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sults. In serum medium alone, only choles- 
terol esters are depleted, whereas i t  is appar- 
ent from the experiment using labelled choles- 
terol that both free and ester are taken up. 
The most probable explanation of the results 
is that both free and ester cholesterol are 
taken up by cells. Cholesterol esters are 
then hydrolyzed by the cells and are depos- 
ited as free cholesterol. Any excess is then 
excreted back into the medium as free choles- 
terol. We have observed the functioning of 
this excretion process by using cells grown 
on  CI4 labelled cholesterol and later trans- 
ferred to unlabelled medium(8). The role 
of the serum proteins in this excretion process 
is being investigated. 

1 .  Some of the factors influ- 
encing uptake of cholesterol by a strain of 
mammalian cells growing in vitro have been 
examined. 2. Cholesterol uptake by cells is 
dependent upon the type of serum used in 
the medium. Cells grown on rabbit serum 
had a higher cholesterol content than cells 
grown on human adult serum or human pla- 
cental cord serum. Rabbit serum, however, 
had the lowest serum cholesterol level. 3. 
Cholesterol content of cells was not influenced 
by concentration of serum cholesterol in the 
growth medium provided the relative propor- 
tions of cholesterol and serum protein were 
not changed. 4. When emulsions of free (non- 
protein bound) cholesterol were added to se- 
rum medium, relatively small increases in 
cholesterol content of the medium re- 

Summary. 

sulted in large increases in cholesterol con- 
tent of the cells. 5. By use of C14 la- 
belled chdesterol, i t  was shown that un- 
bound cholesterol was taken up preferen- 
tially as compared with cholesterol in the pro- 
tein-bound form. 6. Cholesterol content of 
cells was not influenced by addition of stearic 
acid or linoleic acid to the growth medium. 
7. Cells utilized both free and esterified se- 
rum cholesterol. The ester was apparently 
hydrolyzed intracellularly since the cell cho- 
lesterol was almost entirely in the unesterified 
form. 8. It is concluded that the main factor 
controlling cellular cholesterol uptake may 
be the relationship between serum cholesterol 
and the binding power of the serum proteins, 
rather than the cholesterol level itself. 
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cated that chlorpromazine(4). protanline( 5 )  
and toluidine blue O(6) all interact with the 
brain ganglioside strandin. to produce respec- 
tively: a soluble product, turbidity leading to 
precipitation, and metachromasy . In view 
of these facts we wished to ascertain whether 
compound 48/80 and/or stilbamidine would 
also interact with strandin. 

Moterials and mcthods. 1. The brain gan- 
glioside, strandin. was obtained from the cor- 
tical gray matter of a case of Tay Sachs' dis- 
ease by the method of Folch. Lees and Sloane- 
Stanley( 7 ) .  Tissue was maintained a t  -8°F 
in the deep freeze prior to extraction. Stran- 
din was analyzed by the neuraminic acid 
method of Saifer and Gerstenfeld (8  ) . assum- 
ing an average value of 30.5 mg of neuraminic 
acid per 100 mg of strandin(9). 2. JIaterials 
were obtained as follows: Compound 48 80 
from Burroughs M'ellcome a i d  ('0. 1nc.t 3. 
S t ilbariiidine (4.4 '4lbene dicarbosamidine ) 
di (,!j-h!drosyethane sulfonate) . from I)elta 
('hemica1 IVorks, K. I'. 4. ('hondroitin sul- 
fate (CSA) from Xutritional Riochemicals 
t*orp.. Cleveland. Ohio. 5 .  Germanin (3.3'- 
ureidobis (8 - (benzamido-p-toluido) - 1.2 5- 
napthalene trisulfonic acid) ) from Delta 
Chemical Works, Inc., N .  Y. 6. Lysozyme 
( 2  x crystallized) from Worthington Bio- 
chemical Corp.. Freehold. K. J .  7 l'rota- 
niine Sulfate (Salmine) C.P., from l lann Re- 
search Iaboratories. x. J-. 8. l'oly-1-lysine 
from Schwarz BioResearch, Inc., Mount \-er- 
non, N. Y. 9. Toluidine Blue O (TBO) (Ttr 
tal dye content of 94%) from National Ani- 
line Division, Allied Chemical and Dye Corp.. 
N. 1'. 10. Acriflavine, N.F. (2:s diamino- 
N-methyl acridinium chloride) from Abbot t 
Laboratories. North Chicago, 111. 11. All 
other chemicals used were of reagent grade. 
12 .  Measurements of turbidity were made 
using the Bausch and Lomb Spectronic-20 
Spectrophotometer set a t  a wavelength of 420 
m p .  Metachromasy was nieasu red with t hc 
same instrument, using as indes of its inten- 
sity the Optical Density Ratio ( O . l ) . R . )  
which is equal to (O.D. 550/0.1). 635) ( 6 ) .  

