o f  I I I
D: days a f t e r  trea tm en t w ith  2y4-D
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The sco p o le tin  content in  t r e a te d  leaves increased  

approxim ately 5- fo ld  from th e  15th  to  th e  29th  day and then  

g radua lly  decreased hy the  4Yth day. The c o n tro l leaves followed 

a  s im ila r  p a t te rn  to  th a t  described  fo r  th e  scopo lin  le v e ls  in  

th e  c o n tro l leav es .

Figures 8 and 9 show th e  changes in  scopo lin  and sco p o le tin  

con ten t o f  stem t is s u e .  The sco p o le tin  con ten t o f t r e a te d  stems 

in c reased  c o n tin u a lly  to  th e  47th  day reaching a le v e l approxim ately 

10-fo ld  h igher than  th e  f i r s t  sample. The sco p o le tin  con ten t o f the  

c o n tro l stems very  slowly increased  to  th e  29th  day and then  

decreased s l ig h t ly  by th e  47th  day.

The scopolin  con ten t o f t r e a te d  stem t is s u e  showed a continued 

Increase  to  th e  47th day reaching a  le v e l approxim ately 20 tim es th a t  

o f  th e  f i r s t  sample. The scopolin  con ten t o f th e  c o n tro l stem 

t is s u e  showed on ly  minor f lu c tu a tio n s  u n t i l  th e  29th  day and then  

g rad u a lly  increased  to  a  le v e l approxim ately tw ice th a t  o f  th e  

f i r s t  sample by th e  47th day.

F igures 10 and 11 show th e  changes in  scopo lin  and 

sc o p o le tin  con ten t in  ro o t t is s u e .  Both th e  t r e a te d  and c o n tro l 

ro o t t is s u e s  showed a  continued increase  in  sco p o le tin  u n t i l  th e  

47th  day. The co n tro l ro o t t is s u e  showed a  6 -fo ld  in crease  while 

th e  t r e a te d  ro o t t i s s u e  gave a  10-fo ld  in c rease .

The scopo lin  con ten t o f  t r e a te d  ro o t t i s s u e  increased  

ra p id ly  to  th e  29th  day and then appeeured to  le v e l  o f f  a t  a  le v e l 

approxim ately 5 tim es th a t  o f th e  f i r s t  sample. The c o n tro l ro o t
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Figure 8. V ariation of Scopoletin Content in  Stems of Tobacco 
P lants Treated with Maleic Hydrazide.
Figure 9» Variation of Scopolin Content in  Stems of Tobacco 
P lants Treated with Maleic Hydrazide*
Abscissa: Days a f te r  Treatment with Maleic Hydrazide. Ordinate: 
Jig M aterial/g Fresh Tissue. Black » Control Stems, White ■ 
Treated Stems.
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Figure 10* V aria tio n  of S copoletin  Content in  Roots o f Tobacco 
P la n ts  T reated w ith  Maleic Hydrazide*
Figure 11. V aria tio n  o f Scopolin Content in  Roots o f  Tobacco 
P la n ts  T reated w ith  Maleic Hydrazide.
A bscissa: Days a f te r  Treatment w ith  M aleic Hydrazide. O rdinate: 
(i.g M ate ria l/g  Fresh T issu e . Black « Control Roots, White " T rea t­
ed Roots.
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t i s s u e ,  on th e  o th e r hand, showed a decrease from th e  th i r d  to  the  

seventh day. A fte r th e  seventh day th e  scopo lin  content increased  

co n tin u a lly  to  the  47th day reaching a  le v e l approxim ately double 

th a t  o f th e  f i r s t  sample. Control ro o t t is s u e  was th e  only t is s u e  

which showed a decrease during th e  f i r s t  week a f t e r  trea tm en t 

w ith  the  c o n tro l so lu tio n .

In  the  case o f tobacco p la n ts  t r e a te d  w ith m aleic hydrazide, 

th e  h ig h est le v e ls  o f  scopo lin  and sco p o le tin  were reached in  stem 

t is s u e .  3n the  case o f  trea tm en t w ith  2,4-D , as rep o rted  by 

Dieterman e t  a l . (20), the  t r e a te d  ro o t t i s s u e  had th e  h ig h est 

le v e ls  o f  scopolin  and sco p o le tin . The v a r ia tio n  o f  scopo lin  and 

sco p o le tin  in  th e  co n tro ls  in d ica ted  th e  d e s i r a b i l i ty  o f h a rv estin g  

a co n tro l w ith  eewzh t r e a te d  sample ra th e r  than  tak ing  a  sample a t  

th e  beginning o f  the  trea tm en t and a t  th e  end o f th e  trea tm en t as 

rep o rted  by Dieterman e t  a l . (20).

F igures 12-15 show th e  changes in  scopo lin  and sco p o le tin  

content o f flow ers tre a te d  w ith 2,4-D. As in d ic a ted  by th e  da ta  in  

Table X, the  abso lu te  values obtained  fo r  s e t  a  and s e t  b were no t 

th e  same. Since only s in g le  p la n ts  were h a rv ested , however, th e  

v a r ia tio n  could q u ite  e a s i ly  be th a t  observed between one p la n t 

and another.

Table XI shows the r a t io  o f  th e  amount o f scopo lin  and 

sco p o le tin  in  t r e a te d  flow ers when compared to  th e  amount o f 

scopolin  and sco p o le tin  in  co n tro l flow ers. Although the  abso lu te  

values obtained  were no t the  same, th e  c a lc u la te d  ra t io s  showed a 

c lose  agreement in  most cases.
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Figure 12. Variation of Scopoletin Content in  Flowers of Tobacco 
P lants Treated with 2,L-D (Set a ).
Figure 13* Variation of Scopolin Content in  Flowers of Tobacco 
P lants Treated with 2>1|HD (Set a ) .
Abscissa: Days a fte r  Treatment with 2,L-D. Ordinate: (xg M aterial/g 
Fresh Tissue. Black ■ Control Flowers, White ■ Treated Flowers.
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Figure lij* Variation of Scopoletin Content in  Flowers of Tobacco 
P lants Treated with 2,!*-D (Set b ).
Figure 15 • Variation of Scopolin Content in  Flowers of Tobacco 
P lants Treated with 2,L-D (Set b ).
Abscissa: Da^a a fte r  Treatment with 2«UHD* Ordinate: pg M aterial/g 
Fresh Tissue. Black -  Control Flowers, White » Treated Flowers.
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lABLE XI

THE RATIOS OF THE AMOUNT OF SCOPOLIH AND SCOPOLETIN IN 2,4-D TREATED 

TOBACCO FLOWERS TO THE AMOUNTS OF SCOPOLIN AND 

SCOPOLETIN IN CONTROL FLOWERS

D Scopolin R atios 
aTF/aCF

Scopoletin  R atios 
aTF/aCF

8 3 .0 3 .1
lit- 3 .2 2 .1
21 k.'l 3 .6
28 2 .8 1 .3
35 1 .7 1 .3

D hTF/hCF hTF/hCF

8 3 .2 3 .3
lit 2 .7 1.5
21 k.6 4 .0
28 3.1 1 .3
35 0 .8 1 .3

D; days a f t e r  trea tm en t w ith 2,4-D
aTF: flow ers o f  tohacco p la n ts  t r e a te d  w ith 2,4-D ( s e t  a)
aCF: flow ers o f  tohacco p lan ts  t r e a te d  w ith  a  co n tro l so lu tio n

(s e t  a )
hTF: flow ers o f tohacco p la n ts  t r e a te d  w ith 2,4-D (s e t  h)
hCF: flow ers o f  tohacco p la n ts  t r e a te d  w ith a  co n tro l so lu tio n

(s e t  h)
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The le v e ls  o f scopo lin  and sco p o le tin  in  th e  case o f  flow ers 

d id  not show a continued increase  o r decrease hu t ra th e r  f lu c tu a te d . 

Examination o f  the  f ig u re s  in  th e  case o f  sco p o le tin  in  th e  t r e a te d  

flow er t is s u e  in d ica ted  th a t  th e  p a tte rn  in  hoth  s e t  a  and s e t  h 

appeared to  he a  decrease from th e  e ig h th  to  th e  fo u rteen th  day, 

follow ed hy a very sharp increase  and reaching  a  maximum on th e  

2 1 s t day. This was follow ed hy a  ra p id  decrease to  th e  28th day 

and then  an increase  again  to  th e  35th day. The sco p o le tin  in  the  

c o n tro l flow ers appeared to  increase  g rad u a lly  to  the  35th day 

reaching  a  le v e l approxim ately 3 -^  tim es th a t  o f  th e  f i r s t  sample.

The scopolin  con ten t o f th e  t r e a te d  flow er t is s u e  appeared 

to  follow  a  p a tte rn  somewhat s im ila r  to  th a t  o f  sco p o le tin  in  the  

t r e a te d  flow er t in  sue. A maximum le v e l was a lso  reached hy th e  

2 1 s t day. The t r e a te d  flow er o f s e t  h on th e  35th day showed a 

continued decrease from th e  28th  day and no t an in crease  as in d ica ted  

hy th e  t r e a te d  flow er o f  s e t  a . However, th e  so lu tio n  o f  th e  sample 

used fo r  an a ly s is  in  s e t  h on th e  35th day was a  very d i lu te  one and 

th e  data  obtained  were q u ite  v a ria b le  as in d ica ted  hy th e  la rg e  

s tandard  d ev ia tio n  in  Tahle X. The data  ob ta ined  fo r  th e  t r e a te d  

flow er t is s u e  o f s e t  a  on th e  35th day were from a much la rg e r  

sample and were much more c o n s is te n t.

The v a r ia tio n  o f th e  scopo lin  in  th e  co n tro l flow er t is s u e  

o f  hoth s e ts  showed e s s e n t ia l ly  th e  same p a tte rn . The co n tro ls  

appeared to  mimic th e  t r e a te d  samples hu t on a  much sm aller scales 

There appeared to  he a s l ig h t  decrease from th e  e igh th  to  th e
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fo u rteen th  day, follow ed hy a  15-20 pg/g  f re s h  t i s s u e  in c rease  hy 

th e  21st day. This was follow ed hy a  s l ig h t  decrease hy th e  28th 

day and then  a  la rg e  increase  hy th e  35th  day, reaching  a  le v e l 

approxim ately tw ice as la rg e  as th e  f i r s t  sample. In  th e  case o f 

th e  c o n tro l flo w ers , the  scopo lin  le v e l a t  th e  35th  day was th e  

h ig h est one in  c o n tra s t to  th e  21s t  day fo r  th e  t r e a te d  flow ers.

