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E MULSmNS of fat given intravenously offer the most 
promising means of providing abundant calories 
for patients whose oral intake is not sufficient to 

meet their needs. The use of high pressure homogeni- 
zation in the preparation of such emulsions has been 
reported by a number of investigators (1, 2, 3). In 
the experieuee of this laboratory, this method has 
proved better suited to the production of satisfactory 
emulsions than ultrasonic vibration or dispersion in a 
colloid mill.: Since publication of an earlier report 
(4) however, various nmdifications of equipment, pro- 
cedure, and composition have been adopted in the 
light of continued animal experimentation and clini- 
cal findings. This paper deals with the preparation of 
fat emulsions as currently practiced in this laboratory. 

A number of extrinsic factors to which they are 
exposed act adversely on the "status quo"  of the 
emulsions and nIust be considered when judging their 
over-all suitability for intravenous use. Hence the 
term "stable" as applied here means not simply that 
the preparation was received from the homogenizer 
in satisfactory form but that no apparent changes of 
a physical nature occurred in consequence of sterili- 
zation in the autoclave, storage, shaking, temperature 
changes in the range 0-60~ and admixture with 
blood in the living subject. It  has been our experience 
that emulsions may be rejected for failure to meet 
any one or any combination of the above mentioned 
conditions. Furthermore the primary requirements 
that an emulsion for intravenous use be non-toxic, 
sterile, and relatively high in caloric value eliminate 
many otherwise suitable preparations. 

Exper'imeu,tal 
Homogenizer Equipment. During the past 12 years 

a number of different homogenizers with auxiliary 
equipment have been used in this laboratory for the 
production of fat emulsions for intravenous use. Ho- 
mogenizers having three pistons have proved better 
adapted to the preparation of the kinds of emulsions 
employed in these studies. For the past four years 
the equipment shown in Figures 1 and 2 has been 
used for the preparation of all emulsions adminis- 
tered to patients. 

Three types of flow are possible with this equip- 
ment: a) the emulsion enters the homogenizer from 
one tank and returns directly to the same tank (in- 
finite mixing method; b) the emulsion enters the ho- 
mogenizer from one tank and returns to the other tank 
(batch method) ; c) the emulsion enters the machine 

l The researches reported here cover a period of .approximately four 
years and have been supported in par t  by grants including a contract 
(DA-49-007-MD-49) with the Research and Development Division, Office 
of Surgeon General, Department  of the Army; The Nutrition Founda- 
tion, New York City; The Upjohn Company; and the National Cancer  
Institute (Grant  No. C-722), National Institutes of Health, Public Health 
Service. 

2 For convenience, we refer to compounds who.se main function ap- 
pears to be that of promoting subdivision of the oil as emulsifiers. Those 
which tend to prevent reversion we call stabilizers. I t  is obvious that 
this distinction, although useful, is somewhat arbitrary and that in 
practice it can seldom be drawn completely. I t  is hoped however that, 
as acquaintance with such systems is extended, improved resolution of 
the roles played by the several components will become possible. 
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FIG. 1. H o m o g e n i z e r  a n d  acces so ry  e q u i p m e n t  u sed  in  the  
p r e p a r a t i o n  o f  emuls ions  f o r  i n t r a v e n o u s  a l i m e n t a t i o n .  The  
m a c h i n e  i l l u s t r a t e d  is m a d e  b y  the  M a n t o n - G a u l i n  C o m p a n y ,  
E v e r e t t ,  M a s s .  ( homogen ize r ,  T y p e  4 2 5 E ) .  The t w o - s t a g e  ho- 
m o g e n i z i n g  valve a s s e m b l y  is in the  f o r e m o s t  cen te r  of  the  
p i c tu re .  The f i rs t  s t a g e  a d j u s t m e n t  h a n d l e  is to the  r i g h t ,  a n d  
the  second s t a g e  a d j u s t m e n t  h a n d l e  is to the  le f t .  

from both tanks simultaneously and returns to both 
tanks. The maximum quantities of emulsion which 
can be made in a single batch for the size tanks used 
are 30, 30, and 60 liters by methods 1, 2, and 3, 
respectively. 

The equipment can be used in two different ways. 
One, in which the entire equipment is dismantled, 
cleaned, and reassembled between the preparation of 
each emulsion, will be described in detail later in 
this section of the paper. A second is a procedure 
in which the entire apparatus is kept intact except 
occasionally for the gauge and gauge well. Cleaning 
is accomplished by the reeireulation of boiling deter- 
gent solution followed by hot water rinses and pyro- 
gen-free water rinses. Ethyl  alcohol is then added 
and allowed to circulate while steam is applied to the 
outer jacket of the heat exchanger. After the air has 
been vented by the boiling alcohol, the escape valve 
is closed, and an alcohol vapor pressure of 15 lbs. 
p.s.i, is developed while the machine remains in oper- 
ation. After 15 rain. the steam and homogenizer are 
turned off, and the entire equipment is left undis- 
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FIG. 2. All parts  are of stainless s teel  Emulsion flow pipes 
have a diameter of 1 in., N~ intake tubing, ~fiz-in. diameter. The 
heat  exchanger is a simple condenser type. 
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LI M 
]~'Ia. 3. Transformers:  primary, 220 volts; secondary, 110 

volts (General Electric, Type E-21). Phase Shifter  (General 
Electric, Type MC-21, Model AA1).  Lincoln Thermal Converter 
(Leeds Northrup Company, Type CW10). Brown " E l e e t r o n i k "  
Recorders (Minneapolis-Honeywell Company, Ch~rt No. 543-N). 

