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In a former article1 we have shown that it is possible to determine
with sufficient precision the neutralizing power of African anti-viper-venom
serum (Bitis arietans) and of anti-cobra-venom serum (Naja flava), by the
Banic & Ljubetic method of titration at various levels,2 as modified by Ipsen.3

The method can also be used for the respective assaying of viper and
cobra antibodies contained in the polyvalent anti-snake-venom serum
(anti-Bitis arietans-Naja flava), as prepared at the South African Institute
for Medical Research, Johannesburg.

Hazra, Lahiri & Sokhey (1946) ' have moreover shown that the assaying
principle involved in this method was equally applicable to the titration of
the Naja naja-Bungarus coeruleus- Vipera russellii-Echis carinatus antibody,
contained in the anti-snake-venom serum prepared against the corresponding
venoms at the Haffkine Institute, Bombay.

During the period 1941-45, at the South African Institute for Medical
Research, we applied this method, as far as circumstances permitted, to the
assay of the neutralizing power of concentrated therapeutic polyvalent sera,
intended for the public. Our observations concerned principally the
titration of the cobra antibody.

* This work was carried out at the South African Institute for Medical Research, Johannesburg
Grasset, E. (1941) Bull. Hlth Org. L.o.N. 9, 476

' Bania, M. & Ljubetia, T. (1938) Z. Hyg. InfektKr. 120, 390
3Ipsen, J. (1938) Bull. Hlth Org. L.o.N. 7, 785
' Hazra, A. K., Lahiri, D. C. & Sokhey, S. S. (1946) Bull. Hlth Org. L.o.N. 12, 384
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For various reasons, the titration of the cobra antibody appears to be
very important, and merits detailed examination. As a matter of fact, the
neutralizing power of the cobra antibody is, proportionally speaking, much
less than that of the Bitis arietans antibody (generally, in the ratio of 1: 10
for any one polyvalent serum under consideration). It is therefore
important that this antibody be most accurately determined, all the more
so as the neutralizing titre of cobra antivenenes obtained from various
sources can vary considerably.

1. Choice of Sera and Venoms, and Titration Technique

We used a titration technique identical with the one described during
our former assays.

In order to determine precisely, if possible, the degree of accuracy ofthe
titration method at various levels, we endeavoured to make use of several
serum-venom mixtures for each assay, with increasing amounts of venom.
In most cases, the difference varied between 0.01 mg. and 0.0025 mg.

The antigens employed were two standard Naja flava venoms, varying
considerably in toxicity, which had been prepared in 1940 and 1941 from
a mixture of venoms, taken from more than 50 specimens of Naja flava.
After powdering, these venoms were placed in sealed containers and kept
in the dark.

The certainly lethal dose (c.l.d.), calculated by intravenous injections
into white mice weighing 20 g. (six animals per dose), was set at 0.012 mg.
for standard Najaflava venom no. 1, and at 0.01 mg. for standard venom
no. 2.

The toxicity of these two standard venoms, verified on numerous occa-
sions during four years of experimental work, did not vary appreciably
during this period.

After determining the c.l.d. of the standard venom under consideration,
we then titrated, at various levels, the polyvalent anti-snake-venom sera.
The mixtures were injected intravenously after one hour's contact at 370 C.,
at the rate of 0.5 ml. into a number of mice which varied, according to the
sera, from 2 to 8 for each mixture. The observation period was set, as
previously, at 48 hours.

In each series of titrations, at a given level of serum, the mixture
containing the maximum quantity of venom compatible with the survival
of 50 % of the mice injected was considered neutral.

The assays mentioned in this paper refer to a series of 12 polyvalent
antivenenes, of which 7 were concentrated by the sodium sulphate fractional
precipitation method, and 5 purified by pepsin digestion, and then con-
centrated by ammonium sulphate.
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FIG. 1. TITRATION OF SERA Nn *. 7 AND 9

SERUM SERUM
mL. isl.
0.3 0.3

N1l

0.2 4.

