
During the conversion of anthranilic acid to indole, 
therefore, it seems probable that the pyrrole ring is 
also formed through the l-position of the benzene 
ring. 
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Paper Electrophoresis of Steroid Derivatives 

W. P. McKinley 
Food and Drug Laboratory, 
Department of Natioxcrl Healtb a d  Welfare, 
Ottawa, Canada 

The preparation of p ~ a c e u t i c a l  mixtnres of 
estrogens, androgens, &d progesterone in various 
concentrations and ratios has become a common prac- 
tice. Owing to the lack of specificity of the available 
chemical and biological testa for the individual steroids 
in mixhmes, there was a need for a technique that 
could be nsed in the identification of these compounds. 
A number of excellent publications have appeared on 
the nse of partition and adsorption chromatography 
for the separation of the steroids, which may be nsed 
in conjunction with the technique described here. 
These papers have been referred to by Lieberman (1) 
and summarized by Block (2). 

The steroids are insoluble in aqueous buffem and do 
not possess any appreeiable charge; thus they do not 
lend themselves readily to a paper electrophoretic 
separation. Paul and Durrum (3) attempted to over- 
come the solubility problem by using nonaqueous sol- 
vents instead of an aqueous buffer. In spite of the low 
conductivity of such a system, they did find that the 
steroids moved toward the anode but failed to sepa- 
rate under the conditions employed. Voigt and Beck- 
mann (4) esterifled the steroids with wccinic anhy- 
dride and were able to move dehydroandrosterone 
acetate, desoxycorticosterone, and dehydroisoandro- 
sterone and to separate the last two by paper eledro- 
phoresis. Only desoxycorticosterone moved as one 
band, indicating that more. than one product had 
formed dnring esMcat ion.  These authom also used 
their technique in a study of the neutral ketonic frac- 
tion in urine (5). They formed the hydrazones of the 
ketosteroids with Girard's reagent T (trimethylaee- 

thydrazide ammonium chloride) and then esteri5ed 
this fraction.. They do not mention any attempt to 
separate the hydrazones that would eliminate the 
esterification process. 

In the present study, the hydrazones were prepared 
by refluxing 2.5 mg of the steroid with 7.0 mg of 
Girard's reagent in 2 ml of 10-percent acetic acid in 
methanol for 2 hr in a manner similar to that de- 
scribed by Zaffaroni (6). The paper electrophoresis 
apparatus and the technique of applying the samples 
to the paper were the same as those that I used in a 
study of serum lipoproteins (7 ) .  Several solvent sys- 
tems were investigated, and the most useful one con- 
sisted of a 0.05df solution of sodium borate. The hy- 
drazones were detected by viewing the completely 
dried electropherogram under a quartz-mercury lamp 
followed by dipping the papers into a solution of 
the Kraut-DragondortE reagent (2). 

The degree of separation obtained for a mixture of 
progesterone, testosterone, and estrone is shown Fig. 
1. The excess Qirard reagent has moved off the paper 
into the cathodic compartment ahead of the larger 
hydrazone molecules. The dihydrawne of progesterone 
that possesses two positively charged quaternary 
groups moves ahead of the monohydrazones that pos- 
sess only one quaternary group. The monohydrazones 
of testosterone and estrone move at the same rate in 
either an acetate buffer at  a pH of 4.5 or a diethyl- 
barbiturate buffer at a pH of 8.6, but the hydrazone 
of estrone is less mobile than the hydrazone of testo- 

Fig. 1. The electropherogram on the left show6 the hydra- 
zones of progesterone (A),  testosterone (B), and estrone 
(C). The electropherogram on the right shows the bydrs- 
zone8 of progesterone and testosterone. The progesterone 
being the most mobile has moved the greatest distsnce 
from the line of application (pencil line on the eleetro- 
pherogram). These electropherograme were run in 0.05M 
sodium borate for 18 hr at a potential of 200 v and a 
current of 1.5 ma/in. width of paper. 



Table 1. 12elnti~e mobilities of steroid hydrazoiies ex- 
pressed as a fraction of the distallee moved by the pro- 
gesterone derivati~e usiilg a coililueting medium of 0.05131 
sodium borate. 

Steroid Relntire rnohilit-j 

Progesterone 1.00 

Androsterol~e 0.85 

I>esoxycorticoitero~ie .83 

Methyltestosterone .77 

Ethisteroiie .76 

Testostero~~e -75 

Estroae .53 


sterone in the borate system. Dissociation of the hy- 
droxyl group a t  C, of estrone in  the borate system 
probably results in the net charge becoming less posi- 
tive than that of the testosterone hydrazone, resulting 
in  a slower rnove~nent toward the cathode. 

