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O F the six broad classes of nutr ients--protein ,  fat, 
carbohydrate,  minerals, vitamins, and w a t e r - -  
all have been given intravenously, at least on 

occasion. Tile intravenous administration of water, 
saline, and glucose are commonplace. More recently 
the water-soluble vitamins and various protein prep- 
arations (casein hydrolysates, tllasma, albumin, mix- 
tures of amino acids, etc.) have been used intrave- 
nously. Preparations of the fat-soluble vitamins A 
and I) suitable for intravelmus administration are 
available though are not widely used. As far  as we 
know, mineral mixtures other than saline or Ringer 's  
solution, designed to supply the body with the many 
inorganic elements needed in normal nutri t ion are 
not available, though recent research has dealt with 
fluids containing also phosphorus and potassium. 
While fat has been given intravenously, its adminis- 
tration by this means is quite unusual, and it is 
generally not eonsidered in parenteral  therapy. 

One might comment briefly on specific indications 
for parenteral nntrition. Actually this is desirable 
whenever tlle gastrointestinal tract cannot or should 
not be used, either completely or partially. Such con- 
ditions include the following: 

1. Patients unahle to take any food or fluid by mouth be- 
cause of vomiting or obstruction. 

'2. l)atienis in whom utilization of orally inge.sted food is 
unsatisfactory, -~s for example, those with a severe diarrhea 
as in ulcerative colitis, sprue, or infant diarrhea, or patients 
with various types of intestinal fistula. 

3. Patients in whom oral ingestion of food is deleterious, as 
for exami)le, ill peritouitis or in those in whom complete rest 
of the gastrointestinal tract is desirable. 

4. Patients with severe anorexia and in whom tube feeding 
results in further psychic trauma or vomiting, diarrhea, or 
distention. 

5. Patients in whom the time available for correction of 
nutritional depletion is limited, as for example, in the pro- 
and post-operative treatment of extremely malnourished indi- 
viduals, such as those with many types of carcinoma. 

6. I)atienis in whom caloric intake is particularly important 
to prevent destruction of body protein and the accumulation of 
nitrogenous waste products, as for example, in uremia. 

Thus there are many significant reasons for paren- 
teral nutrition, and the nutritional adequacy of such 
nutri t ion depends on the individual patient and the 
length of time that parentcral  feeding is required. 
Tile use of fat  emulsions administered intravenously 
to infants and children should be part icularly im- 
portant  because of the increased eahlric requirements 
for growth and the present difficulties of supplying a 
siek child with anywhere near adequate calories by 
vein. Likewise, intravenous fat may be of particu- 
lar importance in combating the emaciation accom- 
panying many types of earcinoma. 

Work on the preparat ion of fat  emulsions suitable 
for intravenous administration and on some of the 
metabolic aspects of the, intravenous administration 
of fat  has been under  way in this laboratory for tile 
last six years. The first s tudy (1) was quite heroic in 

1 I~'rom the Department  of Nutrition, I I a r v a r d  School of Public 
Health, the Depar tment  of Biological Chemistry, H a r v a r d  Medical 
School, and the l~fedieal Clinic, Peter Bent Brigham IIespital. 

2 Presented at 22nd annual fall meeting, American Oil Chemists' So- 
ciety, New York City, Nov. 15-17, 1948. 

that an at tempt was made to make up two mixtures, 
one an aqueous solution and the second a fat  emul- 
sion, which together would furnish all the nutrients 
thought  at that  time (1942) to be essential for the 
oral nutri t ion of the dog. Adul t  dogs receiving only 
water orally were infused with these mixtures, and 
they did not do very well. Nausea and vomiting wcre 
frequent, a severe anemia developed, and the (togs all 
lost weight rapidly, i t  was thought  that the basic 
difficulty in this work probably inwflved the infusion 
of fat, hence it was decided to concentrate on the 
preparat ion of fat  emulsions for intravenous use. 