turbed. At the t ime of the prepara t ion  of the next 
emulsion the alcohol is dra ined out, fresh alcohol is 
used. for rinsing, followed by p y r o g e n - f r e e  water  
rinses. This second procedure was used exclusively 
for  one period of eight months in a similar appara tus  
of earlier date, dur ing which time the only difficulty 
encountered was the replacement  of an occasional 
gasket or packing. No unusual  change was apparen t  
in the clinical reaction rate  due to infusion of emul- 
sions made dur ing this period. 

Auxiliary Equipment. In  the earlier equipment,  
t empera ture  measurements  of the emulsion dur ing 
prepara t ion  were taken by  means of thermometers.  
La te r  an external ly  mounted thermocouple and py- 
rometer  were employed to reduce contaminat ion haz- 
ards. F ina l ly  an external ly  located i ron eonstantan 
thermoeouple was used in conjunction with a record- 
ing potentiometer.  A selector switch is interposed 
between the recorder and t h e r m o c o u p l e  to allow 
switching to a thermoeouple located in the autoclave. 
The lat ter  thermoeouple is placed in a bottle of emul- 
sion, and all autoclaving is then done on the basis of 
the t empera tu re  of the emulsion itself, not on tha t  
of the autoclave. I t  is therefore possible to have a 
permanent ,  continuous record of the t empera tu re  of 
the emulsion f rom the t ime the components enter 
the homogenizer unti l  the emnlsion comes out of the 
autoclave. 

Although the measurement  of homogenization pres- 
sures can be adequately made by  means of the gauge 
incorporated into the machine, an al ternat ive device 
is also provided (Figure  3). This consists essentially 
of a method by  which the increased power consump- 
tion in the a rmature  of the motor  under  load is used 
to intensify the signal fed to the electronic chart  
recorder. The 220 v. three-phase power  line leading 
to the dr iving equipment  is i n d u c t i v e l y  coup led  
through a pa i r  of step-down t ransformers  to one side 
of a 110-volt, phase-shif t ing device, so adjusted that  
the power fac tor  approaches zero. A propor t ion of 
the wat tage drawn by  the motor  is employed in con- 
junct ion with suitable resistors to heat  a thermopile. 
The low voltage signal thus generated is fed to the 

amplifier of the pressure recording chart. With  the 
regular  pressure gauge in position the recorder can 
be calibrated against  various pressures. Subsequently 
the pressure readings can be taken f rom the recorder 
chart  in an accurate  manner  since the power utilized 
by  the homogenizer is little affected by such changes 
as viscosity and interfaeial  tension. These might well 
be impor tan t  if  a motor smaller than  71~ horsepower 
is used. The main advantage of this arrangement ,  be- 
sides furnishing a permanent  pressure record, is tha t  
the gauge and gauge-well can be replaced with a cap, 
thereby el iminating the addit ional  dead space which 
otherwise would a c c u m u l a t e  crude emulsion. This 
is impor tant  when the appar tus  is to be kept intact  
between the p r e p a r a t i o n s  of different batches of 
emulsion. 

Emulsion Compone~,ts. More than a thousand 
emulsions of various sorts have been prepared  in this 
labora tory  on an experimental  basis, but  relat ively 
few have reached the stage of clinical testing. In  
this la t ter  group the principal  stabilizer has been a 
prepara t ion  made f rom soybean p h o s p h a t i d e s .  In  
earlier studies a prepara t ion  which had been desig- 
nated B F - 2  (5) was used; however it was subse- 
quent ly found tha t  t r ip ly  repreeipi ta ted phosphatides 
prepared  f rom Grade N lecithin were sat isfactory and 
much easier to prepare.  Most of the phosphatides 
used in our clinical emulsions in the past  four  years  
have been p repa red  on a pi lot-plant  basis. A suit- 
able method for  the prepara t ion  of this material  on 
a small scale is as follows: 500 g. of Grade N. lecithin 
are dissolved in 1.5 1. of redistilled petroleum ether 
(B.P. 65~ by  means of constant stirring. The so- 
lution is then filtered through a bacteria re ta ining 
positive pressure filter 3 in order to remove a small 
quant i ty  of n o n - e t h e r - s o l u b l e  material .  The clear, 
brownish-colored filtrate is poured with rapid  s t i r r ing 
into 4.5 1. of redistilled acetone to precipi tate  the 
phosphatides and leave the oil in solution. The pre- 
cipitate is collected on a suction or pressure filter, 
washed with 400 ml. of a petroleum ether-acetone mix- 
ture  (1.5), and then  redissolved in 1 1. of petroleum 

