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DETICTION OF ROTULINU™® TOXIN, ARTIFICALLY
THTRODUCI & IHTO ¥OOD 3
T AMS OF THT PHA

DLTIRYIINATION

3y V.R. Savin

studyving the weahanisn o the sensitizing action

nun toxing, ”ine vin, 7hak and Chervyakovsa established
that during test-tube expv“iments the toxin sharpiy inhibits

v.e phagocyvtie activity of rabbit leucocytes. Aaccording to
these authors, this property of the toxin is of a strictly
specific character, as it becomes neutralized by the aspecific
anti-botulinun serurm 0 a coOrresponding type. HNeturasly, it
secned o be of intere~t to investigate to what depgree these
wbsorvations could be used in the practical cocntrel of betulisn,

In his instruoctions on the ue of the vhagecytie indsx
doternination for the detecticn of the betulinun vexin,
lnervin stotes that this nmethod may be applied in the case
of rfood products. The pur~nge o the present research was the
study of the botulinum toxin, «nd the detection and establish-
ment of {43 type through the phagogytiec "ndex deteriination
in food prodiicis, such as sausage, hanm, herring and c¢inned
food. TFor a satisfaetory selution of this problem, =2 greoat
nuriter of mbjscels must te investigsted und the faod produsts
nusht contaln exact quantivies of toxin, In this paper we
nregene suservation o2 the detecticon of toxin whisch was crtifi-
Crally dntroduced in definite guantities into the food preducts

investigated, Simultenoously, we stadied the relative sensxtivity

of the nethod of phapoevitie index dcternination and of th
violozieal teat widely used in the detectiova of the bvtulinum
LeXin.,

Vg tested the phageeviie wetivity of botulinun toxin of
tvpa A {sorain o, 98) anc L.pa 3 {sgtrain no. 255),

i

Jo6 R0ste weres set up as JTollows:

19 varvs of the nbysiols sdeal solution and 1 part of the toxin
{(of mithor of the twe tyves) vere edded to 5 zr. of tne food
product,  The mixture vas ground, and allcoved to settls over

g perded of twe hours et room termparmture, After this the
Tigutd pertfon was decanted into centrifure t{est-tubes by mMsans
of sterils Pasteur ninettes, The gontenis 0f the test-tuhes
were sentrifuged, and tihs supernatart Lligquid decanted and
diluted as ceguired.

“notho Pirst sorles of tests we studied the tnfluence on
naagoeytic activity of the rabdbbit leukocytes of the extracts,
voed Toen tho cenned flabh, neest and vegetad!

Lrype oA toxin oves added in dilutions of Qg
L2 7R000 and Loi00000,  The HLD of thy toxin sccord

date of a bl viuthaL TLaast we 1:60000 for rico. Lach test
was gecompanled by e check in respect to +the neutralization
Larough the antl-botulinw serur of type A and B ag well as
sormsl eouine serun.,  The miztures contalinlng serun were kernt
in o thernostat for 20 minutes st 37%, aft~ v which ths phago-
cytosls reaction was cerried out, Addition oF the botuliaun
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toxin type 4 irnactivated in a water beth at 100° for 30
minputes, ss well as the usual nhagocytesis reaction, in which
physiclogical saline was aubstituted for the toxlin, end thero
t83v23,

A total of 28 experiments was perforned
17 of which were carried out with canned fish
vegatables and 3 with canned meat,

In all cases, *ndebﬁnde“tLy of the naiwu:

*wo*u"‘ ‘nvestigated, we obgserved that th2

herply inhibdbited phagocytosis and, that
toxin was gquite specific in character.
in two ways; first, the phagoeytic activi
increased with dilution with physiologica
ingectivation in a water bath for 30 nminut
lcgt its inhibiting action on the phagosyt
nature of the eoffsct of botulinun toxin on thagueytosis
also conTirmed by the Tact that the pnagosytic sctivity ¢
rabbit leu~ocytes returned to normal, following an inirodu-zion
of appropriate anti-botulinun serum inte ths shion. It is
necessary to note that the method of & bivlez est ig con-
siderably inferior to the method of the ph:ﬁucv*'c odax deterw
aination. The results of the tests which ¢lsarly dogrmonstrate
this gre precented in teadle 1.