0.1 0.1

0 VENMm
O VENOMmg. 0.00 01 0.11 0.2 0.23 VENINmg. 0.3

SERUM SERM

mi. ml.

0.3~___ 11111 0.

02 - 0.2
on...

05 0.1 0. Q .4 O-0.15

VEN0b1~~ ~Wmg. mmIIasg.

0 0~1

0 VENOMmq.p oi s 0.1 0.15 02 0.25 0.3 VENINc9i. 0.35

SERUM SERUM

9_n_ 0ml.

oz 0.2

0e2 ml

0!1 0.1

o o.i 0.2 0.3 0.4 0.5 0.6 0.7 0.2 0.9 1.0 II1
VENOM in,. VENIN ml.

The diagonal represents, for each serum, the " preliminary neutralization line " joining the
point corresponding to the certainly lethal dose (cild.), which Is already known, to the point of
preliminary neutralization at 0.3 ml. of serum (see page 72).

The points on the ordinates marked 0.05, 0.1, 0.2 and 0.3 correspond to the various mixtures.
The black and white squares connected to these points indicate the number of mice injected with
each mixture Land the results observed after 48 hours:

o live mouse * dead mouse
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For each serum, the following procedure was observed:
First, a preliminary neutralization test at a high level, corresponding to

0.3 ml. of the standard serum;
Secondly, establishment of a graph in which the result given by each

mouse is plotted in a system of co-ordinates, the abscissa of which represents
the quantity of venom in mg. and the ordinate the volume in ml. of the
serum contained in the injected mixture;

Thirdly, a preliminary neutralization line is obtained (see fig. 1) by
joining the point of the abscissa which corresponds to the certainly lethal
dose of venom to the point which, at the ordinate level of 0.3 ml. of serum,
determines the point of neutralization;

Fourthly, we titrated serum-venom mixtures corresponding to different
levels of the ordinate, 0.05, 0.1, 0.2 and 0.3 ml. of serum. These doses of
serum are mixed with quantities of venom selected according to the graph
so as to correspond to co-ordinates crossing each other in the immediate
vicinity and on both sides of the preliminary neutralization line.

For titrations carried out at levels corresponding to 0.3, 0.2 and 0.1 ml.
of serum, the increase in the weight of venom from one mixture to another
was 0.005 mg.; for titrations carried out with sera having high neutralizing
powers, the increase was 0.01 mg.; and at the level of 0.05 ml. of serum, the
increase was at times as small as 0.0025 mg. of venom.

2. Titration by the Multiple-Level Method

2.1 Sera concentrated by fractional precipitation

We will first of all briefly outline the operations and results of assays of
the first series of 7 antivenenes, concentrated by fractional precipitation.

The stages of titration of two of these sera (no. 1 and 7) will be repre-
sented graphically. As mentioned above, the abscissae indicate the quanti-
ties of venom and the ordinates the respective amounts of serum contained
in the mixtures.

For each of the 7 sera in this first category, assays were carried out at
4 levels: 0.05, 0.1, 0.2 and 0.3 ml. of antivenene. The number of mice
injected was 2 per mixture for sera no. 1 to 5; 4 for no. 6 and 8 for no. 7.
The results - death or survival of the animals - are given in fig. 1.

The results of stages of neutralization according to Ipsen's method
applied at different levels, are shown in table I. This table also shows the
percentage difference between extreme titres noted during stages ofneutraliza-
tion and the mean neutralizing titre.

Computation of the serum titre is made according to the formula of Banic as adapted
by Ipsen. The use of this formula excludes the natural resistance of the test animal,
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STANDARDIZATION OF COBRA ANTIBODY

TABLE 1. TITRATION AT VARIOUS LEVELS OF SERA
CONCENTRATED BY FRACTIONAL PRECIPITATION *

Number of mice injected per mixture
Total number of mice injected .

