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A Fat Emulsion for Intravenous Feeding.* 

S .  R. LERNER, I. L. CHAIKOFP, AND C. ENTENMAN. 
From the Division of Physiology, University of California Medical School, Berkeley, Calif. 

Attempts to utilize fat for intravenous feed- 
ing, because of its high caloric content, have 
led to the development of many types of fat 
emuls i~ns .~-~  The special problems encoun- 
tered in such usage involve the dispersion of 
the fat into suitable particle sizes (0.5 to 1 p )  
and the stabilization of that dispersion. The 
former has been achieved by high pressure 
homogenization of such fats as coconut, olive, 
corn, and butter oils. Egg or soya phospha- 
tides have, in most cases, been used as 
stabilizers. 

McKibbin et al. devised an emulsion of 
coconut oil which was stabilized with soya 
phosphatides? It was well tolerated when 
injected slowly, but foreign body responses 
were observed following chronic injections. 
The investigators reported, however, that im- 
purities in the soya phosphatides caused the 
foreign body reactions and that simple puri- 
fication freed the emulsion of toxicity.l0 
These findings have been confirmed by Ng in 
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this laboratory?l He found that daily in- 
travenous injections of a commercially pre- 
pared soya phosphatide, for 15-25 days, pro- 
duced a mild hemolysis and a lipid-storage 
reaction in the reticulo-endothelial system. 
Use of the fraction of this commercial prep- 
aration which was soluble in 95% ethyl al- 
cohol a t  60" did not prevent the untoward 
reactions. 

Rleng and Freeman devised an emulsion of 
butter oil stabilized by the presence of a 
polyalcohol derivative and soya phosphatides, 
in an oil phase, and sodium cholate in an 
aqueous phase.' This emulsion was tolerated 
during its intravenous administration and, 
as shown by postmortem examination, re- 
sulted in only minimal changes in lungs and 
kidneys of dogs that had received daily in- 
jections for several weeks. 

Shafiroff and Frank prepared an emulsion 
of coconut oil in a menstruum composed of 
6% gelatin, 5% protein hydrolysate, and 5% 
glucose?p9 Apparently it was well tolerated 
for they observed no evidence of toxicity. 

In the present investigation, a fat emulsion 
not hitherto used for intravenous feeding is 
described. This consisted of an olive oil dis- 
persion stabilized by means of glycerol mono- 
stearate. The daily intravenous injection of 
this emulsion for as long as 2 to 4.5 weeks 
produced only minimai reactions in dogs as 
judged by microscopic examination of their 
tissues. 

Experimental. Preparation 01 emulsion. 
Two parts of olive oil and one part glycerol 
monostearatet were heated, with stirring, until 
- - .  ~. ______  

11 Sg, E., unpublished obserrations. 
f -1 commercial preparation manufactured by 

Glyco Products Go., Inc., Broolrlyn, New York, and 
dc6gnated Aldo 28,  as uscd. This product is 
glyccrol monostearate modified by the inclusion o f  
a small amount of a sodium soap. Emulsions pre- 
p a r d  with unmodified glycerol monostearate gelled 
a few hours after autoclaving. 
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a clear solution was obtained. This melt was 
then added to a sufficient volume of 5% 
glucose to yield a final concentration of 10% 
fat, and the mixture was stirred in a Waring 
blender for 3-5 minutes. Three gallons of 
this preliminary emulsion were passed through 
a dairy homogenizer 5 times a t  2500 lb. per 
sq. inch. The diameters of the fat particles 
of the final emulsion were determined by 
visual measurement with an ocular microm- 
eter and, as a rule, found to be one micron 
or less. Particles as large as 2 p were only 
occasionally observed. The p H  of this emul- 
sion was 7.0. Such emulsions contained about 
10% fatty acids of which 2/3 were derived 
from olive oil and 1/3 from glycerol mono- 
stearate. Bottling in cotton-stoppered 500 cc 
Erlenmeyer flasks, autoclaving for 30 minutes 
at 5 lb., and cooling in an ice bath produced 
a sterile emulsion that creamed only slightly 
after 2 months. The emulsion was stored at 
room temperature. 

For several days be- 
fore injection and throughout the injection 
period, the dogs were fed once daily a mixture 
composed of 40 g of lean horse meat per kg 
body weight, 20 g of sucrose, 20 g of bone 
ash, one cc of fish oil,$ and 10 g of yeast. 
Before the start of the injection, samples of 
blood were withdrawn for determination of 
red cell counts and hemoglobin concentration. 
Liver function also was measured by means 
of the Rose Bengal test as described by 
Hough and Freeman.p2 

The dogs were injected with 200 cc of the 
fat emulsion, either daily or 6 days per week. 
The dogs received, in all, 16 to 31 intravenous 
injections. A few days before the last in- 
jection, evidence of toxicity was sought by 
determination of red cell counts, hemoglobin 
concentrations of blood, and of liver function. 

Methods. The method used for the deter- 
mination of fatty acid contents of plasma and 

Treatment of dogs. 

- -. 
$ Each cubic centimeter of the fish oil (sardi- 

lene) contained not less than 100 A.O.A.C. chick 
units of ritamin D and 600 U.S.P. units o f  vita- 
min A. 