8 ~. R.'Hormann and Company Inc., Newark, N. J. 
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ether. The above process is repeated unti l  three pre- 
cipitations have been effected. The final precipitate 
is freed of residual solvent by allowing a generous 
supply of nitrogen to flow over it while on a suction 
filter. The product  is kept in a vacuum desiccator for 
at least 24 hrs. and then stored in nitrogen-filled bot- 
tles at a temperature  of --6~ Although either re- 
distilled diethyl ether or petroleum ether can be used 
in the procedure, the former has the disadvantage of 
usually being contaminated with peroxides. 

The two principal  materials used in conjunction 
with the phosphatides in the clinical type of emul- 
sions have geen Demal-14 and Pluronic-F68.  These 
materials have a number of important  influences dur- 
ing emulsification. One obvious and important  effect, 
noted especially with the P l u r o n i c - F 6 8 ,  is that  of 
greatly reducing the number of particles larger than 
one micron in diameter when phosphatide is present. 
That  such an effect is not merely due to a greater 
total concentration of surface-active material  is at- 
tested by the fact tha t  doubling the phosphatide 
concentration does not accomplish this, nor does the 
addition of other emulsifying agents necessarily ac- 
complish the desired end. 

Demal-14 4 has been used in c o n c e n t r a t i o n s  be- 
tween 0.5 and 1.0%, and considerable data have been 
collected using emulsions containing this agent (6). 
In  the last few years this material  has been largely 
replaced with Pluronic-F68, 5 at concentrations vary- 
ing from 0.2 to 0.5% (w/v)  in clinical-type emul- 
sions. I t  is always added to the water phase since at 
room tempera ture  its solubility in most oils is limited. 
The composition of some typical  emulsions which have 
been used in the clinic is given in Table I. 

TABLE I 

Composition of Typical E m u l s i o n s  W h i c h  H a v e  B e e n  
U s e d  C l i n i c a l l y  a 

O i l  

Coconut . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C o c o n u t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Coconut . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
O l i v e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
O l i v e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
O l i v e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
O l i v e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
O l i v e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
O l i v e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Olive . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
O l i v e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
O l i v e .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
O l i v ~  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Olive . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Triolein . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Cottonseed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Cottonseed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

P e r  C e n t  p , ~ P e r  C e n t  
P e r  C e n t  P h o s p h a -  ~ e ~  ~ e n t  P l u r o n i e -  ltido 

1 5  / - -  1 . 0  I - - ~ [  
1 0  ~ 2 . 0  [ . . . .  / 0 . 2  

1 2 . 5  [ 1 . 5  1 . 0  / .... 
1! 1 . 5  . . . .  0 . 5  
1! 1 . 2  . . . .  0 . 3  
11 2 . 5  . . . . . . . .  
lq 2 . 5  . . . .  0 . 2  
lq 2,0 . . . .  0 . 2  
ld 1 . 5  . . . .  0 . 5  
1~ 1 . 2  . . . .  1 . 0  
1, 1 . 2  . . . .  0 . 5  
1, 2 . 0  0 , 5  . . . .  
1~ 1 ; 2  . . . .  0 .2  
1 1 , 2  . . . .  0 . 3  
1 1 . 2  . . . .  0 . 2  

aAll percentages are o n  a w e * g h t  p e r  v o l u m e  b a s i s .  F i v e  p e r  c e n t  dex -  
t r o s e  solution constituted the aqueous phase in all e m u l s i o n s .  F r o m  t h e  
s t a n d p o i n t  o f  p a r t i c l e  s i z e  a n d  o f  s h e l f  l i f e  a l l  o f  these emulsions p r o v e d  
satisfactory for c l i n c i a l  u s e .  They are listed in approximate c h r o n o l o g i -  
c a l  order as d e v e l o p e d  a n d  u s e d  c l i n i c a l l y .  T h e  m o r e  s a t i s f a c t o r y  r e s u l t s  
have been obtained with  those e m u l s i o n s  w h i c h  c o n t a i n e d  e i t h e r  t r i o l e i n  
or cottonseed oil. For detai l s  of the clinical results w i t h  t h e s e  p r e p -  
a r a t i o n s  the reader is referred to R e f e r e n c e  6.  

Present Method for Preparing Emulsions for Clin- 
ical Use. Emulsions for  clinical use have been pre~ 
pared on an average of once a week. On the day prior  
to each " r u n "  the homogenize r (except for  driving 
equipment) is completely disassembled; used gaskets 
and packings are discarded. ~11 parts, including the 

4 P o l y g l y c e r o I  p a r t i a l l y  e s t e r i f i e d  w i t h  o l e i c  a c i d .  E m u l s o I  C o r p o r a t i o n ,  
C h i c a g o ,  I l l .  

