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which contained chiefly 7s antibody might 
indicate the stage of the epidemic. 

These data also demonstrate that 19s 
macro-globulin HI antibodies are the first 
to appear in sera of young pigs naturally in- 
fected with J.E. virus and this, together with 
the finding that they are replaced by 7s anti- 
bodies, indicates that infection stimulates 
production of the same type of antibody 
molecules, and in the same olrder, as those ob- 
served in other mammalian species immunized 
with a variety of soluble or viral antigens 
(4-8). In  addition, the susceptibility of the 
early antibodies to 2-ME suggests a practical 
method for handling sera employed in 
predicting an outbreak of J.E. in man. 

Summary. When serum specimens of pigs 
obtained weekly from a slaughterhouse 
throughout the summer of 1965 were tested 
for their HI activity against J.E. virus, an 
abrupt change was seen from 4% positive in 
the second week to 46% positive in the third 
week. By the fourth week, 90% were posi- 
tive. When the 2-ME sensitivity HI activity 
of these sera was tested, almost 100% of the 
specimens obtained through these 3 weeks 
contained 2-ME-sensitive antibody. However, 
sensitivity to 2-ME was reduced to 701% in 

the first week of September, to 44% in the 
second week, and after the fourth week, none 
of the tested serum specimens was sensitive. 
Evidently, 2-MEsensitive antibody appeared 
before the 2-ME-resistant antibo'dy and the 
detection of 2-ME-sensitive antibody against 
J.E. virus in the early summer gave a reliable 
basis for prediction of the outbreak among 
human beings later in that year. 
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Preliminary Observations on Reversal of Hypovolemia with 
Intravenous Fat Emulsion. (31670) 
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A number of solutions have been used to 
reverse the symptoms of experimental hy- 
povolemia (oligemia) . The solutions studied 
have been either naturally-occurring or 
synthetic polymers varying in molecular size 
and composition. Of the naturally-occurring 
organic polymers the following have been 

* Present address: Nutrition Research Branch, Di- 
vision of Nutrition, Food and Drug Admin., Wash- 
ington, D.C. 

t Present address: Dept. of Physiology, Univ. of 
Oklahoma Med. School, Oklahoma City. 

t Present address: 4503 Melbourne Road, Indian- 
apolis, Ind. 

utilized as blood substitutes in hypovolemic 
studies: dextran (4-lo), pectin( 11,12), pectin 
derivative ( 13 ) , gelatin ( 1,2 ,8) , gelatin deriva- 
tives (8) , and levulan, a fructosan ( 16). Poly- 
meric glucose (3)  and polyvinylpyrrolidone (4, 
8)  are examples of synthetic polymers which 
have be en investigated for plasma- ex t ending 
properties in the hypovolemic animal. In ad- 
dition, whole blood ( 1,2 ), defibrinated blood 
( l ) ,  serum(l), plasma(7), and saline(1,4,12) 
have been utilized to reverse effectively the 
symptoms of experimental hypovolemia. 

Miyagawa suggested ( 14) that preparations 
of glucose and cod liver oil, and other fats, 
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may be of use in blood tranfusions or as 
parenteral nutriments. The problems as- 
sociated with parenteral fat administration of 
various preparations have been published ( 17, 

This report presents observations of the 
ability of intravenously administered fat 
emulsion to reverse the symptoms induced by 
massive hemorrhage and on posthemorrhagic 
recovery in the dog. 

Materials and methods.  Male and female 
mongrel dogs, weighing 10.2-1 5.3 kg, were 
used in these studies. After an overnight fast, 
each dog was anesthetized with sodium pen- 
tobarbital and injected with sufficient sodium 
heparinate to avoid in vivo blood clotting for 
the duration of the experimental procedure 
of 3%-4 hours. One femoral artery was 
cannulated with polyethylene tubing for re- 
cording the arterial blood pressure utilizing 
the Sanborn two-channel polygraph. Heart 
rates were calculated from the tracings which 
were run a t  10 cm/min. The femoral vein 
of the opposite leg was cannulated for blood 
removal and for drip-infusion. 