I s o la tio n  and P a r t i a l  I d e n tif ic a t io n  o f  a  Glycoside 

from Tohacco T issue C ulture

T h ir ty - f iv e  p i  o f th e  fre sh  t i s s u e  e x tra c t  o f  th e  2,4-D 

t r e a te d  and c o n tro l tohacco le av e s , stems and ro o ts ,  ha rv ested  35 days 

a f t e r  tre a tm en t, was handed on Avicel-SF (375 microns th ic k )  p la te s  

and run in  fo u r so lv en t system s: BzEPW (henzene:ethy l a c e ta te :

form ic acid ; (9856) :w ater; 9 :2 1 :6 :k ; v /v /v /v ) ,  BAW, IPW-2, and KFW.

The developed p la te s  were examined under u l t r a v io le t  l ig h t  w ith  and 

w ithout exposure to  ammonia fumes. T h ir ty - f iv e  p i  o f  th e  f re s h  t is s u e  

e x tra c t  o f  th e  m aleic hydrazide t r e a te d  and c o n tro l tohacco le av e s , 

stems and ro o ts  h a rvested  47 days a f t e r  tre a tm e n t, was a lso  examined 

as described  ahove. Ten p i  o f  an e x tra c t  o f tohacco t i s s u e  c u ltu re  

described  on th e  follow ing page was a lso  sp o tte d  on each A vicel-SF 

p la te .  Examination o f th e  p la te s  in d ic a ted  th e  presence o f an 

unknown compound o r compounds (two zones which were la b e led  BGl and 

BG2) in  th e  t r e a te d  stem and co n tro l and t r e a te d  ro o t o f  th e  ahove 

samples as w ell as in  th e  tobacco t i s s u e  c u ltu re  e x tra c t .  The BGl 

zone and BG2 zone had very l i t t l e  fluo rescence  w ithout exposure to  

ammonia fumes, hu t tu rn ed  a  b r ig h t h lue-g reen  when exposed to
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ammonia fumes. The BGl and BG2 zones appeared to  he p resen t in  much 

la rg e r  amounts in  the  t is s u e  c u ltu re  e x tra c t .  T herefore , th e  t is s u e  

c u ltu re  e x tra c ts  wrere used fo r  the  fu r th e r  is o la t io n  o f  th is  

compound.

N ico tiana  tahacum. One-Sucker v a r ie ty  o r W-38 v a r ie ty , 

t i s s u e  c u ltu re  was used. These c u ltu re s  were grown on EM-19611- 

medium (63) ,  a t  room tem perature, w ith  approxim ately 6-8  hours o f 

d iffu se  f lu o re sc e n t l ig h t/d a y . The c u ltu re s  were grown 4-9 weeks 

and then  h arv ested  and e x tra c te d  under th e  sec tio n  e n t i t l e d  Growth, 

Treatment and H arvesting o f  Tohacco P la n ts . C a rro ll Smith grew the  

tohacco t i s s u e  c u ltu re  used in  th is  work.

A pre lim inary  sep a ra tio n  o f th e  m a te ria l was done in  o rder 

to  ge t a  sp o ttin g  sample fo r  fu tu re  use. Twelve Avicel-SF ( 5OO microns 

th ic k )  p la te s  were s treak ed  w ith  the  tohacco t is s u e  c u ltu re  e x tra c t . 

These 12 p la te s  were then  stacked  to g e th e r (two stacks o f  6 p la te s  

each ), w ith sm all polyethylene spacers between th e  p la te s ,  taped  to  

h o ld  the  s tack s  to g e th e r , and developed w ith  KFW. The BGl and BG2 

hands were lo c a ted , and th e  A vicel a rea  con tain ing  th ese  zones was 

scraped  o f f  th e  p la te s  w ith a  la rg e  sp a tu la . The A vicel was then  

packed in to  a  la rg e  g la ss  tuhe which had heen drawn to  a  sm all 

opening a t  one end. This sm all opening had heen p rev iously  packed 

w ith  a  1 cm diam eter pad o f g lass  f ih e r  (cu t from a  Cambridge F i l t e r ,  

Phipps and B ird , Richmond, Va. ) and washed w ith methanol. The 

f lu o re sc e n t m a te ria l on th e  A vicel was then  e lu te d , under vacuum, 

d ir e c t ly  in to  a  round-hottom f la s k  w ith th e  a id  o f  methanol or
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m ethanol:w ater ( i r l j  v /v ) . The so lu tio n  was then  concentra ted  to  

dryness, j n  vacuo, and red isso lv ed  in  a  sm all volume o f  methanol. 

Chromatographic examination o f th is  so lu tio n  in d ica ted  th a t  the  

combined BGl and BG2 zones were s t i l l  contam inated w ith scopo lin , 

sco p o le tin  and chlorogenic ac id . In  an attem pt to  ge t some prelim ­

in ary  idea o f th e  id e n ti ty  o f the  zones lab e led  BGl and BG2, the  

above so lu tio n  was sp o tted  along w ith guinyl-p-coum arate, f e ru l ic  

a c id  g lucoside, p-coumaric ac id  g lucoside, scopo lin , sco p o le tin ,

5-feru lo y l-D -g u in ic  a c id , 1-gentisoyl-y^-D-glucose and 1 -fe ru lo y l-  

/^-D -glucose, on an Avicel-SF (375 microns th ic k )  p la te  and developed 

w ith  KFW. The BGl and BG2 zones had values which were no t s im ila r  

to  any o f th e  above compounds. The so lu tio n  contain ing  th e  BGl and 

BG2 zones was fu r th e r  p u r if ie d  by s treak in g  i t  on four Avicel-SF 

(500 microns th ic k )  p la te s  and development in  KFW. The p la te s  were 

s tacked  to g e th e r as p rev iously  described . The BGl and BG2 zones were 

e lu te d  as described  above. Chromatographic an a ly s is  in d ica ted  th a t  

th e  so lu tio n  contained  a BGl zone, a  BG2 zone and a  sm all amount o f 

chlorogenic ac id . This sp o ttin g  so lu tio n  was kept in  the  f re e z e r  to  

avoid  decomposition as much as p o ss ib le .

Since the  chromatographic s tu d ie s  in d ica ted  th e  presence o f 

two zones, some fu r th e r  p re lim inary  th in  la y e r  s tu d ie s  were conducted 

in  o rder to  see i f  a  s a t is fa c to ry  sep ara tio n  could be achieved and 

th e  r e s u l ts  tra n s fe r re d  to  a  column procedure. T herefore , Woelm 

p la te s  (250 microns th ic k )  and S i l ic a r -4  (M allinckrodt, S t. Louis,

Mo.) p la te s  (250 microns th ic k )  were sp o tted  w ith the  so lu tio n
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con tain ing  th e  BGl and BG2 zones which had been is o la te d  as 

described  above. The Woelm p la te s  were made as p rev iously  

described . The 8111car-4 p la te s  were made as follow s:

(1) 8-10  g /p la te  o f 8 i l lc a r - 4  was added to  d i s t i l l e d  w ater ( r a t io :

1 g o f 8111car-4 to  2 ml w ater).

(2 ) The m ixture was shaken vigorously  fo r  one minute and spread 

immediately w ith  a  Desaga spreader to  a  th ickness o f  25O microns.

(3 ) The p la te s  were a ir - d r ie d  and a c tiv a te d  a t  approxim ately 110°C 

fo r  two hours immediately before use.

The Woelm and 8111car-4 p la te s  were then  developed In the  

follow ing so lv en ts : l )  benzene, 2) benzene:ethy l a c e ta te  (1 :1; v /v ) ,  

3 ) e th y l a c e ta te ,  4) benzene:acetone ( l : l ;  v /v ) ,  5) e th y l a ce ta te : 

acetone ( l : l ;  v /v ) ,  6) benzene:methanol ( l : l ;  v /v ) ,  7 ) acetone,

8) acetone:m ethanol ( l : l ;  v /v ) , 9 ) m ethanol, lO) m ethanol:w ater 

( l : l ;  v /v ) and 11) w ater.

The r e s u l ts  In d ica ted  th a t  a  good sep a ra tio n  o f th e  BGl 

zone from th e  BG2 zone was achieved on th e  Woelm p la te  developed In 

w ater. This in d ica ted  th a t  a  sep a ra tio n  might p o ssib ly  be achieved 

on a  P o lyc lar AT column s ince  both Woelm polyamide and P o lyc lar AT 

a re  s im ila r  m a te r ia ls . P o lyc la r AT Is  a  polyv iny lpyrro lidone d is ­

t r ib u te d  by General A n iline  and Film C orporation, G ra s s e l l i ,  N. J .

8ome P o ly c la r AT was p u r if ie d  according to  th e  d ire c tio n s  

given by M izelle e t  a l . (71) . The procedure was m odified s l ig h t ly  

in  th a t  a l l  th e  p re lim inary  washes were done In a  batch  process.

This was le s s  tim e consuming and la rg e r  amounts could be p u r if ie d .
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The m a te ria l was suspended in  w ater (approxim ately 2 volumes o f  w ater 

to  one volume o f  P o ly c la r AT) a f t e r  the  f in a l  washing and s to re d  u n t i l  

used.

A P o ly c la r AT column (3 x 20 cm; Code; 15IO-BWII'-76,77- 

P S - l ,2 - t i s s .  cu lt.-P C A 3^-,) was p repared  and washed thoroughly 

w ith  w ater. Approximately $ g o f c lean , dry P o ly c la r AT was 

p laced  in  a  round-hottom f la s k  and approxim ately 100 ml o f  a 

tobacco t i s s u e  c u ltu re  e x tra c t  was added. The so lv en t was 

removed, vacuo; 2-propanol was added and again  removed, in  

vacuo. The dry P o ly c la r AT con tain ing  th e  adsorbed tobacco t is s u e  

c u ltu re  e x tra c t  was s lu r r ie d  w ith  w ater and c a re fu lly  poured on the  

P o ly c la r AT column. The top  la y e r  o f th e  column was s t i r r e d ,  and 

th e  column was e lu te d  w ith w ater. A sm all amount o f  p ressu re  was 

a p p lied  to  a l l  o f  th e  columns described . N ineteen f ra c tio n s  o f 

approxim ately 125 ml each were taken . Methanol was th en  added, and 

two more f ra c tio n s  were tak en . An u l t r a v io le t  l ig h t  was used to  

fo llow  th e  sep a ra tio n s  o f th e  major flu o re sc en t bands in  a l l  th e  

column work described .