f W c  wish t o  thank T)r. W. P. ('olvin, Mrd. llept., 
Hurroughs Wellcome and Co., for  providing a supply 
of this compound. 
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1.3. Iyltraviolet absorption spectra were meas- 
ured using the Beckman DU Spectrophoto- 
meter. 14. Fluorescence measurements were 
made with the C'oleman Electronic Photo- 
Iluorometer Model 120. For excitation the 
optical filter 12-221 (B,) was used. For 
transmission of the fluorescent light of acri- 
jlavine, the yellow optical filter 14-212 (PC- 
2 1 was used. For transmission of the fluores- 
cence of stilbamidine, the blue optical filter 
12-223 (€33) was used. The molecular weight 
of strandin in water solution is not known 
with certainty( 10). Compound 48/80 is like- 
wise a material of uncertain molecular weight 
( 1 1 ) . Hence in dealing with these compounds 
we were unable to use molarity as a measure 
o f  concentration, and were forced to utilize 
such expressions as mg/L or mg%. In the 
case of stilbamidine isethionate (h1.W. = 
5 16.59) we have employed the millimolar ex- 
pression for concentration in conjunction 
with the metric concentration, since the latter 
is required for purposes of comparison with 
compound 48/80. 

Results. A) Direct interaction of strandin 
with histamine liberators. As indicated in 
Fig. lA, the turbidimetric titration of 3 ml 
of 0.37% strandin with 1% of compound 48/ 
80 a t  6°C results in a marked increase in op- 
tical density a t  420 mp. The increase be- 
comes maximal upon addition of 2 0  mg/L of 
the substance. The increase is of the order of 
0.610 optical density units, and further ad- 
dition of compound 48/80 resulted in a re- 
duction in turbidity. The  pH change was 
from 5.7 to 3.5. To ascertain whether this 
change in pH was significant, 3 ml of 0.37% 
strandin were titrated with 0.1N HC1 down 
to pH 3.5 at  6°C. There was no change in 
turbidity. In the case of stilbamidine (Fig. 
l H ) ,  the interaction was of less magnitude. 
A maximal turbidity increase of 0.420 optical 
density unit occurs on addition of 50 mg/L 
(0.097mJI :L)  of 1% stilbamidine to 3 ml 
of 0.37% strandin, followed by a slight de- 
cline on addition of further amounts of stil- 
hamidine. The pH change which accom- 
panies the titration is from 5.7 to 5.0 units. 

Further evidence of direct interaction was 
obtained by studying the effect of strandin on 
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F I G .  1 .  Turbidimetric titration of strandin with stilbamidine and compound 48/80 at 6'C. 
3 ml of 0.37% strandin titrated with indicated amounts of stilbamidine (1.0%) (19.4 mM/l) 
and compound 48/80 (1.0%). pH at start was 5.7; a t  end of stilbttmidine titration, 5.0 and at 
t.nd of compound 48/80 titration, 3.5. 

PIG.  2. Fluorescence quenching of stilbaniidine by strandin. 5 ml total volumc containiiig 
1 0  nig % of stilbamidine (0.194 mM/l) plus indicated amounts of strandin. 

