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Electrophoretic and Immunologic Studies of Rivanol-Fractionated Serum 
Proteins.*+ (25198) 

ABRAHAM SAIFER AKD LEWIS E. LIPKIN (Introduced by Bruno W. Volk) 
Isaac dlhprt Rrrearch Itzst., J ew . \h  Chronic Disease Hospital, Brooklyn, N .  Y .  

Rivanol (6,9 diamino-2 ethosyacridine lac- 
tate) has been employed by HoPejsi and Sme- 
tana f I .Z )  for precipitation of various protein 
fractions from serum or plasma a t  room tem- 
perature and in slightly alkaline solution. In 
contrast to most other procedures, e.g., alco- 
hol, salt fractionation, etc.. addition of rivanol 
to serum does not result in precipitation of 
gamma. and to a lesser extent, beta globulins. 
This unique property of rivanol has been uti- 
lized in simple methods for preparation of 
highly purified gamma globulin( 2 ) .  for sepa- 
ration of beta-l-metal combining globulin (3 )  
and preparation of ceruloplasmin from Cohn’s 
fractions 111 and 11T(4). The apparent con- 
tradiction of the original concept of rivanol as 
specific reagent for separation of gamma 
globulin from all other serum protein fractions 
(2) and its use by others in preparation of 
beta globulin components led to the present 
study of rivanol-serum proltein interactions. 
Our studies demonstrate that the supernatant 
solution, following rivanol precipitation of 
more rapidly migrating electrophoretic serum 
protein fractions, contains some beta globulin 
in addition to gamma globulin, as shown by 
both paper and moving boundary electro- 
phoresis. In  addition, this rivanol-containing 
supernate may be injected intravenously into 
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rabbits resulting in antihuman-globulin sera 
of relatively high titer. 

Alutcsi& and methods. Rivanol. Prepa- 
ration of rivanol in these studies was obtained 
from Special Chemical Dept. of Winthrop 
Labs. under trade name “Ethodin.” (Lot 
#S325FL4). A 0.4% solution of rivanol in 
distilled water was prepared. Rivanol-serum 
prcpasations. To one volume of normal, hu- 
man serum were added 1,2,3,5 and 9 volumes 
of 0.4% rivand solution. The mixtures were 
left overnight at 4” and the resulting super- 
nates were separated from precipitates for 
each mixture by centrifugation at 22  50 g (In- 
ternational Type 11) for 10 minutes. Super- 
nates were then analyzed for protein com- 
position by paper electrophoresis as described 
helow. Corresponding precipitates were dis- 
solved in 2 ml of citrate buffer (pH 5.0, 0.2 
M). Except for small amount of insoluble 
material, the remainder of precipitate was 
readily soluble in this buffer. The  redissolved 
precipitates were then subjected to paper 
electrophoresis in the same manner as their 
corresponding supernates. Paper electrophore- 
sis procedure. The free-hanging horizontal 
strip technic of Dettker and Anduren ( 5 )  was 
used for paper electrophoresis determinations. 
The technic was essentially the same as de- 
scribed by Block, et d . ( 6 ) ,  using Whatman 
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FIG. 1. Paper electrophoretic patterns obtained with 
barbital buffer (pH 8.6, .05 ionic strength), of the 
supernates and precipitates (dissolved in citrate buf- 
fer pH 5.0) of various rivanol-serum ratios. So, PO 
represents aliquots of original serum sample. S2, Pz 
Ss, Pj, etc. represent supernates and precipitates ob- 
tained by diluting serum 1 : 2 ,  1:3, etc. with .4% 
rivanol. Different aliquots of each sample were ap- 
plied to the paper in inverse ratio to their protein 

content. 

Samples of untreated serum were run simul- 
taneously with both supernates and precipi- 
tates. Study of immunologic properties of 
rivanol-globulin complex employed 4 rabbits. 
Two of these were injected 4 times/week for 
4 weeks, and 2 received subcutaneous doses 
once each week for same period. The dose 
was kept constant a t  5 ml of supernatant so- 
lution derived from l vol. of serum mixed 
with 5 volumes of rivanol (1:6). In  neither 
group were any untoward reactions observed, 
either local or generalized. Animals were 
bled weekly via ear vein, sacrificed a t  end of 
4th week and autopsies performed. Serum ob- 
tained from weekly bleeding was titered 
against a 0.1% solution of purified human 
gamma globulin as the antigen. 

Results. The electrophoretic runs (Fig. 1 ) 
demonstrate that as volume of 0.4% rivanol 
solution is increased in relation to a fixed vol- 
ume of serum, the faster migrating electro- 
phoretic fractions (albumin and alpha-globu- 
lins) are progressively removed from the su- 
pernate and appear in corresponding precipi- 
tates. In a 1:4 mixture the supernate con- 
tains only gamma and beta globulins. Fur- 

ther addition of 0.4% rivanol solution does 
not result in separation Of any additional 
fractions as indicated in SG,, P g ,  and SIO, Pi0 
patterns. When a 0.2% rivanol solution was 
used instead of 0.47Cl, a mixture of 1:6 or 
higher was required to obtain the supernate 
pattern corresponding to S4 above. An 
analysis of the supernate equivalent to SB 
(Fig. 1 ) with the Tiselius rnoving-boundary 
electrophoresis (barbital buffer, pH 8.6, 0.1 
ionic strength) showed presence of compon- 
ents in the following relative concentration 
(as % of the total protein) : - gamma globu- 
lin (79%) : beta globulins (13%) and alpha 
globulins (8% ) . 