The chief advantage of the use of fat  in parenteral 
nutri t ion resides in its contribution to the energy 
intake. Since oil-in-water emulsions do not exert os- 
motic effects, any convenient concentration of fat may 
be used. This, coupled with the high energy content 
of fat, makes it possible to introduce considerable 
quantities of energy into relatively small vohmles of 
infusion mixture. Fa t  is not irr i tat ing to the vein 
wall and hence sclerosis of the vein does not result. 
Purthermore,  fat  is not excre.ted by the kidney and 
hence calories from fa t  given intravenously are not 
lost in the urine as is the case with much of the glu- 
cose and protein hydrolysates given by this route. 
With a sufficiently high caloric intake the utilization 
of protein from parenteral  or oral sourees would be 
maximal, the destruction of body protein would be 
minimal, and it ought to be possible to improve con- 
siderably the nutri t ional status of a severely emaci- 
ated child or adult, or to prevent such an emaciated 
condition from developing. 

Emulsions have been prepared with various types 
of homogenizers and with sonation. The high pres- 
sure dairy homogenizer has given the best emulsions 
in reasonable quantity. The homogenizer is used at 
pressures of 4,000 to 5,000 pounds per square inch 
and produces emulsions of particle size comparable to 
that of chylomicra. 

The problem of stabilization of emulsions is an 
extremely difficult one under ordinary conditions, 
and the extra " b r e a k i n g "  impetus of sterilization 
by  autoclaving adds to the problem. The stabilizer 
1. must maintain the status quo of the emulsion 
from preparat ion through autoclaving and standing;  
2. must itself be relatively nontoxic;  and 3. its emul- 
sions must be nontoxic. A great number  of common 
"s tabi l izers ,"  "emulsif iers ,"  and "we t t ing  agents"  
do not efficiently fulfill the first requirements. A soy- 
bean phosphatide preparat ion known as Asolectin * 
has been the best source of an emulsion stabilizer; 
however, it was found to be the cause of certain 
histopathologic lesions occurring following fat  infu- 
sions (2). By  a series of fractionations with vari- 
ous organic solvents it was possible to remove the 
components of this preparat ion that  caused these 
lesions (3). More recently this phosphatide prep- 
aration has been fur ther  purified. 

With  regard to fat, we have usually worked with 
emulsions containing 15 or 30% fat  and have used 
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as a source of fa t  corn oil, coconut oil, or bu t te r  oil. 
The difficulties of p repar ing  a stable and sterile 
emulsion increase as the concentrat ion of fa t  is in- 
creased. The emulsions are made isotonic with dex- 
trose and are general ly buffered with Na21IP()~ to 
br ing  the p H  to near  neutral .  The composition of 
a typical  emulsion is as follows: fa t  at 15 or 30%;  
dextrose at  4% ; stabilizer at  1 to 3 ~  ; water  to make 
up to 100% and Na.,lIPO4 to adjus t  the hydrogen 
ion concentrat ion to approximate ly  p t I  7.0. The 
ealoric content of such an emulsion is approximate ly  
1,600 for  a li ter of the 15% emulsion and 3,200 for  
the 30% emnlsion. Ei ther  concentrat ion is a con- 
siderable increase over the 400 calories provided by  
a liter of 10% dextrose and of which the kidney will 
excrete at)out one-fourth of the calories. I t  has t)een 
found possible to sterilize the emulsion by  autoclav- 
ing at 15 I)ounds '  pressure for  15 minutes without 
any deleterious effect. 

Normal  adul t  dogs were used in most of the ex- 
perimental  work. They were infused f rom a drip 
bott le into a leg vein in the usual fashion. The early 
work with these enmlsions m a y  be summarized by  
~ y i n g  that  only those emulsions preI)ared with the 
soybean t)hosphatides proved sat isfactory (4). Such 
emulsions were infused into dogs daily for  I)eriods of 
approx imate ly  one month. At  the end of this t ime 
the (tog appeared  perfeet ly  normal  as judged by  his 
general apl)earance, weight, and b r o m s u l f a M n  liver 
function test. Usually there was a slight drop in the 
hemoglobin and hematocrit.  Post-nmrtem examina- 
tion of dogs infused with these emulsions showed no 
great  abnormalit ies.  Mieroscoi)ieally, stainable fa t  
was I)rcsent in occasional phagocytes in the hlngs and 
in tile l iver Kupffer  cells. In  these organs and in the 
kidneys a eelhfiar reaetion had occurred, giving rise 
to seattered, discrete, oeeasionally par t ia l ly  necrotic 
granulomatous  lesions. These eonsiste(1 of central 
l ipid-laden macrophages and occasional giant  cells 
with sur rounding  collars of lymphoeytes.  In  addi- 
tion, there was evidence of moderate  bu t  widespread 
deposition of blood p igment  in reticnlo-cndothetial 
1)hagocytes. t towever,  as previously stated, most of 
this histoh)gie reaction was found to be due to the 
phosphat ide stabilizer, l)ot the fat,  and this can be 
prevented by  pur i fy ing  1he t)hosphatide. 