Dose of venom (in mg.)
at the serum level of

0.3 ml.

) 0.2 ml.
0.1 ml.
0.05 ml.

0.3-0.2
Results of titration of the 0.3-0.1
neutralizing power, cor- ) 0.3-0.05 .
responding to various 0.2-0.1
combinations of levels 0.2-0.05

.0.1-0.05.

Mean titre (in mg.) ......

Maximum titre (in mg.) .......

Minimum titre (in mg.) .......

Range (%) .............

Venom no. 1
c.l.d. = 0.012 mg.

Venom no. 2
c.l.d. = 0.01 mg.

Serum no.

2
56

0.26
0.175
0.0975
0.0525

0.85
0.8125
0.83
0.775
0.8167
0.9

0.831

0.9
0.775
13.89

2

2
60

0.29
0.2
0.105
0.055

0.9
0.925
0.94
0.95
0.967
1

0.947

0.9
10

3

2
56

0.19
0.13
0.07
0.04

0.6
0.6
0.6
0.6
0.6
0.6

0.6

0.6
0.6
0

4

2
68

0.24
0.15
0.08
0.04

0.9
0,8
0.8
0.7
0.733
0.8

0.789

5

2
66

0.18
0.13
0.07
0.04

0.5
0.55
0.56
0.6
0.6
0.6

0.568

6

4
120

0.26
0.17
0.08
0.045

0.9
0.9
0.86
0.9
0.833
0.7

0.849

0.9 0.6 0.9
0.7 0.5 0.7

22.22 16.67 22.22

7

8
176

0.31
0.21
0.11
0.06

1
1
1

1
1

1

* The method of reading this table is indicated below.

a factor which can be responsible for the neutralization of the main portion (about 4/5 of
1 c.l.d.) of the venom introduced. The formula is as follows:

Quantity of venom
neutralized by 1 ml.i
of antivenene

Amount of venom - 1 c.l.d.
Amount of serum- dose S 1

S 1 representing the dose of serum which protects the mouse against 1 c.l.d. of venom.

For the calculation of the neutralizing power of an antivenene, assayed at various
levels, two points situated on the neutralization line are selected. The difference between
the corresponding quantities of venom is divided by the difference between the corres-
ponding doses of serum. The figure thus obtained gives the neutralizing titre of the
serum expressed in mg. of venom per ml. of serum. This operation can be carried out
a varying number of times, according to the number of levels chosen.

The above formula therefore becomes:

Neutralizing titre
of serum between
two levels

dose of venom at higher level - dose of venom at lower level
dose of serum at higher level - dose of serum at lower level

73
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74 E. GRASSET

For this operation, the neutralizing titre was determined by all possible combinations
of two levels at a time of the four chosen levels (0.3, 0.2, 0.1 and 0.05 ml. of serum), or
in other words, six times for each serum.

For example, if the formula is applied to serum no. 1 (see table 1), the following
results are obtained:

Combination of levels Calculations Neutralizing titre

0.26 0.175 0.085
0.3-0.2 -= - = 0.85

0.3 -0.2 0.1

0.33- 01 . . . . . . . . .

0.26 0.0975
_

0.1625
0.8125

0.3 0.1 0.2

0.26 0.0525 0.2075
0.3-0.05 - --_ = 0.83

0.3 0.05 0.25

0.175 0.0975 0.0775
0.2-0.1......... = 0.775

0.2- 0.1 0.1

0.175 - 0.0525 0.1225
0.2 0.05 . . . . ........ . . = 0.8167

0.2 - 0.05 0.15

0.0975 0.0525 0.045
0.1 -0.05 .-. . - = 0.9

0.1 0.05 0.05

2.2 Enzyme-purified sera, concentrated by ammonium sulphate ("modified
globulins ")

After the introduction of the enzyme-purification method, followed by
ammonium sulphate precipitation, in preparing polyvalent antivenenes,5
we submitted the " modified globulins " prepared in this way to a method
of assay similar to the one described above.

