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,.hen .3tudying the ,ohanisn qff the sensitizing action
of bot'ulinur: toxin, '"inerviL, ' hak and Charvyakova established
that dui,,7 test-tube exparirlents the toxin sharply inhibits
,_o nhugocytie activity of rabbit leucocyt.es. kccording~ to
t'-ose authors, this property of the toxin is of a strictly
upcific character, as it becones neutralized by the specific
anti-botul inun serumI of7 a corre spondin,, type. iNatura.Ul', it
oconod to be of Intereqt to investig~ate to what degree these
;bsorvation3 eould be used in -,he practical control of botuliri.

In hi.s instruct 'I'ons or, the u- of the phagocytic index
doterrmination for the detection of the botulinum tioxin0
"inervin states tha t this method mnay be applied in the case
Of food products. The -'ur'-se o: the present research was the
study of the bottiinul toxin0 nd the detection and establish-

netof its type through the phagosyt~e 'dxdtr ntO
in food proed-.css, Fuch a:3 sausage, haml, herring and ti~nned
food. Fr a aeztlsfaocr-ry smlution of this problen, 1 great
nuribC7 oif- )bj~ita rmust be investi -sted tind the faad products
muot contain exact qiniesof toxin. In this paper we

nre3,onk mbse-v,.2tjonj 0o, the detaztion of toxin which was c rtifi-
* ally trdc In definite qjuantities into the food preduet ,
ST0 a 5t i ,d . ~itsu~ we st, died th.e relative sensitivity

t~ A, net ho d o f p h a go~ e 1,e x T I i n at ionaa n d of th e
b2?;,~lteot wide.ly u. In tbe' ld(.-'ctiua of the b )tuliaum

toyin"

t~ te te d t 1;, Th .i c; ,e F M V Li tv or bOtulinumi toxin of
1,p A ss-raln .',!, 98) ana t, p 3 ,,riOn io. 255).

A-0 tst wfl:'" set u,"' ano

'9 not o horvsc Ivi itinad 1, par t or the toxin
olf oitlior ol' the bv..c tytos ) uaorff.tad to 5 r. of the food

product, '2he P,,xtuir e iis ru n d ci). wed to settle over
a period of" t<o hLj0s at roon- eipr~cur ftor this the
l1iuid Prr'ticn w ,'Ieanote6 into otr oet cst-tubes by Ma ans

of ~.rIlePanau -~,eton',,Th oc~tor'i,~of the test-tubes
wcil.e ein~fue nd C.e dec~ne and
dluted 0~i~x :uId~ oe n

thn firtnt sto:L en oC teo.,t~s ve td.ctha influence on
o Oc 0 Y g1cyic tivity of tll o nbi,1c ;otsof the extracts,

r c', o d 1 oot) t tu ( conne1 ad f 1 o1'%1h, tovt oind viU:al to vhich
t x i, nI v- i d5o d i rn , (1,11. C) o f C Q 1:500000

7 o0 0 a' C )0. Vabc 1UiD of" L1h: taxi accordia~z to the
.... OJUOtf ofa O'O1 ti '0:c o -ch test

was o~v~1i' r 0 chcah i n CIfCto U r3f neutral.ization

:;rni uinc i~n~.TecixitxeocounLgserun were kent
I n a th i00) 2ttf C)nnn t , f which the pbhago-

c y C0.5 e Ct;1 n IO~ er I'ou0t. Od i;.o)_ )f' the bot ul11nufn

L2



toxin type A inactivated in a water bath at 1000r fo 3 0
miueas well as the usual phagocytosis reaction, in rh~ch

physiological, saline wa substituted for the toxin, and the o
ts a

AIV taI o f 2 8 e xp cri n e rtss an re r r med -f, z2 c,'~ ~t
17 of which are oarried out with canned fis'" 5 -i,;'anri.od
vegetable- alad ') with canned neat.

III all Cases, independently of the no rr nod
P roA uct Iave st Igat ed , ',e o!)s orv ed that t 4'~
sharply inhibited phagocytosis and, that thl & o* 'the
toxin was quite specific in character. Thi, na;fto..I is-L,
in tw~o w.ays; fi~rst, the phagocytic actiJ,,1tty of O7~e
increased i-',th dilution with phys~lological ;o if , ter
Inactivation in a water bath for 30 nizutes 10t h{J t n

lost its inhibiting action on the phagocyosl"u Th 60Z- spof j
nature of the affect Of botulinuri, toxin oj, ,,h&9.cytOsis Mos
alsm conf irmed by the f ac t that t he piiagoc,*'t "c act 'V ity C
rabbit leu-ocyte s returned to normal , fo] --wi4 an inz rodia uion
of appropriate anti-botulinun seruo-. ito t*z7 roa'-;tion, I t ii-

necessary to note that the method of P-iloia test is con-
siderably inferior to the me hod of the p:zy ci~~dtr
mination. The results of tht; t ests whichclarydotne
this are Drecented in table 1.

