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Series 1 : I n  order to evaluate the effect of temperature 
variations, Kaminski's apparatus was transferred to an 
air thermostat whose temperature varied less than 0.1'. 
It seems most unlikely that moving the apparatus into 
the thermostat could have changed any condition other 
than temperature, which may have been responsible for 
the Nutting effect observed by Kaminski. Deviations in 
flow rate up to 1.5% from the mean value were observed, 
but they showed no discernible consistent change after 
the capillary had been immersed in distilled water over- 
night, or after it had been allowed to dry out again for 
3 days. The data are plotted in Fig. la.  

Series 3: A more precise control of temperature was 
ohtained by immersing the jacket containing a capillary 
in a water thermostat a t  25" 20.082". The internal di- 
ameter of this capillary was 0.747 mm. I n  these ex- 
perin~ents, the c-apillary waa made part of a U-tube, 
enlarged & one point to form a small reservoir, in the 
manner of an Ostwald viscosimeter. Great care was 
taken to eliminate possible surface active impurities. 
The entire apparatus was flamed to incipient fusion while 
a current of dried filtered air was passed through it. 
Both entrance tubes were bent downwards and guarded 
by plugs of glass fiber. The Nujol had stood with 10 
per cent of its weight of Florisil (an activated silica) 
for a week with occasional shaking, and was centrifuged 
before use. 

Thirteen runs were made in the dry capillary, 9 after 
filling the jacket with water, followed by 5 more after 
drying again. The flow times varied within 0.4% of the 
mean value (between 360 and 363 see) with no indica- 
tion of a consistent increase during the period of wetting. 
The experimental errors were magnified somewhat by an 
uncertain drainage of the measqring reservoir, which was 
helow the capillary in this apparatus. 

Series 3: Since a small percentage of a polar long- 
chain compound might produce an oriented immobile 
layer under conditions where a nonpolar oil would not, 
lauryl alcohol was added to make a 0.69% solution. 
(The Nujol wetted the glass, the lauryl alcohol solution 
did not.) The flow times relative to the first value, 
plotted against the number of runs, are shown in the 
upper plot (Fig. lb) .  The radius of the circle repre- 
sents probable errors in the timing, but does not take 
into account the variable drainage of the tube. It will 
be seen that any retardation that may have omurred on 
wetting the outside of the capillary is less than the ran- 
dom fluctuations (about 0.5%). A small bnt definite 
retardatian with time of about 0.5% may be seen, how- 
ever. The film thickness necessary to amount for this 
would be about 0.9 p, instead of 6.5 p, which although 
still high, is more nearly in accord with the observations 
of others in this general field. It may also be due at. 
least in part to slight clogging of the capillary by trams 
of suspended matter. 
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Paper Chromatography of Flavonoid 
Pigments1 

Simon H. Wender and Thomas B. Gage 
Depart-t of Cbenristry, 
University of Oklabolna 

Although the use of classical chrou~atographic ad- 
sorption methods for the separation of flavonoid pigments 
from plant extracts has been reported previously (3, 4, 
5), such methods have not been successful in the separa- 
tion of microquantities of these compounds. I n  a searcb 
for better methods of examining plant extracts for 
flavonoid pigments, we have applied the method of paper 
partition chromatography ( d )  to. the problem. This pre- 

liminary report deals with the determination of R, values 
for 11 flavonoid pigments in chloroform, ethyl acetate, 
phenol, and a-butanol-amtic acid; the separation of mix- 
tures containing four to six of these pigments; and the 
use of color developing sprays to locate and identify the 
pigment zones. 