F ICr. 3. Effect. of strandin on UV absorption spectrum of stilhmicline. Concentrat3m HS 
indicated iii legend. Initial pH of stilbamidine solution was 6.8; after addition of stratidin, 6.1. 

1-1 (f. 4. Repression of st,rai:din-protein turbidity by compound 48/80 and reversal of Jyso- 
zgme system by strandin. 3 ml total volnrne in eacah case, containing 0.1 ml of 1 %  prota.mine 
sulfate, and 0.3 nil of 0.3% strandin, plus indicated amollnts of compoiind 48/80 and 0.1 ml of 
1% lysozyme pIiis 0.1 ml of o.:{% strandin 1'111s indicated amounts of compolrnd 48/80. pH 
change for thc ])rotamine system was from 3.8 to 3.3; for the lysozyme system, from 6.8 to 6.2. 



the fuorescence of stilbaniidine. The fuores- 
cence of stilbaniidine (10 mg!o/r ) (0.194mlI 
L)  is quenched by addition of varying 
amounts of a 0.747i1 strandin solution (Fig. 
2 ) .  The effect is a function of the strandin 
concentration since, with increasing concen- 
tration of strandin, the effect rises to a maxi- 
mum and then decreases. Initial pH of the 
stilbamidine solution was 7.0. Ypcn addition 
of 118 m g F  of strandin at  24°C.. pH dropped 
t o  6.8. While compound 48 '80 does not es- 
hi hit H uorescence. it does possess the capaci t j~ 
to reverse the quenching of fluoreqcence of 
acriflavine by strandin (6 ) .  

Strandin causer a marked alteration in thc 
spectrum of stilbaniidine ( Fig. 3C).  'I'he 

theoretical curve resulting from the alge- 
braic addition of absorption of strandin 
(0.4 m1 of 0.30F in 10 ml of water) and of 
0.001% (0.0194 n i N ,  L)  of stilbamidine is 
shown in curve 3D. This curve shows a 
slightly greater absorption than that of stil- 
bamidine alone (curve 3B) .  The difference 
to be stressed. however, is that between 
curves 3D and 3C, since the latter represents 
the observed effect of strandin (0.4 ml of 
0.30%) on 10 ml of 0.OOlY stilbamidine. A 
rise occurs in optical absorption in the region 
below 280 mp and a profound drop between 
280 mp and 320 nip,: giving further indication 
of interaction between the 2 compounds. 

We were unable to demonstrate a signifi- 
cant effect of strandin on the UV spectrum 
of compound 48/80. 

B) Indirect eaidcnce of intcrcic-tior? with 
strandin. 1. Iiztcrference with Protcin-Strcin- 
din interaction. The interaction between 
strandin and the basic proteins, lysozyme and 
protamine, has been demonstrated ( 5 ) .  A 
number of physicochemical factors which in- 
fluence this interaction have also been de- 
scribed. We have found that both the prota- 
mine-strandin turbidimetric interaction prod- 
uct and the lysozyme-strandin product are 
sensitive to the action of compound 48,W 
(Fig. 4).  The lysozyme system is the more 
sensitive. and within the conceiit r:ttion l i m i t  5 
studied. it is clearly reversed I)>* re:t*ldition of 
strandin. 'I'he pH change for the lysozyme- 
strandin system, titrated with compmnd 48; 

80 was from 6.8 to 6.2; on retitration with 
strandin, pH dropped to 6.1 indicating that 
lowering the pH was not the cause of the pre- 
ceding effect. Reversal was not found to be 
the case with the protamine system which had 
been suppressed by 48/80. In the case of the 
protamine system there is an initial rise in 
turbidity upon addition of the first aliquot of 
48 80. A phenomenon similar to this was 
observed in the interaction of cetyltrimethyl- 
ammonium bromide with the protamine- 
strandin system( 1 2 ) .  

In dealing with stilbamidine we found that 
results similar to those shown in Fig. 4 were 
otitrtined with both lysozyme and the syn- 
thetic polypeptide, poly-1-lysine. The situa- 
tion with protamine was entirely different. 
lye found here that addition of stilbamidine 
caused a rise in turbidity to a maximum, fol- 
lowed by a slight fall. Readdition of strandin 
caused a rise in turbidity to an even greater 
value than did addition of stilbamidine alone. 