5 P r e p a r e d  b y  c o n d e n s i n g  e t h y l e n e  ' o x i d e  w i t h  a h y d r o p h o b i c  b a s e  
f o r m e d  b y  the condensation of pr0pylene oxide with prDpylene glycol. 
Wyandotte Chemicals Corporation~ Wyandotte,  M i c h .  

heavy cylinder block and storage tanks, are placed in 
a deep, stainless steel sink and thoroughly scrubbed 
in hot water plus detergent.  F o r  the protection of 
their  precision ground surfaces the stellite homogen- 
izing valves and seats are kept  in a separate con- 
tainer. Following the wash, repeated flushing with 
very hot water  is employed to remove the last traces 
of detergent.  The cylinder block and storage tanks 
remain in the sink dur ing  this process, but  all small 
parts  excepting valves and valve seats are loosely 
piled on the drainboard of the sink where for  about 
10 rain. a stream of hot water is played over them 
from a Tygon hose. While the metal parts  are still 
hot, a final rinse is made with redistilled ethyl alcohol. 

The homogenizer is then reassembled. Fresh  gas- 
kets are used throughout ;  plungers are provided with 
new, untreated leather packings; and a fresh filter 
is placed between support ing flanges on the ni trogen 
intake. All orifices are closed and the machine is al- 
lowed to stand thus unti l  the following morning when 
the emulsion itself is prepared. 

The entire operation is conducted in a separate 
room provided with an overhead fan exhaust. Thor- 
ough cleansing and sterilization of the reassembled 
homogenizer are first accomplished in a series of four  
steps that occupy about 1 hr. Four  liters of double- 
distilled pyrogen-free water  are placed in one tank of 
the machine;  valves are adjusted to permit  circula- 
tion between the cylinder block and both tanks;  and 
the homogenizer is set in motion. At this point a 
careful check is made for  leaks in the system. The 
contained water, brought  to a boil by admission of 
steam, is shut off. "With the machine still running,  
at tention is next  paid to the valves that  control the 
flow between cylinder block and tanks. By  loosening 
the body of each valve in its tapered seat, small 
amounts o f  water  are permit ted to escape and in so 
doing to rinse the external  surfaces (annular  rings, 
etc.) of the valve parts. By  a similar procedure the 
gauge well, if  present, also is flushed. All water  is 
then drawn f rom the machine through the delivery 
valve. The cylinder block is drained by opening a 
louver plate located at the r ight  hand end of the in- 
take channel, and the small amount  of water  remain- 
ing in the circulating pipes is removed by uncoupling 
a section of this system at its lowest point. 

As a second step in cleansing the machine, the en- 
tire procedure described above is repeated with the 
substitution of redistilled ethyl alcohol for  water. The 
third and four th  steps are identical and consist in a 
repetit ion of the first procedure, except that  now the 
temperature  of the water is raised by application of 
pressure to the homogenizing valves ra ther  than by 
use of steam in the heat exchanger. Steps No. 3 and 
No. 4 having thus been completed under  actual work- 
ing conditions, the homogenizer is considered ready  to 
receive in order  the components of the emulsion. 

Wi th  valves adjusted to direct flow between the 
cylinder block and one tank only, 10 liters of re- 
distilled, pyrogen-free water  are poured into the ma- 
chine, which is still in operation. Routinely a total 
pressure of 3,000 lbs. p.s.i, is placed on the homogen- 
izing valves (Figure  2). This pressure is built  up in 
three steps as follows: a) by advancing the first-stage 
valve unti l  the indicator records 1,000 lbs. ; b) by 
advancing the second-stage vaIve unti l  i t  also regis- 
ters 1,000 lbs. ; and e) by again advancing the first- 
stage valve unti l  a total pressure of 3,000 lbs. is 
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indicated. When  the t empera tu re  of the water  has 
reached 85~ as shown by the automatic recording 
device, the correct quant i ty  of phosphatide, crudely 
dispersed in approximate ly  two liters of sterile pyro- 
gen-free water, is added. The fluid system is at once 
overlaid with ni trogen filtered through a pad  ~ sup- 
ported between flanges fixed above the tanks of the 
machine. And  f rom this point  forward,  whenever for 
a n y  reason, such as the addit ion of water,  oil, etc., 
the cover of the t ank  is removed, a fresh volume of 
ni trogen is introduced. The tempera ture  of the phos- 
phatide dispersion is raised to 100~ and kept  at 
that  point for  3-5 rain. 