1TLis investigation was supported by a research grant 
from the Division of Research Grants and Fellowships of the 
National Institutes of Health, U. S. Public Health Service. 
The s:lmples of isoquercitrin, robinin, and kaempferol were 
kindly donated by the Pharmacology Laboratory, Bureau of 
Agricultural and Industrial Chemistry, Albany, California; 
the sample of naringin was donated by the California Fruit 
Growers Exch:!nge, Research Department, Ontario, Califor- 
nia. The other pigments were purchaxecl from the S. B. 
Peniek Company, New York City. 
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Several forms of one-dimensional :tpparatus have been 
tried during the course of this study. The one which 
served best (Pig.  1 )  was a modification of an  apparatus 
recently described by Winsten ( 6 ) .  Discarded gasoline 
pump cylinders, 12" in diameter by 26'/ in height and 
closed a t  each elid by a ground glass plate, served as  
vapor cl~ambers. For troughs, 3" Pyrex evaporatiilg 
dishes have been used in place of the Pet r i  dishes recom- 
mended by Winsten. From four to six strips can be ac- 
cominodated a t  one time in the upper dish. A small glass 
stopper was used to  hold the end of the strip in the sol- 
veat, and the weight of the wet strip prevented its touch- 
ing the walls of the trough. This eliminated the danger 
of capillary siphoning without recourse. to any special 
supports to hold the paper away from the inner and outer 
walls of the trough. The lower dish was fastened to  a 
woodell base by means of stainless steel clips. 

Quercitrin Rrown 
Isoqt~ercitrin 1)nrk brown 
1:utin Oran:e-b~.own 
Kobinin i':tl(l 11rm\'n 

(tlll.llS to 
ello\\--orange) 

N;rringin I:ln~-\~lrite 
Snnthorhamnin 1:ron n 

1tl1:imnctin Ycllo\v 

Homoc~riodictyol None . 0 i  .87 .05 .07 
Qnc,rcctin \-ellow .D3 .05 .32 .80 
Ii:~empPcrol Ykllo\v .DB .12 to .17 .70 3 5  
u-Cntecllin None .S7 1 .RB .78 

Chromatograms of the individual pigments were pre-
pared, using phenol, chloroforn~, ethyl acetate, and 
n-butanol-acetic acid. The first three of these solvents 
were saturated with water before use, and water, satu-
rated wit11 the appropriate solvent, was used in the lower 
trouglr. The three component system n-butanol-acetic 
acid-water (40-10-50 vol.O/!) was used as  the fourth 
solvelit iu a similar manner. 

W11atrn:~n No. 1 filter paper, 47 x 57 em, was cut into 
strips, 2.5 cm x 56 cm, by means of a power-driven paper 
cutter. 'I'he strips mere spotted 8 cin from one end with 
12-18 p1 containing 7-10 pg of flavonoid pigment, and 
then allowed to air-dry prior to  development of the 
chromatograin. Development was allowed to  proceed 
until the solvelit had traveled 30-40 cm. This required 
8-22 hours, depending upon the rate of movement of the 
individual solvent. The strips were tller~ air-dried and 
the pigment zones located by their fluorescence ill ultra- 
violet light. The solvent front could also be located by 
this n~ethod, due to the fluorescence of impurities in the 
paper which traveled with the solvent front. 

I n  the case of l~omoeriodictyol and D-catechin, neither 
of which fluoresces in ultraviolet light, i t  was neces 
sary t o  spray the strip with a cllromogenic reagent in 
order to locate the pigment zones. D-Catechin was located 
by spraying the strip with ammoniacal silver nitrate solu- 
tion. The treated strip was then w:tshed with distilled 
water and allowed to dry. ITomoeriodictyol was located 
by spraying the strip with alcoholic ferric chloride solu- 
ti011 (1y0).  Wit11 ferric chloride solution, homoerio-
dictyol forins a red brown spot which is  visible on the 
strip in concentrations as  low as 10 pg. 

