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red cell .4Ch as a mechanism by which the 
cells accumulate K is of doubtful importance. 

1. Greig. M. E.. and Holland, W. C., Arch. Bio- 

2 .  Taylor, I. M., Weller, J. M., and Hastings, A. B., 

3 .  Holland, W. C., and Greig, M. E., ibid., 1950, 

4. Feldberp. W., Physiol. Rev. ,  1945, v25, 596. 
5 .  Sachmansohn, D., Biochim. et Biophys. Acta, 

1Q50, ~ 4 .  78. 
b. Sheppard, C. W., Cohn, W. E., and Mathias, 

P. J.. Arch. Biochem., 1953, v47, 475. 
7. Feldberg, W., Methods in Medical Research, 

1950. v3. 95. The Year Book Publishers, Inc., 
Chicago. 

8. Chang. H. C.. and Gaddum, J. H., J .  Physiol., 
1933, ~ i 9 ,  2-55. 
9. Chang, 13. C., Lin, T. M., and Lin, T. Y., 

cheni., 1049. v23. 370. 

A m .  J .  Phjsiol., lo;?. ~ 1 6 8 ,  658 

~ 1 6 2 .  b10. 

CLEARING REACTION 

PROC. SOC. EXP. BIOL. AND MED., 1949, V70, 129. 
10. Davidson, J. B., Science, 1951, v114, 361. 
11. Feldberg, W., and Mann, T., J .  Physiol., 1946, 

12. Sachmansohn, D., Wilson, I. B., Korey, S. R., 

13. Bulbring, E., Lourie, E. M., and Pardoe, U., 

14. Quastel, J. H., Tennenbaum, M., and WheetIey, 

15. Holland, W. C., and Greig, M. E., Arch. 

16. Solomon, -1. K., J .  Gen. Physiol., 1952, v36, 5'7. 
I t .  Sachmansohn, D., and Wilson, I. B., Advances 

in Ensymologg, 1951, v12, 259, Interscience Publish- 
ers, Inc., Sew York. 

18. Sheppard, C. W., and Martin, W. R., J .  Gen. 
Plzysiol., 1950. v33, 703. 

Received -April 5 ,  1954. P.S.E.B.M., 1954, vS6. 

~ 1 0 4 ,  411. 

and Berman, R., J .  Biol. Chem., 1952, v195, 25. 

Brit. J .  Pharmacol., 1949, v4, 290. 

-4. H. M., Biochem. J., 1936, v30, 1668. 

Biochenz,, 1952, v39, 77. 

-- _ _  - ~ 

Chylomicron and Clearing Reaction: Effect of Heat and of Refrigeration.* 
(21013) 

ROY L.  SWANK^ AND ESTHER S. ROTH. 
Front t h e  Department of ,Ireurology and ,Veurosurgery, McGi2l r d v e r s i t y  and the Montreal 

Sei4rological Institzit e .  

The iw ilitro reaction by which turbid fat 
suspensions may be cleared following the ad- 
dition of plasma obtained from animals after 
the injection of heparin has been studied ex- 
tensively by Anderson and Fawcett ( 1 ) , Anfin- 
sen ef aZ.(2), and French et aZ.(3). The 
present study is concerned with the fat par- 
ticles (chylomicra) themselves and with fac- 
tors which alter their susceptibility to clearing. 

Method. Samples of lipemic plasma were 
obtained from dogs approximately 3 hours 
after fat meals of 4-8 g/kg. Cream fat was 
fed except where indicated. The plasma sam- 
ples were centrifuged (at 4'C for 30 minutes 
at  20.000 X G.) in a Servall angle centrifuge 
and the subnatant clear plasma removed. 
This was replaced by 0.85% NaCl, and the 

* -4ided by grants from the Multiple Sclerosis 
Society of Canada and the Department of Health 
and Welfare, Ottawa. 

t Now located a t  the University of Oregon Medical 
School, Portland. 

suspension was recentrifuged. This operation 
was repeated 3 times. The resulting saline 
suspension of washed chylomicra was used at 
once or stored at  4OC or -18OC and used 
within a few days. Chyle was obtained b y  
cannulation of the thoracic duct of dogs 1-2 
hours after feedings of 8 g of cream fat per 
kg, and washed suspensions of chylomicra 
from the chyle were prepared as described for 
the plasma, -11 clearing tests were performed 
as follows: 1 ml of chylomicron suspension 
(or lipemic plasma or diluted chyle) plus 4 
ml 0.85% NaCl were warmed at 37°C for 10 
minutes in a 19 mm lCo1erna.n cuvette. One 
ml of warm post-heparin plasma was then 
added, the time noted and the turbidity of 
the suspension determined immediately and 
at  10-minute intervals for one hour or longer. 
All determinations of optical density were 
made in a Coleman spectrophotometer a t  650 
m,u wave length. The tubes were incubated 
a t  37°C in a water bath during the test. The 
samples of post-heparin plasma were obtained 
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FIG. 1. Clearing factor tests using saline-washed 
bcihylomicra which had been stored at -18°C or 4°C 

for the period,s of time indicated. 

