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be produced in female mice with chloroform 
and 1,1,2-trichloroethane, even at  lethal doses. 
Male and female mice were also tested for 
their susceptibility to the hepatotoxic pro- 
perties of carbon tetrachloride. Liver dysfunc- 
tion, as determined by elevated serum glu- 
tamic-pyruvic transaminase activity, could 
be demonstrated in both male and female 
mice at  0.009 ml/kg. No sex difference was 
observed in the 24-hour LD5,, values for the 
three agents tested. This indicates that with 
these agents nephrotoxicity is not an im- 
portant contributing factor in the death6 oc- 
curring during the first 24 hours. 
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Passive hemagglutination methods have 
proved very useful for the assay of small 
amounts of antigen and antibody(1). Fresh 
or formalinized erythrocytes have been con- 
jugated to proteins by the tannic acid or bis- 
diazotized benzidine and other procedures. 
Formalin-fixed, an tigen-con jugated cells have 
been especially used because they can be 
frozen for long periods of time without loss 
of sensitivity to agglutination by specific anti- 
body(2). Often, however, such fixed and 
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sensitized erythrocytes tended to clump upon 
freezing and thawing, making them unsuitable 
for the assay of antibody. It, therefore, seemed 
desirable to develop other procedures for 
preservation and sensitization of sheep eryth- 
rocytes. Glutaraldehyde fixation of erythro- 
cytes was investigated and found to be 
superior to formalin fixation of red blood cells. 
Conditions for the conjugation of the glu- 
taraldehyde-preserved red blood cells to pro- 
teins by the tannic acid and bis-diazotized 
methods were compared and the stabili'ty of 
these preparations ascertained. The ap- 
plication of these preparations to the detection 
of antibody to human serum albumin and 
to bovine beta lactoglobulin is described. 

Materials and methods. Antigens and anti- 
sera. Bovine beta lactoglobulin (BLG) and 
human serum albumin (HSA) were purchased 
from Pentex Laboratories, Kankakee, Ill. 

Antisera were prepared in 6-16 male or 
female white New Zealand rabbits. Rabbits 
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were injected 3 times a week for 3 weeks with 
20 mg of BLG or HSA into each hind foot 
pad. At the end of the fourth week they were 
bled from the lateral ear vein every day for 
3 days. Sera from the 3 bleedings of an in- 
dividual rabbit were pooled. 

Hemagglutination assay. a )  Preparation of 
antisera and diluent. All sera were collected 
by centrifugation a t  5000 RPM for 20 min- 
utes and stored at  -2O'C until used. The 
antisera were heated at  56OC for 30 minutes 
to inactivate the complement. All dilutions 
were made in buffer containing .25% normal 
rabbit serum (NRS-Cappel Laboratories, 
West Chester, Pa.). The normal rabbit serum 
was heated for 30 minutes a t  56°C and ab- 
sorbed with an equal volume of .15 M NaCl- 
washed fresh, formalinized or glutaraldehyde 
preserved sheep erythrocytes, depending on 
which preparation of conjugated cells was 
being employed. A 10-fold dilution of the 
antisera was absorbed for 10 minutes at  room 
temperature with the suitable non-conjugated 
erythrocyte preparation just prior to dilution 
for the hemagglutination or hemagglutination 
inhibition assay. 

b)  Hernagglutination assay. Hemagglutina- 
tion assays were performed as described pre- 
viously( 1 ) . The end point of the assay was 
defined as the last dilution of the antiserum 
which gave a definite 2-plus pattern. Titers 
were expressed as the reciprocal of the dilu- 
tion of antiserum a t  the end point. 

c) Hemzgglutination inhibition assay. Hem- 
agglutination inhibition was carried out by 2 
procedures. First, the antigen was added to 
each tube in a duplicate series of the anti- 
serum dilutions prior to adding the antigen 
conjugated erythrocytes. Second, the inhibi- 
tor was serially diluted in the diluent contain- 
ing .25% NRS, the final volume of each dilu- 
tion being 0.5 ml. A constant amount of 
antibody was then added to each tube. This 
was 0.1 ml of a dilution of the antiserum 
which still caused specific agglutination of 
the conjugated cells. For exapmle, the hem- 
agglutination titer of an antiserum was 5120. 
For the inhibition assay it was diluted 1:500 
in buffered saline containing .25% NRS and 
0.1 ml of this dilution added to each dilution 
of inhibitor. The volume of the inhibitor was 

0.5 ml. Therefore, the final dilution of anti- 
serum was 1:3000, a concentration which still 
caused agglutination of the antigen conju- 
gated cells. Five-hundredths ml of a 2 %  
suspension of the protein conjugated cells 
were added to each dilution of inhibitor, the 
tubes mixed, and the cells allowed to settle. 
In  both assays, the end point of inhibition 
was the last dilution of inhibitor which pro- 
duced a definite plus-minus pattern( 1) .  