Total blood volume was calculated on the 
basis of 80 mlJkg of body weight ( 15) in order 
to control the rate and total volume of blood 
withdrawn. Control heart rates and arterial 
pressures were recorded prior to initiation of 
hemorrhage. In this manner each dog served 
as its own control. Blood volumes let ranged 
between 56.0-65.5% of the calculated vol- 
umes at bleeding rates of 5.3-13.8 ml/min. 

Blood pressure recordings were taken a t  
5-10-minute intervals within the period of 
blood withdrawal. A one-hour interval after 
the end of hemorrhage was adopted as part 
of the experimental procedure. After the one- 
hour interval, the intravenous infusion was 
begun. The rate of infusion was 1.0 ml/min 
for the first 10 minutes and was then in- 
creased to 5.0 ml/min until the equivalent of 
the volume of blood withdrawn was re-in- 
fused. Blood pressures were recorded a t  10- 
minute intervals during the hour-long period 
of hypovolemia and during the period of 
infusion. 

The animals were divided into 3 groups: 
a )  those which were not infused, b )  those in- 
fused with a non-fat emulsion (i.e., all the 

18). 

TABLE I. Composition of Noii-Fat, and Complete 
P a t  Emulsions. 

Non-fa t Complete fa t  
Conipoiient cniulsioii einulsioii* 

% % 

Phosphatides (W/V) t 1.2 1.2 
Inert  polymer (W/V) t .3 .3 
Water (V/V) 94.5 79.5 

Cot toiiseed oil (JV/V) - 15.0 
Glucose (W/W 4.0 4.0 

Calories/ml (calculated) .21 1.56 

* Liponiul I V  kindly supplied by Upjohn Co., 

t Purified phospliatides marketed as lecithin. ’ ’ 
t Polyosyethyleiie oxypropylene. 

Kalamazoo, Micli. 

ingredients of the complete fat emulsion but 
without cottonseed oil), and c) those infused 
with complete emulsion. Compositions of the 
emulsions are shown in Table I. The non- 
fat emulsion contained the components in 
the same concentrations as those in the fat 
emulsion. The non-fat infusate was emulsified 
in a colloid mill and autoclaved before in- 
fusion. A comparison of the effects of the 
2 emulsions (non-fat ‘us. complete emulsion) 
was used to  evaluate the efficacy of intrave- 
nous fat infusion to reverse the symptoms of 
experimental oligemia. A comparison of no 
infusion vs. infusion was used to evaluate the 
effect of infusion upon reversal of the oligemic 
symptoms. 

After the period of infusion, each dog was 
injected ( IM) with 300,0001 units of procaine 
penicillin G and on alternate days for the first 
week. After experimental treatment, dogs 
were placed in individual cages and observed 
a t  daily intervals for 4 weeks and at weekly 
intervals for 4 months. No observations were 
made beyond 4 months. During the recovery 
period, only gross observations were recorded. 

Resul ts  and discussion. Data on changes 
in mean arterial pressures and heart rates of 
the dogs before hemorrhage, during hemor- 
rhage, a t  the end of the one-hour period of 
hypovolemia and immediately after com- 
pletion of the infusion are shown in Table 11. 
The blood pressure depression due to hemor- 
rhage was not equal in all the animals even 
though the volumes of blood withdrawn were 
approximately the same. However, there was 
a marked decrease in the mean arterial pres- 
sure as a result of hemorrhage which was suf- 
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TABLE 11. Changes in Meail Arterial Blood Pressure (Femoral) and Hear t  Rate of Dogs Be- 
fore Hemorrhage, During Hemorrhage, One Hour After Hemorrhage, and Immediately After 

Intravenous Infusion of Either Emulsion with No F a t  or Co'mplete Fat Emulsion. 
~ ~~ ~~ 

Mean arterial blood pressure (mm Hg)  Hear t  rate (beats/min) 
Lowest 

pressure One hr Immecli- Lowest rate One hr Immedi- 
Dog Before during after ately after Before during after ately a f te r  
No. bleeding bleeding bleeding iiif usion* bleeding bleeding bleeding infusion" 