Pr ior  to the addit ion of oil, the tempera ture  of the 
phosphatide dispersion is lowered to 85~ by any  
or all of the following methods: reduction of pres- 
sure, admission of cold water  to the heat exchanger, 
and dilution of the dispersion itself with fresh 2- 
li ter volumes of water. Subsequently for the 40-min. 
period dur ing which homogenization proceeds, the 
t empera ture  is careful ly mainta ined in the range 
85-90~ The oil, previously warmed over a water  
bath to approximate ly  70~ is added slowly in 
order to prevent  the format ion of a surface film and, 
under  some circumstances, to avoid phase reversal. 
Some 5 min. later, or when it is judged that  the 
crude emulsion has been sufficiently formed, the Plu- 
ronic-F68 is added in a li ter of water. There now 
remain to be added only the dextrose (for tonicity) 
and the balafice of the water.  The former  is added 
d ry ;  the latter,  in 2-liter volumes at careful ly  spaced 
intervals to avoid undue depression of the tempera-  
ture. Ordinar i ly  a 30-liter batch of emulsion is ready 
to be wi thdrawn f rom the machine within 35-40 min. 
following the addition of the oil. 

The progress of emulsification is checked f rom time 
to t ime by microscopical examination of 1-2 cc. (sam- 
ples taken f rom the tank in sterile pipet tes) .  A small 
drop of the emulsion is placed near  the center of a 
clean glass slide and spread into a un i formly  thin 
film beneath a cover slip. Gross inspection of this 
film affords a rough idea of how finely dispersed the 
oil may be. I f  to the unaided vision it seems chalky 
white, a major i ty  of the oil particles will be 1 t~. or 
larger  in diameter. A bluish appearance however, 
especially where the film is thinnest, indicates the 
presence of many  particles whose diameters fall  in 
the range 0.1-1.0 ~. Once the slide has been prepared,  
it is examined with an oil immersion lens in the custo- 
mary  manner.  I l luminat ion is adjusted as for  trans- 
lucent objects. Alternat ively,  the examinat ion may  
be made, using phase contrast.  Microscopical find- 
ings arc reported under  two headings as they refer  
to background or foreground.  The former  comprises 
the great  bulk of the dispersion; the la t ter  consists 
of the larger  particles and represents the r ight  limb 
of the size f requency distribution. F rom the stand- 
point of particle size an emulsion is considered suit- 
able for clinical use when the average diameter  of 
background particles is �89 t~. or less, with only an 
occasional foreground particle 1-2 ~. in diameter. 

When the emulsion has been satisfactori ly formed, 
pressure on the homogenizing valve is reduced to 
about 1,500 lbs. p.s.i., and a small quant i ty  of emul- 
sion is wi thdrawn and discarded to flush out the point 
of discharge. The emulsion is then collected d i rec t ly  
into sterile pyrogen-free bottles, which are immedi- 

6 F. R. Horm~nn and Company, Inc . ,  N e w a r k ,  N. J .  

ately closed with a rubber  cap followed by a Bakelite 
screw cap. 

The bottles are autoclaved at 120~ for 18 min. 
and allowed to remain  in the unvented autoclave for  
an addit ional half  hour. Ster i l i ty  of each batch of 
emulsion is checked by plat ing on blood agar. In  
some instances addit ional s ter i l i ty tests have been 
made, using other media. 

The routine animal  tests done on each batch of 
emulsion are as follows: 

Rat Test. Three albino female rats  weighing ap- 
proximate ly  150 g. to 170 g. are each given an injec- 
tion of 2 ml. of emulsion per 100 g. body weight on 
two consecutive days.- The injections are made into 
one of the tail veins from a ]00-ml. syringe through 
a No. 24 or 26 needle while the animals are under  a 
light ether anesthesia. The rate  of injection is ap- 
proximate ly  3 ml. per  minute. On the third day the 
animals are sacrificed by means of ether;  they are 
examined grossly;  and the major  viscera, occasionally 
also the brains, are removed and taken for micro- 
scopic examination. I t  should be mentioned that  un- 
anesthetized rats  may  be used if suitably restrained. 

Tissues are fixed in ]0% neutra l  formalin.  Frozen 
sections of lungs and spleens, and on occasion other 
viscera, are s tained with Sudan IV. Hematoxyl in-  
eosin stains are used routinely on paraffin embedded 
tissues. The la t ter  material  is examined to detect any  
morphological lesions relative to the infusions. I t  
should be clearly stated that  to date such lesions have 
been found only in animals receiving emulsions of a 
distinctly experimental  nature  and never intended for  
clinical use. 

The frozen sections are used as a check on the intra-  
venous stabil i ty of the emulsions. Rats  infused on the 
above dosage-time schedule will often show vary ing  
amounts of globular Sudanophilic mater ial  within the 
capillaries 24 hrs. af ter  the second infusion. The 
quantit ies of such apparen t  fa t  are graded visually 
according to an a rb i t ra r i ly  established set of stand- 
ard slides and designated as trace, or 1 to 4 ~ .  A 
" t r a c e "  of in t racapi l la ry  fat  represents an occasional 
in t racapi l lary  fa t  globule per low power microscopic 
field, " 1 ~ , "  1 to 2 such globules per  low power field, 
and " 4 + , "  m a n y  fa t  globules per  low power field. 
Many clinical prepara t ions  show no demonstrable in- 
t racapi l la ry  fa t  under  these testing conditions. On 
the other hand, m a n y  prepara t ions  will show " t r a c e  
to i t ' '  in t racapi l la ry  fat, and such preparat ions are 
judged acceptable for clinical use. Any  emulsion giv- 
ing more than "1 -~ - "  in t racapi l lary  fa t  is discarded. 