from dogs 10 minutes after the injection of 
2 5-50 units of heparin (Connaught Labora- 
tories) per kg body weight. These were stored 
at  -18°C until used. We found no decrease 
in potency of these samples after storage for 
one month at this temperature. In all cases 
blood samples were drawn into 1/10 volume 
3.8% sodium citrate solution. Chyle was also 
collected in the same anticoagulant. For the 
stability experiments 1.0 ml amounts of the 
chylomicron suspension to be tested were 
pipetted into tubes and subjected to different 
temperatures. The entire contents of these 
tubes were then used for the clearing test. 
For any one experiment aliquots of the same 
post-heparin plasma sample were used as the 
source of "clearing factor.'' 

Results. EBeds of refrigerator storage and 
of freezing. The susceptibility of washed 
chylomicra or of whole lipemic plasma to 
clearing by post-heparin plasma decreased 
both in rate and extent during storage at  4OC 
or -18°C. This change was marked a t  the 
end of one week and increased progressively 
with the time of storage (Fig. 1).  Repeated 
(3  times) rapid freezing (to -18OC) and 
thawing (to room temperature) of washed 
chylomicra during a period of 5 hours had 
little effect on the susceptibility of the chylo- 
micra to clearing. 

Efiect of heat. When washed chylomicra 

were heated to various temperatures no sharp 
inactivation temperature was observed ; a 
gradual reduction in the susceptibility of dif- 
ferent aliquots to clearing occurred as the 
temperature increased (Fig. 2 ) .  A gradual 
decrease in the susceptibility to clearing also 
occurred as the period of heating was in- 
creased (Fig. 3) .  Heating a t  37OC for 1 5  
minutes always caused a slight decrease in 
the susceptibility to clearing; a complete loss 
of the ability to be cleared was present after 
washed chylomicra had been heated for 3 
hours at lcx>"C, or for 24 hours a t  37°C. 

Nature of fat in the chylomicra. In one ex- 
periment each of 3 dogs (siblings) was fed a 
different fat: cod liver oil in skim milk (4 g 
fat/kg body weight), glyceryl trioleate in skim 
milk (4 g fat/kg body weight) and 35% 
cream (6 g fat/kg body weight). The chylo- 
micra obtained from each dog were washed 
3 times in saline as usual. The samples were 
adjusted to exactly the same optical density, 
and aliquots of each were heated at  65°C for 
30  minutes. Fig. 4 shows that the chylomicra 
from the dog fed glyceryl trioleate cleared 
more rapidly than the chylomicra from the 
cream-fed dog. The susceptibility to clearing 
of both suspensions was lessened to about the 
same degree by heating. Chylomicra from the 
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FIG. 2. Clearing fiactor tests (a t  3'7°C) usiitg 
saline-washed chylomicra which had previously 
been heated for 15 min. a t  the temperatures in- 

dicated. 
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FIG. 3. Clearing factor tests (at 37°C) using 
saline-weshed ch;vloniicra which had previously been 
heated at 65°C 0s 100°C for the periods of time 

indicated. 

cold liver oil-fed dog cleared much less rapidly 
than did the chylomicra from the other 2 
dogs, and after heating to 65°C for 30 minutes 
these chylomicra lost almost completely their 
ability to be cleared. Microscopic examina- 
tion (dark field) of the unheated preparations 
showed that the "cod liver oil chylomicra" 
were much larger than the others. It is of 
interest that in vivo cod liver oil lipemias clear 
less rapidly following the injection of heparin 
than do lipemias following the ingestion of 
cream or glyceryl trioleate (4).  