In the second series of exne.rimants vj- studiecl thci1-, e 1 ifu inco,
on the phagocytic activity of rabbit. leucccyte3 of ex 4 acts,
prepared frocm canned food products, to -Iich botlI'num tnyiin
type D (3train no. 255) had boon a~d.d it shoilld be pointed
Out that this strain produ-zd a toin ,,,f a very roak titre
(1/'60 millilitcr for white nice). -1- t li i s e ie o c,' os t w e
mix-ed citrated rabbit blood uit'h ax cact of the canr , OdC
as well as with the extract. containingc toxin, in thtc 0 ':i -
lilutions: 1:25) 1:50, 1:75, 1:100, 1-,50 and 1:250., A .1"

the preceding t ests, the e:<iLractn- cio:nta ioin6 toxin HI a
of 1:25 were k,-ept in a thernoitalt for 3( iiniites tc-,-e,-- v
the ant itotulinum serums. of ty- ., ard B and th nrau ire
serum,

The test was accorI,-i od by C~~ cr ~ ' of ir rouc
Ion into -hite mice 1) extrr, of t,rut ca.,neo 20rodu..e
same extract mixel ,with toxin Iii abo 1re(
3 ) e xt rt;c ts con at A in ing to x in -m Ix f -,, d it, ti - b CtQ Iu
A) B, and normal eq~uine b.run, lnalc~ vf* ted extrcti3 and the~
extracts cont aining tho toxin -;r a'-30 U, 7ed S7 C~tO

total numbor of testo, set tip T-th -oxi o f t Bc was ,'4A,
three of 'which ve uscd canined neet, in 6 Cannt d
In 15 canned fish. Foallow ing an ado li oa 01f t c *

talnIling the botulinum toxin of type T3. o0 .). rvod Ir's,;~

o.2 the type of canned produc ", u ~d o:3V a -,I' 1 t,111"' "'0,

cytic activity of the leiicocyteo In the r~ibht lt b I' 'J

(I~ kont ne mno .l n 1 thr 'nosa 7- 1 1.~ 81 t
l't h tho anti-botulnu3 ofu~ tlp - R u'
-~rum, "~ shovied a ni I-- ri 739o .

t Y 1 e - S:e6C If iC F at I- e ur f adc I ~ t h ec x u - ct Lt a n
toIn of type *ndce ar n a e~ r).~C ,i. f "3

cytic activity of leeicoeytos' in the o~ u. d~O N, e'~ c 8t Fr:

prepared from the canned food, but octtalriw n : >)ot I~ .0 *itn
as wall as tho extracts to which a toxlrinati 0C

beating was edded, had no notic cable e' fe t on pnaeoytosz.



3-

BiQlogical tests performed simultaneously with these experiments
proved in all cases to fall behind the method of the phagocytio
index determination. Since the results of these experiments
are more nr less identical ,ith those presented in table 1 for
the toxin of tyne A, we do not Vresent a special table. Com-
paring the results of the determination of the toxin B (using
the method of the phagocytic index) with the data of the bio-
logical test, it can be stated. that the first method proved to
be much nore sensitive, especially if one considers the fact
that the extracts, containing the toxin in dilutions 1:25,
1:50, 1:75, 1:100, 1:150, 1:200 were further diluted by a factor
of 5 by the ingredients taking part in tho reaction of phago-
cytnsis. During the biological test the mice usually died
following subcutaneous injection of an extract containing toxin
in a dilution of 1:25 (for the canned meat), 1:25 and 1:50
(f)r the canned vegetables) and occasionally 1:75 (for the
ranned 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 fact that the reaction of phago-
cytosis w:ith the canned goods may be affected by non-specific
factors, such as products of the vital activity of micro-
Arganisns contained in the canned food, pH of the medium,

salts, etc. we set up the test with the normal preserved food;
at the beginning of the test we added botulinum toxin A or B
to the food in question, similarly to the previously described
tes-t 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, ham and herring. We conducted a total
of 30 such experiments (427 investigations of phagocytosia).

