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estradiol from the collodion particle. 
A ddendzm.  The alpha estradiol-sensitized 

collodion particles were active after a storage 
period of four and one half months in the re- Received May 1, 1950. P.S.E.B.M, 1950, ~ '14 .  

frigerator. This was established by the onset 
of cornified cells in spayed rats. 
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The recent observation that a-tocopheryl- 
hydroquinonet has vitamin E activity( 1 ) 
made it desiralble to have a preparation that 
is suitable for intravenous administration. 
The difficulty of preparing the tocopherols 
and those of their esters which are oils, in a 
form suitable for enzyme studies and €or 
bioassay by paren teral administration is well 
known. These difficulties are increased in 
the case of a-tocopherylhydroquinone, because 
of the ease with which this substance is oxi- 
dized to tocopherylquinonre. Ames ( 2 )  re- 
cently suggested the use of bovine serum as 
a menstruum for tocopherol in investigations 
on enzyme systems, and Solbe1 and co-workers 
(3.3a) have used aqueous dispersions of cer- 
tain of the fat soluble vitamins. Since vita- 
min K can form a stable colloidal solution 
when added to sugar solutions(4) several 
sugars were investigated for their possible 
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solulbilizing effect on tocopherylhydroquinone. 
The 2 solvents, ethanol and propylene glycol 
have been employed in bioassays of tocoph- 
erylhydroquinone in this laboratory in the 
form either of a 100% propylene glycol solu- 
tion, or of a 10% ethanol-90% propylene 
glycol mixture. Propylene glycol produced 
traumatic effects on the blood vessels when 
injected intravenously daily. However, since 
these solvents are suitable for the chemical 
preparation of the a-tocopherylhydroquinone, 
both were investigatmed for their possilble utili- 
zation in a satisfactory water emulsion. It 
was hoped that emulsions containing relatively 
low concentrations of these solvents might be 
free from the objectionable properties of the 
solvents themselves. The emulsions were not 
sterilized ; this lack of sterilization appeared 
to offer no objlection to their use in rabbits. 
However, similar employment in man should 
not be attempted. 

Methods.  Preparation of tocopherylhydro- 
quinone. Tocopherylhydroquinone was pre- 
pared by hydrogenation of tocopherylquinone 
in either ethanol or propylene glycol, by the 
method previously described ( 1 ) . The am- 
ounts of tocopherylquinone were such that 
th*e final solution contained 200 mg tocoph- 
erylhydroquinone per cc of ethanol, or 100 
mg per cc of propylene glycol. The  twoph- 
erylhydroquinone was assayed colorimetrically 
by a modification of the Emmerie-Engel reac- 
tion (1 ) . 

UsualIy 1 cc of 
the solution was mixed with 9 cc of water 
in glass stoppered test tubes by underlaying 

Preparation of emulsions. 
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the water with the tocopherylhydroquinone so- 
lution and then shaking the tube for a few 
seconds. The amounts of tocopherylhydro- 
quinone were determined at  various intervals 
after formation of the emulsjon. These de- 
terminations indicated both the ratme of oxi- 
dation of the tocopherylhydroquinone and 
the stability of the emulsion. 

Observations and discussion. Ethanol- 
water emulsions proved unsatisfactory, and 
attempts to stalbilize them with sugars were 
unsuccessful since less than 10% of the to- 
copherylhydroquinone could 'be accounted for 
in the emulsions. Isotonic saline, likewise, 
was unsatisfactory. The oxidation of tocoph- 
erylhydroquinone proceeds more slowly in 
prapylene glycol than in ethanol. Propylene 
glycol-water emulsions prepared as outlined 
above contained from 80% to 90% of the 
tocopherylhydroquinone that had been added. 
The remainder presumably was present in 
the white crust on the surface of the emulsion. 
After periods of about 48 hours, 75% of the 
added tocopherylhydroquinone could still be 
accounted for in the emulsion. The emulsion 

Oxidation af Tocopherylhydro quinone 
in Propylene Glycol Solution and in 
Propylene Glycol-Water Emulsion 

-Water Emulslon 
t .Propylene Glycol Solution 

1 2 3 4 
Time in Days 

E'IG. 1. 

