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Standardization of Vipera ammodytes Antiserum
Z. JACEVA 1 & R. MANAHILOV 1

The determination of the activity of viper antiserum in terms of the effective dose against
1 minimum lethal dose (MLD) of venom often leads to results which are not very repro-
ducible. The present study concerns the preparation ofa standard Vipera ammodytes anti-
serum and the choice of a suitable venom test dose. Portions of purified, concentrated
antiserum were distributed into vacuum-sealed ampoules for use as a standard, and the
amounts ofthis standardantiserum needed to neutralize various amounts ofammodytes venom
were determined. The antivenin unit (A U) was fixed at 1.90 mg; I AU is the amount of
standard serum required to protect 50 % of white mice weighing 18 g against 0.05 mg
(S MLD) of venom. The use of the standard antiserum for titration of crude antisera
in terms of this AU is described.

Among the poisonous snakes in Bulgaria the long-
nosed viper, Vipera ammodytes, has the widest
distribution, while the common viper or adder,
Vipera berus, is more rarely found. It was in the
1938-39 period that the production of viper anti-
serum in Bulgaria had its beginning. The first studies
on snake venoms and the homologous antisera date
from that period. It was established that the venom
is a complex of various antigens with cumulative and
haemolytic properties (Gerassimov, 1948), and that
it contains haemorrhagin, coagulin, neurotoxin,
anticoagulin and haemolysin (Nedjalkov, 1948a,
1948b). Later on, the venom was shown to give a
variegated antigen pattern with 15 precipitation lines
by the agar-precipitation method (Nedjalkov et al.,
1959) and 20 precipitation lines by immunoelectro-
phoresis (Jomtov, 1963).
The ammodytes antiserum produced in Bulgaria

is available as crude serum in 10-ml ampoules with
a minimal activity such that 0.02 ml can neutralize
1 minimum lethal dose (MLD) of ammodytes venom
on intravenous injection in white mice weighing
18 g. In view of the low accuracy of such a deter-
mination, a new method of determination involving
a parallel titration of the serum under test and a
standard was proposed (Jaceva, 1965).

Purified, concentrated serum which could be used
as a standard is made by the Diaferm-3 method in
Bulgaria. The standardization of viper antisera still
presents intractable problems; no international
standard exists as yet, but in 1965 a National

1 State Institute for the Control of Medical Preparations,
Sofia, Bulgaria.

Antilebetina Standard Serum was produced in the
USSR, 1 antivenin unit (AU) of which protects 50%
of white mice against a dose of 2.5 LD50 of venom.
This standard serum is used in the determination of
the activity of the production series (Usakova, 1965).
The aim of the present paper is to present our

preliminary results concerning the preparation of a
National Standard Ammodytes Antiserum from
purified, concentrated serum and the antivenin unit
used for the evaluation of the activity of our produc-
tion sera.

MATERIALS AND METHODS

Venom
Dry ammodytes venom of which a 10% solution

was prepared in 50% glycerol/saline (Jaceva, 1965).
The smallest amount of venom which upon intra-
venous administration kills white mice weighing
18 g-19 g in 20 to 30 minutes was accepted as 1 MLD
of the solution. 1 MLD is equal to 0.0001 ml of
solution or 0.01 mg of dry venom.

Antiserum
Ammodytes antiserum, purified and concentrated

with 9.43% protein by the Diaferm-3 method. A
small quantity of the antiserum was stored for a
short time at 4°C, the remaining part being poured
in 2-ml portions into vacuum ampoules, lyophilized
and sealed under vacuum. The antiserum prepared
in this way served for the preparation of the National
Standard.

Animals
White mice from the same strain weighing 17 g-19 g.
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Titration
Production antisera were titrated by comparing

their activity with that of the standard. The standard
antiserum was used in 5 different amounts-namely,
0.6 AU, 0.8 AU, 1.0 AU, 1.2 AU and 1.4 AU per
mouse. (1 AU = 1.90 mg; see next page.) The
volume was made up to 0.3 ml by addition of saline
and then a test dose of 0.2 ml of a 1: 400 dilution of
the 10% venom solution (= 0.05 mg of dry venom)
was added. The serum-venom mixture was carefully
stirred and left for 30 minutes at room temperature
for combination. This amount of mixture is sufficient
for injection into 5 mice, and was used in practice
for from 2 to 4 mice. Reading of the survivals was
done after 24 hours. The production antiserum
under investigation was administered in a similar
way. The amount of antiserum giving the same
effect as the standard has the same number of AU.