The f ra c tio n s  were concen tra ted  to  dryness. In  vacuo, and 

red isso lv ed  in  a  sm all amount o f methanol o r m ethanol:w ater ( l : l ;  

v /v ) .  A ll o f  th e  concen tra ted  column fra c tio n s  were analyzed by 

s p o ttin g  10-20 p i  o f th e  con cen tra ted  so lu tio n  on A vicel-SP (25O o r 

375 microns th ic k )  p la te s  and then developing th e  p la te s  in  KFW or 

IFW-2. A nalysis o f  th e  f r a c tio n s  in d ic a ted  th a t  f r a c t io n  7-10 

contained  most o f  th e  BG2 and f ra c tio n s  11-13 most o f  th e  BGl.
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A ll o f  th ese  f ra c tio n s  were s t i l l  heav ily  contam inated w ith 

o th e r compounds.

F rac tions 11-13 were combined, th e  so lv en t removed, vacuo* 

and th e  residue  suspended in  w ater. This w ater suspension was ap p lied  

to  a  Woelm polyamide column (2.5 x  28 cm; Code: 151O-BWII'-Y8-P8 - 1 ,

2 -F ll,12 ,13 -M #-,) packed in  w ater. The Woelm polyamide had been 

p rev io u sly  p u r if ie d  by p lacing  i t  in  a  column w ith  methanol follow ed 

by e lu tio n  w ith  two l i t e r s  o f  m ethanol, 4 l i t e r s  o f  w ater and 2 l i t e r s  

o f  methanol. The m a te ria l was then  removed from th e  column and d ried . 

The column was e lu te d  w ith w ater ( f ra c tio n s  I - I 6 ) ,  m ethanol:w ater 

( l : l ;  v /v ; f ra c tio n s  VJ-I9 ) ,  methanol ( f ra c tio n s  20, 2l ) ,  and 

dimethylformamide ( f ra c tio n  22). Chromatographic an a ly s is  in d ic a ted  

th a t  the  BGl and EG2 zones were contained  in  f ra c tio n s  4-11.

Since th ese  f ra c tio n s  were s t i l l  contam inated w ith compounds 

o th e r than  BGl and BG2, they  were combined, concen tra ted  to  dryness, 

in  vacuo, and red isso lv ed  in  a  sm all amount o f  w ater. The w ater 

s o lu tio n  was ap p lied  to  a  P o ly c la r AT column (2 .4  x 16.5  cm; Code: 

I 51O-BWII' - Y9-PS-1, 2-W-F-4-11-PGA]^-, )  packed in  w ater and e lu te d  

w ith  w ater (f ra c tio n s  1-4) and methanol ( f ra c tio n s  5 -8 ). Chromato­

graphic an a ly s is  in d ica ted  th a t  f ra c tio n s  1-6  con tained  most o f  th e  

BGl and BG2 zones. There were sm all amounts o f  im p u ritie s  s t i l l  

p re se n t. F rac tio n s  1-6 were combined, concen tra ted  to  dryness, 

in  vacuo, and red isso lv ed  in  methanol : w ater ( l : l ;  v /v ) .

F rac tio n s  7-10 (Code: 1510-B W II*-76,77-PS-l,2-tiss.

cult.-PCAn^-F-&-10) were combined and p laced  on a  P o ly c la r AT 

column (2.5  X 12 cm) packed in  w ater and e lu te d  w ith
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w ater, m ethanol:water ( l :3 ;  v /v ) , m ethanol:w ater ( l : l ;  v /v ) , 

and methanol. Chromatographic an a ly s is  in d ica ted  th e  BGl and 

BG2 zones were lo ca ted  in  f ra c tio n s  4 and 5* These fra c tio n s  were 

combined, concentra ted  to  dryness, in  vacuo, and red isso lv ed  in  a 

sm all amount o f m ethanol:w ater ( l : l ;  v /v ) .

The i n i t i a l  column chromatography experiments in d ica ted  

th a t  th e  BGl and BG2 zones could be separa ted  from most o f  the  

major im purities  by chromatography on P o lyc la r AT and Woelm polyamide. 

However, th e  BGl zone was no t separa ted  from th e  BG2 zone and many 

minor im purities  s t i l l  remained.

Since th e re  d id  not appear to  be a  g re a t deal o f  m a te ria l 

is o la te d  from th e  i n i t i a l  columns, another 150 ml o f  tobacco t is s u e  

c u ltu re  e x tra c t was taken  and chromatographed on a  column o f  Woelm 

polyamide (2.5 x l8  cm; Code: 1510-BWII’-8 0 ,8 l- P S - l ,2 - t is s .  c u l t . -

W ^-,) and e lu te d  w ith w ater, m ethanol:water ( l : e ;  v /v ) , methanol: 

w ater ( l : l ;  v /v ) ,  and methanol. The f ra c tio n s  con tain ing  the  BGl 

and BG2 zones were rechromatographed on a P o lyc la r AT column 

(2.5  X cm; Code: 1510-BWII*-84-Wp.8l-Fl,2-PCA[I^-, ) packed in  w ater

and e lu te d  w ith the  same so lven ts as the  previous column. F rac tio n  2 

con tain ing  th e  BGl and BG2 zones p lus minor im p u ritie s  was concentra ted  

to  dryness, in  vacuo, and the  residue  red isso lv ed  in  a  sm all amount of 

m ethanol:w ater ( l : l ;  v /v ) . The t o t a l  amount o f  m a te ria l is o la te d  

.-as very sm all ( le s s  than  1 mg).

A number o f o th e r column procedures was te s te d  in  an 

a ttem pt to  sep ara te  th e  BGl zone from the  BG2 zone. A Po lyc la r AT
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column (2.5  X 12.5 cmj Code: 1510-BWII‘-85-PCATp.79-F-l-6-

PCA.n^-;) was packed in  2Cff> inethanol/benzene (v /v ) . A p a r t i a l ly  

p u r if ie d  sample con tain ing  th e  BGl and BG2 zones was p laced  in  

20^ methanol/benzene (v /v) and added to  th e  column. The column was 

e lu te d  w ith  20^, 3056, and 759& methanol/benzene (v /v ) follow ed by 

methanol. Chromatographic an a ly sis  in d ica ted  no sep a ra tio n  o f th e  

BGl zone from th e  BG2 zone.

Since th e  BGl zone could be sep ara ted  from the  BG2 zone 

on a th in  la y e r  p la te  o f A vicel, sev e ra l columns were t r i e d  using 

A vicel-T echnical Grade (d is tr ib u te d  by ÎMC C orporation, American 

V iscose D iv ision , Marcus Hook, P a .) c e llu lo se .

A column o f A vicel-Technical Grade (2 .5  x I 3 cm; Code: 

I 5IO-BWII' - 90-AvTG-f- , )  was packed in  59̂  2-propanol/w ater (v /v ) .

A p a r t i a l ly  p u r if ie d  sample o f  the  BG1-BG2 m ixture (151O-BWII*- 

84-Wp.8l-Fl,2-PCAT#2) d isso lved  in  59̂  2-propanol/w ater (v /v ) was 

added to  th e  column and e lu te d  w ith 59̂  and lOja 2-propanol/w ater 

(v /v ) followed by UW-2. Chromatographic an a ly s is  in d ica ted  th a t  

a l l  o f  th e  BG1-BG2 m ixture was contained  in  f r a c t io n  4 e lu te d  w ith 

UV-2, No sep a ra tio n  o f the  BGl zone from th e  BG2 zone had 

occurred although some minor im purities had been removed.

T herefore , a  column of A vicel-Technical Grade (2 .5  x I 8 

cm; Code: 151O-BWII'-94-AvTG-90-F4-AvTG#-, ) was packed in  w ater. 

F rac tio n  k from th e  preceding column was concen tra ted  to  dryness, 

in  vacuo, and th e  res id u e  red isso lv ed  in  a  minimal amount o f  w ater 

and p laced  on th e  column. The column was e lu te d  in  w ater ( f ra c tio n s
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1 -3 ) , m ethanol:w ater ( l :3 ;  v /v ; f r a c tio n s  4 -6 ) , m ethanol:w ater ( l : l ;  

v /v ; f ra c tio n s  7 -9 ) , m ethanol:w ater (3 :1 ; v /v ; f ra c tio n s  10-12), 

methanol ( f ra c tio n s  13, l 4 ) ,  methanol con ta in ing  0.1# formic a c id  

( f ra c t io n  15 ) ,  methanol con tain ing  0.5# formic a c id  ( f ra c tio n  l6 ) ,  

methanol con tain ing  2# formic a c id  ( f ra c t io n  17) and IFW-2 ( f ra c tio n s  

l8 ,  19 ). Chromatographic an a ly s is  in d ic a ted  th a t  th e  BGl and BG2 

zones were lo c a te d  in  f ra c tio n s  l4 -1 7 , w ith  f r a c t io n  l4  con tain ing  

th e  major p o rtio n . Although some p u r if ic a t io n  had taken  p la ce , no 

sep a ra tio n  o f  th e  BGl zone from th e  BG2 zone had occurred. The 

re s u l t s  a lso  in d ic a te d  th a t  th e  BG1-BG2 m ixture remained on th e  

column u n t i l  methanol was app lied .

A fu r th e r  a ttem pt a t  sep a ra tin g  th e  BGl zone from th e  BG2 

zone was made hy p lac in g  f r a c t io n  l4  o f th e  preceding column on 

another column o f  A vicel-T echnical Grade (2.5  x  I 8 cm; Code: I 51O-

BWII'-95-AvTG-94-Fi 4-A'vTG #-,) packed in  80# m ethanol/w ater (v /v ) .

The column was e lu te d  w ith  80# ( f ra c tio n s  1 -4 ) , 85# ( f ra c tio n s  5 -8 ),

90# ( f ra c tio n s  9 -1 2 ), and 95# ( f ra c tio n s  13- 16) m ethanol/w ater (v /v )

follow ed hy methanol ( f ra c tio n s  17-20). Each f r a c t io n  contained  

approxim ately 25 ml. Chromatographic an a ly s is  in d ic a ted  th a t  

f ra c tio n s  3-20 con tained  th e  BGl and BG2 zones w ith  f r a c tio n s  3-6 

con tain ing  th e  m ajor p o rtio n  o f t h i s  m a te r ia l.

A column o f s i l i c a  g e l (2 .5  x  10.5 cm; M allinckrodt 100

mesh, washed tw ice in  acetone and d rie d  a t  approxim ately 105°C fo r  

1 hour; Code: 1510-BW III-29-AvTGp.95-F3-6-S.G.#-,) was packed in

25# methanol/benzene (v /v ) . F rac tio n  3 o f  th e  preceding column was
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p laced  on the  column. The column was then  e lu te d  w ith  2$^

( f ra c tio n s  1 -4 ) , 50?̂  ( f ra c tio n s  $ -8 ) , and 75^ ( f ra c tio n s  9-12) 

methanol/benzene (v /v ) , follow ed by methanol ( f ra c tio n s  13- 16).