had a white, milky appearance and examina- 
tion under the microscope revealed a homog- 
enous arrangement of the globules. Filtra- 
tion through No. 1 Whatman paper or centri- 
fugation for periods up to hour did not 
disturb the emulsion significantly. After the 
emulsion had stood at  room temperature for 
more than 24 hours, oxidation of the tocoph- 
erylhydroquinone was evident by the appear- 
ance olf the yellow color characteristic of the 
quinone. The rates of oxidation of tocoph- 
erylhydroquinone in the emulsion and in 
propylene glycol are compared in Fig. 1. In- 
itial concentrations of the hydroquinone in 
the water emulsion and in propylene glycol 
were 6.81 mg,/cc and 5.41 mg/cc, respectively. 
The preparations were kept a t  refrigerator 
temperatures except for the intervals when 
the concentrations of tocopherylhydroquinone 
were )being determined. I t  can be seen from 
Fig. 1 that the rates of oxidation of tocoph- 
erylhydroquinone are practically identical in 
both systems. At refrigerator temperatures, 
only slight oxidation occurred during the first 
3 days and the emulsion still contained 50% 
or more of the added tocopherylhydroquinone 
after a period of one week. 

In  order to ascertain if sugars could func- 
tion as protective agents, emulsions composed 
of solutions of different sugars and tocopheryl- 
hydroquinone in propylene glycol were com- 
pared. The results are tabulated in Table I. 
Although the amounts of tocopherylhydro- 
quinone that could be accounted for a t  zero 
time varied, these variations may not #be sig- 
nificant and probably were the result of slight 
differences in the conditions permitting oxi- 
dation in the samples. However, there ap- 
peared to [be no definite advantage in sub- 
stituting solutions of sugars for distilled water 
in these emulsions. 

Alterations in tihe concentration of either 
the to cop her y lh y dr oquinon e or the prop ylene 
glycol had adverse effects on the stability of 
thme emulsion; maximal stability was achieved 
when the concentrations mentioned above 
were employed; namely, about 80 mg tocoph- 
erylhydroquinone in each 100 cc of a 10% 
propylene glycol-OO% watmer emulsion. To- 
copherol itself formed unsatisfactory propy- 



470 WATER EMULSION OF ~-TOCOPHERYLHYDROQUINONE 

TABLE I. 
Effect of Certain Sugars and Othtr  Substances on Formation and Stability of Propylene 

Glycol-Water Eniulsion Containiiig TocoI~!heYJrlhyclroqujnon~.* 

THQ in emulsiont 
d 1 

,4t 0 time -4t 24 h r  At 48 hr 
7-- 7 -- 77 

Substance THQ % of % of % of 
added to added t o  system added THQ a t  THQ a t  

watrr ing/cc total rol. mg/w THQ mg/w 0 time mg/cc 0 time 

O $  7.6 6.1 81 3.9 97 5.5 90 
Inosi t 01 i . G  6.t5 86 5.9 91 5.4 83 
Sorbitol 7.6 6.3 83 5.8 92 5.6 89 
Arabinose 8.0 6.3 79 3.8 92 
Mannose 8.0 6.2 i 8  S.6 91 5.5 89 
Galact ose 8.0 6.2 5.7 92 5.0 81 
Peptone 8.0 6.6 82 6.3 95 5.8 88 
Glycinc 8.0 6.4 80 6.0 94 5.3 83 

-- _ _  - - ~ - -  ~ -~ - ___ - ___ 

._- - -  -- 

* 1 cc propyleiie glycol containing torciphel.?-lli?.dl.oquinon~ was added t o  9 ce water or water 

t For purposes of bre\-ity, toeo~~hcr~ll~~droquinone is designated as THQ. 
$ Control, water only. 

containing the sugam O Y  other substances as 1% solution. 

TBRLE 11. 
Effec t  of Salts on P rop~ lcne  Glycol-Water Eniulsion Containing Toco~)lie~;ylli;yd~oquinon~.* 

THQ i n  ernulsiont 
r \ 

..it 0 tiinc -4t 1 hr At 24 Iir 
I-- - 7- -7 

% of % of 7 G  of 
n1g s2lt added THQ a t  THQ at 

Salt arhlrd nig /cc  THQ ing/cc 0 time mg/cc 0 time 

0: .i.81 R .-i .3 .2 ;? 9 0 4.83 83.5 
Ka<7 9 5.72 84 5.25 92 3.01 52.5 
Ca c1, 12.2 .?.72 84 3.36 59 2.87 50 
MgSO, - i H 2 0  19.1 5.72 84 1.7; 30.5 
KC1 11.5 3 . i 2  84 3.18 90.3 3.15 55 

* 1 c c  prop~-lenc glycol containing toc.oljlieryl1iydruquinoae was added to 9 cc water or water 
cvntaining the salts a s  shown. 

t For purposes of brevity, tocopliePylhydroquinone is designated as THQ. 
$ Control, water only. 