Fixation of the  erythrocytes. Sheep eryth- 
rocytes were preserved by formalin as de- 
scribed previously (2). They were also fixed 
with glutaraldehyde as follows: 

Fresh sheep erythrocytes suspended in Al- 
sever's solution were centrifuged for 28 min- 
utes a t  roo'm temperature a t  30100 RPM and 
washed 3 times with .15 M NaCl. After the 
last wash the packed ceIIs were chilled to 4OC 
in an ice bath. Twenty-five percent glutaral- 
dehyde (Technical grade, J. T. Baker Co., 
Phillipsburg, N. J.) was diluted to 1% (v/v) 
with a solution containing one volume -of-<lS 
M NaPQ, pH 8.2, nine volumes of .15 M 
NaCl and five volumes of distilled water. The 
glutaraldehyde-salt solution was chilled to 
4OC and used to dilute the packed red blood 
cells to 1 to 25% (v/v) . The mixture of cells 
and glutaraldehyde was incubated for 301 min- 
utes a t  4OC with occasional mixing. The fixed 
cells were collected by centrifugation a t  3000 
RPM a t  room temperature and washed 5 
times with .15 M NaCl and 5 times with 
distilled water. The volume of the wash was 
about one-tenth the volume of the glutaralde- 
hyde-red blood cell mixture. The cells were 
suspended to a final concentration of 30% 
in distilled water, merthiolate was added to 
final concentration of 1 : 10,0010 (w/v) and 
the cells stored a t  4OC. 

The formalinized cells were dark brown in 
color and morphologically indistinguishable 
from unfixed cells. They sedimented rapidly 
and required vigorous shaking for dispersion. 
Upon prolonged storage at  -20°C, they 
tended to clump, and required vigorous shak- 
ing and/or straining through three layers of 
gauze in order to obtain a uniform suspen- 
sion. The glutaraldehyde-fixed cells were 
bright red immediately after fixation, and 
gradually became brown with succeeding 

/--- - - 
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washes. The final color, hoiwever, was lighter 
than a corresponding suspension of formalin- 
ized erythrocytes. They did not lyse when 
suspended in distilled water, upon freezing 
and thawing 20 times, or when lyophilized 
and reconstituted. Clumping of the cells oc- 
curred after a few weeks storage at -20°C, 
but they could be resuspended by vigorous 
agitation in a Vortex mixer. Specific sensiti- 
zation of the cells with a protein antigen was 
still possible even after 6 months storage of 
the cells a t  4°C in 1 : 10,000 merthiolate. 

Sensitization of erythrocytes. The fresh 
formalinized and glutaraldehyde preserved 
erythrocytes were sensitized by the tannic 
acid method as previously described ( 1 ,2). 
The pH of sensitization was 6.4 for BGG and 
5.6 for HSA. One-tenth milligram of HSA 
was employed for sensitizing one ml of a 
standardized suspension of erythrocytes. 
Sensitization of glutaraldehyde-treated cells 
with bis-diazotized benzidine (BDB) was per- 
formed in the following manner: An aliquot 
of cells was removed from the stock suspen- 
sion of 30% cells and collected by centrifu- 
gation at  3000 RPM for 10 minutes. They 
were washed 2 times with . l l  M NaP04 
buffer, pH 7.3, and suspended to a final con- 
centration of 25% in the same buffer. The 
volume of the washes was 10 times the volume 
of the cells removed from the stock solutions 
of cells. The BDB was prepared according 
to a previous description(3) and stored at  
-20°C in 0.5 ml aliquots. Assuming com- 
plete reaction there was 4.08 mg of BDB/ml 
of solution. For use, each aliquot was thawed 
quickly at  37°C and diluted 1:15 with the 
.11 M sodium phosphate buffer, pH 7.3. Cells, 
antigen and . l l  M NaP04 buffer, pH 7.3, 
were mixed and then the BDB was added. 
The final concentration of erythrocytes in the 
reaction mixture was 1 % (v/v) . The mixture 
of cells BDB and antigen was incubated for 
15 minutes at  37°C and the cells collected by 
centrifugation at  3000 RPM for 5 minutes. 
The cells were washed twice with .15 M NaCl, 
and then once with .15 M NaC1-NaP04, pH 
6.4 containing .25% NRS. The volume of 
the washes was one-half the volume of the 
reaction mixture. Finally, the cells were sus- 
pended in .15 M NaC1-NaPO4 buffer pH 6.4 

containing . 25% normal rabbit serum to a 
final concentration of 2% (v/v). Freezing 
and thawing of the BDB conjugated cells 
caused clumping. The cells were, therefore, 
stored a t  4OC in 1 : 10,000 merthiolate. At this 
temperature they maintained sensitivity for 
a t  least 4 weeks. That is, they were specifi- 
cally agglutinated by the same dilution of a 
standard antiserum. 