I t  is obvious tha t  the entire concept of this screen- 
ing procedure is a rb i t r a ry  in nature.  I t  has however 
been one of the most practical  tests of emulsion suit- 
abil i ty that  we have been able to devise to date. By  
mainta ining its constancy we have been able to amass 
considerable data on many  different experimental  and 
clinical emulsions. 

Dog Test. Two dogs each weighing approximate ly  
10 kg. are each given 20 ml. of emulsion per  ki logram 
body weight via a foreleg vein. The rate of infusion 
is approximate ly  5 ml. per  minute.  The dogs are ac- 
customed to the procedure pr ior  to the day of the 
testing. Throughout  the test the dogs are observed 
for  signs of adverse reactions, such as apparen t  dis- 
comfort  and nausea or related symptoms. They are 
also observed in termi t ten t ly  dur ing the subsequent 24 
hrs. The dogs are used on a rota t ion basis so that  at  
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least 14 days elapse between the tests on any  one 
animal. 

All dogs used for testing are eventually sacrificed 
by intravenous sodium pentathol,  and complete au- 
topsies are performed,  including examination of the 
central  nervous system. Since these animals receive 
repeated infusions over periods of months to several 
years, detailed histo]ogie s tudy of all organ systems, 
including use of both of the above staining techniques, 
are carried out in order to detect any  long-term mor- 
phologic alterations. This type of s tudy is obviously 
only an over-al l  screening procedure as each dog may 
receive a number  of different clinical preparat ions.  
Hence, should any  significant morphologic changes 
be found, correlation of such changes with specific 
emulsions would be difficult without addit ional  ex- 
per imental  data. 

Rabbit Test. Three albino rabbits  weighing 3.5-4.5 
kg. are used for pyrogen testing. They receive 10 
ml. of emulsion per  ki logram of body weight at a rate  
of 8 to 10 ml. per minute. The animals are confined 
in boxes and rectal  tempera tures  are taken at 30-min. 
intervals dur ing  a 2-hr. period preceding the injec- 
t ion and at hour ly  intervals dur ing  the 5-hr. period 
af ter  injection. The emulsion is considered satisfac- 
tory  if the average t empera tu re  rise does not exceed 
1.2~ In  the rare instance where this is exceeded, an 
additional three rabbits  are used. I f  the response is 
again too high, the emulsion is discarded. 

R e s u l t s  a n d  D i s c u s s i o n  

The prepara t ion  of fa t  emulsions for intravenous 
use in pat ients  and experimental  animals can be sat- 
isfactori ly carried out with the equipment  shown in 
Figures  1 and 2. The capaci ty  of both the homog- 
enizer and auxi l iary  equipment  given was chosen to 
allow sufficient emulsion to be prepared  for  suitable 
clinical tr ials  and, at the same time, to permi t  the 
prepara t ion  of smaller batches whose size might  be 
determined by such factors as the quant i ty  of mate- 
rial  available. Since all pipe connec t i ons  are of a 
s tandard  sani ta ry  type, modification of the auxi l iary  
equipment  can easily be made. The use of disposa- 
ble neoprene gaskets facilitates obtaining water- t ight  
closures even when true al ignment  of par t s  is not 
achieved. 

The use of a nitrogen atmosphere is, of course, dic- 
tated by the inherent  oxidative instabil i ty of unsatu- 
rated lipids, especially the phosphatides. 7 This would 
be par t icu lar ly  t rue at the elevated tempera tures  of 
homogenization and sterilization. I t  would be naive 
to believe tha t  the procedures which the phospha t ides  
undergo do not lead to some changes, both hydrolyt ic  
and oxidative. The fundamenta l  practical  point how- 
ever is not whether these changes occur, but  ra ther  
whether or not any  adverse physiological reactions 
result  when such changes do occur. I f  convincing 
evidence for  such a cause-effect relat ionship can be 