The next  genera] s tudy was to observe the utiliza- 
tion of ennflsified fat  given intravenously (5). In 
general, it was found that  the daily intravenous 
adminis t ra t ion of coconut oil emulsions to dogs re- 
ceiving an oral ration adequate in all nutr i t ional  
factors  bu t  inadequate in calories prevented fu r the r  
weight loss and produeed an increase in nitrogen 
retention. The infused fa t  is not lost in the urine or 
feces, nor  is it deposited as such in the tissues to any  
marked  extent. In two dogs, in which total  carcass 
analysis of fa t  was performed,  it was found that  the 
body lipids were only slightly displaced in their  
characterist ics t(lward those of coconut oil. A mini- 
mum of 0.72 and 1.56 kilograms of coconut oil could 
not be accounted for  in the tissues of these dogs 
and hence mus t  have been metabolized dm-ing the 
exper imenta l  period. Thus fa t  given intravenously 
to the dog is utilized for  energy. 

The enmlsions used in the pre l iminary  studies gen- 
eral ly  contained 15~;~ fa t  and were infused at a 
ra ther  slow rate. Beeause of the potent ial  cliniea! 
use of fa t  emulsions it was desirable to have some 

infornlation on tile rate of adminis t ra t ion and also 
to know whether  emulsions containing more than  
15% fa t  were feasible. A s tudy was designed for  
this purpose (2) and  it was found  tha t  an emulsion 
containing 30% f a t  could be given with the same 
ease as the 15% fa t  enmlsions. Fur thermore ,  it was 
found that  suitable fa t  emulsions could be given as 
rap id ly  as any of the ordinary paren te ra l  fluids. The 
technical job of p repa r ing  and stabilizing a 30% fa t  
emulsion is greater ,  and a larger  concentration of 
stabilizer is required.  An emulsion of 30% fa t  may  
be near  the uppe r  limit of pract icabi l i ty  because of 
the viscosity of the emulsion and ready flow through 
a No. 19 or No. 20 needle. 

Recently a s tudy  has been eoncluded (6),  the results 
of which are now being p repared  for publication, 
which shows tha t  young, rapidly  growing animals, 
with a consequently high calorie requirement,  can 
utilize fat  given intravenously as a source of energy. 
A total of 16 puppies  was used in this study. They 
were able to receive up to 5 gin. of fa t  per  kilogTam 
of body weight per  day and show normal  growth and  
a positive ni t rogen balance. Chenfical data  revealed 
no disturbance of plasma proteins, non-iu'otein nitro- 
gen, bil irubin, or l iver  function (bromsulfalein clear- 
ance) dur ing the fa t  infusions. The pnppies that  
were infused, ei ther  with the fa t  emulsion or just  
the phosphatide stabilizer, did show a moderate, self- 
limited, normocyt ie  or slightly microcytie anemia. 
The anemia p r o m p t l y  improved when the infusions 
were t e r m i n a t e d .  In many  respects this anemia 
seemed to simulate the anemia of infection. At  the 
conclusion of the exper iment  histologie examination 
of tile various visceral organs revealed no abnormal  
lipid retention, and  this finding was supported by  
lipid analysis of the organs. 

At tempts  have been made to pu r i fy  fur ther  the 
phosphathle stabil izer in the hope of removing what- 
ever materials  are resl)onsible for  the moderate ane- 
mia. IAkewise, the possibilities of various co-stabiliz- 
ers having a synergist ic  effect on the stabil i ty of the 
emulsion are being investigated. These studies are still 
in progress, bu t  they  have resulted in an improved 
emulsion and one tha t  has been sat isfactory for lim- 
ited clinicM trials. At the time of this writ ing fa t  
emulsions have been given intravenously with reason- 
able success to seven adults and one child. The first 
two 1)atients to receive fa t  emulsions intravenously 
were elderly women, both of whom had had extensive 
cerebral hemorrhages.  They were completely para-  
lyzed and unable to swallow. Each patient  was given 
300 ml. of a 1 5 ~  coconut oil emulsion per  day with- 
out any effect on temperature ,  pulse, respiration, or 
blood pressure. ()ne of these pat ients  received this 
amount  of fa t  dai ly for eight days. Two weeks fol- 
lowing the last f a t  infusion the patient  expired. 
Gross and microscopic examination of the organs at 
atttopsy revealed no abnormalities. 