In the first series of experiments, extracts prepared from
the contents of normal cans 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 of
the leucocytes. These tests, similarly to those described
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 phagocytic index decreased 2 to 12 times, depending on the
type of canned food investigated. The sharpest drop in the
phagocytic activity of leucocytes was observed when extracts
prepared from canned vegetables were added to the blood. The
inhibitory action on phagocytosis was also noticed when an
extract, infected with the toxin A, was added to the blood. Prior
to the experiment this extract was kept for 20 minutes with the
anti-serum B or uith normal equine serum in a thermostat at
70 . W1,hen an extract, which had been kept in a thermostat with
the type-specific serum A was added to the blood sharp intensi-
fication of phagocytosis occurred. Whsn extracts containing
the toxin which had been subjected to inactivation at 1000
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
v.ith the phagocytosis test. Thus, during the biological test
the animals died following an introduction of toxin in a

•.. 4



/A

cmncentratlon ot .L:?5000, whercs the ohagocytic index in-
dicated the presencs of the toxin, evcn in a dilution of
I:I00000. j:urt-hej more, taking into account the fact that the
toxin ust;d in the test had been dl,'utd 5 tir.f s by .he ingred-
ip-ts that oarticlpLatod in the reaction cf paqocytools w e
mlust c ncluhd that t he sencivity of leucocyt Cs of the rabbit
blood to the toxin is about 20 ti,->;s highcr than that of the
'1 ological test.

Cn thr' next series o.< expe- 'nents, usin similar nethods,
we s uied thl- effect of the extracts of food products to which

the Loxin of type B was added on the phagocytic activity of
rabbit l-ucocyte,'-o

,n thou experiments as in the previous ones, ve observed,
a sharp inhicition of 7hagocytosis, as conpared ,vith the con-
trol, in the rixtures to ,,hich an extract containing Lhe toxia
14 concentrations of 1:25, 1:50 1:75, 1:100 and 1:150 "as
added. 'ith nrogiossing dilution of the toxinr an intensifiud
phagocytic activity oP leucocytes was observed, i' hich, for the

extract, containin tle toxin in a dilution of 1:200 approached
that of the control. .hen addin- the B-ty-pe specific serum,
the Dhagocytic index was twice or 2. tiries higher than in the
case, when sarum A and norc t! equine serum were used. Tha
results of these tests are stown in table 2.

The biological test conducted simultaneously in two cases
en white rilce, irdicated a conside-ably lesser sensivity to the
toxin of Itype 9, ac comoared ,ith the nethod of determination
of the same toxin with the aid of the phagocytlc index. In
this case too, if the dilution of tho toxin I.y ingredidnts
participating in the test of determination of the ohagocytic
index are taken into account, the biological test proved to be
10 to 20 times less sensitive than the method of the ohagocytic
indcx. Sumning up the presented data, e nay nota that the
extracts from canned food and other nroducts Co:,taining n

toxin did not affect the phagocytic function of the leucocytc,
whereas the sane extracts induced a sharp inhiOitlc n of -latgo--

ytosS after tie addition of the toxLa. In the coatrol tests
with extraOc.s containin- toxin but subjectcd to thermal inactiv-
ation, the indlce6 of ohagocytosis were approxinately the sane
as in the ohysiological solution.

] ... . , . . ;I N '

. Phagocytic index nay bt used for the detection o " the
botulinum toxin of types A and B in tll food products,
along with the biological test.

. Botulinum toxins may be detected ivith the nid of the
p1-gocyt•c indt- during an invostiguti oif var.ous canned
goods.

\,, "'Ith the aid of the: reaction of .hago.-ytosis consderably
2mal!,ir ouLntitias of the botulinum toxlns may be revealed
than w Ith the aid of a biol :gical test; thereftore, the
1et, ... must be cons i dered ie -- sj nsit iv as c oarod with
the method of the phagocytic index deternanntion.
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4. t; t'-n ,:rrnt Ion of tht c rc c.ce of a botuliniur toxin,
in can. cd foods :it th,; ai of the phagocytic indTd
cquirc- conSi dorably Ie tine (2 -3 ho urs) ao comparoI

wlhthe biologic al1 tc st

-,,Iohne aid o f the meth.Icci r r ,!- -- ocyti 'LmdcX deter-
nination it is not only pos. bla to dettur the presence of
the botulinun toxin but l-so t, .:t rn-ne its type, vhich
is quite important fo- therapeutic purposes.