P 13

a3

o+ (b v‘ Padi =
4

O w

sia, lh

In the gecond series of expsrimants w3 studied the influsnea
on the phagocytic activity of rabbit lsucceyies of oxirscts,
prepared from c¢canned food products, to which botulinunm texin
tyve B {atrain no. 255%) had beon added¢ It ashould be pointed
aut that this strein prodv-2d8 a tozin o7 & very weak btlitre
{1/60 milliliter for white mice). in this series of tests, we
mixed citrated rabbit blood with aex ract of the cannse preduct,
as well as with the e xtract c¢ontalnling toxin in the {~Vlowing
iilutions: 21:25, 1:850, 1:735, 1:100, 13150 and 1:05C. A3 in

tutlon

the preceding tests, Lhe extracts rogtainiug toxin sin 5 dil
of 1:25 were kept in a thermnostat for 3¢ minutes tose
the antibotulinum serums of type A and B and tha nowy
jerum,

The test was gcconmp.nied by conurois consicting of dirtroduct=-
ion into ~hite mice 1) extyscsy of the casnsd nroduct, 2} the
same extract mixed with toxin in diluzions indicuted above, and
3) extructs containing toxin mixed »ith enti-botulinun serams
A,;B, and rormal equine scvrum. Tnactivatsd extracta “ud the
extracts containing the toexin were alsd used g controis,.  Tha
total number of tests set up »ith =oxin of typ: B was 74, in
three of which we uwsed canned meat, in & canned voge 'iw‘@ﬂ g0 d
in 15 canned fiash., Following an 1uu;t10n of the extrauts con-
teiping the botulipum toxin of tyve B, v. obgserved, lrrespectives
0 the type of canned product usesd, o sha drop ia the phag
cytic activity of the leucoecytes ip the radbit blcod, io all
Coies.,

Fxtravts containing toxin M, nmdded in e dilution of
end kept nreliminarily in a thermogtat for 30 minutss
with the anti-~borulinum serun of type 4 and o rmnal

1 in

woTun, 1189 showsd an tnhib%t&ng effecy ig. Thae
tyne- specific anti=-serun added L0 the extract contalning b he
toxin of type B, ‘vé”ﬂed a2 sharn intensific tion of the phapo=
cytic goetivivy of lsucocytes in the raebbit blood. The esxtracts
prepared from the cenned food, dbut ccntainine no vorultpun toxin,
8y well as the extracts to which s« toxln inactivated through
heating was edded, bad no poticsable effact On pnagocytostis,
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Bielngicel tests performed simultaneously with these experinents
prrved in all cases to fall behind the method of the phagocytie
index determination. Since the results of these experiments

are nmore or less identical with those presented in table 1 for
the texin of tynme A, we do not pressnt a special tatle. Com-
paring the results of the determination of the toxin B (using
the method of the phapgocytic index) with the data of the bio-
logical test, it can be stated. that the first method proved to
be rnuch more sensitive, especially if one considers the fact
that the extracts, containing the toxin in dilutions 1:25,

1:59, 1:75, 1:100, 1:150, 1:200 were further diluted by a factor
of 5 by the ingredients teking part in the reaction of phago-
cytnais. During the biological test the mice usually died
followinpg subcutaneous injection of an extract containing toxin
in a dilution of 1:25 (for the cenncd meat), 1:25 and 1:50

(f>r the canned vegetables) and occasionally 1:75 (for the
eanned fish), whereas vith the aid of the phagocytic index we
succeeded in detecting the presence of toxin in dilutions of
1:100 1:150 and 1:200 (depending on the type of the canned
goods). It can be concluded that the method of the phagocytic
index is about 10 to 20 times more sensitive than the biological
test.

Taking into account the fect that the reaction of phago-
cytosis with the canned goods may be affected by non-specific
factors, such as products of the vital activity of micro-
arpganisns contained in the canned foogd, pH of the mediunm,

selts, etc., we 36t up the test with the normal preserved food;
et the beginning of the test we added botulinum toxin A or B
to the food in question, similarly to the previously described
test with canned goods, In these tests the reaction of phago-
cytosis was set up not only with the extracts of canned meat,
but also with sausage, hem and herring. %e conducted a total
of 30 such experiments (427 investigations of phagocytosis).