Each f ra c t io n  was approxim ately 25 ml. An a d d itio n a l 300 ml o f 

methanol ( f ra c tio n s  17- 19) was added, follow ed by 100 ml o f 

methanol con tain ing  0.5# form ic a c id . Chromatographic an a ly s is  

in d ic a ted  th a t  most o f  th e  BGl 1-802 m ixture was concen tra ted  in  

f r a c t io n  20 w ith  sm all amounts o f  BGl and BG2 s c a t te re d  among th e  

o th e r f r a c tio n s .

The follow ing conclusions were drawn from th e  above da ta :

1) The BGl zone could no t be sep ara ted  from th e  BG2 zone by any 

column chromatographic procedure t r i e d .

2 ) The major im p u ritie s  (sco p o lin , sco p o le tin , chlorogenic ac id  

isom ers) could be removed from th e  tobacco t is s u e  c u ltu re  e x tra c t 

by column chromatography on P o ly c la r AT and Woelm polyamide packed 

in  w ater and e lu te d  w ith w ater to  which in c reasin g  amounts o f 

methanol have been added.

3) P rep ara tiv e  th in  la y e r  chromatography probably would have to  be 

employed fo r  the  f in a l  p u r if ic a t io n  o f  th e  BG1-BG2 m ixture and 

hopefu lly  to  sep a ra te  th e  BGl zone from th e  BG2 zone.

Since only very sm all amounts o f th e  BG1-BG2 m ixture had 

been is o la te d , l 800 ml o f  a  tobacco t i s s u e  c u ltu re  e x tra c t  was 

concen tra ted  to  dryness, in  vacuo. The res id u e  was suspended in  

l8 0  ml o f  w ater and p laced  onto a  column o f  P o ly c la r AT (6 x 40 cm; 

Code: 1510-BWII'-91,92-PCAQ^-,) packed in  w ater. The column W6is

e lu te d  w ith  w ater ( f ra c tio n s  1 -7 ) , m ethanol:w ater ( l : l ;  v /v ; f ra c tio n s
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7 and 8 ) ,  and methanol ( f ra c tio n s  9 -12). Chromatographic an a ly sis  

in d ica ted  th a t  th e  BG1-BG2 zones were lo ca ted '.in  f ra c tio n s  3-8.

These fra c tio n s  were combined, concentra ted  to  dryness, 

in  vacuo, and th e  residue  was suspended in  15 ml o f  w ater and added 

to  a  column o f Woelm polyamide (2.5  x 25 cm; Code; 1510-BWII'-93-K!AT- 

91,92-F-3-8-'V ^-,) packed in  w ater. The column was e lu te d  w ith  w ater 

( f ra c tio n s  I - 7 ) ,  m ethanol:w ater ( l : l ;  v /v ; f ra c tio n s  8 and 9 ) ,  and 

methanol ( f ra c tio n  lO ). Chromatographic an a ly s is  in d ica ted  th a t  

f ra c tio n s  3; and 5 contained th e  BG1-BG2 m ixture p lus 4-12 

flu o re sc en t im purities  in  each f ra c tio n .

F rac tio n  3 was fu r th e r  p u r if ie d  by chromatography on a  column 

o f  A vicel-T echnical Grade (2.5  x I 8 cm; Code: 1510-BWIII-32-WF3- 

VolIl8p.93-AvTG#-,) packed in  m ethanol:w ater ( l : l ;  v /v ) . Thè column 

was e lu te d  w ith  m ethanol:w ater ( l : l ;  v /v ; f ra c tio n s  1 and 2 ) , and 

methanol ( f ra c tio n  3 ).

F rac tio n s  4 and 5 from th e  above Woelm polyamide column 

were fu r th e r  p u r if ie d  by chromatography on columns o f A vicel-Technical 

Grade packed in  w ater and e lu te d  w ith w ater, methanol : w ater ( l : l ;  v /v ) , 

m ethanol, and methanol contain ing  0.5^ formic a c id . These p a r t i a l ly  

p u r if ie d  fra c tio n s  were fu r th e r  p u r if ie d  by p rep a ra tiv e  th in  la y e r  

chromatography on Avicel-SF (5OO microns th ic k )  p la te s .

The BG1-BG2 m ixture which had been p a r t i a l ly  p u r if ie d  

by column chromatography was s treak ed  on 56 p la te s  o f Avicel-SF 

(500 microns th ic k )  and developed in  IFW-2. This so lv en t was 

chosen s in ce  i t  gave the  w idest sep a ra tio n  o f th e  zones lab e led
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BGl and BG2. The p la te s  were s ta c k e d  to g e th e r  (6 -8 /s ta c k )  

u s in g  th e  p o ly e th y len e  sp ac e rs  as  p re v io u s ly  d e sc r ib e d . The p la te s  

had been sco red  approx im ate ly  l / k  o f  an in ch  from e i t h e r  edge w ith  

a  d is s e c t in g  n e e d le . The A v ice l c o n ta in in g  th e  BGl and BG2 zones 

were each sc rap e d  o f f  th e  developed p l a t e s .  Each zone was th e n  

e lu te d  w ith  MW (m ethano l:w ater; 1 :1 ; v /v ) .  Chrom atographic a n a ly s is  

(A vicel-SP ; 375 m icrons th ic k ;  p la te s  developed in  IPW-2) in d ic a te d  

th a t  a lth o u g h  a l l  o f  th e  m inor im p u r itie s  had been removed, each zone 

y ie ld e d  b o th  BGl and BG2. The p u r i f i e d  e x t r a c ts  were combined and 

th e  s o lv e n t removed, 3n vacuo. The m a te r ia l  was th e n  re d is so lv e d  

in  m ethanol.

The BG1-BG2 m ix tu re  which was l a t e r  i s o la te d  from th e  l800 

ml o f  t i s s u e  c u l tu re  e x t r a c t  by column chrom atography was s tre a k e d  

on 182 A v icel-S P  (5OO m icrons th ic k )  p la te s  and p u r i f i e d  as  d e sc rib e d  

above. The BGl zone and BG2 zone were i s o la t e d  s e p a ra te ly  and 

a p p ro p r ia te  zones recom bined f o r  f u r th e r  p re p a ra t iv e  t h in  la y e r  

chrom atography. In  t h i s  case  th e  la rg e  amount o f  im p u r itie s  

p re s e n t  n e c e s s i ta te d  th e  u se  o f  KPW and BzEPW in  a d d i t io n  to  IPW-2 

to  eliminate a l l  o f  th e  im p u r i t ie s .  Chrom atographic a n a ly s is  o f  

th e  i s o la te d  BGl zone and BG2 zone in d ic a te d  t h a t  b o th  zones always 

c o n ta in ed  BGl and BG2. T h e re fo re , a l l  th e  p u r i f i e d  f r a c t io n s  were 

recom bined in to  3 f r a c t io n s  and f i l t e r e d  th ro u g h  s e v e ra l  sm all 

P o ly c la r  AT columns in  o rd e r  to  e lim in a te  any im p u r it ie s  which 

had  been e x tra c te d  from  th e  A vicel-S P  i t s e l f .  These p u r i f i e d  

f r a c t io n s  were th e n  su b je c te d  to  h y d ro ly s is  and u l t r a v i o l e t  a n a ly s is .



75
T able X II l i s t s  th e  va lues o b ta in e d  f o r  th e  p u r i f i e d  

BG1-BG2 m ix tu re  in  v a rio u s  so lv e n ts . The R ^ 's  •were determ ined  on 

A vicel-S F  (375 m icrons th ic k )  p la te s  developed in  tan k s  which had 

been  s a tu r a te d  w ith  s o lv e n t b e fo re  developm ent. The so lu tio n s  were 

handed r a th e r  th a n  s p o tte d  and th e  R^ v a lu es  were m easured to  th e  

to p  o f  th e  band.

TABLE X II

R^ VALUES OF BGl AED BG2

Compounds BA.W KFW KFW-2 S o lven t I ,  Table V II

BGl 61 51 3k 63

BG2 3k k3 79 63

S olven t I I ,  T able V II S o lven t I I I ,  Table V II 

BGl 72 74

BG2 72 Jk

S olven t IV, T able V II 

BGl 43

BG2 43

BzEFW was a ls o  t r i e d  b u t th e  R^ v a lu es  were q u ite  -v a riab le . 

BzEFW appeared  to  be a  so lv e n t m ix tu re  which was ex trem ely  tem p era tu re  

dependent.

An u l t r a v i o l e t  a b so rp tio n  spectrum  ( in  m ethano l) o f  th e  

combined BG1-BG2 m ix tu re  p u r i f i e d  in  th e  f i r s t  s e r ie s  o f  esjierim ents 

was determ ined . The u l t r a v i o l e t  spectrum  o b ta in e d  -was very  s im ila r



7 6

t o  t h a t  o f  s c o p o lin . T h e re fo re , 15 p i  o f  th e  combined BG1-BG2 

m ix tu re  was banded on an A vicel-S F  (375 m icrons th ic k )  p la te  and 

developed w ith  IFW-2. Exam ination under u l t r a v i o l e t  l i g h t  

in d ic a te d  th a t  th e re  was o n ly  a  sm all BGl zone and BG2 zone.

The m ajor zone was a  b lu e - f lu o re s c in g  band w ith  an s im ila r  to  

s c o p o lin . A nother p la te  banded more h e a v ily  in d ic a te d  th e  p resence  

o f  s c o p o le t in .

A pp aren tly  th e  h ig h  tem p era tu re  u sed  to  remove th e  w a ter 

on th e  r o ta r y  e v a p o ra to r  had caused  a  h y d ro ly s is  o r  p y ro ly s is .

T h e re fo re  th e  m a te r ia l  was s p o tte d  on A vicel-S P  (375 m icrons 

th ic k )  p la te s  a long  w ith  sc o p o lin  and developed w ith  th e  seven 

so lv e n ts  l i s t e d  in  T able X II and BzEFW. The R^ o f  th e  b lu e -  

f lu o re s c e n t  compound from  th e  BG1-BG2 m ix tu re  co rresponded  to  t h a t  

o f  s c o p o lin  in  a l l  o f  th e  s o lv e n t m ix tu res  s tu d ie d .