Experiments with added plasma. Many at- 
tempts were made to determine if the chylo- 
micra which had suffered some loss of their 
susceptibility to clearing during heating could 
regain this property in the presence of fresh 
plasma. Various conditions such as the addi- 
tion of different amounts of plasma with or 
without incubation for different periods of 
time. and centrifuging, washing and re-isola- 
tion of the chylomicra after the addition of 
plasma were tested. The results varied. I n  
about half the experiments the addition of 

normal plasma to suspensions of chylomicra 
damaged by heating to 37°C or 65°C was 
attended by a partial recovery of the rate of 
clearing of the chylomicra. I n  no instance 
was the recovery complete. In  a number o€ 
experiments 1.0 ml of normal plasma and 
saline in different proportions was added to 
1.0 ml of washed, saline-suspended chylo- 
micra. This was heated and then centrifuged 
to remove precipitated plasma proteins. The 
supernatant was tested for its clearing sus- 
ceptibility. In  all experiments the addition 
of 0.1 to 0.5 ml of plasma reduced the ex- 
pected loss of Susceptibility to clearing when 
heated to both 65°C and 37°C. The addition 
of 0.01 ml and 0.02 ml of plasma usually did 
not give this protection. 

Experiments with chyle. Freshly obtained 
chyle, diluted approximately 1 : 100 with saline 
lost only a little of its susceptibility to clearing 
during heating at 50°C or 65°C for 15 
minutes. Also when stored for as long as one 
month in the refrigerator or a t  -18°C in its 
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FIG. 4. Clearing factor tests using saline-wded' 
chylomicra obtained from dogs whkh had been 
fed 3 different fa ts  (as indicated). Broken liners. 
show the m e  chylomiera twted after heating 30 
min. at  65°C. All optical densities were the same' 

at the beginning of the clearing test. 
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undiluted state, chyle lost none of its suscep- 
tibility to clearing. Saline-washed chylomicra 
from chyle, on the other hand, were signifi- 
cantly less susceptible to clearing after storage 
for one month at  -18”C, although they suf- 
fered less in this respect than did saline- 
washed chylomicra from plasma. It was 
found necessary to warm the frozen chyle 2-3 
hours at  37°C before testing, otherwise it con- 
tinued to equilibrate during the testing and 
erroneously gave the appearance that its clear- 
ing susceptibility improved after heating at  
50°C or 65°C. After the 3 hours prewarming, 
however, it was found that the previously 
frozen chyle showed the same degree of very 
slight “damage” after 15 minutes heating at  
50°C or 65°C as the fresh chyle. 
Discussion. Our results showed that the 

susceptibility of the chylomicra to clearing 
by post-heparin plasma may be reduced by 
storage at  4°C or -18°C or by heating. 
Whether this is due to changes in the fat of 
the chylomicron or in its protein envelop, or 
to changes in a lipoprotein complex cannot be 
concluded from our studies. If the changes 
are due to denaturation of a protein film on 
the chylomicron the question would still arise 
as to whether this film is essential in the sense 
that it is an essential factor for maximal clear- 
ing, or whether the denatured protein coating 
interferes with the clearing reaction by mak- 
ing the fat unavailable. I t  is of interest that 

loss of susceptibility to clearing brought about 
by heating the chylomicra was not completely 
reversed by the addition of normal plasma, 
but the presence of certain amounts of plasma 
during heating lessened this change. 

The possibility must also be considered that 
a specific protein or lipoprotein complex is 
involved. This is suggested by the fact that 
the heating of chyle (diluted 1: 100 in saline) 
caused much less change in the susceptibility 
to clearing of the chylomicra than the same 
heat applied to washed chylomicra from 
lipemic plasma. This might suggest that the 
protein moiety of the chylomicron is funda- 
mentally important to the clearing reaction, 
or that chyle itself contains a specific sub- 
stance necessary to maxima1 clearing that is 
either absent or present in relatively low con- 
centration in plasma. 
Conclusion. Heat or storage at  -18°C is 

attended by a significant reduction of the sus- 
ceptibility to clearing of saline washed chylo- 
micra from plasma. Thoracic duct chyle is 
affected much less by the same treatments. 
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Selye described an “anaphylactoid” condi- 
tion produced by intraperitoneal injection of 
egg-white to rats( 1) characterized by the de- 
velopment of edema. Further studies(2,3) 
have shown that adrenalectomized rats re- 

acted to egg-white with a more severe con- 
dition, usually fatal. I t  was also observed 
that adrenal cortical extract(4) and cortisone 
( 5 )  had a protective effect on the systemic 
actions of egg-white. The present report deals 
with plasma- volume changes in egg-white- 
treated rats and attempts to explain the 
mechanism of the protective action of corti- 

*These studies were aided by a contract between 
the Office of Naval Research, Department of the 
Navy and the University of Illinois. 


