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I. INTRODUCTION

Much attemnpts have heen made on the preparation of
a potent hemolysin by the ways being in economic and

laborlous procedures in conducting complement fixation
test,

In conventional method, rabbits were injected intrave-
nously 4 to 10 ml. of a 509 suspension of washed sheep
erythrocytes three to five times every four to five days
interval. This method of immunization may bring about a
serious anaphylactic shock with inducing a less hemolysin
formation.

Rapp(1953) developed a new method for the preparation
of hemolysin jnoculating 0.1 ml. to 4 ml. of a boiled
sheep erythrocytes stromata into rabbits via ear vein
eleven times every day. The method may result in higher
titered hemolysin formation if the procedures are properly
conducted, otherwise, it may cause a relatively severe
side reaction as well as a fluctuation of a individual
immune response. Furthermore, the complexity of the
antigen preparation and immunization procedures gives
much trouble in adopting this method of immunization.

In this paper, the method of hemolysin formation using
the formalin treated sheep erythrocytes were studied.
And the method is new and simple for the preparation
of hemolysin in economical, unlaborious and time saving

procedures than any other mcthods which Tmve been

previously known,

thesis of the senjor author.

II. MATERIALS AND METHODS

Rabbite: Rabbits not wciglgng less than 2.5 kgs of
body weigﬁt were employed in this experiment. They
were divicied into several groups without sex}lal difference,
and each of which consisted with four rabbits. !

Sheep Erythrocytes: Sheep blood was.collected asept;-
cally in equal volyme of modified Alsever's solution
(Bukantz et al. 1946). The mixture of blood and Alsever’s

solution was washed with 0.85% saline solution by

_centrifugation at 1,000 r.p.m. for 10 min. for three

times. After the last centrifugation, the supernatant
fluid was removed and the packed erythrocytes were
made.

Antigen Preparation: Washed sheep erythrocytes were
made a 10% suspension in 0.5 and 29% formalinzed
solution(Wako 37% The

suspension was gehtly mixed before it was returned to

saline made, formalin).
70°C water bath, and blood was occasionally shaken
during overnight incubation to give a homogeous mixing
with formaline. The formalininzed erythrocytes were
stored in refrigerator and used as an original antigen.
Formalinized erythrécytes were washed with physiological
saline by céntrifugation at 1,000 r.p.m. for 10 minutes
several times until the trace of hemolysis was washed
out completely, and the sediment was made & 209 susp:
ension into 0.859% NaCl solution before every injection,

On the other hands, some modifications such as «u

* The part of these studies was submitted to the Gradunte School, Scoul National University for the M.S.



substitution of modified Alsever’s solution: to a physiolo-
gical saline, and with or withé_ul wash off of formalin
excess were made. - . .
Hemolyiin Preparstion: All',_t}u: subbits were received
antigen intravenously as schedujed in tables. On 18th day
after the first injection, blood wasi‘ cpllécted by heart
It was heat inacli-
vated at 56°C water bath for 30‘minutes and stored at

puncture and serum was harvested.

—~20°C deep freezer.

Hemolysin Titration: Diluent used in the hemolysin
titration was Veronal NaCl buffered solution pH 7.2
(Mayer et al. 1948), By emplbyi;r;g‘:a Kahn pipette, the
hemolysin was mixed with diluent to give 102 concent-
ration of the hemolysin. Sub-dilutions ‘were made from
this mixture. A 4% sheep erythrocytes were made by

centrifugation at 1,000 r.p.m. for 10 minutes three times

and suspended in the diluent. ,

Guinea pig serum was collected from 5 healthy mal
and povled before making a dilution in Veronal-NaC
buffered solution. A two full units (}/; dilutim) of guine
pig complement was used throughout the siudies. j

In conducting hemolysin titration, the tubes were fillcd
with 0.1 ml. of diluted hemolysin, 0.1 ml. of 49% sheej
erythrocytes, 0.2 ml. of two units of complement amj
0.4 ml. of diluent. After a gentle mixing, the tubes werd
placed at 37°C
the result. The reciprocal of the highest dilution o

water bath for 30 minutes and rea
hemolysin, in which the sheep cells were lysed comply

\
etely, was recored as a hemolysin titer. Furthermore, to
avoid some erronous resulls, the control systems wer
also adopted simultaneocusly. Other detailed procedurcT

are illustrated in table I.

TABLE 1 : Titration of Hemolysin
Tube No. : 1 2 3 4 5 6 7 8 9 10 1 12 13
s 1 11 1 1 1 1 1 1 1

Hemol D - s . SN S

_ emolysin Dilution ITH 2T 3T 4T 57T 6T 7T 87T 97 ioF Controls
Hemolysin ml. 61 01 01 01 01 01 01 01 01 0101(1/1T)0 0.1
Sheep RBC, 4%, ml. 0.1 0.1 01 01 01 01 01 01 01 01 01 01 01
Complement 1/25, ml. 0.2 0.2 0.2 02 02 02 02 02 02 02 0 0.2 0
Dilluent ml. .04 04 04 04 04 04 04 04 04 0.5 0.6

0.4 0.6

* 1/1,000 dilutiop of hemolysin
lIl. EXPERIMENTAL RESULTS
AND DISCUSSION

1. Effect of Immune Dose and Time of
Inoculation on hemolysim formation: This
experiment was conducted to establish the most favorable
immune schedule with comparing the results responded
to varying dose of inoculum and time of - injections.