A pproxim ately one ml o f  th e  BG1-BG2 m ix tu re , c o n ta in in g  

th e  su sp e c ted  s c o p o lin , was s u b je c te d  to  h y d ro ly s is  w ith  39̂  hydro­

c h lo r ic  a c id .  The w a te r s o lu t io n  was e x tr a c te d  w ith  e th y l  a c e ta te  

t o  remove th e  ag lycone and th e  w a ter phase was n e u t r a l iz e d  by 

f i l t r a t i o n  th ro u g h  a  sm all column (1 .2  x  5*5 cm) o f  A m berlite  

IR-45 r e s in  (OH form ). The e lu a te  from th e  column was c o n c e n tra te d  

to  d ry n ess , in  vacuo , and re d is s o lv e d  in  a  sm all amount o f  105&

2-p ro p a n o l/w a te r , v /v . T his s o lu t io n  was banded on A vicel-S F  

(375 m icrons th ic k )  p la te s  a lo n g  w ith  a  s ta n d a rd  s o lu t io n  o f  g lucose  

and g a la c to s e  and developed in  so lv e n ts  I ,  I I ,  I I I ,  and 17 o f  

T ab le  V II , u sed  to  s e p a ra te  su g a rs . The p la te s  were sp rayed  w ith  

a n i l in e  hydrogen o x a la te  ( I I 5 ) .
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Exam ination o f  th e  p la te s  in d ic a te d  t h a t  g lu co se  was th e  

o n ly  su g ar p re s e n t  in  th e  aqueous phase .

The e th y l  a c e ta te  e x t r a c t  was c o n c e n tra te d  to  d ry n e ss , in  

vacuo , and re d is s o lv e d  in  a  sm all amount o f  m ethanol. An u l t r a v i o l e t  

a b so rp tio n  spectrum  o f  t h i s  m a te r ia l  was determ ined . Comparison o f  

th e  spectrum  w ith  th e  v a lu e s  l i s t e d  by S a rg en t and Skoog (8 7 ) 

in d ic a te d  t h a t  th e  ag lycone i s o la t e d  was p o s s ib ly  s c o p o le t in  a lth o u g h  

a l l  th e  peaks d id  n o t co rre sp o n d  e x a c t ly .  T h e re fo re , th e  aglycone 

was f u r th e r  p u r i f i e d  by chrom atography on a  sm a ll P o ly c la r  AT 

column e lu te d  w ith  m e th an o l;w a te r ( l : l j  v /v ) .  A m inor contam inant 

rem ained  on th e  column. The u l t r a v i o l e t  a b so rp tio n  spectrum  (Table 

X I I I )  o f  th e  p u r i f i e d  ag lycone ( in  m ethanol) in d ic a te d  th a t  th e  

ag lycone was s c o p o le t in .  The p u r i f i e d  aglycone was a ls o  chrom ato­

g raphed  on A v icel-S P  (375 m icrons th ic k )  p la te s  u s in g  th e  seven 

s o lv e n ts  l i s t e d  in  T ab le  X II and BzEFW, a long  w ith  a  known sample 

o f  s c o p o le t in .  The v a lu e s  o f  th e  p u r i f i e d  ag lycone corresponded

to  th o se  o f  s c o p o le t in  in  a l l  o f  th e  s o lv e n t  system s s tu d ie d .

The r e s t  o f  th e  combined BG1-BG2 m ix tu re  th o u g h t to  co n ta in  

s c o p o lin  (as  in d ic a te d  by th e  v a lu e s )  was f u r th e r  p u r i f i e d  by 

p re p a ra t iv e  t h in  l a y e r  chrom atography u s in g  s i x  A v icel-S P  ( 5OO m icrons 

th ic k )  p la te s  developed  in  IPW-2. The b lu e - f lu o r e s c e n t  zone though t 

to  be  s c o p o lin  was e lu te d  from th e  p la te s  as  d e sc r ib e d  p re v io u s ly  

w ith  m ethanol and an  u l t r a v i o l e t  a b so rp tio n  spectrum  was determ ined . 

A lthough th e  spectrum  was s im i la r  to  t h a t  o f  s c o p o lin  (8 7 ) ,  th e  

r e s u l t s  in d ic a te d  t h a t  th e r e  were s t i l l  im p u r i t ie s  p re s e n t .  T here fo re
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th e  m a te r ia l  th o u g h t to  he s c o p o lin  vas chrom atographed on a  

P o ly c la r  AT column ( I .5  x  10 cm); and e lu te d  w ith  w a te r . A m inor 

im p u rity  was r e ta in e d  hy th e  column. The e lu a te  was c o n ce n tra te d  to  

d ry n e ss , ^  vacuo, and re d is s o lv e d  in  m ethanol. An u l t r a v i o l e t  

a b so rp tio n  spectrum  o f  t h i s  s o lu t io n  (T ahle X I I I ) corresponded  very  

c lo s e ly  to  t h a t  re p o r te d  hy S arg en t and Skoog (8 7 ).

The ahove r e s u l t s  in d ic a te d  t h a t  th e  BG1-BG2 m ix tu re  

c o n ta in ed  a  d e r iv a t iv e  o f  a  s c o p o le t in  g ly c o s id e , and more 

s p e c i f i c a l l y ,  a  d e r iv a t iv e  o f  sc o p o lin . The two zones which 

ap p eared  d u rin g  th in  la y e r  chrom atography ( la b e le d  BGl and BG2) in  

some so lv e n t system s were th u s  su sp e c te d  o f  h e in g  isom eric  in  n a tu re .

TABLE X III  

ULTRAVIOLET ABSORPTION SPECTRA LATA

L evel S c o p o le tin  (86) I s o la te d  Aglycone

max 230 mu 228 mfx
min 246 245
max 255 258
min 271 270
max 299 294
min 307 308
max 346 3*42

L evel S co p o lin  (8 6 ) Suspected  S copo lin

min _ 214 mfi
max 228 mu 227
min 265 265
max 291 288
min 306 305
max 340 338
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A s o lu t io n  o f  th e  BG1-BG2 m ix tu re  was th e n  s u h je c te d  to  

gas chrom atography. The m ixture  was s i ly a te d  hy d is so lv in g  i t  in  

dimethylformam ide and tre a tm e n t w ith  hexamethyd is  i l iz a n e . The 

s i ly a te d  m ix tu re  was in je c te d  in to  a  s t a i n le s s  s t e e l  column { l / h  

in ch  hy 6 f t .  ) which had heen packed w ith  Gas Chrom Q and co a ted  w ith  

UCW-98 (3/^)* The tem pera tu re  was programmed from 200-300°C a t  a  r a t e  

o f  approx im ately  8°C /m inute. The c a r r i e r  gas was helium  a t  a  flow  

r a t e  o f  approx im ately  60 m l/m inute. S ince  no peak was observ ed , 

th e  m a te r ia l  was s i ly a te d  ag a in  u s in g  th e  ahove c o n d itio n s  excep t 

t h a t  tr im e th y lc h lo ro s  i la n e  was added to  promote s i l y a t io n .  The 

m a te r ia l  was ag a in  in je c te d  under th e  ahove c o n d itio n s . No peak 

was observed  under th e se  c o n d itio n s . T h is in d ic a te d  t h a t  th e  BGl- 

BG2 m ix tu re  was a  h igh  m olecu lar w eight compound. This work wa,s 

conducted hy J .  L, W ilson.

S ince th e  m a te r ia l  was a  d e r iv a t iv e  o f  s c o p o lin , a  sample 

o f  sco p o lin  was s i ly a te d  and s u b je c te d  to  n u c le a r  m agnetic re so nan ce 

a n a ly s is .  The procedure re p o r te d  hy Mabry, Kagan and R o sie r  was used  

(6k) .  C. A. P e te rs  perform ed th e  n u c le a r  m agnetic a n a ly s is .  The 

fo llo w in g  d e l ta  va lu es  were o b ta in ed :

(1 ) 3 .10-4^09 (m u lt ip le t  which in te g ra te d  f o r  9 p ro to n s )

( 2 ) 3 .82  ( s in g le t  which in te g ra te d  f o r  3 p ro to n s )

(3 ) 4 . 76- 5.12  (m u lt ip le t  which in te g ra te d  f o r  1 p ro to n )

(4 ) 6 .08  and 6 .2 2  (doub le t which in te g ra te d  f o r  1 p ro to n )

( 5 ) 6 .83  ( s in g le t  which in te g ra te d  f o r  1 p ro to n )

(6 ) 6 .9 7  ( s in g le t  -vdiich in te g ra te d  f o r  1 p ro to n )

(7 ) 7 .4 3  and 7»59 (doub le t which in te g ra te d  f o r  1 p ro to n )
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By analogy  to  th e  n u c le a r  m agnetic resonance  spectrum  o f  

e s c u l in  (F ig . l )  re p o r te d  by Mabry, Kagan and E a s ie r  (6h) th e  

d e l ta  v a lu es  were a ss ig n e d  to  th e  fo llo w in g  p ro to n s  o f  sco p o lin  

(F ig . l ) .  The m u l t ip le t  a t  3.10-^l-.09 c o n ta in ed  th e  g lucose  

p ro to n s . The s in g le t  a t  3«82 was th e  -OCEg group lo c a te d  a t  

carbon  7* The m u l t ip le t  a t  4 .7 6 -5 .1 2  was th e  g lucose-H -1  p ro to n . 

The 6 .08  and 6 .22  do u b le t was th e  p ro to n  a t  carbon 3 and th e  7*^3 

and 7*59 dou b le t was th e  p ro to n  a t  carbon 4 . The s in g le t s  a t  

6 .8 3  and 6 .9 7  were th e  p ro to n s  on carbons 5 and 8 .

I t  was hoped t h a t  enough o f  th e  BG1-BG2 m ix tu re  cou ld  

be o b ta in e d  so t h a t  i t  co u ld  be s u b je c te d  to  n u c le a r  m agnetic 

a n a ly s is .  U n fo rtu n a te ly  th e  t o t a l  amount o f  th e  BG1-BG2 m ix tu re  

i s o la te d  was le s s  th a n  4 mg. T h e re fo re , a  n u c le a r  m agnetic 

resonance  a n a ly s is  cou ld  n o t be perform ed.

An u l t r a v i o l e t  a n a ly s is  o f  th e  i s o la te d  m ix tu re  was th en  

u n d e rtak en . The m a te r ia l  was d is so lv e d  in  m ethanol and i t s  

u l t r a v i o l e t  a b so rp tio n  spectrum  de term ined . Then 2 drops o f  1^ 

sodium hydroxide was added and i t s  u l t r a v i o l e t  a b so rp tio n  spectrum  

determ ined . A f r e s h  sample was s a tu r a te d  w ith  s o l id ,  fu sed  sodium 

a c e ta te  and i t s  u l t r a v i o l e t  a b so rp tio n  spectrum  determ ined . The 

r e s u l t s  a re  in d ic a te d  in  T ab le  XI7.