In this latter series of titrations, standard Najaflava venom no. 2, with a
c.l.d. of 0.01 mg., was used.

For these assays, we chose modified globulins of varying neutralizing
powers, some of which, in preliminary titrations, were from two to four
times more potent than sera concentrated by the fractional precipitation
method.

In carrying out titrations, from 2 to 8 mice were employed per mixture,
depending on the sera. Relevant data concerning these titrations, for the
5 anti-snake-venom globulins prepared in this way, are to be found in
table II.

'Grasset, E & Christensen, P. A. (1947) Trans. R. Soc. trop. Med. Hyg. 41, 207
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TABLE II. TITRATION AT VARIOUS LEVELS OF ENZYME-PURIFIED
SERA CONCENTRATED BY AMMONIUM SULPHATE (MODIFIED GLOBULINS) *

Venom no. 2
c.l.d. = 0.01 mg.

Serum no.

8 9 10 11 12

Number of mice injected per mixture 2 2 8 8 8
Total number of mice injected .... . . . 64 66 328 216 152

0.3 ml ...... 0.63 0.93 0.305 0.48 0.31
Dose of venom (in mg.) 0.2 ml .0.42 0.61 0.21 0.32 0.21

at the serum level of 0.1 ml. . . . . . . 0.22 0.32 0.115 0.165 0.11
0.05 ml. . . . . 0.115 0.16 0.06 0.085 0.06

0.3-0.2 .2.1 3.2 0.95 1.6 1
Results of titration of the 0.3-0.1 . . . . . . 2.05 3.05 0.95 1.575 1
neutralizing power, cor- 0.3-0.05 . . . . 2.06 3.08 0.98 1.58 1
responding to various 0.2-0.1. . 2 2.9 0.95 1.55 1
combinations of levels 0.2-0.05 ..... 2.03 2.9 1 1.567 1

0.1-0.05 . . . . 2.1 3.2 1.1 1.6 1

Mean titre (in mg.) ..... . . . . . . . . 2.057 3.072 0.988 1.579 1

Maximum titre (in mg.) . . ....... . . 2.1 3.2 1.1 1.6 1
Minimum titre (in mg.) . . ....... . . 2 2.9 0.95 1.55 1
Range (%) ...... ...... . . . . . 4.76 9.37 13.64 3.12 O

* The method of reading this table is Indicated on page 73.

2.3 Survey of results

The principal data relating to titrations, for all 12 sera examined, are
summarized in table III. It will be noted that, for three of them (no. 3,
7 and 12), identical titration results, at the four levels under consideration,
were obtained; that is the titration difference is nil. For two sera (no. 8
and 11) this difference varies from 0 % to 5 %; for two others (no. 2 and 9),
from 5 % to 10 %; for three others (no. 1, 5 and 10) from 10 % to 20 % ; and
finally, for the last 2 (no. 4 and 6) the maximum difference is 22 %.

To sum up:
for 25 % of the sera, the titration difference is nil
for 33 % of the sera, the titration difference is from 3 % to 10 %
for 25 % of the sera, the titration difference is from 13 % to 17 %
for 17 % of the sera, the titration difference is 22 %.
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STANDARDIZATION OF COBRA ANTIBODY

The analysis of the results obtained for these 12 sera shows that, in
practice, the method of titration at various levels makes it possible to
determine, with sufficient accuracy, the anti-Naja flava neutralizing power
of polyvalent antivenenes intended for the public.

This method can also be applied to sera obtained by different
concentration methods, either by fractional precipitation or by enzyme
digestion. It is applicable to sera having marked variations in neutralizing
power, as is seen, for example, from the titration of the concentrated serum
no. 5 and of the modified globulins no. 9, whose mean titres are 0.568 mg.
and 3.072 mg. respectively, the difference between them being therefore in
the proportion of 1 to more than 5.