Autopsy of rabbits injected both intra- 
venously and subcutaneously with the riv- 
anol-globulin supernate revealed no gross ab- 
normalities of any of the viscera. Microscopic 
examination of lung, liver, spleen, lymph node, 
kidney and adrenal showed no unusual fea- 
tures as compared to those seen in the usual 
process of immunization. 

A progressive rise in precipitin titer to as 
high as 1:600 at  end of 4 weeks, was obtained 
in sera of intravenously treated animals while 
subcutaneously injected animals showed a 
titer of 1 :32. There was no cross precipita- 
tion with human albumin. 

Discussiolz. Our study confirms the work 
of previous investigators ( 1,2,3,4) that addi- 
tion of rivanol to serum or plasma a t  room 
temperature results in selective precipitation 
of protein fractions of greater mobility and 
retention in solution of those of lesser mobil- 
ity. Frolm our studies as well as previous 
studies of Hofejsi and Smetana( 1,2) and of 
Boettcher, et aZ.(3), it  appears that the ma- 
jor protein fractions remaining in the super- 
nate a t  optimal rivanol (0.4%) -serum mix- 
tures ( >4: 1) are gamma globulin and beta- 
1 -metal combining globulin. The probable 
reason for lack of reactivity of many proteins, 
e.g., gamma globulin, with organic cations 
and anions has been explained by Klotz( 7,8) 
as due to internal binding between hydroxyl 
amino acids and carboxylic and cationic amino 
acid side chains supplemented by Van der 
Wads  forces. In  our opinion this does not 
rule out the possibility of soluble complex 
formation between these 2 protein fractions 
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loss of biological activit), of gatiima glohuliii 
prepared by rivanol treatment has been esten- 
sively investigated by Hoiejsi and Smetana 
( 2 )  with respect to electrophoretic mobility. 
polarographic and potentiometric determina- 
tion of SH groups, dye binding, viscosity and 
tryptic digestion. Of particular interest was 
their demonstration that rivanol prepared 
gamma globulin contained antibodies against 
polioencephalitis, several strains of influenza 
virus and infectious hepatitis of the same de- 
gree of protective capacity as did ethanolic 
preparations of gamma globulin. These re- 
su 1 t s , which demonstrate ti n i m pai red an t i b od y 
activity of rivanol prepared gamma globulin. 
are supplemented by our finding of potent 
antigenic activity of such gamma globulin 
preparations. We have also shown that it is 
not necessary to remove rivanol prior to par- 
enteral injection and that it is without dele- 
terious effect on rabbits. Vse of supernate 
without further purification. c.g., charcoal ab- 
sorption to remove rivanol, prevents loss of 
considerable proportion of original serum 
gamma globulin content. 

While it is well known that most antibodies 
are gamma globulins, a number of antibodies 
have also been shown to have electrophoretic 
mobilities corresponding to beta-2-globulins 
( 9 ) .  Therefore, the admixture of beta globu- 
lins with gamma globulins resulting from 
rivanol preparations may be advantageous, as 
for example in the immunohistochemical study 
of hypersensitivity states. Tt appears from 
the work of Boettcher, et d.( 3 )  as well as 
our preliminary studies that the beta globu- 
lin component obtained with higher rivanol- 
serum ratios is the beta-l-metal combining 
globulin (transferrin or siderophilin) . This 
component has recently been reported to pos- 
sess antiviral activity( 10) .  

These studies are being pursued along 2 
parallel lines. Firstly, the antigenic proper- 
ties and potency of various rivanol-plasma 
protein fractions are being investigated. Sec- 
ondly, more detailed physico-chemical studies 

of (hese Frartiotis are htsing carried nut. 
i . \‘arkitjot1 of ratio (if 0.49) 

rivaiiol ( ( I . [ ) ,  diainino-2 rt hosytcridine lac- 
tate) solution to that of ser~ini, provides a 
simple and rapid method for fractionation of 
serum proteins a t  room or refrigerator (4’) 
temperature. 2.  Paper electrophoresis (bar- 
bital buffer, pH 8.6, 0.05 ionic strength) was 
used to determine protein fractions remaining 
in the supernate and those found in corre- 
sponding precipitates (soluble in pH 5.0 cit- 
rate buffer) at various serum-rivanol ratios. 
3. The  supernate of serum-rivanol mixtures 
of 1:4 or higher consisted almost entirely of 
gamma globulin (79%) and of the beta-l- 
metal combining globulin (13 o/o) as deter- 
mined by moving boundary electrophoresis. 
4. Immunization of rabbits by direct intra- 
venous injection of rivanol-globulin supernate 
caused no deleterious effects in animals and 
resulted in high titer antisera (1:600). 5. 
The  possible advantages of using rivanol dilu- 
tion as a simple method for preparation of 
concentrated plasma protein fractions con- 
taining substances with specific biological ac- 
tivity, e g . ,  ceruloplasmin, gamma globulin. 
etc. is discussed. 
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