7 I t  is of in te res t  to note tha t  d ispers ions  of phosphat ide  alone are 
l ikely to oxidize r ap id ly  'whereas  when present  in  emulsions of e i ther  
sa tu ra ted  or u n s a t u r a t e d  fats, l i t t le  oxygen up take  can be detected even 
in  a 100% oxygen atmosphere (7 ) .  I n  the present  equipment ,  emul- 
sions can be p repared  in  the presence of a i r  wi thou t  appreciable  org'an- 
oleptically detectable r anc id i ty  developing.  I n  earl ier  s tudies  in which a 
different  homogenizer  was used, emulsions made in  the presence of a ir  
acquired a s t r o n g  o d o r  of r anc id i ty  wi th in  as l i t t le  as 5 min.  This  w a s  
probably due  to the fact  tha t  Monel metal  pa r t s  present  in  the homogen- 
izer cont r ibuted  appreciable  copper, which  acted as an oxidat ive  catalyst.  
The phosphol ip id  used in  the present  emuls ion has  remained  the m o s t  
sat is factory  emuls i fy ing  and s tahi l iz i~g ma, ter ia l  for  p repa ra t ions  of the 
type made in  th is  laboratory.  I t s  chief d i sadvan tage  is i t s  complex com- 
posi t ion.  I t  m a y  be possible to overcome this  by us ing  newer  fraction- 
a t ion  methods  to  obta in  f r a c t i o n s  which would have a read i ly  definable 
chemical composition. 

obtained, then appropr ia te  steps must  be taken to 
circumvent  such changes. 

I t  must  be emphasized that  considerable in vitro 
and in vivo test ing is done before a given type  of 
emulsion is produced for clinical use. In  practice, 
this preelinieal testing requires about a week to 10 
days. The mult iple  animal  tests given in the present  
paper  constitute a reasonable safeguard against  the 
possibility that  one or more emulsions of a series 
made with identical ii~gredients and under  identical 
conditions may  differ sufficiently to cause undesir-  
able physiological effects. I t  is believed such tests on 
each batch of emulsion are and will be necessary no 
mat te r  how standardized such enmlsions may  become. 
The tests have been made fa i r ly  rigorous f rom the 
s tandpoint  of dose and rate  of adminis t ra t ion  and 
appear  to be sat isfactory (see Table I I ) .  However  
it is likely that  these tests will be modified and new 
ones added as experience dictates. 

T A B L E  I I  

Rela t ive  Rates  of I n f u s i o n  into Var ious  Species 

Body Dosa e I n f u s i o n  InfusionRate on a 
Species Weigh t  a . �9 -~g . Rate  a W e i g h t  

(kgs.)  (mi. /Kg.)  (ml . /min . )  B a s i s  
( m l . / k g , /  

. . . .  rain.)  

Rat .................................... / o.15 ] .~o I 3 20.0 
Rabb i t  ............................... 4,00 10 I 9 2.2 
Dog ................................... [ 10.00 ] 20 / 5 0.5 
M a n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  r 70.00 / 20 / 4 0.057 

a Values  are approximate  due to v a r i a t i o n s  in body weight .  These 
f igures serve chiefly to show what  m a r g i n  of ~afety is p rov ided  by the 
screening tests .  

From some standpoints,  emulsions made ent irely 
of synthetic materials  (with the exeeption of glucose) 
might  be more sat isfactory than  those containing pur-  
ified na tura l  products.  Progress in this direction has 
been made by the use of such synthetic tr iglyeerides 
as triolein and palmitodiolein and by introducing va- 
rious synthetic agents to supplement  the action of the 
phosphatides. Efforts  are being made to find syn- 
thetic substitutes for  the p h o s p h a t i d e s  themselves. 
Besides offering certain pract ical  advantages,  the use 
of such definitely characterized systems appears  in- 
dispensable to a full  unders tanding  of the fundamen-  
tals involved in the prepara t ion  of fa t  emulsions and 
their  intravenous application. 

A fa i r ly  extensive c l in ical  e x p e r i e n c e  has been 
gained with emulsions given in Table I and forms 
the basis of another  repor t  (6). On all infusion basis 
emulsions which contained cottonseed oil or triolein 
caused no reaction in more than  90% of the cases. 
With  emulsions of olive oil a somewhat higher reac- 
tion rate was observed. When  react ions did occur, 

t h e y  were usually one of the following: a mild pyro- 
genic reaction, generally not associated with a chill, 
or a reaction characterized by  a t ransient  pain  of 
various degrees of intensi ty  in the lumbar  region. The 
la t ter  reaction has been termed a "col loid r eac t ion"  
(6) since similar symptoms have been observed with 
in t ravenously  administered colloidal iron and inulin. 
Present  efforts are being directed towards a bet ter  
unders tanding  of the causes of these reactions with 
the hope of being able to eliminate them altogether. 

S u m m a r y  

Descriptions are given of the high pressure homog- 
enization equipment  used and of the actual  procedure 
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followed in the preparat ion of fa t  emulsions suitable 
for intravenous nutri t ion.  Such emulsions contain 
10-15% oil (w/v)  dispersed in particles less than one 
micron in diameter. They are made under  nitrogen 
and subsequently autoclaved to ensure sterility. 