139 
176 
151 
134 
142 

90 
130 
147 

- 61 90 
48 132 - 
44 34 
48 77 122 
37 88 126 
40 60 92 
80 96 81  
88 113 119 

- 

159 145 
206 186 
165 184 
152 112 
214 152 
160 108 
220 146 
202 224 

L 183 
244 
229 
155 162 
254 204 
150 165 
180 191 
264 244 

- 
L 

* Infusion rates: first ten minutes, 1.0 ml/min, then 5.0 ml/min until infusion was approxi- 
mately equivalent to  volume of blood let. For  type of infusion, see Table 111. 

ficient to indicate that hypovolemia had oc- 
curred( 1 5 ) .  After one hour of oligemia, 7 
dogs had an increase in blood pressure. These 
increases may be related to normal com- 
pensatolry mechanisms ( 16) which result in an 
increase of mean arterial pressure without a 
blo'od volume replacement. After intravenous 
infusion 3 of the 5 dogs responded with a 
further increase in mean arterial pressure. 
One dog had a slight decrease (No. 7 ) ,  and 
the increase in one dog was only a few mm Hg 
(No. 8) .  

The results of the responses in heart rates 
are also listed in Table 11. It is apparent 
that the heart rates returned to near pre- 
hemorrhage rates in 4 of the 5 dogs which 
received an infusion. Dog No. 8 exhibited a 
marked tachycardia after infusion as did No. 
5 a t  the end of the bleeding period. 

Table I11 lists data on sex, body weight, 
calculated blood volume, volume of blood 
withdrawn and bleeding rate. Rate of blood 
withdrawal was in the range 5.3-13.8 ml/min 
and total volume of blood let was 56.0-65.5% 
of the calculated total blood volume ( 15) .  
These volumes of blood withdrawn were 
nearly twice the volumes Schechter and Hes- 
trin withdrew from rabbits and mice ( 16). 
Dogs 1-3 received no infusion and were bled 
at volumes commensurate with the animals 
given infusions. That these animals died 
within 3% hours after massive hemorrhage 
and those infused did not was interpreted to 
mean that the infused animals survived the 
period of hypovolemia due to the infusion. 

The 2 dogs infused with the non-fat emul- 
sion survived longer than 4 months. Initially, 
these animals did not respond readily to being 
called in the post-operative recovery period 
and whimpered when they were handled. 
They did not attempt to stand by their own 
volition within the first 4 or 5 days. After 
this period they would assume an upright 
stance only if encouraged. The attempt to 
stand was noticeably laborious. The food in- 
take of these animals, though not measured, 
was noticeably less than the dogs infused with 
the complete emulsion. The latter animals 
recovered readily after massive hemorrhage 
and accepted water and a small amount of 
food immediately after regaining conscious- 
ness. Within 24 hours the dogs infused with 
complete emulsion were able to stand up- 
right. At 2 weeks these dogs showed no out- 
ward signs of the previous massive hemor- 
rhage, whereas the dogs infused with the non- 
fat emulsion were still weak and passive to 
handling. 

Table I11 also lists the calculated number 
of calories infused into each dog. The dogs 
infused with the complete emulsion received 
several-fold more calories than those infused 
with the non-fat emulsion. The observations 
suggest that the high calorie content of the 
complete emulsion may have contributed to 
the rapid recovery of these dogs. The prob- 
able caloric effect in recovery from massive 
hemorrhage should be further investigated. 

Summary. A total of 8 mongrel dogs was 
bled 56-65% of calculated blood volume at 
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rates of 5-14 ml/min. At the end of 60 min- 
utes in hypovolemia the animals were treated 
experimentally in the following manner: 1 )  
3 dogs were given no infusion; 2 )  2 dogs were 
infused with an emulsion containing no fat; 
and 3) 3 dogs were infused with an emulsion 
containing fat (15% cottonseed oil). The 
infusions were administered in a volume 
equivalent to the volume of blood withdrawn. 
Dogs which received no intravenous infusion 
died within 3% hours after massive hemor- 
rhage. Animals infused with an emulsion con- 
taining no fat recovered from the experimen- 
tal hemorrhage but were not physically active 
within the first week of the posthemorrhagic 
period. Dogs infused with complete emul- 
sion recovered rapidly after massive hemor- 
rhage and accepted food and water within 
a few hours after regaining consciousness. 
These animals were fairly active during the 
first week after massive hemorrhage and re- 
covered without event within two weeks. All 
dogs receiving infusions lived longer than 4 
months. 