2. Interference with tolziidine blue 0- 
strnndin metachonzasy. Titration of the 
strandin-toluidine blue O (TBO) system (a 
20 ml solution containing 1.06 X 10-5M 
TBO and 0.45 ml of strandin (.30%)) with 
0.574 stilbamidine (9.68 mM,/L) causes a 
pronounced reduction in metachromasy, as 
measured by optical density ratio (O.D.R.) 
so that it has dropped from a value of 1.17 to 
0.47 upon addition of 0.04 ml of stilbamidine. 
Upon adding 0.2 ml of stilbamidine solution, 
O.D.R. reaches a value of 0.40 unit and the 
corresponding pH change is from 7.2 to 6.3. 
Attempts to reverse this phenomenon by fur- 
ther addition of strandin were not successful. 

Somewhat similar results were obtained on 
titration of the strandin-TBO system with 
0.5% compound 48/80, except that upon ad- 
dition of the first few aliquots of compound 
48, 80, a slight rise in metachromasy oc- 
curred, followed thereafter by a profound 
fall. This system could not be reversed by 
readdition of strandin. The pH change was 
from 6.0 to 6.3.  
.i . 1fgcv.t o/ strtintlin o 1 1  polysulfonate-stil- 

hciuridinu interurtions. Mota et al.( 13) have 
indicated that addition of compound 48/80 
or of stilbamidine to a solution of heparin, li- 
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quoid or cellulose sulfate will result in precipi- 
tate formation. We have found that 48/80 
and stilbamidine also precipitate chondroitin 
sulfate (CSA) and Germanin. The latter 
compound possesses 2 features in common 
with heparin; i t  inhibits clotting of blood and 
has pronounced metachromatic properties 

We found that in the case of compound 
48/80, strandin caused only minor reduction 
in turbidity of either the heparin, the CSA or 
the Gernianin systems. A change of about 
49 70 occurred when a stilbamidine-Germanin 
system (containing 1.19 rnillimoles,/L of Ger- 
manin and 1.13 millimoles/L of stilbamidine 
in a total volume of 3 ml) was titrated with 
1.0 ml of 1.0% strandin. Allowance was 
made, in calculation, for the dilution effect, 
and pH was found to drop from 6.1 to 5.0. 
For this system it was found that lowering 
the pH by titration with 0.1N HCl caused an 
increase in turbidity which at  pH of 5.0 was 
not very marked. It was therefore concluded 
that the pH change attendant on this reaction 
was not significant. In  the case of a CSA- 
stilbamidine system (containing 0.1 770 of 
CSA and 0.48 millimoles/L of stilbamidine in 
a total volume of 3 ml), the reduction in tur- 
bidity attendant on addition of 1 ml of 1% 
strandin was also 4970. Allowance was made 
for the dilution effect of the addendum, and 
the pH change was from 6.1 to 5.7. Titration 
of this system with 0.1N HCl revealed that 
until a pH of 3.3 had been reached, no change 
in turbidity occurred. Upon reaching pH 
3.3, a rise in turbidity with time occurs. 
Thus the pH change is again of little conse- 
yuence. 

Discussion. We have demonstrated that 
some substances (which are also histamine 
liberators) such as compound 48/80 and stil- 
bamidine, interact with the brain ganglioside, 
strandin. From a chemical point of view the 
reaction falls into the general class of reac- 
tions determined by the anionic character of 
strandin, giving rise to a series of phenomena 
which are also characteristic of the sulfated 
mucopolysaccharides. The interaction of 
these substances with strandin probably pro- 
ceeds via the carboxyl groups of the neur- 

(14). 

aminic acid moiety of strandin, the secondary 
nitrogen atom of the compound 48/80 poly- 
meric chain, and the guanidine groups of the 
stilbamidine molecule. 