'In the first series of experiments, extracts prepared from
the contents of normal cens to which the botulinum toxin of
type A had been added, were subjected to an investigation in
respect to their ability to affect the phagocytic activity o?f
the leucoecytes. These tests, similarly to those describded
earlier, showed that the reaction of phagocytosis was most
clearly and intensely inhibited following addition of toxin
in the following dilutions: 1:25000, 1:50000, 1:75000, 1:100000,
The phegocytic index decreased 2 to 12 times, depending on the
tyve of canned food investigated. The sharpest drop in the
phagocytic activity of leucocytes was observed when extracts
prepered from canned vegetables were added to the bloed. The
inhibitory action on phagocytosis was also noticed when an
axtract, infected with the toxin A, wes added to the blood. Prior
to the experiment this extract was kept for 20 minutes with the
anti-serum B or with normal equine serum in e thermostat at
379, When an extract, which had been kept in a thermostat with
the type-specific serum A was added to tho blood sharp intensi-
f{cation of phagocytosis oecurred. Whsn extracts ccntaining
the toxir which had been subjocted to inactivation at 100°
for 20 minutes were added, phagocytosis was similar to the
control reaction.

The biological test on white mice, conducted in two ex-
periments parallel to the experiments with the toxin A, in-
dicated considerably lower sensivity of this test in comparison
with the phagocytosis test. Thus, during the biologlecal test
the animals died following an introduction of toxin in a
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N enncentration of [:28000, whereas the vhagocytic index in=
dilcated the presencse of tbn toxin, even in & dilution of
1:10000G, 7urthermore, taking into account +the fact that the
Toxin uscd in the test had been diluted § tirmes by vhe daprede
1*. 8 that participeted in the rcection i phagocytoals, we

ust c¢.nelude that the sencivity of lsucccytes of tho rabhit
blced £t0 the toxin 1s sbout 20 tires higher than that of the

“lologicul teat,
{n the next gerleg 6r expe '‘ments, using sinilar theds,

we s uuled th. effect of the extracts ol food p"OduC*S toe wh 1ch
tho voxin of type B was added 0g the phagoeytic activity of
rabbit lrucocytes.

in thos. experiments as in the previous Ones, ve 0bhzerved
a sharp inhivition of rhagocytosis, as conmpared with the con=
trol, in the rm.xtures to »hich an extract conteining the toxia
iv econcentrations of 1:25, 1:50, 1:735, 1:100 end 1:150 was
asdded. ''ith progressing dilution of the toxin an intensified
phagocytic activity of leucocytes was observed, which, for ths
extract, conteinine the wxin in a dilutaicen of 1:200 approached
that of the control, . hen addin: the B~trno specific serun,
the vhagoeytic index was twice or 2. tines higher then in the
case, when sasrum A4 and nornal enuine serum were used. Tha
results of these tests are s-own in table 2.

The biological test conducted simultanedously in two cases
on white mice, irdicated a conside~a™ly lesscr sensivity to the
toxin of type B, a3 comnared with the rnethod of determination
¢f the same toxin with the ald of the phagoeytic index, In
this case toc, {f the dilution of the toxin »y ingredionts
participsting in the test of determination of the vhagoeytice
index mre tsken into secount, the biologlcal test proved to be

» ' 10 to 20 times less bensiuive than the methed of the phagocyvtic
& index. Sumning up the presented data, “e nay ncte that the

! cxtrects from canned food and other products c¢cortaining no

toxin did not affect the phagoeytice function of the leucocytes,
whereas the sane extracis induced a sharp inhibit’on of a2hago-
cytosis after tus addition of the toxia. In the cootrol tests
with extraccs conteaining toxin but sudbjected te therrmal inactiv-
atvlion, the indlces o0Ff Dhagocytosis were approxinately the wane
as In the physiociogical solution.

’X{ Pharoeytie index nay be used for the detection of the
botulinum toxin of typecs A and B in the food »roducts,
along with the bhiclogical tesat.

2. Botulinum toxins may be detectod with tho 2id of thoe
phagocytie index during an investigation of various canned 2
goods. :

\L 4th the ald of 4he reaction of chagocytosis considerably

amaller quantities of the botulinum toxins may boe revealsd
than wivh the aild of g bdloirgical test; therciore, tav
lette> nmust Le considered loss sansitive as cﬁﬁwgrﬂd with S
the moethed of the phegooytic index dsternminstion, l5;f
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4, The dctermination of the nrezceonce of a botulinum toxin
in cunncd foods with the mid of the phagocoytiec index
requires consicdorably lese tinme {2-3 hours)] as comparsd
witih the biolepical test.

-

5. “ich the atd of the method rf LlL. sh-rocytic index dster-

ination it 1s not only pos.‘ble %o detelt the presence cof
the botulinunm toxin but &lso to d-~v rrilne its type, which

15 quite important fo~ therapeutic purposes.