The BR1-BG2 m ix tu re  has an  u l t r a v i o l e t  spectrum  

(T able XIV) which i s  v e ry  s im ila r  to  t h a t  o f  sc o p o lin  (Table 

X I I I ) .  A ll  o f  th e  m ajor peaks appeared  to  have been  s h i f t e d  

hypsoch rom ica lly  app rox im ate ly  10 to  20 mp. The la rg e  s h i f t  o f
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TABLE XIV

ULTRAVIOLET ABSORPTION SPECTRA OF THE BG1-EG2 MIXTURE

L evel BG1-BG2 M ixture p lu s  196 NaOH p lu s  NaCoHoOo

min 210 mja
max 216 - -

min 229 240 mp -

min 26k 280 263 m|i
max 293 306 293
min 300 316 300
max 318 362 320

th e  lo n g  "wavelength hand vhen 1{6 NaOH was added in d ic a te d  th a t  th e  

BG1-BG2 m ix tu re  "was n o t a  s im ple  d e r iv a t iv e  o f  s c o p o lin . The 

m o lecu le  o r  m o lecu les a t ta c h e d  to  th e  sc o p o lin  n u c leu s  m ust c o n ta in  

a  h ig h ly  io n iz a h le  group to  cause  th e  la r g e  s p e c t r a l  s h i f t  observed  

o r  th e y  may undergo a  p o s s ib le  o x id a tio n  in  th e  a lk a l in e  medium 

b re a k in g  down o r  re a r ra n g in g  to  a  f u n c t io n a l  group which would show 

a  la rg e  s p e c t r a l  s h i f t  in  th e  p resen ce  o f  b a se .

The BG1-BG2 m ix tu re  "was s u b je c te d  to  a  number o f  sp ray  

re a g e n ts  a f t e r  chrom atography on A v ice l-S F  (375 m icrons th ic k )  p la te s  

in  s e v e ra l  o f  th e  su g ar so lv e n ts  l i s t e d  in  T ab le  V II. The BG1-BG2 

m ix tu re  r e a c te d  im m ediately  w ith  a  KMnÔ  ̂ sp ray  re a g e n t ( 3^ ) ,  tu rn in g  

a  b r ig h t  y e llo w . A s c o p o lin  s o lu t io n  on th e  same p la te  d id  n o t 

r e a c t  n e a r ly  as r a p id ly .  When th e  BG1-BG2 m ix tu re  "was sp ray ed  w ith  

a  AgNOg s o lu t io n  (97) a  p o s i t iv e  t e s t  was o b served . A n e g a tiv e  t e s t  

was ob serv ed  w ith  a n i l in e  hydrogen o x a la te  ( l l 5 ) .  The BG1-BG2 

m ix tu re  tu rn e d  a  l i g h t  y e llo w  when sp ray ed  w ith  a  p e r io d a te /b e n z id in e  

sp ra y  re a g e n t (3^)« A s l i g h t  p o s i t iv e  t e s t  "was a ls o  observed  when
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th e  BG1-BG2 m ix tu re  was sp ray ed  w ith  th e  C artw rig h t-R o b erts  

re a g e n t (l5 )«  T his re a g e n t i s  u sed  to  d e te c t  q u in ic  a c id

-te trahydro% ycyclohexanecarboxy lic  a c id )  and i s  f a i r l y  

s p e c i f i c .

Shikim ic a c id  (3 /- tr ih y d ro % y -l-c y c lo h e x e n ec a rb o x y lic  a c id )  

and q u in ic  a c id  were su b je c te d  to  th e  above sp ray  re a g e n ts . Shikim ic 

a c id  r e a c te d  im m ediately  w ith  th e  KMnO|̂  ̂ s o lu t io n  (34) p roducing  a 

b r ig h t  y e llo w  sp o t w h ile  q u in ic  a c id  re a c te d  very  s lo w ly . Both 

q u in ic  a c id  and sh ik im ic  a c id  gave a  n e g a tiv e  t e s t  w ith  AgNO  ̂ (97) 

and o n ly  a  f a i n t  p o s i t iv e  t e s t  w ith  a n i l in e  hydrogen o x a la te  ( l l 5 ) .  

B oth q u in ic  a c id  and sh ik im ic  a c id  re a c te d  r a p id ly  w ith  th e  p e r io d a te /  

b e n z id in e  re a g e n t (3 4 ). Shikim ic a c id  gave a  p o s i t iv e  t e s t  w ith  

th e  C artw rig h t-R o b erts  t e s t  (15 ) in  a d d it io n  to  th e  re p o r te d  q u in ic  

a c id .

T his in fo rm a tio n  su g g es ted  t h a t  th e  BG1-BG2 m ix tu re  m ight 

c o n ta in  a  sh ik im ic  a c id  m olecu le . The l a s t  o f  th e  p u r i f i e d  BG1-BG2 

m ix tu re  was su b je c te d  to  a c id  h y d ro ly s is  as d e sc rib e d  p re v io u s ly . A 

s o lu t io n  o f  sh ik im ic  a c id  was a ls o  s u b je c te d  to  a c id  h y d ro ly s is  under 

s im i la r  c o n d itio n s .

The w a te r phase was banded on A vicel-S F  (375 m icrons th ic k )  

p la te s  and  developed in  s e v e ra l  o f  th e  so lv e n ts  l i s t e d  in  T able  V II. 

The p la te s  were th e n  examined under an  u l t r a v i o l e t  l i g h t .  This 

exam ination  in d ic a te d  t h a t  some o f  th e  BG1-BG2 m ix tu re  rem ained 

unhydro lyzed . In  a d d i t io n , upon exposure to  ammonia fum es, a  b r ig h t  

y e llo w  band and an  orange band ap p eared , which were n o t p re s e n t in
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a  b lan k . The sh ik im ic  a c id  s o lu t io n  which had been h e a te d  w ith  

h y d ro c h lo ric  a c id  a ls o  co n ta in ed  a  sp o t w ith  a  s im i la r  v a lu e  

which tu rn e d  b r ig h t  ye llow  w ith  ammonia.

C artw righ t and R oberts (15 ) re p o r te d  th e  appearance o f  

th r e e  t r a c e  sp o ts  when q u in ic  a c id  had been h e a te d  w ith  h y d ro c h lo ric  

a c id . They su g g ested  t h a t  t h i s  m ight have been due to  la c to n iz a t io n  

o r  a  p ro cess  s im i la r  to  la c to n iz a t io n .  S ince  sh ik im ic  a c id  i s  very  

c lo s e ly  r e l a t e d  to  q u in ic  a c id  th e  same p ro cess  m ight have o ccu rred . 

T here^d id  n o t appear to  be any o th e r  f lu o re s c e n t  a re a s  o r  bands 

p re s e n t .

When a  p la te  banded w ith  th e  above s o lu t io n s  was sp ray ed  

w ith  th e  KMnÔ  ̂ re a g en t a  b r ig h t  y e llo w  sp o t w ith  an R^ s im ila r

t o  t h a t  o f  a  s ta n d a rd  sh ik im ic  a c id  s o lu t io n  and th e  sh ik im ic  a c id  

s o lu t io n  h e a te d  w ith  h y d ro ch lo ric  a c id  was n o te d .

A nother p la te  was sp rayed  w ith  th e  Q artw rig h t-R o b erts  

re a g e n t (15 ) and a  f a in t  ye llow  orange sp o t w ith  an R^ s im i la r  to  

t h a t  o f  th e  s ta n d a rd  sh ik im ic  a c id  s o lu t io n  and th e  sh ik im ic  a c id  

s o lu t io n  h e a te d  w ith  h y d ro ch lo ric  a c id  was observed . This in fo rm atio n  

su g g es ted  th a t  sh ik im ic  a c id  m ight p o s s ib ly  be p re s e n t in  th e  BG1-BG2 

m ix tu re . T his was supported  somewhat by th e  f a c t  t h a t  th e  BG1-BG2 

m ix tu re  was much more so lu b le  in  w a te r and m ethanol th a n  sc o p o lin  

and th e  a d d it io n  o f  an a c id  fu n c tio n  co u ld  g r e a t ly  in c re a se  th e  

s o lu b i l i t y .  A lso th e  BGl-BG-2 m ix tu re  had a  f a i n t  b lu e -p u rp le  

f lu o re sc e n c e  (when h e a v ily  sp o tte d )  when viewed under an u l t r a ­

v i o l e t  l i g h t  and tu rn e d  a  b r ig h t  b lu e -g re e n  upon exposure to  ammonia
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fumes. M a te r ia ls  w ith  q u in ic  a c id  a t ta c h e d  f r e q u e n tly  have s im i la r  

c o lo r  r e a c t io n s  (ex: th e  fe ru lo y lq u in ic  a c id s ) .  The a ttachm en t o f

a  sh ik im ic  a c id  co u ld  have an e f f e c t  s im i la r  to  t h a t  o f  q u in ic  a c id . 

A lso  th e  p re sen ce  o f  sh ik im ic  a c id  w ith  i t s  ot^yS-unsatxirated carh o x y l 

group would he ex p ec ted  to  produce a s h i f t  in  th e  u l t r a v i o l e t  

spectrum  when NaOH i s  added.

A lthough th e  ahove in fo rm atio n  su g g es ts  th e  p o s s ib le  

p resen ce  o f  sh ik im ic  a c id ,  n o th in g  can he s a id  d e f in i t e ly  ahout 

i t s  p o in t  o f  a ttach m en t to  th e  sc o p o lin  n u c le u s . The m ost l i k e l y  

p o in t  o f  a ttachm en t would he th e  g lu co se  m oie ty  s in c e  s c o p o le t in  i s  

th e  aglycone i s o la te d  upon a c id  h y d ro ly s is .

The p o s i t iv e  AgNO  ̂ t e s t  observed  hy th e  BG1-BG2 m ix tu re  

and th e  n e g a tiv e  A ^O g t e s t  f o r  sh ik im ic  a c id  in d ic a te d  th a t  th e  

m a te r ia l  may he more complex. The p o s i t iv e  AgNO  ̂ t e s t  in d ic a te d  

th e  p resen ce  o f  an o x id iz a h le  fu n c tio n  l i k e  a  ca rb o n y l group. The 

la c k  o f  any o th e r  AgNOg p o s i t iv e  s p o t ,  o th e r  th a n  g lu c o se , in  th e  

h y d ro ly sa te  co u ld  in d ic a te  th e  p resen ce  o f  a  g lu co se  m olecule 

a t ta c h e d  to  th e  sh ik im ic  a c id  o r  th e  p resen ce  o f  some m olecule which 

i s  degraded o r  d e stro y ed  hy th e  a c id  h y d ro ly s is .