The degree of accuracy of these titrations, estimated by the range of
divergences between extreme titrations, at various levels, appears all the
greater as the variations between the increasing doses of venom contained
in the various mixtures prepared for a given level of serum are smaller:

0.01 mg. of venom for the high level of 0.3 ml. of serum;
0.005 mg. for levels of 0.2 and 0.1 ml. of serum;
0.0025 mg. for a low level of 0.05 ml. of serum.

If an examination is made of the various titres obtained for each serum
by including in Ipsen's formula venom doses as close as possible to the
neutralizing dose at two levels of a given serum, and if account be taken of
the six possible methods of computation, it will be seen that, for 4 sera out of
12, the highest titres are obtained with titrations at the lower levels, and
particularly at the level of 0.05 ml. of serum.

Titres obtained at high levels, such as 0.3 and 0.2 ml., are more uniform.
In only one case was the maximum titre found to correspond to the highest
level of serum.

Titration at the lowest level (0.05 ml.) seems to give rise to certain dis-
crepancies, and its adoption tends to produce a higher mean figure for the
neutralizing power of the sera. It could therefore be omitted in practice,
and titrations should preferably be carried out at levels between 0.3 and
0.1 ml.

In our opinion, these discrepancies are to be explained less by the actual
volume of serum than by the smaller quantities of certainly lethal doses of
venom contained in the mixtures.

The higher levels (0.2 and 0.3 ml. of serum) leave sufficient margin
(0.3 and 0.2 ml. respectively) by the addition of venom and saline, to bring
the total volume to 0.5 ml.- a maximum which should not be exceeded for
intravenous injections in mice weighing 20 g.

Another factor which may influence the accuracy of the results of anti-
venene titrations, as well as those of other therapeutic sera, is the number
of animals into which each mixture has been injected. Indeed, a study of
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the results obtained with various sera, shows that the difference between
extreme titres is, in general, less when each mixture has been injected into

TABLE IV. TITRATION, BY DIRECT COMPUTATION,
OF SERA CONCENTRATED BY FRACTIONAL PRECIPITATION

Titration at level of serum
Serum _ (in ml. of serum) _ Mean titre Extreme

no. (in mg.) tiresange
0.3 0.2 0.1 0.05rag

Venom no. I:
(c.l.d. = 0.012 mg.)

1 Gross dose. 0.26 0.175 0.0975 0.0525 Max. 0.879
Net dose . 0.2504 0.1654 0.0879 0.0429 Min. 0.827
Titre .0.835 0.827 0.879 0.858 0.850 5.92 %

2 Gross dose 0.29 0.2 0.105 0.055 Max. 0.954
Net dose 0.2804 0.1904 0.0954 0.0454 Min. 0.908
Titre . . . . 0.935 0.952 0.954 0.908 0.937 4.82 %

3 Gross dose 0.19 0.13 0.07 0.04 Max. 0.608
Net dose 0.1804 0.1204 0.0604 0.0304 Min. 0.601
Titre .0.601 0.602 0.604 0.608 0.604 1.15 %

4 Gross dose 0.24 0.15 0.08 0.04 Max. 0.768
Net dose 0.2304 0.1404 0.0704 0.0304 Min. 0.608
Titre .0.768 0.702 0.704 0.608 0.695 20.83 %

5 Gross dose . 0.18 0.13 0.07 0.04 Max. 0.608
Net dose . 0.1704 0.1204 0.0604 0.0304 Min. 0.568
Titre 0.568 0.602 0.604 0.608 0.595 6.58 %

Venom no. 2:
(c.l.d. = 0.01 mg.)