The ratio of distance trdveled by the pigment to  dls 
tance traveled by the solvent (Re value) is given in 
Table 1. The fluorescence of each pigment on the filter 
strip has also been included. The fluorescence of 
robinin changed froin a pale brown to a yellow orange 
color during the development of the chromatograin. This 

Boric 
Alcoholic acid- n-Lead R;rsic.Pigmc,nt Nn,CO, A~cI ,  Citric ncet:rte 

acc,tnir 
ncid 

:I* b* n b n b n b "a" 'h' 
-

Quercitrin YR YU Y Y Y Y YROY Y O 
Rutiri Y OY Y O Y  Y Y Y  O R Y  O 
Robinin Y Y Y Y  Y Y Y Y  Y 1 
Nnringin . .  . .  . . . . . . . . . . UIIV . . (:) 

Snnthorhamnin Y Y Y Y Y Y Y R O Y  Y O 
Rtr:rmnetin Y Y Y G Y Y Y U Y  U O 
IIomoeriodictyol .. . . . . . . .. . . . . . . . 
Qnercetin YU OR Y G Y  Y Y U  O U R  0 
Iiac~mpl'c~rol Y Y Y G Y  Y Y Y G Y Y Y  
D-Catechin R B  I3 .. . . . . . U Ulk Y . 
Isoql~ercitritl Y YR Y Y Y Y YUOY Y 0 

* Colr~nin a--color in ordinary light ;column I)-ftuorcsc8encc. 
it]  u1tr;rviolet light ; Y-yellow ; U-brown ; 0-orange ; G-
green ; W-whit(, ; UI-blue ; Elk-blaclt ; N-red ; . .-none. 

may have been due to a trace of impurity ii~itially present 
and removed as  development proceeded. Rhamnetin gives 
two zones when chroinatographed with phenol. 

Mixtures of four to six pigments have been separated 
on a one-dimensional chromatograin strip by selecting the 
solvent giving the greatest differences in R, values for 
the particular pigments. The R, value is  lowered slightly 
by the presence of other flavonoid pigments but the rela 
tive values appear constant. 

The color of the piginei~t zones in ultraviolet light is 
an  aid in identifying the respective pigments on the de- 
veloped chromatogram. I n  addition, many of the usual 
qualitative color tests for  flavones, flavonols, flavonones, 
and chalcoiles can be applied to the pigment zones on the 
strip. This is of advantage in determining whether a 
particular spot from a plant extract is of flavonoid char- 
acter and, in addition, is  also of value in the tentative 
identification of a particular flavonoid pigment. Such 
reagents include : sodium carbonate, ammonium hydroxide, 
alcoholic ferric chloride, alcoholic potassium hydroxide, 
alcoholic aluminum chloride, normal lead acetate, basic 
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lead acetate, ammoniacal silver nitrate, antimony penta- 
chloride in carbon tetrachloride, and boric acid citric acid 
in acetone. The reaction products obtained by use of 
basic lead acetate, normal lead acetate, alcoholic alu-
minum chloride, sodium carbonate, and the boric acid- 
citric acid reagent give a n  intense fluorescence in ultra- 
violet light and the characteristic color test in ordinary 
light. This property has been used to locate and iden- 
t ify pigment zones on the developed chromatogram strips. 
Table 2 Lists the visible and fluorescent colors obtained 
with the latter reagents. 

By paper partition chromatography, coupled with the 
use of chroriiogenic sprays, one can quickly and easily 
obtain information :IS to the presence of one or more 
flavonoid pigments in a small quantity of plant extract 
and even tentatively identify the individual flarones, pro- 
vided the R, values have been previously determined for 
a pure sample of the pigment in question. The method 
malres it possible to separate mixed crystals of two or 
more flavonoids and to identify microquantities of an  
isolated pigment by running mixtures of the unknown 
pigment with samples of known composition on the same 
strip. 

