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Effect of Oral and Parenteral Administration of Vitamin E on 

Creatinuria and Symptoms of Dystrophic Rabbits." 

Nutritional muscular dystrophy in the rabbit may be cured or 
prevented by tlie oral adniiiiistratioii of d.1-a-tocopherol' (synthetic 
vitaniin E ) . llattill' lias stated that tlie acetate of a-tocopherol is 
niuch less effective when given pareiiterally or su1,cutaiieously than 
by nioutli, aiitl Eppsttein and llorgulis:' have reported that the intra- 
muscular injection of the acetate in olive oil at 5 or 10 nig levels failed 
to cure dystrophic rabbits. ,According to Knowltoii, ct trl. ,* tlie in- 
jection of the ester was more effective in curing the relatively mild 
syniptonis of dystrophy in older rats than iii p-eveiiting theni in 
yoting animals. I t  was shoivii by Deniole" that 20 tinies the active 
oral dose of a-tocopherol acetate n-as ineffective when injected in 
preventing resorption in E-deficient female rats. On the other hand, 
the unesterified vitamin when iiijected showed one-fifth to one- 
tenth of its oral activity. Goettscli and Pappenheimer' have re- 
cently reported a soniewhat higher activity for injected E in the rat. 
We wish to report the results of injecting dystrophic rabbits with 
a-tocopherol+ (in a pure form or in peanut oil solution) and with 
the water-soluble sodium salt of the phosphoric acid ester of 
a-tocopherol.' 

Since we have previously showi that an abnormal creatinuria (and 
esteiisive muscle lesions) may exist in actively growing chronically 
E-deficient rabbits in tlie absence of overt symptoms,' urinary 
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creatine and creatinine were determined daily, resulting in the am- 
plification and extension of  earlier observations on the excretion of 
these substances in dystrophic and cured animals. Furthermore, the 
production and symptomatology of an extremely severe dystrophy 
of several months’ duration is reported. 

The methods employed in these experiments have been described 
elsewhere.lV The terms “creatine” and “creatinine” are used to 
designate chromogenic substances in urine giving a positive Joff 6 
reaction according to the procedure of F01in.~ Creatine is expressed 
as milligrams of creatinine. All of the animals used had been cured 
of one previous attack of dystrophy by the oral administration of 
a-tocopherol. 

Sixteen young rabbits on diet 13 were allowed to develop a daily 
creatinuria of 60 to 70 mg. At that time they weighed approxi- 
mately 1000 g. Eight were injected intramuscularly or suhcu- 
taneously with 20 nig of d,l-a-tocopherol in 0.2 cc of peanut oil, 5 
received the same dose orally, and 3 were untreated. The untreated 
animals died in 8,9,  and 10 days after losiiig 185,80, and 380 g. One 
of the injected animals died in 7 days, and was omitted from the 
group. The other 7 were alive at 12 days, although the physical 
symptonis of dystrophy had grown progressively worse. Food con- 
sumption, however, remained at the prein jectiori average of 20 g 
daily, and the sharp decline in weight usually associated with such 
severe physical symptonis did not occur. The average loss in weight 
for the 12-day period was 100 g. Although the oral administration 
of the same dose of a-tocopherol resulted in the disappearance of 
physical symptoms within 7 days, and a growth response in 2 days 
(with an average gain of 250 g during 12 days), the results of this 
experiment suggest that the injected tocopherol was not altogether 
without effect in prolonging life, and stabilizing food consumption 
and weight. 

A comparison of the creatine and creatinine excretion of these two 
groups is illustrated in Fig. 1. The creatine excretion of the 3 un- 
treated animals is also included. The consistently high creatine ex- 
cretion of the injected animals is in contrast to the rapid drop of 
urinary creatine in the group receiving the same dose of a-tocopherol 
orally. The creatine excretion curve of the latter group demon- 
strates the value of daily creatine determinations in measuring the 
level of vitamin E nutrition. During the last 3 days of the experi- 
ment, while the creatine was rising, the average daily gain in weight 
was 25 g, and there were no physical symptonis. Yet from the 
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Average daily creatine and crciltininc cscrction of clystropliic rabbits receiving 
20 rng of d, l-a-tocophcrol in 0.2 cc of peanut oil orally or 1)arenterally. 

The time of trentincnt is indicated by the tliickened vertical line a t  0 days. 
The 4 previous days arc not numbcrcd. The uppermost line (long dash) represents 
thc creatine excretion of 3 untreated aniinals: and t indicates the approximate 
tiinc of their death. The Iienrp and thin unbroken lines represent, respectively, 
thc average creatine and crcbatinine cscretion of '7 injected rabbits. The heavy 
and thin broken lines represent, rcspcctively, the :iver;ige creatine and creatininc 
esci*etion of 5 rabbits treated orally. 

F I G .  1. 

point of view of adequate nutrition, a deficiency of the vitamin had 
again set in, and it is likely that once more muscle lesions had de- 
veloped.* 

Of interest is the fall in urinary creatinine in the injected animals 
beginning on the seventh day. This was to be expected on the basis 
of Bloch and Schoenhcimer's'" observation that urinary creatinine 
in normal rats represents 2% of the body creatine. Our previous 
failure to detect an unmistakable decrease in creatinine excretion 
was probably due to the earlier death of most of our dystrophic rab- 
hits. The temporary fall in creatinine, paralleling the fall in creatine 
in animals responding to vitamin E, has already been noted.' 