6 Gross dose 0.26 0.17 0.08 0.045 Max. 0.84
Net dose 0.252 0.162 0.072 0.037 Min. 0.72
Titre .0.84 0.81 0.72 0.74 0.777 14.29 %

7 Gross dose 0.31 0.21 0.11 0.06 Max. 1.04
Net dose . 0.302 0.202 0.102 0.052 Mi n. 1.007
Titre .. 1.007 1.01 1.02 1.04 1.019 3.17 %

Gross dose Dose of venom in mg. corresponding to the neutral mixture in vivo
Net dose Dose of venom in mg. effectively neutralized after the removal of 0.8 c.l.d.
Titre Dose of venom in mg. neutralized by I ml. of serum

a greater number of mice (from 4 to 8). This observation, however, is
not true for all cases, as for serum no. 3, for example, a uniform titre was
recorded between the various levels, although each mixture was injected
into only two mice. A final titre can be arrived at by computing the arith-
metical mean of the figures obtained for titrations between the various
levels.
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3. Direct Titration at Each Level

The results obtained in determining the neutralizing power of Naja
flava antibody have prompted us to examine the comparative neutralizing
titre of the same sera, using the same technique and the same experimental
data, but proceeding directly and independently for the various titration
levels.
TABLE V. TITRATION, BY DIRECT COMPUTATION, OF ENZYME-PURIFIED SERA

CONCENTRATED BY AMMONIUM SULPHATE (MODIFIED GLOBULINS)

Titration at level of serum
Serum ] (in ml. of serum) Exnmi) ExtremeSeru Mean titre titres andno. ______ - ______ - ______ -_______ in mg.) range

0.3 0.2 0.1 0.05

Venom no. 2:
(c.l.d. = 0.01 mg.)

8 Gross dose 0.63 0.42 0.22 0.115 Max. 2.14
Net dose 0.622 0.412 0.212 0.107 M n. 2.06
Titre . . . . . 2.073 2.06 2.12 2.14 2.098 3.74%

9 Gross dose . 0.93 0.61 0.32 0.16 Max. 3.12
Net dose . . 0.922 0.602 0.312 0.152 Min. 3.01
Titre .3.073 3.01 3.12 3.04 3.061 3.53 %

10 Gross dose . . 0.305 0.21 0.115 0.06 Max. 1.07
Net dose . . . 0.297 0.202 0.107 0.052 Min. 0.99
Titre . . 0.99 1.01 1.07 1.04 1.027 7.48%

11 Gross dose 0.48 0.32 0.165 0.085 Max. 1.573
Net dose 0.472 0.312 0.157 0.077 Min. 1.54
Titre . . 1.573 1.56 1.57 1.54 1.561 2.10%

12 Gross dose . 0.31 0.21 0.11 0.06 Max. 1.04
Net dose . . 0.302 0.202 0.102 0.052 Min. 1.007
Titre. 1.007 1.01 1.02 1.04 1.019 3.17%

Gross dose = Dose of venom in mg. corresponding to the neutral mixture in vivo
Net dose = Dose of venom in mg. effectively neutralized after the removal of 0.8 c.l.d.
Titre = Dose of venom in mg. neutralized by I ml. of serum

As was the case in preceding assays, we took as the neutral mixture
that which contained the maximum quantity of venom compatible with
the survival of 50 % of the injected mice.

In evaluating the neutralizing titre, we also took into account the dose
of venom, equal to 4/5 of the c.l.d. which according to Banic & Ljubetic 6
can be tolerated by mice in the absence of a specific antivenene. Sub-
traction of these 4/5 from the c.l.d. of venom, corresponding in vivo to

' BaniZ, M. & Ljubetia, T. (1938) Z. Hyg. InfektKr. 120, 390
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neutrality, gives the quantity of venom which is effectively neutralized by
the serum, and makes it possible to calculate the neutralizing titre per ml.
of serum.

The results of titration carried out in this way for the 12 sera previously
studied, are shown in tables IV and V.

4. Comparative Examination of Results obtained by the Two Methods

In table VI, opposite each of the 12 sera under consideration, is to be
found the mean titre, calculated both by the multiple-level titration method,
according to Ipsen's formula (column 2) and by direct computation at each
level, arrived at by deducting the dose which corresponds to 4/5 of the c.l.d.
of venom, according to Banic & Ljubetic (column 3).