Results. Preparation and activity of vari- 
ously fixed and sensitized erythrocytes. a) 
Direct and tannic acid-con jugated and sensi- 
tized fixed cells. One lot of the glutaraldehyde- 
fixed sheep erythrocytes was sensitized with 
HSA by the tannic acid method, using 0.1 
mg of HSA per ml of a 2.5% solution of fixed 
cells. Another batch of glutaraldehyde-fixed 
cells was sensitized directly by addition of 
0.0005 to 0.5 mg of HSA per ml of a 2.5% 
solution of fixed cells. It was found that the 
optimal concentration of antigen was 0.125 
mg of HSA per ml of 2.5% fixed cells. A 
batch of formalinized cells was sensitized in 
a similar manner using HSA at a concentra- 
tion of 0.25 mg per ml of 2.5% fixed cells 
yielding cells of a comparable or occasionally 
higher titer. Attempts to directly snesitize 
formalinized cells with an antigen concentra- 
tion of 0.125 mg per ml 2.5% fixed cells 
yielded cells with a markedly reduced titer 
(Table I). 

For assay the cells were stored in 1 : 10,000 
merthiolate a t  4OC. The anti-HSA serum 
was diluted in pH 7.2 buffered saline con- 
taining 0.25% NRS and the anti-BLG serum 
in pH 6.4 buffered saline containing 0.25% 
NRS. 

Table I indicates the results of the 
assays with the variously sensitized cells and 
the results of the tests of the stability of the 
preparations after repeated freezing and thaw- 
ing or lyophilization and storage for one 
month. Direct sensitization of the formalin- 
ized cells was achieved but necessitated a 
higher antigen concentration than the glutar- 
aldehyde-fixed cells. Direct sensitization of 
both cell types resulted in sensitive cells for 
the detection of anti-HSA antibody. The 
formalinized cells, however, had somewhat less 
distinct settling patterns particularly in the 
hemagglutination inhibition row. Within the 
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TABLE I. Tests on the Stability of Various Antigen-Conjugated Cell Preparations. 

Antigen Cell preparation In i t ia l  titer" 1 mo 3 mo 4 mo 
~ ~~ ~ ~ ~~ ~ ~ ~~~ 

HSA Formalinized, tmned 32,000 12,800 6,400 12,800 

HSA Formalinized, $ untanned 102,400 - t  
HSA Formalinized,$ untanned 100 100 

HXA Glutaraldehyde-fixed, tanned 3,200 12,800 3,200 6,400 

HSA Glutaraldehyde,$ untanned 12,800 12,800 25,600 25,600 
BLG Glut ar aldehyde BDB 32,000 32,000 32,000 32,000 

- - 
- c 

* The titer is expressed as the reciprocal of the serum concentration at which the end point 

t Not tested. 
$ .25 mg of HSA per ml of 2.5% cells was used in sensitization. 

.125 mg of HSA per ml of 2.5% cells was used in sensitization. 

occurred. 

limits of the error of the hemagglutination 
method, the glutaraldehyde-fixed cells usually 
appeared to be as sensitive as other cell prepa- 
rations for detection of these antibodies. 
Moreover, the sensitivity was maintained dur- 
ing storage for a t  least 4 months at  -20°C. 

Bovine P-lactoglobulin could not be conju- 
gated to formalinized erythrocytes by the tan- 
nic acid method unless 1 mg of BLG-A was 
added per ml of final volume of 2 %  cells. 
In  addition, the cells were not specifically ag- 
glutinated by an anti-BLG-A antiserum after 
one to two weeks storage at 4OC or -2OlOC. 
The experience with fresh cells was similar; 
more than 2 mg of BLG-A was required for 
sensitization of 1 ml of a standardized solu- 
tion of tannic acid-treated (fresh erythrocytes, 
and the cells never proved sensitive for detec- 
tion oif antibody. 

b) Conjugation of HSA and BLG-A to 
glutaraldehyde- fixed erythrocytes wi th  B DB , 
Table I1 shows the results of varying HSA 

TABLE 11. Results with HSA-Sensitized BDB- 
Cells and Varying Concentration of HSA and 

Amount of BDB. 