Procedures are also given for screening each batch 
of emulsion by means of tests performed on rats, dogs, 
and rabbits. Emulsions of the type described have 
found extensive application in the clinic with a low 
incidence of unfavorable reactions. 
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:Synthetic Detergents from Animal Fats. V. Esters from 
Alpha-Sulfonated Fatty Acids and Sodium Isethionate 
J. K. WELL, R. G. BISTLINE JR., and A. J. STIRTON, Eastern Regional Research Laboratory, ~ 
Philadelphia, Pennsylvania 

I 
SETHIONATE ESTERS of fa t ty  acids, of the Ige- 

port A type, par t icular ly  the ester of oleie acid, 
CH.~(CH2)~CIt ~ CH(CH~)~CO._,C2H4SO3Na, are 

well known surface active agents and detergents. The 
usefulness of this type has been somewhat limited be- 
cause of instability to hydrolysis. 

The presence of an a-sulfo group in esters, such as 
sodium methyl  a-su]fopalmitate and sodium isopropyl 
a-sulfostearate, has been shown to re tard  hydrolysis, 
to a surprising degree, in acid and alkaline solutions 
(9). I t  was thus of interest to prepare and evaluate 
esters f rom a-sulfonated acids and hydroxyalkanesul- 
fonates, such as sodium isethionate. The esters might 
be expected to have the desirable surface-active and 
detergent properties of sodium 2 - su l foe thy l  oleate 
and perhaps to be of greater  potential usefulness be- 
cause of greater resistance to hydrolysis. 

Preparation of Esters 
Esters were prepared from the diacid (a-sulfopal- 

mitic, a-sulfostearic, or a-sulfobehenie acid) and so- 
dium isethionate or sodium 2-hydroxypropanesulfo- 
Bate, by a method previously described (10), without 
the use of an esterification catalyst. 

a-Sulfopalmitic acid. Stabilized liquid sulfur tri- 
oxide, 1.25 moles, was added dropwise in 30 rain. to a 
st irred s lurry  of 0.78 moles of purified palmitic acid 
in 500 ml. of carbon tetrachloride. The mixture was 
st irred and heated 1 hr. at 60-65 ~ cooled to --15 ~ 
and filtered. The diacid was washed with cold carbon 
tetrachloride and dried in a vacuum desiccator at  
room temperature  to give a gray product  in a yield 
of 85%. Analysis: calculated for C16H3205S , n e u -  
t r a l i z a t i o n  equivalent :168.2; found, 167.3. 

1)resented a t  the meeting of the American  Oil Chemists'  Society, New 
Orleans, April ,  1955. 

z A laboratory of the Easr Utilization Research Branch ,  Agricul- 
t u ra l  Research Service, U. S. Department of Agriculture. 

a-Sulfostearic acid. A diacid was prepared from 
purified stearic acid in a similar manner in a yield 
of 88%. Analysis: calculated for C~stt:,~()~S, neu- 
tralization equivalent ]82.3; found, 183.3. 

a-Sulfobehenic acid. Commercial behenie acid was 
purified by two crystallizations from acetone to give 
behenic acid, m.p. 79.0-79.6 ~ neutralization equiva- 
lent 340.3 (calculated, 340.6). Reaction with sulfur 
trioxide gave a-sulfobehenie acid, yield 97%, neutral-  
ization equivalent ]96.2 (calculated for C~2H440~S , 
210.3). 

Disodium 2-sulfoethyl a-sulfostearate. A m i x t u r e  
of 0.2 mole of a-sulfostearie acid, 0.207 mole of sodium 
isethionate, and 250 ml. of toluene was st irred and 
heated at reflux temperature  for  6 hrs., with azeo- 
tropic removal of water. The reaction mixture was 
cooled, diluted with 200 ml. of 95% ethanol and neu- 
tralized with 18 N sodium hydroxide. Solvent and 
water removal left  103 g. of light brown product, 
which was dissolved in hot water. The aqueous solu-" 
tion was cooled, and unesterified diaeid was removed 
as the sparingly sohlble sodium salt. Ethanol  was 
added to give a 75% ethanol solution, which was 
decolorized with carbon. Two crystallizations from 
75% ethanol a t - - 1 5  ~ gave C16H.~yH(SQNa)CO2C2- 
H 4 S Q N a  as a white product  in a yield of 66%. An- 
alysis: calculated for C2oH~sNa2OsS, . 46.49% C, 7.41% 
H, 8.90% Na, 12.41% S; found, 46.36% C, 7.44% H, 
8.82% Na, 11.95% S. 

Disodium 2-sulfoethyl a-sulfopalmitate. Esterifica- 
tion of a-sulfopalmitic acid with sodium isethionate 
in a similar manner  gave C~4H29CH(SQNa)CO.,C2- 
H~SO3Na as a white product.  Analysis: calculated 
for  C~sH34Na2OsS2, 44.25% C, 7.01% H, 9.41% Na, 
13.13% S; found, 44.12% C, 6.90% H, 9.38% Na, 
12.78% S. 

Disodium 2-sulf oethyl a-sulf obehenate. Esterification 
of a-sulfobehenic acid with sodium isethionate gave 