The authors wish to thank Colonel William W. 
Cox, U. S. Surgeon General's Office, for suggestions 
which led to the studies of this report. Also, thanks 
are extended to Dr. Curt Meyer, Upjohn Co., Kala- 
mazoo, Mich., for Lipomul IV used for these studies. 
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Enhanced Vitamin B,, Absorption from Rat Intestine by Proteases 
In the Absence of Intrinsic Factor. (31671) 

KUNIO OKUDA 
Department of Medicine, Kurume University School of Medicine, Kurume, Japan. 

In  our search for a readily absorbable form 
of vitamin B12 complex produced during the 
digestive process of liver, it was found that 
BIZ in liver was absorbed from an isolated rat 
intestine to an extent comparable to that 
achieved with free B12 and homologous in- 
trinsic factor ( IF)  when Pronase( l ) ,  a Strep- 
tomyces proteases preparation, was used for 
digestion. The effect of Pronase which was 
independent of IF, was demonstrable whether 
digestion was carried out in test tubes or 
inside the intestine, as long as i t  was present 
in the intestine at  the time of absorption. 
No other pure proteases tested had compar- 
able effects. Absorption of crystalline B12 of 
small doses was similarly enhanced by Pro- 
nase from an isolated rat intestine in the 
absence of IF. Pronase, a mixture of several 
proteolytic enzymes and one of the most po- 
tent preparations available, was used for the 
purpose of simulating, in vitro, the intestinal 
digestion which is much more efficient than 
any artificial digestion system using a single 
crystalline enzyme. 

So far, no other compounds have been shown 
to enhance absorption of small doses of B12 
under a condition where IF is lacking, and 
the present observations seem to provide im- 
portant clues as to the mechanism of intes- 
tinal absorption of B12 in relation to IF 
action. This is a preliminary report of our 
finding. 

Methods. Co57-hydroxocobalamin* ( CoS7- 
BIZ) with a specific activity of approximately 

8 pc/pg was injected subcutaneously to adult 
rats of the Wistar strain, 10 mpg daily, for 
3 weeks and the liver was removed 4 days 
after the last injection. The liver was cut 
into small pieces, dried in vacuo over P205 

at  4OC and pulverized. The isotopic dilution 
of Co57-B12 in the material was 50-  to 90-fold 
as determined by the microbiological assay 
using the Skeggs’ medium ( 2 ) and Lactobacil- 
lus leichmanii 4797, and by the radiometric 
measurement with a gamma scintillation 
counter. In some experiments, instead of 
dried liver, fresh liver homogenate was used. 
It was assumed that most of the radioactivity 
in such liver preparations represented Bl2 in 
its natural form(3). 

Enzymatic digestion of liver was carried 
out in vitro using crystalline trypsin or a 
mixture of equal portions of trypsin, a-chymo- 
trypsin and papain in pH 7.6 tris-maleate 
buffer, Pronase-Pt in pH 7.4 phosphate buffer, 
or pepsin in 1/20 N HCI, in a water bath at  
37°C under agitation, as well as in vivo using 
Pronase and trypsin. After digestion in vitro, 
the mixture was centrifuged and the super- 
natant was applied quantitatively in a rat 
intestinal loop for absorption measurement. 

The effect of IF and digestion on absorp- 
tion was studied by the intestinal loop meth- 

~ ~ ~~ ~~ 

*Kindly supplied by Dr. K. C. Mezey, Merck 

t Purchased from Kaken Chemical Co., Ltd., 
Laboratories, Rahway, N. J. 

Bunkyo-Ku, Tokoyo. Activity: 45,000 P.U.K./g. 