Cone. Inhibi- 
HSA, AmtBDB, Diluent tion 

mg/ml ml Titer" control control 

0.05 .5 163,840 post p:sI 
10  1.0 1,638,400 9 9  

0.5 1.0 1,638,400 9 9  9 9  

20 .5 1,638,400 nzg n;g 
1 0  .5 1,638,400 
5 .5 1,638,400 9 9  9 9  

1 0  .oo 12,800 7 9  9 9  

* The titer is expressed as the reciprocal of the 
serum dilution at which the end point occurred. 

t Po-positive agglutination ; neg-negative ag- 
glutination. Inhibition was tested by adding 75 
of HSA to a duplicate series of antiserum dilu- 
tions. 

concentration and BDB concentration. With 
a high BDBJHSA ratio in the mixture, the 
cells were not specifically agglutinated by the 
anti-HSA antiserum; that is, pre-incubation 
of the antiserum with .2 mg of HSA did not 
inhibit the agglutination reaction. When the 
ratio of HSA to BDB was lowered, the result- 
ing protein conjugated cells were agglutinated 
by very high dilutions of antisera, but were 
not agglutinated in the absence of antiserum, 
or when the antiserum wits inhibited by the 
pre-incubation with 75 p g  of HSA. When 
BDB was omitted, the cells were specifically 
agglutinated by lower dilutions of the anti- 
serum. 

The ,8-lactoglobin-anti-~-lactoglobulin sys- 
tem was similarly studied. Very sensitive and 
stable preparations of protein conjugated 
erythrocytes could be obtained using 0.818 
mg of protein N and 0.32 mg of BDB per ml 
of final concentration of 2% cells. The cells 
were not sensitized in the absence of BDB. 
These preparations were extremely specific; 
as little as l W 5  pg of BLG would inhibit the 
hemagglutination reaction when a constant 
amount of antibody was added to a series of 
dilutions of the antigen (cf., Materials and 
methods) .  

Discussion. The use of standardized prepa- 
rations of antigen-conjugated erythrocytes has 
greatly facilitated the use of the hemagglu- 
tination method in the studies on antibo'dy 
production. A previous paper has described 
the preparation and sensitization of formalin 
preserved sheep red Mood cells by the tannic 
acid method ( 2 ) .  Subsequent studies (4) have 
shown that the formalinized cells tend to 
clump after storage for 6 months to one year 
at -2O"C, making them unsuitable for anti- 
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body assays. In  addition, uniform prepara- 
tions of formalin preserved cells were diffi- 
cult to reproduce. As a result, other methods 
were investigated which would still retain the 
advantage of employing preserved cells in 
hemagglu tination assays. 

The glutaraldehyde method for preserva- 
tion of red blood cells appeared to fulfill the 
desired requirements. A shorter time of treat- 
ment with the fixing reagent resulted in stable, 
uniform preparations of erythrocytes which 
were insensitive to freezing and thawing, and 
changes in pH and osmolarity. 

Two antigens, human serum albumin and 
beta lactoglobulin, were covalently linked to 
these fixed cells by use of the bifunctional 
reagent, bis-diazotized benzidine. This meth- 
od should, therefore, be useful for many types 
of antigens which contain diazotizable histi- 
dine and tyrosine residues. 

During the course of these studies, i t  was 
noted that human serum albumin was ab- 
sorbed to the glutaraldehyde-treated cells in 
the absence of any agent such as tannic acid 
or bis-diazotized benzidine. The absorption 
of proteins to glutaraldehyde-treated sheep 
erythrocytes is not a universal phenomenon, 
as bovine (beta lactoglobulin was not absorbed 
by the same preparation of cells. 

Employing BDB-BLG-glutaraldehyde-fixed 
cells and anti-BLG sera, the inhibition of 
hemagglutination was found to be a very 
sensitive assay for small amounts of BLG; 

pg of BLG could be detected. More 
precision in this assay can be achieved by 
measuring the settling time of agglutinated 
versus non-agglutinated cells ( 5 ) .  

Summary. Methods have been described 
for the preservation of sheep erythrocytes by 
brief treatment with glutaraldehyde. These 
cells could be conjugated to proteins in the 
presence or absence of coupling reagents and 
were specifically agglutinated by specific anti- 
protein sera. These antigen-conjugated cells 
were stable for a t  least 6 months. Utilizing 
these cells, the inhibition of hemagglutination 
was found to be a sensitive technique for 
detection of small amounts of antigen. 
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The administration of more than one drug 
at  a time is common medical practice, and 
numerous examples of synergistic and antago- 
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nistic effects are known. Many of these effects 
are assumed to be interactions at  the receptor 
sites. However, in recent years several in- 
stances have been reported in man and ani- 
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