The relative mobilities of several steroid hydrazones 
are recorded in Table I. There does not appear to be 
any simple correlatioil of relative mobilities and 
charge per unit of weight. 

Cortisone acetate was not run in the borate system, 
but it  nioves just behind testosterone in a diethylbar- 
biturate b d e r  made u p  in 20-percent methanol ( 7 ) .  
Hydrocortisone moved as  two spots in  the borate sys- 
tem with mobilities similar to progesterone and testo- 
sterone, suggesting that both di- and monohydrazones 
were present. 

A dihydrazone possessing a greater ratio of net 
charge per  unit of weight is more mobile in an electric 
field than a monohydrazone. The dihydrazone is more 
soluble in  the stationary aqueous phase on a paper 
chromatogram and less mobile in  a system, such as  
butanol saturated with water, than a monohydrazone. 
A combination of these two techniques to  give a two- 
dimensional pattern is a more definite means of iden- 
tifying steroids in  pharmaceutical preparations than 
either of the two techniques employed alone. 

The paper electrophoretic technique is considered 
superior to partition chromatography f o r  mixtures 
where one component is present in  a much higher con- 
centration than the other components, and also for  
solutions contain- salts or other co~npounds that  
effect the partition coefficient. The technique described 
has been used to separate mixtures of other quater- 
nary nitrogen compounds, such as  morphine, codeine, 
and choline. 
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Flowering Hormone in Relation to 
Blooming in Sweetpotatoes 

Shue-lock Lam and M.B. Cordner 
Departmest of Horticulture, 

Oklahoma A. a s d  M .  College, Stillwater 


The Jersey varieties of sweetpotato bloom sparsely 
if a t  all under ordinary conditions in the continental 
United States. This handicaps the sweetpotato breeder. 
Many investigators ( I )  have tried to induce these 
varieties of sweetpotatoes to bloom but none of them 
have been successful. However, Cordner and Sorensen 
(2) reported inducing sweetpotatoes to bloom by 
growing them in gravel culture and Culbertson ( 3 )  
induced blooming by grafting. Recently Kehr, Ting, 
and Miller (4) and Zobel and Hanna ( 5 )  reported 
success in inducing flowering of Jersey varieties by 
grafting them on Ipomea carnea and I .  puvpurea, 
respectively. This result has been attributed to the 
accumulation of carbohydrates in the sweetpotato 
scion when it is supported by a root syste~il incapable 
of forming storage roots. 

The purposes of our study were ( i )  to  develop a 
technique f o r  inducing flowering in Jersey varieties 
and (ii) to  determine the factors that  induce Bower- 
ing in the grafted scions of sweetpotatoes. This study 
was initiated in  September 1953. The cleft graf t  has 
been used and the success of the grafts has varied 
with the different species used as grafted stocks and 
scions. Briefly our technique has consisted of the fol- 
lowing steps : 

1) A strong terminal of a sweetpotato shoot about f/z 
to 1 in. long was cut slantingly on both sides as grafted 
scion. 

2)  The stell1 of the stock was split longitudinally 
dorvnrvard about % in. for insertion of the scion. 

3)  The graft was tightly tied with a sisal fiber until 
the union was established. The graftea plants were kept 
in a humid atmosphere in a propagating box for 4 to 10 
days, depending on seasonal conditions. The plants were 
then removed and transplanted to 6-in. pots aild kept 
under favorable growing conditions. 

-4 number of tests have been conducted and four  
of these are  reported in  this paper. 

Effect of ~oo t - s tock  species. Fourteen related spe- 
cies forming nonstorage roots were used as stocks. A 
breeding line sweetpotato (P-47) was also used. Orlis 
(a  sport of Yellow Jersey) was used as  grafted scion 
and 5 to 10 plants of each species were grafted. The 
results of this test (Table 1)suggest that  the absence 
of storage roots in the understock per  s e  will not 
assure blooming in the sweetpotato scion. All but one 
of the 15 species used in these grafting tests are of 
the nonstorage root type. Only two species, I. tricolor 
and I. hederacpa, were found to be edective in induc- 
ing flowering. It seems that various stock species have 
different abilities to  induce blooming. 

Effect of defoliation o f  morming glory stock. Orlis 
scions were grafted on the morning glory stocks (I.  
tr icolor) with varying number of leaves, that is, none, 
3, and 7 or more. Five to ten grafts were made in each 