In view of the evidence indicating direct 
interaction between the cationic compounds 
(CC) and strandin (S), we may postulate 
the following reversible equilibrium (disre- 
garding charge) : 

cc 1- s & (CC-S) ..................................... 1 

Evidence supporting this picture of the reac- 
tion comes from the turbidimetric studies at 
6"C, in the case of both compound 48/80 and 
of stilbamidine; from quenching of fluores- 
cence of stilbamidine by strandin, and from 
the effect of strandin on the UV-spectrum of 
stilbamidine. The tendency of the interac- 
tion product to dissociate, indicating weak 
bonding (which is in turn designated by the 
relative size of the arrows in the above equa- 
tion), is substantiated by the weak retention 
of such cationic substances by strandin during 
an equilibrium dialysis experiment we have 
performed. 

The effect of strandin on interaction of 
stilbamidine with Germanin and CSA, and 
the interference of both compound 48/80 and 
stilbamidine with strandin-TBO metachro- 
masy and with strandin-protein interaction 
may be interpreted in terms of competitive 
equilibria. This interpretation is not, how- 
ever, applicable to the interaction of stilbami- 
dine with the protamine-strandin system, in 
which case an increase in turbidity results 
which may be due to a common guanidine 
group being present in both stilbamidine and 
in the arginine of the protamine molecule. 

These data show that some cationic sub- 
stances which are known histamine liberators 
not only interact with heparin as reported by 
Macintosh (2),  but also with the brain gangli- 
wide, strandin. Whether all cationic hista- 
mine liberators will also interact with stran- 
din, requires further investigation. 

1. Both compound 48/80 and 
stilbamidine interact directly with strandin at  
6°C to form turbidimetric interaction prod- 
ucts. 2. The fluorescence of stilbamidine is 
queiiched by strandin, the effect being a func- 

Summary. 
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tion of the strandin concentration. 3 .  Stran- 
din exerts a marked effect upon the Ll* sl)ec.- 
truni of stilbaniirline, optical tlenhity rising 
above the theoretical below 280 nip, ant1 frill- 
ing well below the theoretical curve ;ibove 2x0 
mp. 4. Compound 48 I XO causes a reduction in 
turbidity of the strandin-lysozyme and the 
strandin-protamine systems. Tn the case of  
the lysozyme system the reaction was mark- 
edly reversed by readdition of strandin. This 
was not the case with the protamine system. 
With stilbamidine similar results were ob- 
tained with both lysozyme-strandin and poly- 
1-lysine-strandin. In the case of protamine- 
strandin, stilbaniidine caused an increase i n  
turbidity of the system. 5 .  Both compound 
45 180 and stilbamidine suppress the meta- 
chromasy of the toluidine blue 0-str;indin 
system. 6. Strandin was found effectively to 
suppress the interaction between ch~ndroitin 
sulfate and stilbamidine. and the interaction 
between Germanin and stilbamidine. 7 .  .A 
niechanisni involving a reversible equilibrium 
between these compounds and strandin has 
been proposed to explain the results obtained. 
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When dogs are deprived of bile or pan- 
creatic juice they excrete 40 to 600/(1 of ortli- 
nary dietary triglycerides over a wide range 
of intakes( 1 ) . However, degree of steator- 
rhea has not been measured in dogs when 
both bile and pancreatic deficiency occur si- 
multaneously. This investigation was under- 
taken to make this determination. 

Methods.  Experiments were performed on 
normal dogs and on dogs lacking pancreatic 
juice, bile or both. Surgical procedures were 

*Supported by grant from Nat. Inst. of Arthritis 
and Met. Dis. 

~'erformetl aseptically on mongrel females 
weighing 9 to 18 kg with due regard for 
the requirements of proper animal care. Pan- 
creatic deficiency was produced by removing 
all of the pancreas except the uncinate proc- 
ess ( 2  ) . Subsequent necropsy and histologi- 
cal study showed no connection between duo- 
denum and pancreatic remnant. None of the 
dogs became diabetic. External bile fistulas 
were prepared by a modified Rous-McMaster 
technic ( 3 ) .  The combined deficiency was 
produced by simultaneous pancreatectomy 
and preparation of the bile fistula. A return 