The antig_en was a 20% suspension of erythrocytes
treated with 0.5% formalin and excess formalin was
.. eliminated before every injection. Group A rabbits were
. once received with large dose of inoculum(15 ml.) on
. Ist day, and bleeding was made on 18th day after the

antigen inoculation. Group B rabbits were inocylated

with & small dose of inoculum on the first day  and
followed a large dose on 5th day after the first injection.

The rabbits in group C, D and E were injected with

varying dose of small inoculum four times every four

37°C, 30 minutes incubation

days interval. All the rabbits were bled on 18th day
from the beginning of immunization and the serum was
subjeted to hemolysin titration.

The results are illustrated in table 2. And the results
indicate that group C was possible to form more thar
3,000 hemolysin units, and group Eshowed 10,000 uniig
of hemolysin titer. ‘

On the other hands, an increased dose of inoculum 21"‘
shown in group D reveals a moderate response o;n
hemolysin formation. However, a large dose of inoculum
in single or twice inoculation as presented in group A and
B shows only a low degree of immune response.

The results indicate that formalin treated sheep erylh-
rocytes induced the formation of a higher titer hemolysin
without causing the anaphylactic shock, and a continuous
antigenic stimulation with a relatively small dose of
inoculum enhanced a pronounced immune response than

that of single inoculuation with large dose.



TABLE 2 : Effects of immune dose and time of inoculation on hemolysin titer

Dose of Inéculu;n (ml.)‘ .

" Day of Inoculation and Bleeding

No. of - Hemolysin

Grop Treatment 1st 5th 9th 13th 18th Rabbits * titer N
0. 5%formalin o 1 < I,O(X)i,
A 20%Sheep Cell 15.0 — — — Bleeding ) < 1,000
3 < 1,000

. 4 < 1,000°

0.5% Formalin ‘ e 1 © < 1,000

B 20% Sheep Cell 0.1 10.0 —_ — . Bleeding 2 < 1,000

- 3 < 1,000 .

4 < 1,000 .

0.5% Formalin 1 . 4,000 ¢

C  20% Sheep Cell 0.5 1.0 1.5 20° " Bleeding 2 . 3,000 .
' ' .3 " 4,000

4 3,000

0.5% Formalin ‘ : 1 " 8,000

D 20% Sheep Cell 0.5 1.0 3.0 4.0 Bleeding ~ 2 8,000

3 8,000

4 - 8,000

0.5% Formalin 1 >10, 000
E  20% Sheep Cell 1.0 2.0 3.0 4.0 Bleeding 2 10,000 !
3 >10,000 -

. 4 >10, 000

* Not injected.

2. Effect of Formalin Excess. on hemo- -succumbed, . . Ty

lysin formation: It was observed that erythrocytes
treated with 0.5% formalin was slowly lysed during

I several days storage in refrigerator, but stimulated a
higher degree of immune response without lossing of
antigenecity, il the cells were injected after washing off
formalin excess (group C, D and E).

This test was designed to pursuit the effect of formalin
excess on immunogenicity by inoculation of formalinized
erythrocytes without washing off formalin excess through
the immunization.

Rabbils were injected, with a small dose of inoculum,
according to the immune schedule which was suggested
to be favorable in previous experiment. The results are
presented in table 3. Group F rabbits showed only a
low degree of hemolysin formation, of which titers are
less than 1.0 =nire Increased dose of innculum results

Lemn'rin formaton

= T TR

PR e =

These undesirable results suggest that the decrease of
antigen concentration owing to the partial hemolysis
during the storage caused to a lesser degree of antigenic
stimulation on hemolyéin formation. However, group H
rabbits might have shown more than 10,000 hemolysin
units as shown in group E, even though onethird of the
antigenic had cells had been destroyed. .

On the other hands, formaline excess may bringout’
anaphylactic shock as well as the surpression of hemclysin
formation. The effects of formalin excess on anaphylactic'
and immune surpression were not clarified in this expe-

riment, and fu’rther‘f.studies were needed to explain them.
3. Effect of Formalin Concentration and

Diluent on hemolysin formation: To prevent a
partial hemolysis of sheep erythrocytes treated . with 0.5
9}, formalin saline, and to avoid the laborious washing
procedures of formalin excess before every injectiom,
o ol oot tn o torere—ior T Ieewtn e

. i . ) :

--: ¥na. noculation, one ol which was Ir  preirmmary test, 2% formalin was shown to be



TABLE 3 : Effccts of formalin excess on immunogenicity,

Dose of Inoculum (ml.)