lene glycol-wa ter emulsions. Propylene gly- 
col-water emulsions have been used routinely 
in this laboratory for the daily intravenous 
administration of tocopherylhydroquinone in 
rabbits. One rabbit received daily injections 
of the emulsion for 7 weeks without signs of 
irritation to the blood vessels( 1 ) .  I t  would 
appear that such emulsions are useful for 
parenteral administration in animals. Since 
the media commonly employed in enzyme 
studies contain electrolytes, the effect of ions 
on the propylene glycol-water emulsion was 
studied. The concentrations used were iden- 
tical with those employed in Krebs-Ringer 
Solution. The data given in Table IT indicate 
that the addition of electrolytes results in 

early separation of the emulsion. 
Summary. -4 relatively stable emulsion of 

a-tocopherylhydroquinone in propylene glycol 
and water can be formed. Best results were 
obtained when propylene glycol solutions can- 
taining 100 mg/cc of the hydroquinone were 
used and the concentration of propylene gly- 
col in the emulsion was 10%. Such emulsions 
contained 90% of the ad,ded hydroquinone 
and were relatively sta(b1e. The emulsion 
was useful for intravenous administration ' in 
rabbits and produced no significant local reac- 
tion in the blood vessels. The emulsion has 
not been administered parenterally in pa- 
tients; its injection 'by tbe intravenous route 
in man must await further investigation, and 
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the development of satisfactory methods of 
sterilization. sistance. 

tions, and Miss Maeda Mayran for technical as- 
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The bacterium to be described is rep- 
rsesented by 8 cultures, all of which were 
isolated by Hinshaw and McNeil( 1) in their 
study of salmonelIosis of reptiles. The 8 cul- 
tures were isolated from the viscera of as 
many fence lizards (Sceloporus occidentalis) 
captured along the banks of a stream in 
Davis, California. According to a personal 
communication from Dr. Hinshaw, the viscera 
of each animal were ground, placed in the 
tetrathionate broth of Kauffrnann for enrich- 
ment and plated on brilliant green agar. Al- 
though the organism was isolated repeatedly 
from lizards captured a t  intervals in the same 
locality, there was no evidence that it pro- 
duced disease. From the meager information 
available, this organism would seem to be 
commonly present in the lizards in that local- 
ity. 

The bacterium was a motile rod which pos- 
sessed the usual characteristics of the Entero- 
hacferiaceae. I t  produced hydrogen sulfide, 
was methyl red positive and Voges-Proskauer 
negative, failed to form indol or to liquefy 
gelatin, and gave negative reactions in Stern's 
glycerol-fuchsin broth. The organism prompt- 
ly produced acid from d-tartrate and rnucate 
but did not attack 1- or i-tartrate. Citrate 
was utilized as evidenced by growth on Sim- 
mons' medium but in fluid medium some of 
the cultures did not completely utilize the 
substance. Acid and gas were produced from 
glucose, arabinose, xylose, rhamnose, trehal- 
ose, maltose, sucrose, raffinose, sorbitol, dul- 
citol and mannitol within 24 hours. Cello- 

1. Hinshaw, W. R., and McNeil, E., J .  Bact., 
__-_ - _  ~ _ _  

194'1, vS3, 715. 

biose was fermented after 5 days. Lactose, 
inositol, and salicin were not attacked. The 
cultures possessed a well developed avidity 
for sucrose, after overnight incubation marked 
acidity and moderate gas formation were ob- 
served in sucrose broth. These charactteristics 
indicate that the organism is an intermediate 
coliform bacterium which is not readily clas- 
sifiable in any of the presently rcecognized 
genera of the Eizterobacteriaceae. It was 
recognized by Hinshaw and McNeil that the 
cultures were agglutinated by 0 serum for 
group B SaZmoneZZa 'but no further observa- 
tions concerning their antigenic characteristics 
were recorded. Upon examination it was 
found that the strains were agglutinated to 
the titre of group B serum and possessed 
antigens IV, XIII, XII2. Mirror aibsorption 
tests with serums prepared from SaZmoneZZa 
abortus-equi and from the lizard strains estab- 
lished the identity of the 0 antigens of the 
two types. 

The first cultures received were poorly 
motile and continuous passage through semi- 
solid agar was necessary to maintain the cul- 
tures in a condition in whiich they were floc- 
culated well by H serums. The reactions 
olbtained with Pc 231 were typical of those 
olf all the cultures studied and are recorded 
in Table I. I t  was found that prompt ag- 
glutination occurred in polyvalent SaZmoneZZa 
serum and in Salmonella typhi serum (d) .  
In  addition, th4e cultures were flocculated 
slowly and in low dilution in serum for phase 
1 of Salmonella reading (e,h). Thus it seemed 
that the cultures possessed antigens d,e,h and 
that antigen d was the major component while 