Of the next four  patients  to receive intravenous 
fat, two were severely emaciated as a result  of carci- 
noma and two were uremic. At this writ ing they have 
each received dai ly  from 300 to 600 ml. of a 15% 
emulsion (cont r ibut ing  f rom 450 to 900 calories) over 
periods vary ing  f rom three to ten days with marked 
and p rompt  elinical improvement.  

The seventh adul t  to receive intravenous fa t  was a 
woman with a chronic intractable  steatorrhea. She 
was extremely emaciated, and the principal  sup- 
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port ive problem with her  was one of supply ing  nutr i -  
tioil, par t icu la r ly  calories. 

The one child to whoni fa t  has been given was a 
four-year-old boy ill whom the maintenance of an 
adequate caloric intake was the major  support ive 
problem. 

As is quite obvious, the clinical studies with intra-  
venous fa t  are jus t  beginning and at  this t ime it is 
not possible to evaluate the results. I t  can be said, 
however, that  f a t  emulsions have been p repa red  which 
carl be given safely to man and which do not give 
rise to ehanges in temi)erature, pulse, blood pressure,  
or respiration. 

S u m m a r y  
Fat  emulsions sat isfactory for  intravenous adminis- 

t rat ion have an impor tan t  role to play in parentera l  
nutrit ion. They offer an o p p o r t u n i t y  to provide 
adequate calories in a linlited fluid volume. F a t  
emulsions given intravenously are utilized for  en- 
ergy requirements  for  growth and maintenance and 
are helpful  in mainta in ing a positive ni t rogen bal- 
ance. They have been given successfully to man. 
They shouht play an impor tan t  role in support ive 
and prevent ive therapy  in pre- and post-operative 
care and in any disease characterized by  serious 
weight loss or emaeiation. 

Financial  aid to these studies over the last  six years  
has come fronl the following : In terna t ional  Heal th  Di- 
vision of tile Rockefeller Foundat ion ;  Will iams and 

Wa te rman  F u n d  of the Research Corporat ion;  Na- 
tional ] )a i ry  (;ouncil; the Upjohn Company;  the Nu- 
t r i t ion Foundat ion  inc.; and the Milbank Memorial  
F u n d ;  an(1 Calmer Research Grants  Branch of the 
National  Cancer hlsti tnte.  The following companies 
have supplied us generously with various mater ia ls :  
Associated Concentrates  inc.; the Upjohn  Company;  
.~Ierck and Company;  Research and I ) e v e l o p m e n t  
Board of General  Foods;  Shefiield F a r m s  inc. ; Corn 
Industr ies  Research Foundat ion  ; A n h e u s e r -  B u s c h 
Company;  Wilson Labora tor ies ;  Manton Gaulin Com- 
pany ;  Swift  and Company ;  Armour  anti Conlpany;  
and Monarch Electrical  Conlpany. We wish to express 
our apprecia t ion to all who have aided this research. 

REFERENCES 

1. McKibbin, J. M., Hegsted, D. M., and Stare, F. J. Complete 
Parenteral  Nutrition, Federation Proe. 2, 98 (March) 1943. 

2. Collins, Harvey  S., Kraft,  Lisbeth M., Kinney, Thomas I)., Davidson, 
Charles S., Young, John, and Stare, ~'redrick ,I. Parenteral  Nutrition. 
I II .  Studie,~ on the Tolerance of Dogs lo Iu t ravenous  A d m i n i s t r a t i o n  of 
Fat  Emulsions, J. Lab. Clin. Med. 33, 143-152 (Feb.) 1948. 

3. Geyer, Robert P., Mann, Georgo V., Young, John, Kinney, Thomas 
D., and Stare Fredrick J. Parentera l  Nutrition. V. Studies on Soy- 
bean P h o s p h a t i d e s  as Emulsifiers for Intravenous Fat  Emulsions, J. 
Lab. Clin. Med. 33, 163-174 (Feb.) 1948. 