. Day of !noculalion and mccding ' No. of Hemolysin
Group  Treatment* 1st 5th 9th ~ ° 13th 18th Rabbits titer
0.5% Formalin 1 <1,000
F 20% Sheep Cell 0.5 1.0 1.5 2.0 Bleeding 2 <1,000
o 3 <1,000
4 <1,000
0.5% Formalin ‘ 1 2,000
‘G 20% Sheep Cell 1.0 . 2.0 3.0 4.0 Bleeding 2 1,000
o o ' ‘ 3 <3, 000
4 4,000
) 0.5% Formalin ¥k .
H 20% Sheep Cell 1.5 3.0 4.5 6.0 Bleeding 2 1,000
3 1,000
4%* 5,000
*  After formalin treatment, a 20% cell saspension was injected without wash off formalin excess.
#* Rabbits showed naphyalactic shock on final inoculation, and one of them was died.
the lowest concentration, with which the treated erythr- were treated with 29 formaling saline and washed off;
acytes were not lysed, with or without wash off excess excess formalin before every injection. The umigeni
‘ormalin for a relatively long poriod of storage. injected in group J rabbits was a 209 suspension of 2%‘
The rabbits in group I were received erythrocytes which formalin treated erythrocytes, which were washed off
TABLE 4 : Effects of Formalin Concentration and Diluent !
Dose of Inoculum (ml.)
L Day of Inoculation and Bleeding No. of Hemolysin
Group Treatment Ist 5th 9th 13th 18th Rabbits Titer
29 Formalin* 1 1,000
1 20% Cell ‘ 0.5 1.0 1.5 2.0 Bleeding 2 1,000
" . 3 1,000
4 <1, 000
2% Formalin** _ 1 <1,000
] 20% Call 6.5 1.0 1.5 2.0 Bleeding 2 <1,000
3 <1, 000
4 <1,000
0.5% Formalin*** 1 <1, 000
K 20% Cell(Als.) 1.0 2.0 3.0 4.0 Bleeding 2 <1,000
T 3 <1,000 ’i
4 {1,000
0.5% Formalin*+* 1 <1,000
L 20% Cel(Als.) 2.0 4.0 6.0 8.0 Bleeding 2 <1,000
3 1,000
4

1,000

l
!
i
f
|

-*  Formalin excess was washed before every injection

**  Aftar formalin treaument of the erythrocytes, the excess formalin was washed and a 2095 cell suspension
was kept in refrigerator throughout the immunization.

*¥x After formalin treatment, the formalin excess was washed and the sediment was made a 209 cell susp-
ension into Alsever’s solution.



. treated with 2% formalin saline and

formalin excess and stored in refrigetator throughout the
immunization.
Group K and L rabbits were received the erythrocytes

suspended in modfied Alsever’s solution after 0.5%

formalin treatment and a wash off formalin excess.

The immunizing methods and the results are illustrated

- in table 4.

All the rabbits susjected to this experiment showed only
a low degree of immuneresponse, of which titers. are
less than 1,000 hemolysin units- Although the erythrocytes
with or without a

wash off excess formalin were not lysed in refrigerator

" for several days of storage, they showed only a negligiable

- immune response. However, the erythrocytes treated with

0.5% formalin solution were lysed slowly, they stimulated
a higher degree of hemolysin formation if excess formalin
was eliminated befor every injection. _

A lesser stimulation of antibody formation with higher
concentration of 0.5% formalin may duc to the deterior-
ation of antigenic structure of sheep erythrocytes,

In fact, 295 formalin may cause erythrocytes to tighly
fixed and force a velatively firm clumps in process of
centrifugation than that of 0.5% formalin. Furthermore,
hiemolysed cell components may act as an important role
in the formation of hemolysin production in rabbits.

Substitution of Alsever’s solution to saline, showed a
poor immune response. This may due to the fact that
Alsever’s solutions blood preservatives and it may give
surpressionon the antibody formation,

Throughout the studics, it was suggested that formalin
treated erythrocyles enhanced hemolysin production with
a relatively small dose of inoculum and in shorter time

f , . .
.of period. In accordance with the relatively lower concen

!

tration erythrocytes, it was unable to cause hypersensitive
state or other undesirable side reactions i rabbits. It is
also noteworthy that the procedure is rather economic,
unlaborious, time saving and better qualified in the view
of no individual variatioas in the production of h:gh
titered hemolysm in rabbits.

1V, CONCLUSION

A potent hemolysin showing more then 10,000 hemo-
lysin unit was easily obtainable from the immunized
rabbits which were received via ear vein 10 ml. of a 20
9% suspension of erythrocytes treated with 0.5% formalin
saline 4 times every four days interval andbled on the
fifth day after last injection of ant antigen.
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