Statistical methods
The ED50 of the antisera was determined by

Karber's method as modified by Asmarin& Vorob'ev
(1962), except that in the case of arithmetic progres-
sions we worked with the experimental data directly
and not with their logarithms. In some of the tests
the regression analysis of Burn, Finney & Goodwin
(1952) was used.

RESULTS AND DISCUSSION

Choice of venom dose
With a view to determining the activity of the

antiserum selected as standard, we must first choose
a venom dose against which to determine the anti-
venin unit (AU). We examined the venom-antiserum
correlation by testing the capacity of the antiserum
to neutralize different quantities of venom in 3 series
of experiments. Table 1 shows the results of these
experiments in terms of the ED50 of the antiserum.
Analysis of the data reveals the well-known phenom-
enon of increased neutralization capacity with higher
dilution (Eichbaum, 1947; Sch6ttler, 1952). The
data of test series I provided a tentative orientation
line used to determine the venom-antiserum cor-
relations sought in the remaining two test series.
We obtained results close to those expected. The
results of the tests indicate a straight-line depend-
ency. The best straight line through the experiment-
al points of test series II and III is shown in Fig. 1.
The slope of this line is 5.8 ,ul/MLD. The test data
do not show significant departure from a straight
line, with the exception of the value for 1 MLD,
where the theoretical value is negative. The linearity

TABLE I
THE VENOM-ANTISERUM CORRELATION

ED,so of antiserum (M)
Venom
dose Test series ba Vbb
(MLD)

1 0.55 0.66 4.23 1.5

2 - j 2.50 - - -

3 - 9.86 - -

4 - 14.40 - 5.66 2.0

5 23.00 19.00 - 5.74 1.8

6 - - 30.86 - -

8 - 37.00 - 10.83 4.4

10 52.10 _ - - -

15 81.25 _ - - -

16 - 85.60 - 29.57 12.0

20 112.50 _ - - -

a Slope of the log-dose-response line for the given venom
dose; the response is plotted as the survival rate in probits.

b Variance of b.

of the relationship indicates the similarity of the
preparations under test.
The dose-response curves also showed straight-line

relationships, the slope of the lines tending to in-
crease with venom dose. The slope of the line for a

FIG. 1
THE VENOM-ANTISERUM CORRELATION

E
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venom dose of 16 MLD was found to be significantly
greater than that for 1-5 MLD, while the slope for a
venom dose of 8 MLD had an intermediate value
which did not differ significantly from the two
mentioned above.

These data provide a basis for solution of the
problem of choosing the amount of venom to use to
determine the new antivenin unit. It is very important
for the reproducibility of the titration results that
the test toxin dose should contain no less than 5-10
MLD (Asmarin & Vorob'ev, 1962). We chose a
dose of 0.05 mg (5 MLD), which is convenient for
work and at the same time gives good results. All
further studies on the lyophilized antiserum were
carried out with this dose.

Studies on the standard antiserum

The antiserum was stored in evacuated ampoules,
in the form of a pale-yellow, dry, easily friable and
easily soluble tablet with a residual moisture content
of 1.2%. The average weight of dry antiserum in
25 ampoules was found to be 203.316 mg ±0.585 mg
(P = 0.95), the coefficient of variation being 0.7%;
the variation in the weight of antiserum par ampoule
is thus very slight.
The ED50 of the dry antiserum, i.e., the amount

of antiserum which protects 50% of white mice
weighing 18 g on intravenous administration of the
accepted dose (0.05 mg) of venom, was determined
8 times, with the following results: 2.19 mg, 2.03 mg,
1.90 mg, 1.90 mg, 1.85 mg, 1.85 mg, 1.56 mg and
1.90 mg, with a mean value of 1.899 mg (P = 0.95).
The rounded-off value, 1.90 mg, was selected as a
suitable amount of antiserum for the definition of
I antivenin unit (AU).
The average weight of antiserum contained in an

ampoule thus represents 107 AU. We routinely
dissolved this in 5.35 ml of glycerol/saline, giving a
concentration of 20 AU/ml, which is very convenient
for the titration of antisera.