4. McKibbin, J. M., Pope, Alfred, Thayer, S., Ferry, R. M., Jr.,  and 
Stare, E. J. Parentcra l  Nutrition. I.  Studies on Fat  Emulsions for 
I n t r a v o n o u s  Alimentation, J. Lab. Clin. Med. 30, 488-497 (June)  
1945. 

5. McKibbin, J. M., Ferry,  R. M., Jr.,  and Slare, Y. J. Parentera l  
Nutrition. I I .  The Utilization of Emulsified Fat Given intravenously,  
J. Clin. Invest.  25, 679-686 (Sept.) 1946. 

6. Mann, George V., Geyer, Robezt P., Watkin, Donald M., Smythe, 
Richard J~., Dju, Dsai-chiven, Zamchcck, N o r m a n ,  a n d  Stare, Fredriek 
J. Parenteral  Nutrition. VI I .  Metabolic Studies on Puppies Infused 
with Fat Emulsions, J. Lab. (rUn. Meal. 33, 1503-1522 (Dec.) 1948. 

Viscosity of ,Cottonseed Protein Dispersions I 

F. W. CHENG, Ministry of Economic Affairs, Republic of China, and JETT C. ARTHUR, JR., 
Southern Regional Research Laboratory, ~ New Orleans 19, Louisiana 

In t roduct ion  

I N a previous publicat ion (1) a method for  dispers- 
ing cottonseed proteins in ,~oncentrations as high 
as 25% protein to produce dispersions which were 

viscous, tacky, and did not gel was described. The 
prepara t ion  of the dispersions was accomplished by  
the inclusion of t r ichloracetatc ion in the alkaline 
dispersing mixture,  thereby prevent ing gel formation.  
The viscosity of the cottonseed protein dispersions 
was found to decrease on aging the dispersion and 
to be dcpendel~t upon the concentrat ion of alkali used 
in its p repa ra t ion  and upon the concentrat ion of pro- 
tein. The instabi l i ty of viscosity of the dispersions 
made it difficult to utilize such dispersions for mmm- 
facture  of fibers, fihns, adhesives, sizes, and  related 
products  because the " w o r k i n g  l i f e "  was too short 
for industr ial  operations. 

This publicat ion describes the results of an investi- 
gation of the effect of various methods of p repar ing  
the meal and of p repa r ing  the cottonseed protein dis- 
persions upon their  viscosity characteristics. 

1 Presented at the l13th National Meeting of the American Chemical 
Society, April 19-23, 1948, at Chicago, Illinois. 

2 One of the laboratories of the Bureau of Agricultural and Industrial 
Chemistry, Agricultural Research Administration, l)'. S. Department of 
Agriculture. 

E X P E R I M E N T A L  

M a t e r i a l s  a n d  M e t h o d s  

Isolation of Protein. Cottonseed prote in  was iso- 
lated f rom oil-free meals which were obtained by  
three methods of solvent extract ion:  1. removal  of 
the oil by  means of n-hexane (6), 2. removal of the 
oil by  means of the mixed solvent flotation p roce~  
(deglanding process) followed by  a second extraction 
with n-hexane (2, 7), and  3. removal  of the oil by  
means of isopropanol.  3 The max imum solvent tem- 
pera ture  reached dur ing the p repara t ion  of the cot- 
tonseed meals was less than  the boiling point  of 
hexane. Cottonseed meal, p repa red  as described, was 
suspended in a 0.2 N sodium sulfite sohltion at p ] I  
7.5 in the rat io of 10 li ters of solution to I ki logram 
of meal. The suspension was st i rred for  2 hours at 
room tempera ture ,  a f te r  which the extract  was sep- 
arated f rom the insoluble residue by  centr ifugation,  
in a solid basket  centrifuge,  and  the protein was pre- 
cipi tated by  the addit ion of gaseous sulfur  dioxide to 
the extract,  lowering the p H  to 4.0. The protein curd 
was washed several times with water  and twice with 
acetone, a f te r  which it was air-dried at room tem- 

a Meal supplied through the courtesy of W. D. Harris ,  Agricultural 
and Mechanical College of Texas, College Station, 'rex. 