-




Phraroecyticec 1ndex
Phy~ Na- Inme=- Fxtret Txtract btxtracit Txtraect Zutract
same o2 sio~ tive tivae~ plus plus plug plus plus
the produect lo~ ox = ted toxin toxin toxin Ltoxin toxin
gi- tract ©ex- 1:25C00 1:25000 1:50000 1 777200 1:1000C0
eanl tract {ipnac~
S0 = tivated
lTu~-
vion
Shellfish ¢4 1,56 1,64 1,76 1,82 0,62 1,06 1,5 1,96
tenauo Rauce ‘
Gr.y mullet
in eoil 1,52 1,32 1,78 1,62 0,56 0,6 0,66 1,25
Pike norch
(in tomato 1,74 1,64 1,94 1,76 0,58 0,9 1,02 1,28
sauce)
Sprat iu 1,54 1,58 1,96 1,68 n,82 1,1 0,38 1,62
~eripade
Guby in 1,46 1,24 1,78 1,8 0,62 0,88 0,82 1,0
tomato sauce
»
Saumer squash 1,36 1,4 1,32 1,68 0,74 C,93 1,54 1,458
“Dre s Ve
1,62 1,72 1,85 1,73 0,53 0,74 0,82 1,23
Stuffed agg- 1,64 2,14 2,4 1,98 0,52 0,74 ),88 G,84
pLants
Stewed bheef 1,82 2,0¢ 1,8 2,32 0,46 0,44 0,44 G, 7
Stewad pork 1,46 1,88 1,7 2,26 0,3 0,58 0254 0,96
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Biological

Fxtract

Fxtract Extract l mile- 1 mid 1l nilli- 1 nmills-
plus toxin plus to- Plus liliter 1lili- liter of liter of
1:25000 xin toxin of pro- ter of extract extract
plus | 1:25000 1:25000 served inacti- with to- plus
anti~: plus anti- plus nor- (canned) vated xin toxin
serum A serum B, mal food canned 1:25000 1:25000

% equine food (inacti-
serun vated
1,68 0,82 0,72 Alive  Alive  Alive pied
1,4 0,86 0,74 " " " "
1,82; 0,72 0,84 " " " "
1,8 | 0,94 0,88 " " " »
i
1,72 0,84 0,7 " " " "
é
1,48 0,9 0,96 " " " "
1,74! 0,98 0,78 " " " "
é
2,36: 0,76 0,56 z “ " "
1,52 0,74 0,5 " " " "
1,785 0,5 0,68 " " " "



Te st

1 milli=- 1 millii=-

l milli-

0.7 milli-

0.7 milli- 0.7 milliliter

litor of liter of 1liter of 1liter of 1liter of of extract
extract extract extract extraoct oxtract plus toxin,
plus plus to-« plus to- plus toxin plus toxin plus 0,3
toxin xin xin plus 0.3 plus 0,3 milliliter
1:50000 1:75000 1:125000 milliiliter milliliter of normal
- of A anti- of B anti- equine serunm
serum serum

Died Alive Alive Alive Died Died

" [ ”n ] " L
I11,but " " " " n
alive

Died " " " " )
Ill,dbut Died " " " n
alive |

Died .  Alive " " " "
Died Died " " " "
Alive Alive " " " n

"
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TABLE 2,

s
'

1,72 2 2,08 2,26

Néme of the Physiological Native Inactivated Extract
Product solution extract extract plus toxin

| . 1:50 dvoth

i , inactiv=-

i ated

!

i
Stewed pork 1,78 1,3 2,3 1,92

|
Beef 1,82 2 2,42 1,83

{

1
S?ufred peppers ' X,64 1,84 1,98 1,98
Summer squash 1,82 . 1,68 1,88 1,8
preserves
Eggplant ' 1,7 1,74 1,92 1,94
preserves
Codfish in oil 1,58 1,6 2 2,1z

] ‘
Cracow sausage 1,62 . 2,04 2,4 1,98

i .
Poltava sausage 1,78 1,96 2,08 2,14
Téa sausage 1,93 2 2,18 2,06
Hérring in marinade 1,7 1,56 1,96 2

P no 1,84 1,72 1,88 1,94

]

L. n " 1,84 1,8 1,92, 1,8
Hem 1,94 1,88 1,98 2,02

" 1,88 1,92 2,02 2,32

"

|

!