Chrom atographic S tu d ie s  on th e  T issu e  E x tra c ts  

The bean  t i s s u e  and tom ato t i s s u e  e x t r a c ts  were s u b je c te d  to  

t h in  la y e r  chrom atography on A vicel-S F  (375 m icrons th ic k )  p l a t e s .  

Twenty to  t h i r t y  p i  o f  t i s s u e  e x t r a c t  was handed on th e  p la te  and 

developed in  IFW-2. The p la te  was examined under an u l t r a v i o l e t  

l i g h t .  Then th e  p la te  was sp rayed  w ith  a  n in h y d rin  s o lu t io n  to
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d e te c t  th e  amino a c id s  p re s e n t .  The beans and tom atoes which had 

b een  s u b je c te d  to  50 PPm ITOg showed no s ig n i f i c a n t  d if fe re n c e s  

betw een th e  c o n tro l  and t r e a t e d  p la n t  e x t r a c t  in  e i t h e r  th e  polyphenol 

o r  amino a c id  c o n te n t .  The bean and tom ato e x t r a c ts  d id  n o t c o n ta in  

s c o p o lin , s c o p o le t in  o r  a  BGl o r  BG2 zone. A ll  o f  th e  Rf v a lu es  

l i s t e d  in  th e  fo llo w in g  s e c t io n  were determ ined  on A vicel-S P  (375 

m icrons th ic k )  p la te s  which had  been  developed in  IFW-2.

The bean  le a v e s  appeared  to  have o n ly  c h lo ro g en ic  a c id  

o f  th e  p h e n o lic  dep sid es  and coum arins o f  i n t e r e s t  t o  u s ,  w h ile  

th e  tom ato le a v e s  c o n ta in e d  c h lo ro g en ic  a c id  and band 510. The 

b ean  le a v e s  a ls o  had  fo u r  o th e r  m ajor bands:

(1 ) a  f a i n t  r e d  band w hich tu rn e d  a  v e ry  b r ig h t  deep y e llo w  brown 

w ith  ammonia (R^ =  0 . 15- 0 . 18 );

(2 ) a  band which tu rn e d  v e ry  b r ig h t  b lu e -p u rp le  w ith  ammonia

(R^ =  0 . 62- 0 . 6 5 );

(3 ) a  band which tu rn e d  v e ry  b r ig h t  y e llo w -b lu e  w ith  ammonia

(R^ =  0 . 72- 0 . 7 5 ); and

(4 ) a  band which tu rn e d  b r ig h t  b lu e  w ith  ammonia (R^ = 0 . 75- 0 . 7 7 ) .

The tom ato le a v e s  d id  n o t c o n ta in  th e s e  th re e  bands j u s t  

l i s t e d  b u t had  fo u r  o th e r  m ajor brands :

(1 ) a  band which tu rn e d  brow n-yellow  w ith  ammonia (R^ =  O.28-O .31 );

(2 ) a  band which tu rn e d  deep ye llo w  w ith  ammonia (R^ =  O.66-O .7 1 );

( 3 ) a  band which tu rn e d  b r ig h t  b lu e  w ith  ammonia (R^ =  0 , J J - 0 , 80 ) ; and

(4 ) a  band which tu rn e d  v ery  b r ig h t  b lu e -p in k  w ith  ammonia (R^ =

O.83 -O .8 5 ) .  The band which tu rn e d  brow n-yellow  w ith  ammonia was 

p ro b a b ly  r u t i n .
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In  a d d i t io n ,  two bands appeared  in  b o th  th e  t r e a t e d  end 

c o n tro l  tom ato le a v e s  h a rv e s te d  10 days a f t e r  tre a tm e n t and l a t e r :  

( l )  a  band which tu rn e d  very  b r ig h t  sky b lu e  w ith  ammonia (R^ =  

0 . 03- 0 . 05 ); and (2 ) a  b lu e -p u rp le  band which tu rn e d  b r ig h t  b lu e  

w ith  ammonia (R^ =  0 .06 -0 .07 )»  These bands were a lso  p re s e n t 

in  th e  t r e a t e d  and c o n tro l  e x t r a c ts  o f  tom ato stem  and ro o t  t i s s u e  

h a rv e s te d  10 days a f t e r  tre a tm e n t and l a t e r .

The bean  stem  t i s s u e  appeared  to  c o n ta in  no ch lo ro g en ic  

a c id  isom ers. Three m ajor bands appeared : ( l )  a  band which tu rn e d

yellow -brow n w ith  ammonia (R̂  ̂=  0 .1 4 -0 .1 5 ) ; (2 ) a  band which tu rn e d  

yellow -brow n w ith  ammonia (R^ =  O.3O-O.32 ); and (3 ) a  band which 

tu rn e d  b r ig h t  p u rp le  w ith  ammonia (Rf = 0 . 75- 0»9 2 ) .

The tom ato stem  t i s s u e  c o n ta in ed  neoch lo rogen ic  a c id  and 

ch lo ro g en ic  a c id  b u t no band 510. Two o th e r  m ajor bands appeared: 

(1 ) a  brow n-yellow  band which tu rn e d  b r ig h t  brow n-yellow  w ith  

ammonia (R^ =  0 . 30- 0 . 35 ); and (2 ) a  band which was f a i n t  ye llow  

and tu rn e d  y e llo w  w ith  ammonia (R^ =  0 .75 -0 .77 )»  The brow n-yellow  

band w ith  an R^ o f  approx im ate ly  0 . 30- 0.35  'was p robab ly  r u t i n .

The bean r o o t  t i s s u e  c o n ta in ed  no ch lo ro g en ic  a c id  isom ers. 

F iv e  m ajor bands appeared  to  be p re s e n t .

(1 ) a  band which tu rn e d  v e iy  b r ig h t  p u rp le  w ith  ammonia (Rf =  O.O3 );

(2 ) a  band which was b r ig h t  b lu e - v io le t  (R^ =  O.O5-O .06 );

(3 ) a  band which was f a i n t  w hite  and tu rn e d  re d  w ith  ammonia

(R^ =  0 . 08- 0 . 09 ); (4 ) a  band which was deep p u rp le  and tu rn e d  b r ig h t  

p u rp le  w ith  ammonia (R^ =  0 . 29- 0 . 3 1 ); and (5 ) a  band which tu rn e d

y e llo w  w ith  ammonia (R^ =  0 . 35- 0 . 36 ) .



87
The tom ato ro o t  t i s s u e  c o n ta in ed  ch lo ro g en ic  a c id  and th re e  

o th e r  m ajor hands: ( l )  a  hand which tu rn e d  h lu e -g re e n  w ith  ammonia

(R j =  0 . 43- 0 . 45 ); (2 ) a  hand which tu rn e d  w h ite  w ith  ammonia —

O.7O-O.7 5 ); and (3 ) a n o th e r hand which tu rn e d  w h ite  w ith  ammonia

(Rf =  0 . 78- 0 . 8 2 ) .

The hean  and tom ato p la n t  e x t r a c ts  which had heen  t r e a te d  

w ith  10 ppm SOg a ls o  e x h ib ite d  no s ig n i f i c a n t  d if f e r e n c e s  in  th e  

po lyphenol o r  amino a c id  c o n te n t. They c o n ta in ed  th e  same m ajor 

hands which were d isc u sse d  ahove.

The hean  and tom ato p la n ts  which had heen  t r e a t e d  w ith  l a r g e r  

doses o f  SOg and ROg were th e n  examined. A gain , no m ajor changes were 

n o te d  in  th e  po lyphenol o r  amino a c id  c o n te n t . The o n ly  changes t h a t  

had  o ccu rred  a t  a l l  were found in  th e  two low Rf hands which were p r e ­

s e n t  in  tom ato l e a f ,  stem  and ro o t  t i s s u e .  Only th e  500 ppm NOg and 

1000 ppm NOg t r e a t e d  le av e s  o f  tom atoes co n ta in ed  th e s e  two hands.

In  tom ato ro o ts  th e re  appeared  a  f a i n t  g re e n -h lu e  hand (w ith  

ammonia) w ith  an  Rf =  0 .04 in s te a d  o f  th e  very  b r ig h t  sky h lu e  w ith  

ammonia hands (R^ =  O.O5-O.O7 and 0 .0 6 -0 .0 7 ) . The one ex cep tio n  

was th e  ro o ts  and stem s o f  tom atoes t r e a t e d  w ith  100 ppm 80^ which 

d id  c o n ta in  th e s e  l a t t e r  hands.

The hean ro o ts  t r e a t e d  w ith  SOg and 750 and 1000 ppm NOg 

c o n ta in ed  an a d d i t io n a l  hand which th e  hean ro o ts  t r e a t e d  w ith  50 

ppm NOg d id  n o t c o n ta in  ( th e  hand tu rn e d  y e llo w  w ith  ammonia and 

had  an R^ =  0 .1 2 ) .
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A ll o f  th e  hean and tom ato t i s s u e s  which had heen s u b je c te d

to  th e  la r g e r  doses o f  and SO2 were handed on A vicel-S F  (375

m icrons th ic k )  p la te s  and developed in  b o th  BAW and BzEFW. These

p la te s  were examined under an u l t r a v i o l e t  l i g h t  and th e n  sp rayed

w ith  a  s o lu t io n  o f  n in h y d rin  to  d e te c t  th e  amino a c id s  p re s e n t .

In  a d d i t io n ,  p -co u m ary l-g lu co se , q u ln y l-p -co u mar a te  and 3- 
/

fe ru lo y l-D -q u in ic  a c id  were handed on th e s e  p l a t e s .  Chrom atographic 

a n a ly s is  o f  th e  p la te s  developed w ith  BAW and BzEPW in d ic a te d  (as 

had  th o se  developed in  IPW-2) t h a t  th e r e  were no s ig n i f i c a n t  

changes in  any o f  th e  sam ples s p o tte d . None o f  th e  hands in  th e  

tom ato o r  hean e x t r a c ts  m atched th e  p -co u m ary l-g lu co se , g u in y l-p -  

coum arate o r  3 -fe ru lo y l-D -q u in ic  a c id  in  b o th  and c o lo r  re a c t io n s  

under u l t r a v i o l e t  l i g h t  w ith  and w ith o u t exposure to  ammonia fumes.