12 Hough, V. H., and Freeman, R., Am. J. 
Pliysiol., 1942, lSS, 184. 
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liver has been recorded Red 
cell counts and hemoglobin concentrations of 
blood were determined as described by Grad- 

Results. The 200 cc of the eniulsion which 
each dog received daily by intravenous drip 
contained 13.3 g of olive oil and 6.7 g of 
glycerol monostearate, or a total of 2 0  g of 
fatty acids. I t  was administered a t  a rate of 
about 1 cc per minute per kg of body weight. 
X o  evidence of distress other than a slight 
restlessness was observed during the injections 
which occupied. as a rule. from 20 to 30 
minutes. Immediately after completion of the 
injection, the dogs were fed their daily ration 
which was readily consumed. 

Five dogs were used in this investigation 
(Table I ) .  They received 16 to 31 daily 
injections. Red cell counts, hemoglobin con- 
centrations of the blood, and liver function 
were measured on the day before the injec- 
tions were begun and at  designated days near 
the end of the injection period. 

Before the injections were begun, the hemo- 
globin content of the blood of the 5 dogs 
ranged from 13.2 to 16.0 g per 100 cc. These 
values are well within the range reported by  
other investigatorsf'ViJ5 The concentration 
of hemoglobin in all 5 dogs had decreased by 
the time the injections had continued for 13 
to 31 days. This is in keeping with the ob- 
served fall of the red cell counts. Similar 
hematological findings were reported by hlc- 
Kibbin et al." and by Meng and Freeman7 
in their dogs that received injections of fat 
emulsions. Despite the slight anemia a weight 
loss was not observed in 4 dogs that received 
as many as 31 daily infusions. Dogs 1, 3, and 
5 showed no evidence of impaired liver func- 
tion as judged by the rate at which injected 
Rose Bengal was lost from the blood stream. 
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The excretion of the dye by dogs 2 and 4 
was 82% of normal. 

The rate of disappearance of the injected 
fat from the blood stream was measured for 
each dog and the results are shown in Table 11. 
The first examination of plasma fatty acids 
was made from 2 to 9 minutes after the com- 
pletion of the injection, and at  these times 
fatty acid concentrations were between 1110 
and 1940 mg ”/.. Utilization of the injected 
fat, as judged by its disappearance from the 
blood stream, was rapid in all 5 dogs, and by 
the time 4 hours had elapsed, the concentra- 
tion of plasma fatty acids approached the 
prein jection levels. 

The dogs were sacrificed by an overdose of 
nembutal 24 hours after the last injection. 
All organs were examined grossly and lungs, 
liver, kidney, spleen, small intestine, and heart 
studied microscopically. The lungs of all 5 
dogs were free of l ip id  granulomatous lesions 
and the lungs of only 2 dogs showed a few 
inflammatory foci. The reticulo-endothelial 
elements of the spleens and livers contained 
moderate amounts of blood pigments, a find- 
ing that indicates that some hemolysis had 
occurred. In  dog 4, lipid-like material was 
found in the reticulo-endothelial cells of the 
liver and in the capillary loops of occasional 
glomerular tufts. Dog 2 had a few shrunken 
and scarred glomeruli adherent to the cap- 

sule. Protein containing fluid was found 
in the glomerular and tubular spaces. Dog 
5 was pregnant and 2 of its 6 fetuses were 
dead. The fatty acid contents of the livers 
of dogs 1-4 were normal (Table I ) .  The liver 
of dog 5, as judged by microscopic examina- 
tion, was free of abnormal amounts of fat. 

Comment. I t  is shown here that by the use 
of glycerol monostearate as stabilizer, an olive 
oil emulsion in which the fat remains dis- 
persed for several months can be easily pre- 
pared. This emulsion is well tolerated by 
dogs when injected intravenously at  rates of 
1 cc per minute per kg, and is rapidly removed 
from the blood stream. Although dogs 
that had received as many as 31 injections 
were not free of tissue responses, the reac- 
tions observed were quite mild in character. 

In confirmation of earlier  finding^,^:^^^^^ it 
was observed here that intravenously admin- 
istered fat rapidly disappears from the blood 
stream. The rate a t  which this occurs sug- 
gests that the administered fat is taken up by 
the liver for it has been shown that lipids 
disappear slowly, if a t  all, from the plasma of 
hepatectomized dogs.16 

1. The preparation of a stable 
olive oil emulsion in which glycerol mono- 
stearate was employed as the emulsifying 
agent is described. 2.  Observations on its use 
for intravenous feeding in dogs are recorded. 

Summary. 
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Excretion of 17-Ketosteroids by Patients Suffering from Poliomyelitis.* 

SAUL L. COHEN. 
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Tt has long been recognized that the inci- tion of 17-ketosteroids increases rapidly dur- 
dence of poliomyelitis is greater for children ing adolescence it was thought possible that 
than for adults (Fanconil). Since th’e excre- a low androgen excretion may be directly or 

indirectly associated with an increased inch * Aided by a grant from the National Founda- 
tion for  Infantile Paralysis. dence to poliomyelitis. The excretion of 17- 

1 Fanconi, G., Die polionzyelitis u,td lhre  ketosteroids by poliomyelitis patients was, 
Grenzgehirtr, Brnno Schwabe and GO., Basel, therefore, investigated. 
Switzrrland. The urine specimens from a total of 39 
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