We were proniptecl by the results of this experiment to try the 
effect of iiijecting larger amounts of d,l-a-tocopherol. Two dystrophic 
rabbits were injected with 100 mg and 2 with 200 mg of pure 
a-tocopherol, and 2 with 200 nig of a-tocopherol in peanut oil. One 
animal of each pair was injected intramuscularly and the other sub- 
cutaneously. The site of injection and the form of the preparation 
were apparently unimportant. Two of the 4 animals receiving 200 
nig responded in an uneventful albeit somewhat slow fashion, 12 
days being required for the creatine to reach 10 mg as compared with 
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5.6 days for the orally treated animals (Fig. 1). However, the 
other 2 animals receiving 200 mg behaved in a more interesting 
fashion as did one of those receiving 100 mg. (The other rabbit on 
the latter level died in 17 days.) These 3 rabbits started to gain 
weight one week after injection. Simultaneously the urinary creatine 
(70 to 90 mg) began a gradual decline which terminated at a level of 
20 to 40 mg on about the 38th day and then began to rise again. The 
urinary creatinine began to rise slowly after 20 days. One of the 
animals was killed at 41 days, with a rising urinary creatine and 
creatinine. At that time it had gained a total of 550 g and was still 
growing. 

Urinary creatine rose to 
65 mg by the 58th day. It was accompanied by an increase in the 
creatinine excretion to 45 mg daily. The creatinine then slowly 
declined from that level to 5 mg by the 75th day. There was a con- 
comitant fall in creatine excretion in both animals. Rabbit No. 311 
developed diarrhea, lost weight for 3 days, and died on the 80th day. 
The daily creatine excretion at this time averaged 15 mg. Rabbit 
No. 307 developed the same symptoms and died on the 95th day. Its 
creatine excretion for the last few days of life averaged 25 mg. 
During the entire experimental period both rabbits exhibited severe 
symptoms of dystrophy. This was particularly so of No. 307, 
whose death was predicted as early as the second week of the experi- 
ment. From that time on it was practically prostrate. Nevertheless, 
it gained 300 g between the 30th and 92nd day. Rabbit No. 311 
gained 1000 g during the experiment excluding the 3 days before 
death. 

The microscopic picture of the thigh muscles of these growing 
dystrophic animals was most interesting. There was extreme fatty 
infiltration, a moderate increase in connective tissue, and severe 
atrophy of the remaining muscle fibers. Some of these atrophic fibers 
showed hyalinization and necrosis, indicating that the active de- 
generation characteristic of all stages of E deficiency in the rabbit 
had not ceased. Similar changes in guinea pigs have been described 
by Goettsch and Pappenheiiner.'l The large numbers of fat cells 
explains in part why these animals were gaining weight while their 
muscle fibers were undergoing necrosis or atrophy. This picture 
was in sharp contrast to that found in growing chronically E-deficient 
rabbits which exhibit creatlnuria, but no physical symptoms.s Al- 
though their muscle fibers showed hyalinization and necrosis, re- 

The other 2 rabbits were continued. 
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pair was apparent, and neither fatty infiltration nor marked atrophy 
was observed. 

In an endeavor to throw soiiie light 011 the poor and variable re- 
sponse to tlie injection of niassive doses of a-tocopherol, a finding in 
harniony with Demole's results in rats," we prepared the water-soluble 
socliuni pliosphate o f  /x-tocopherol according to tlie procedure of 
Karrer and 13t1ssriialiii.i Since the purity o f  our preparation was 
not determined, tlie closes eniployed iqresent  niasimum values only. 
Aqueous solutioiis containing the equivalent of 20 and 30 mg of 
a-tocopherol were injected sul)cutaneously into 2 dystrophic rabbits. 
The high urinary creatiiies o f  the 2 rabbits fell to 10 nig daily in 8 
and 9 days respectively. There tvas a proiiipt growth response and 
the physical syinptonis disappeared u-itliiii a few days. This sug- 
gests that tlie activity of injected vitamin E in rabbit dystrophy, as 
in rat sterility;'9 ' is deterniiiied largely by its physical state. 

The oral atlniiiiistratioii o f  30 nig of a-tocopherol 
to dystrophic rahbits produces a rapid fall in the urinary creatine. 
Following the parenteral adiiiiiiistratioii o f  the same dose, the creatine 
reniains at a high level. and the creatiiiiiie decreases. The injection 
of niassive doses of a-tocopherol cures dystrophy in some cases, 
while in others it extends life aiicl proiiiotes growth for several 
months withotit curing the syin1)toiiis o f  the disease. 

- -  
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Clinical Fetal Electrocardiography. Its Practical Accomplish- 
ment. 

ARTHUR J. GEZGER, WILLYS hl. MONROE AND ALLAN V. N. GOOD- 
YEIZ. (Introduced fly Francis G. Blake.) 

From 1ltc 73ep(irt wcvt  of Iwtrv-nctl Jfrrlicinc,  J'dp University School of Medicine. 

The recording o f  tlie electr-ocartliogr-ani o f  the liunian fetus in 
zitcro, although long attcinptetl ( Cre1iier.l F'oA2), has been only 
indiff ereiitly successful even late in pregiiaiicy.'~ '9 ' 

\Ve have developed a technic of definite clinical value by using a 
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