TA R LF 

P h a , yt C indeX

-- phy- a- That- Fxtrct rxtract I-xtract xtract n:,ac

,.ae of .o- tive tiva- plus plus plus plus plU s
tho produ4 ct lo- ox- ted toxin toxin toxin toxln toxin

tract ex- 1:25000 1:25000 1-50000 1 7000 .100000
Cal r tract ( nac-

so- Livated

Shelltish Iu 1,56 1,64 1,76 1,82 0,62 1,06 1,5 1,56

tomato sauce

vr.y mullet
in oil 1,52 1,32 1738 1,862 0,56 0,6 0,66 1,25

Pike Dorch
(in tomato 1,74 1,64 1,94 1,76 0,58 0,9 1,02 1,28

sauce)

Sprat iL 1,54 1,58 1,96 1,68 0,82 1,1 0,38 1,62
-armade

Gjby in 1,46 1, 24 1,7 8 1,8 0 ,62 0,88 0,82 1,0
tomato saace

-.csuash 1,36 1,4 1,52 1,68 0 74 0,93 1 54 1 48

-1, 2 3 0,, 7

Stuffed a 1,64 2,14 2,4 1,98 0,, 0674 0,86 0 84
plants

stewed bae 1,82 2,04 1,9 2,2 0,46 0 ,44 0,44 0,7

Stewed pork 1,46 i 88 7 2 26 0,,6 6 9 96



P h o yt n

Ttract plus toxin ' , lu tox i (1:25)

525 5G 1 75 1 : 00 1:P0 200 -U -

Imtuno ' orna
equ ine.

Type A.' Type B.

003 04 0,,2 0 0098 1,28 019 2,4

0#12 012 015 i 1,7 0,7 2,28 0,8

0,18 0, 2 0,4 0, ?6 1,.1 1,4 0,64 1,84 2,56

0,. 0,48 0,2 0,8 1,2 1,58 0 74 1,72 0,62

0,4 0,24 0,4 0,72 1,34 1,6 0,74 1,8 0,74

0,22 0,18 0,56 ,98 1,20 1, 42 0,92 ,9 0, 6

0,03 0 ,2 0,26 0,9 1,14 1,48 0,7 2,4 0,5

0, 0,Z6 0,44 2,OL 1,6 1,56 0,22 2,0 0,42

0 , -,6 1, 6 ~

0,2.3 0,0 0,C56 1 1.32 1,4 0,4 "5

0,"' 'Jn O" 93 1' 3 0,66

. O064 0,9 1 12 1, 76 1, 2 J,26 1,9S

S,5 04 1,'2 19 0,62 ,98

, 0,7 0,8- 1,14 !6 1 71 0 98 2 4 02

___,t



Bioloic alI

Extract Fxtract Extract 1 mil- 1 mil 1 milli- 1 rilli-
plus toxin plus to- plus liliter lili- 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) vatod xin toxin
serum A serum B. mal food canned 1:25000 1:25000

equine food (inacti-
serum vated

1,68 0,82 0,72 Alive Alive Alive Died

1,4 0,86 0,74

1,82i 0,72 0,84 1

1,8 0,94 088

1,72 0,84 0,7 t

1,48: 0,9 0,96 to "I

1,74! 0,98 0,78 to it of

2,36 0,76 0,56 3i

1,52; 0,74 0,5 I "o To it

1,78 0,5 0,68 to



Test

I Milli- 1 milli- 1 milli- 0.7 mill- 0.7 milli- 0.7 milliliter
litor of liter of liter of liter of lier of of extract
extract extract extract extract extract 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 milliliter milliliter of normal

of A anti- of B anti- equine serum
serum serum

Died Alive Alive Alive Died Died

Ill, but If
alive

Died to to

Illbut Died
alive

Died Alive ,,

Died Died o of

Alive Alive

t to H I It 9t

I, I It H t I



T 'A B L E 2.

Name of the Physiological Native Inactivated Extract
Produot solution extract extract plus toxin

1:50 both
inactiv-
ated

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

Beef 0,82 2 2$42 1,83

Stuffed peppers 1,64 1,84 1,98 1,98

Summer squash 1,82 1,68 1,88 1,8
preserves

Eggplant 1,? 1,74 1,92 1,94
preserves

Codfish in oil 1,58 1,6 2 2,12

C.raoow sausage 1,62 2,04 2,4 1,98

Poltava sausage 1,78 1,96 2,08 2,14

Tea sausage 1,93 2 2,18 2,06

Herring in marinade 1,7 1,56 1,96 2

i " " " 1,84 1,72 1,88 1,94

1,84 1,8 1,9 1,8

Ham 1,94 1,88 1,98 2,02

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

1,72 2 2,08 2,26