S e v e ra l in v e s t ig a to r s  (68 , 75; 90,  103) have re p o r te d  t h a t  

th e  co n ten t o f  th e  f r e e  p ro l in e  in c re a se d  d ra m a tic a lly  under v a rio u s  

s t r e s s  c o n d itio n s . S ince  n in h y d rin  gave o n ly  a  l i g h t  y e llo w  sp o t 

w ith  p r o l in e ,  a l l  o f  th e  t i s s u e  e x t r a c ts  were re-exam ined  f o r  any 

d if fe re n c e  in  p r o l in e .

F if te e n  p i  o f  th e  t i s s u e  e x t r a c t  was s p o tte d  on an A vicel-S F  

(375 m icrons th ic k )  p la te  and developed in  so lv e n t VI o f  T ahle V II I . 

T h is  so lv e n t was chosen s in c e  p ro lin e  had a  r e l a t i v e l y  h ig h  R^ v a lu e . 

A s ta n d a rd  s o lu t io n  o f  p ro l in e  was a ls o  s p o t te d  on th e  p la te s  a t  a  

l e v e l  o f  app rox im ate ly  5 pg* The p la te s  were examined under an 

u l t r a v i o l e t  l i g h t  and th e n  sp ray ed  w ith  an  i s  a t  in  s o lu t io n .  I s  a t  in  

produces a  deep h lu e  c o lo r  when p ro l in e  i s  p r e s e n t .  The fo llo w in g
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r e s u l t s  were o b ta in e d : ( l )  A ll  o f  th e  NOg and SOg t r e a te d  tom atoes

c o n ta in e d  a  f a i r  amount o f  p ro lin e  (approx im ate ly  1-k  (ug/l5 p i )  b u t 

th e r e  were no s ig n i f i c a n t  d if fe re n c e s  in  th e  t r e a t e d  samples versus 

th e  c o n tro l  sam ples. There d id  appear to  be a  g rad u a l in c re a se  o f  

p r o l in e  w ith  tim e , (2 ) A l l  o f  th e  NOg and SOg t r e a te d  bean e x tr a c ts  

c o n ta in ed  v ery  sm all amounts o f  p ro lin e  (approx im ate ly  0-2 p g /l5  p i )  

and  th e r e  were no s ig n i f i c a n t  d if fe re n c e s  in  th e  t r e a t e d  v ersus th e  

c o n tro l  e x t r a c t s .  The amount o f  p ro lin e  appeared  to  rem ain r e l a t i v e ly  

c o n s ta n t w ith  tim e , (3) A ll  o f  th e  tobacco  p la n ts  t r e a t e d  w ith  2,4-D  

c o n ta in e d  v ery  la rg e  amounts o f  p ro l in e  (g r e a te r  th a n  5 p g /l5  p i )  and 

th e r e  were no s ig n i f i c a n t  d if fe re n c e s  in  th e  t r e a t e d  v ersus th e  c o n tro l 

e x t r a c t s .  The amount o f  p ro l in e  appeared  to  rem ain r e l a t i v e l y  c o n s ta n t 

w ith  tim e . (4-) A ll  o f  th e  tobacco  p la n ts  t r e a t e d  w ith  m ale ic  hydra- 

z id e  c o n ta in ed  p r o l in e .  In  t h i s  c a se , however, th e re  d id  appear to  

be d if fe re n c e s  in  th e  amount o f  p ro lin e  c o n ta in ed  in  a  t r e a te d  

sample v e rsu s  a  c o n tro l  sam ple. In  a l l  o f  th e  m ale ic  hydrazide  

sam ples t e s t e d ,  th e  p ro l in e  co n ten t o f  th e  t r e a t e d  sample was la r g e r  

th a n  in  th e  co rresp o n d in g  c o n tro l .

I t  appeared  from th e  above s tu d ie s  t h a t  beans and tom atoes 

t r e a t e d  w ith  50 ppm NOg and 10 ppm SOg showed no s ig n i f i c a n t  changes 

in  th e  po lypheno l o r  amino a c id  c o n te n t. Even th e  a p p l ic a t io n  o f  

th e s e  a i r - p o l l u t a n t s  in  much l a r g e r  doses d id  n o t e s s e n t i a l ly  a l t e r  

e i t h e r  th e  po lypheno l o r  amino a c id  c o n ten t even though p h y s ic a l 

damage was v i s i b l e .

2 ,4-D  a l t e r s  th e  polyphenol c o n ten t o f  tobacco  b u t n o t th e  

amount o f  f r e e  p ro l in e  p re s e n t ,  whereas m ale ic  hydraz ide  a l t e r s  b o th  

th e  po lyphenol c o n te n t and th e  f r e e  p ro l in e  c o n te n t.



CHAPTER I I I

SCiaiAEY

A new, ra p id  p rocedure  f o r  th e  q u a n t i ta t iv e  a n a ly s is  o f  th e  

coum arins, s c o p o lin  and s c o p o le tin  was developed u s in g  a  com bination 

o f  th in  la y e r  chrom atography and f lu o re sc e n c e .

An e x h au s tiv e  e x tr a c t io n  p rocedure  was found to  be n ecessa ry  

f o r  th e  q u a n t i ta t iv e  rem oval o f  f r e e  p h en o lic  m a te r ia l  in  H ico tian a  

tabacum p la n ts .  The m acerated  m a te r ia l  was su c c e ss iv e ly  washed w ith  

h o t s o lu t io n s  o f  2 -p ro p an o l:w a te r ( l : l ,  v /v ) ,  2 -p ropano l:benzene: 

m ethano l:w a ter (2 :1 :1 :1 ,  v /v /v /v )  and 2 -p ro p an o l:w a te r a zeo tfo p e .

The p la n t  m a te r ia l  was th en  e x tra c te d  f o r  2h hours w ith  2 -p ropano l: 

w a te r a zeo tro p e  and th e n  f o r  an o th er 2h hours w ith  2 -p ropano l. A 

s l i g h t l y  m o d ified  p rocedure  was u sed  to  e x t r a c t  q u a n t i ta t iv e ly  th e  

f r e e  p h en o lic  m a te r ia l  from bean and tom ato p la n ts .

A f te r  e x t r a c t io n  and c o n c e n tra tio n , th e  p la n t  e x tr a c ts  were 

s p o t te d  on t h i n  la y e rs  o f  Woelm polyamide (250 m icrons th ic k )  w ith  

th e  a id  o f  a  m icrom eter s y r in g e . Ten to  t h i r t y  p i  o f  e x t r a c t  was 

s p o t te d ,  in  t r i p l i c a t e ,  a long  w ith  s ta n d a rd  s o lu tio n s  o f  sco p o lin  

and s c o p o le t in .

The p la t e  was th en  developed in  th e  so lv e n t system  

benzene:m ethano l:fo rm ic  a c id  (98^ ) (4 :1 :0 .1 ,  v /v /v )  f o r  approxim ately

90
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f o r ty  m in u tes . The sco p o lin  and s c o p o le t in  zones were sc rap ed  o f f  

th e  p l a t e ,  and th e  sc o p o lin  and s c o p o le t in  were e lu te d  from th e  

polyam ide m a te r ia l  w ith  th e  a id  o f  h o t m ethanol.

The p e r  c e n t f lu o re sc e n c e  o f  th e se  s o lu tio n s  was th e n  

determ ined  and compared to  t h a t  o± th e  s ta n d a rd  s o lu t io n s  s p o tte d  

on th e  same p l a t e .  The f lu o re sc e n c e  response  o f  th e  s ta n d a rd  sco p o lin  

and s c o p o le tin  s o lu t io n s  was found to  he l i n e a r  betw een 0-5 pg /5  ml 

f o r  sco p o lin  and 0 -0 .5  pg /5  ml f o r  s c o p o le t in .

Tobacco p la n ts  sp ray ed  w ith  2 ,4 - d lch lo rophenoxyace tic  a c id  

and m aleic  hyd raz id e  were h a rv e s te d  on v a rio u s  days a f t e r  sp ray in g  

and  th e  f r e e  p h en o lic  m a te r ia l  e x tra c te d .  The flow ers o f  th e  p la n ts  

t r e a t e d  w ith  2 ,4 - d ich lo ro p h en o x y ace tic  a c id  and th e  r o o ts ,  stem s and 

le av e s  o f  th e  p la n ts  t r e a t e d  w ith  m ale ic  hyd raz id e  were th en  an a ly zed  

f o r  t h e i r  sc o p o lin  and s c o p o le t in  c o n ten t and th e  r e s u l t s  d iscu ssed .

A s c o p o le t in  g ly c o s id e  o c c u rr in g  in  v ery  sm all amount was 

is o la te d  from a  tobacco  t i s s u e  c u l tu re  e x t r a c t ,  and was p a r t i a l l y  

id e n t i f i e d .  The m a te r ia l  was found to  be a  d e r iv a t iv e  o f  s c o p o lin .

In  a d d it io n , sh ik im ic  a c id  was t e n t a t i v e l y  id e n t i f i e d  as  be in g  

p re s e n t .

Bean and tom ato e x tr a c ts  from p la n ts  s u b je c te d  to  v a ry in g  

c o n c e n tra tio n s  o f  two a i r - p o l l u ta n t s  (n itro g e n  d iox ide  and s u l f u r  

d io x id e ) were examined by th in  la y e r  chrom atography on la y e rs  o f  

a  m ic ro c ry s ta l l in e  c e l lu lo s e  c a l le d  A vicel-S P . No s ig n i f ic a n t  

d if f e re n c e s  in  th e  f r e e  po lyphenol and f r e e  amino a c id  c o n ten t 

( p a r t i c u la r ly  p r o l in e )  were d e te c te d . Tobacco p la n ts  sp ray ed  w ith
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2 , il-d ich lo rophenoxyacet le  a c id  e x h ib ite d  no s ig n i f i c a n t  d if f e re n c e s  

in  th e  f r e e  p ro l in e  c o n te n t betw een th e  t r e a t e d  and c o n tro l  e x t r a c t s .  

The f r e e  p ro l in e  c o n ten t o f  tobacco  p la n ts  sp ray ed  w ith  m ale ic  

hy d raz id e  was s ig n i f i c a n t ly  la r g e r  th a n  in  th e  co rresp o n d in g  c o n tro l  

p l a n t s .

In  a d d i t io n ,  a  number o f  chrom atographic s tu d ie s  were made 

to  ex p lo re  th e  u se fu ln e s s  o f  th in  la y e r  chrom atography in  r e l a t i o n  to  

p h e n o lic  m a te r ia ls .  The v a lu es  o f  a  number o f  d e p s id e s , p h en o lic  

a c id s ,  and coum arins in  s e v e ra l  new so lv e n t sy stem s, t e s t e d  on th in  

la y e r s  o f  Woelm and Macherey and N agel polyam ide as  w e ll as on 

A v icel-S P  were re p o r te d .
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