TABLE VI. COMPARATIVE RESULTS OF TITRATION
ACCORDING TO THE TWO METHODS

Mean titre Mean titre Percentage TitreatthelevelPercentage diver-
Serum at various (direct com- divergence of 0.2 ml. of titre at the level

no. evels putation at each etween results serum (direct of 0.2 ml. and the( psen's level) of the two computation) meantitreatvarious
formula) methods coptto)I levels

1 0.831 0.850 2.24 0.827 0.48
2 0.947 0.937 1.06 0.952 0.53
3 0.6 0.604 0.66 0.602 0.33
4 0.789 0.695 11.91 0.702 11.27
5 0.568 0.595 4.54 0.602 5.65
6 0.849 0.777 8.48 0.81 4.59
7 1 1.019 1.86 1.01 0.99
8 2.057 2.098 1.95 2.06 0.15
9 3.072 3.061 0.36 3.01 2.02
10 0.988 1.027 3.80 1.01 2.18
11 1.579 1.561 1.14 1.56 1.20
12 1 1.019 1.86 1.01 0.99

As will be noted, the difference between titres obtained by the two
methods for the same serum, expressed in percentages in column 4, is
relatively insignificant, as it amounts to less than 2 % of 7 sera, and varies
from 2 % to 5 % for 3 others, and from 8 % to 12 % for sera no. 4 and 6.

Finally, particular attention should be drawn to one of the points which
we stressed in 1938 7 at the last meeting of serologists of the Permanent
Commission on Biological Standardization of the League of Nations;
namely, the importance of carrying out assays of antivenenes at levels high
enough to necessitate the use of a sufficiently strong dose of venom in the
titration.

7 Grasset, E. (1938) in: Bull. Hlth Org. L.o.N. 7, 689
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As a rule, this dose of venom, which, in our opinion, should be a mini-
mum of 5 c.l.d., was used for all the sera examined at the levels of 0.3,
0.2 and 0.1 ml. of serum.

On the other hand, at the lowest titration level (0.05 ml. of serum) the
dose of venom corresponding to the neutralization point varied between
a maximum of 16 c.l.d. and a minimum of 3 c.l.d. for sera having lower
neutralizing powers.

The fact that, for certain sera, the quantity of venom was less than the
critical dose of 5 c.l.d. may partly explain the more important discrepancies
between titres which were occasionally noted at the lowest level of serum.

With regard to the mean level of titration, corresponding to 0.2 ml. of
serum, the doses of venom contained in the mixtures were at the relatively
high level of 10 to 60 c.l.d. (0.1 mg. to 0.6 mg. for standard venom no. 2),
without however reaching the maximum, extreme figure of 90 c.l.d. (0.9 mg.)
of venom, noted for certain sera at the high level of 0.3 ml. of serum.

Generally speaking, assays carried out at the level of 0.2 ml. provide
the most uniform results.

From a technical point of view, the volume of 0.2 ml. of serum employed
in these latter mixtures leaves a sufficient margin (0.3 ml.) for the addition
of adequate doses of venom. The mixture to be injected into the mice is
brought up to 0.5 ml. by the addition of saline.

The figures appearing in column 5 of table VI refer to the titre which was
calculated for each one of the 12 sera at the level of 0.2 ml. only; column 6
shows the percentage difference observed between titrations at the level
of 0.2 ml. and the mean titre obtained by the multiple-level method according
to Ipsen's formula (indicated in column 2).

It will be noted that results obtained by the method of titration at various
levels generally approximate fairly closely to those computed directly at
the sinigle level of 0.2 ml. of serum. The divergences observed, for 9 sera,
vary from 0.15 % to 2.18 %, and for 2 others, from 4 % to 6 %. For only
one serum (no. 4) is the divergence greater than 11 %. From a technical
point of view, therefore, the results obtained by the two methods are on the
whole comparable.