Before using the standard antiserum for titration
of crude antisera, we checked the parallelism of the
dose-response lines of the standard and the crude
antisera. For this purpose we used a series of 5
different amounts of standard antiserum, which we
compared with an equal number of samples of crude
antiserum; the activity in AU of corresponding
samples of standard and crude antiserum did not
differ by more than 20%. Fig. 2 shows the dose-
response lines obtained in this way. The slopes were
b = 6.5 for the standard and b = 5.1 for the crude
antiserum. The difference between these slopes is not

FIG. 2
DOSE-RESPONSE LINES FOR STANDARD

AND CRUDE ANTISERA a

a The dose of the standard antiserum is given in antivenin
units (AU), and that of the crude antiserum in ml.

TABLE 2
ACTIVITY OF VIPER ANTISERA

Antiserum No. Activity (AU)

Production series

1 20 20
2 20

3 15

4 25

5 10 11

6 20 18

8 11

10 10 11

19 9 11

23 18 18 16 18

Equine antisera

211 20 15

221 15 15

224 15 18

225 13 17

226 20

229 9

230 12 13 12

7 - M/ asanoara

Crude antiserum

°' /
c-' 4

I0.5 1 2 3 4 AU(logscale)
W 71.76 0.02 0.04 0.06 0.08 0.1 ml (log scale)

Z__ - I
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significant. The standard prepared as described
above can thus be used for evaluating the activity
of crude antisera.
The stability of the standard was tested by the

accelerated degradation test, which involves heating
for 180 minutes at 95°C. No decrease in activity of the
standard antiserum was noted under these conditions.

Determination of the activity ofproduction series
Titrations were carried out on some production

series and on equine antisera 1 produced by hyper-
1 By equine antisera are understood the individual

samples of horse antiserum at the end of the hyperimmuniza-
tion cycle, whereas production antisera are mixtures of crude
equine antisera, not concentrated or purified apart from
filtration, and ready for practical use.

immunization with snake venom. The antisera were
used undiluted or in 1: 2 or 1: 3 dilutions, depending
on their strength. The results of repeat titrations
showed that the reproducibility of the titres was
good. The results are shown in Table 2. The
production series have a comparatively low and
variable activity-average about 15 AU/ml, range
10 AU/ml-25 AU/ml-which might lead to varia-
tions in the therapeutic results.
The standard antiserum and the antivenin unit

described above can be used successfully in the stand-
ardization of viper antisera. The method of deter-
mination using a standard is more exact and gives a
better characterization of the strength of the viper
antisera.
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R-SUMt

Lorsque l'on tente d'evaluer I'activite d'un serum
anti-venin de vip&re en termes de la dose protegeant
contre 1 dose l6tale minimale (DLM) de venin, on obtient
souvent des resultats peu satisfaisants en raison de l'im-
precision des m'thodes actuellement utilisees. Les auteurs
ont voulu pallier ces inconvenients en preparant un etalon
de serum antivenimeux Vipera ammodytes et en defi-
nissant une unit6 de s6rum antivenimeux pouvant servir
aux titrages.
La DLM de venin a ete fixee a 0,01 g de venin sec,

soit la plus petite quantite capable de tuer des souris

blanches d'un poids de 18-19 g en 20-30 minutes. Apres
essais, on a reconnu qu'une dose de 5 DLM (0,05 mg de
venin sec) donnait les meilleurs resultats lors des titrages.
Une preparation de serum antivenimeux Vipera ammo-
dytes a d'autre part et choisie comme etalon. On a
determine a huit reprises la dose de serum prote-
geant 50% de souris blanches d'un poids de 18 g contre
5 DLM de venin administrees par voie intraveineuse.
La valeur moyenne obtenue, 1,90 mg, est consid6r6e
comme representant 1 unite de serum antivenimeux
Vipera ammodytes.
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