While the present study was in progress, E. C. Bate-
Smith (1) reported the successful separation of antho-
cyanin pigments by paper partition chroinatography and 
suggested the possibility of separating flavonoid pig-
ments from plant extracts by similar methods. Further 
work with plant extracts is  now in progress in this labora- 
tory and will be thc subject of a Illore detailed report 
in the near future. 
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The Inhibitory Role of "Motor" Nerves 

A. R. McIntyre and A. L. Bennett 

Department o f  Physiology and Pharnzacology, 

University o f  Nebraska College of Medicime, Omaha 


It is well known that  immersion of a nerve-muscle prep- 
aration in Ringer's solution, delicient in calcium, results 
in spontaneous activity which is eviclent in both the nerve 
and the muscle. The critical concentration of calcium 
for frogs' sciatic-biceps feinoris preparations is a p p r o x ~  
mately 1 millimolar, a t  which concentration the nerve 
commences to ' 'lire ' ' spontaneously. When the Ca++ con- 
centration is further lowered, the muscle will sho~v spon- 
taneous fibrillation which persists a f t e r  failure of indirect 
excitation. 

We have shown that  the failure of indirect excitation 
of such preparations is caused by a partial (or possibly 
complete) de1)olarization of nerve, as  evidenced hy a 

decrease in motor-axon restiug potential. Restoration 
of calcium promptly restores the resting potential of 
the axon and indirect excitability of the muscle, a t  the 
same time arresting muscle fibrillation. When a coinpari- 
son is made of the effects of degeneration of motor nerve 
following section with those produced by gr:~dual with- 
drawal of calciuln ions from the intact nerve muscle prep- 
aration, the course of events is  strikingly parallel. 
Shortly after nerve section the response of the li~uscle to 
indirect st in~ulation through the distal portion of the 
nerve is  somewhat enhanced, as  is the response of the 
inuscle to intra-arterial injections of acetylcholine. 

Both of these phenomena are observed in the nerve-
muscle preparation when the calciui~l ion concentration is 
sligl~tly lowereil. As the dist:~l portion of the cut nerve 
degenerates, indirect excitability of the muscle is lost, ant1 
the rnuscle slrows greatly increased sensitivity to intra-
arterial iujection of acetylcholine. Again, both of these 
phenomer~acan be demonstrated in tlie nerve-muscle prep- 
aration when the calcium is lowered to the point where loss 
of polarization of the nerve is re:~cl~ed, accompanied 1 ~ y  
failure of inciirect excitability. Many of the local anes- 
thetics have been shown to prevent tlepolarization of axon 
membranes (1, 2 )  ; therefore it was not surprising to 
find tha t  a I-inilliinolar solutioi~ of procainel~ydroci~loride 
arrests fibrillatioil in an  intact nerve-inuscle prep:rration 
immersed in a calcium-free Ringer's solution. We have 
also shown that  procaine, whe11 nddetl to calcium-free 
Ringer's solution, restores the resting potential of the 
immersed nerve. The cessation of nluscle fibrillation ac- 
companies this restoration and is  not due to an  effect of 
the procaine on the muscle itself because the intra arterial 
injection of procaine (in concentrations sufficient to 
bloclc indirect excitability in a normal muscle) into a 
de?zervated fibrillating muscle, failed to disturb i ts  activ- 
ity. Tt was also demonstrated tha t  the intra-arterial in- 
jection of calcium-free solutions into denervated fibril-
lating muscles did not modify their activity. These find- 
ings indicate the validity of the hypothesis previously 
advanced by one of us concerning the inhibitory action 

of the normal polarized resting nerve upon muscle ( 3 )  
and lend support to the hclicf tha t  the polarizerl state of 
the terminal membrane of the nornial motor axon, a t  rest, 
is inl~ibitory to the muscle. 

Depolarization of the axon rneinbi,ane or loss of the 
membrane followi~rg section and tlegeneration of the nerve 
results in spontaneous muscle activity. Thus passage of 
3 ' ' motor ' ' impulse over :I nerve does not, strictly speak- 
ing, stimulate a muscle to contract, but, as a result of the 
removal of the inhibiting effect exerted by the polarized 
end plate of the motor nerve axon, the inuscle "auto-
matically" contracts. Full details of these experiments 
will be published shortly. 
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