It is thus obvious that in carrying out assays of antivenenes at a single
adequate level such as 0.2 ml., whether for a quantity of serum or for a dose
of venom contained in the mixtures, it is possible, under the conditions
which we have set forth, to determine with sufficient accuracy and without
technical difficulties the Naja flava antitoxic properties of African polyvalent
cobra-viper antivenenes.

As is the case with the method of assay at various levels, this latter
technique makes it possible to evaluate the neutralizing power of Najaflava
antivenenes of very varying potency.

From the point of view of expenditure, this technique does not require
an undue amount of standard venom. The number of animals needed for

6
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titration (6 mice per mixture) is about the same as the number used for
the titration of antigangrene or antidysenteric sera.

It will be recalled that the neutralizing titre of the antivenene, expressed
directly in mg. of dry venom, makes it possible to obtain results which are
accurate within one-tenth of a milligram. For even greater accuracy,
series of mixtures, chosen in terms of more closely adjusted doses of venom,
are used.

As with Ipsen's method, it is essential that assays be carried out in
relation to a standard Najaflava venom, and that the parent venom solutions
employed in such assays should be used within 24 hours after the venom
has dissolved, during which period they should be kept at a temperature
of + 20 to + 40 C.

Carried out under these conditions, this method of titration, which, as has
been mentioned before, can be substituted for Ipsen's method, using the same
mixtures, makes it possible to calculate the neutralizing power of the
antivenene by means of a technique which is similar to the one employed
in titrating antitoxic sera of bacterial origin, such as antigangrene serum
perfringens. But even though there are certain analogies between the two
methods, the method in question is somewhat different in that the neutral-
izing antitoxic power of the antivenene, determined in this way, is not
expressed in relation to that of a standard serum, but only to that of the
venom under consideration. In practice, an adjustment in this connexion
would not seem to offer any difficulties.

Without wishing to influence the choice of a method of assaying anti-
venenes, in favour of the multiple-level method originally suggested by the
Permanent Commission on Biological Standardization, we nevertheless
thought that, before a method of standardization was adopted, it would be
advisable to draw the attention of serologists to these pertinent data.

Such data illustrate the degree of accuracy which can be attained in
titrating the neutralizing power of anti-Naja flava serum, according to the
two methods of assay (at various levels, or at a single selected level) while
taking into account the essential desiderata which were investigated by the
members of the Permanent Commission on Biological Standardization.

SUMMARY

The practical application of the Banic & Ljubetic method of assay at various levels,
as modified by Ipsen, to the titration of Naja flava antibody contained in the polyvalent
Naja flava-Bitis arietans antivenene, concentrated and purified by various methods,
confirms the results published previously, namely:

1. The possibility of applying with sufficient regularity the method of checking
therapeutic antivenenes of various neutralizing powers. With regard to the sera exa-
mined, this power varied from 0.8 mg. to 3 mg. of Najaflava venom per ml.

2. The results obtained by this method, computed by means of Ipsen's formula,
showed divergencies between titres, which varied, for the same serum, depending on the
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various levels under consideration, from 0 % to 10 %, for 58 % of the sera assayed,
reaching a maximum of 22 % in extreme cases.

3. A final titre can be obtained by computing the arithmetical mean of titres obtained
at various levels.

4. The extent of divergencies in titration results becomes, on the whole, smaller as
the interval between the increasing doses of venom contained in the various mixtures
which are prepared for a given level of antivenene, is less, and the number of animals
injected per mixture greater.

5. By carrying out the titration in such a way that the interval between the increasing
doses of venom contained in the various mixtures of antivenene and venom, for a given
level of serum, does not exceed a maximum of 0.05 mg., and by using from 2 to 8 mice
per mixture, we found that the accuracy of the titration at a single selected level ofserum-
such as 0.2 ml. - is comparable to that resulting from the calculation of the arithmetical
mean of titrations obtained by the method at various levels.


