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ABSTRACT

The wnole crude toxina of Bacillus anthracis, aithough appar-’

“antly *esponsibls for-the death of-animals ilih anthrax, had pever

seen quantitated, A total of 14 lots of the toxlc culture filtrate

of B, anthracis were pooled into one large lot of crude anthrax - .

toxins., An extensive assay of this reference materisl was conducted
in four laboratories using the time-to-death of the Iv-c?*.allenged
Fiscker 3Lk rat as the response variatle. Doses of the material
were varied by concentrati on/dilat;on angd by volume. The data ’”om
tnis sw.dy were used- %o define s potency unit of the crude anthrax
to Procedures were developed and illustrated for the assay of
Lm{“.oxm lots of the toxins by comparing the rat time-to-death re-
sponse to the urknown with eitrer (&) the respcnses reported in this
study or (b) directly with the rat responses o a new ssmple of the
reference toxins, . ) .

The possibilities and limitations 5f this standardization ard
of the gtatistical procedure through which it was developed are
discussed,
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~’raus.** The suthors have developed a reference lot of sfabilized freeze-~ .

5 ;
1. TNTRODUOTION
Tie excellent vork of Smith, Keppile and Staniey (1955)! demonstrated the

precence . ¢f Baciilus antbraclg toxins¥ in the D;O,_ from guinea pigs in
the terzrinal stages of anthrax and rekindied interest in the disemse,
particularly tta toxins, To date, valid comparisons of results smong the
geveral sxperimentersi-i® who have reporied work with ihe toxie materiais
p* duced by g. anthracis have been diffigult because elther whole orude
toxins oy the several co”ponenﬁs rave teen assayed by differeat methods, in
diﬁ‘ferent aggay animals, ard with no rneference sva.ndard of the toxins,

The paper pressnts the resulis of studles to guant titate, in terma of
fined potency units, the lethality of anthrar toxins ;sziﬁcher 3 - -

drled crude anthrax toxine, This reference materisl was used in the study J
dsscrived here and is available for other studtes againgt wHich aampieauof

anthrax toxins of uliknown concentration can be assayed, s
. C e E -y

;= '
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* The toxic metabolic by-products of the growth of B, anthracip are come R
posed of components with different vlologlcal or chemicel proveriies. 1
Haturally produced combinatlons of these components in unknown propor- i
tlons will be referred to in this taper as '"toxins."

b In>caa§uctﬂpg,tne refesrch reported herein, the investigators adhered T
%o "Principles of Ldboralory Animal Cere” s astsbllshed ¥y- %kef*gf:::::fir;:\—~:z
Natlonal Bociety for Medical Research. ;




R 1L MATERIALS. AND METEODS

Fischer 3kbk elbino rats weighing 200-300 grams were cbhtained Prom the
Fort Denricx.cu*o ies of Mr, Frank Besll and Mr. Frederick Kiein.” Bo
. colonies are raintaizad through brother-sister petings descended from bhe
—— colony described by Taylor _3'5;." Tnis weight range waos chosen necause
pre_iminary 2ats Indisated that the résponse fime of rats thst welgh move
tran 300 grars was significantly greaisr ihan that of rats welghing more
thar tut leas then 300 grams, TFurthker study, as reporsed in Tanle I,
’ rats carefully selected for welght, reveelad nc zignificant differ-
. ithin the weight range of 200-300 grams. . The analysis ©f variands 1z
regented in Table II, -~ . -
o o i . = = —_—
. = : N - : - - ~ - N e

T : - © ~,.. . TABIE I. RESPONSE TIME Iy MINUTES OF 7 R 27 PATS THFROTET
- - WITH 1 M, CRUDE ANTEEAX o -

. = : Rat Weight
- - o - YEGG grans 250 grams <00 grans
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-~ - -—. TABLE II, ANALYSIS CF VARIARCE OF RECIFROCAL RESPOFSE TL

RECORDED IN TABILE I

Source L. Sum of Squares Mean Square F
Between welghts 2 C.0u85 0.0242 1.509/
Within weights 24 0.32559 0.0161
Totel 26 0. 434k

a, Nonsignificant at the 5 per cent level.

B.  RAT LETEAL TEST o - L s

Toxins of B. anthracis vere 1n*3ﬂted inte the dorsal veln of the ¢en;s
of the Fiacker rat, in describing this test, Beall e aitl noted & defi--
nite relationship between the dose of the toxins injeuted and time toc death,

0. ANTISERUM -
Fquine hyperimmune serum {DH-1-6C) pvepaved by reperted injsations of

spores of the Sterne 8 rain of B. anthracis was used .}

<F
2

D, PREPARATION OF ANTHRAX TOXINS

The wediuz descrided by Thorme st al’ was made with triple-distilied
wvater, Sahaeqnent to his criginal descripuion, Thorne khas aaggested
through personal communtsation some shanges. The sontents of the zediuw
used in this study are shown in Tedbie III,

1. Media Freparation

Nine stock solutions, 4, B,'C, D, E, F, G, H, end I were preparjd._

A1l gstock solutions ray be stered at LOC for indefinite pericds of time!

The growth rediun is prepsred as follows:

(a) Add 10 ml of each stock solution except that containing charccel
to a suitabvle ccntairer,

-{b) 434 3.6 grems of Becto Cesemino Auvidy {DIFCY certified).
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TABLE IIX,

\
(g; Autoolas

e 20

) Add two mi of charcosl suspension.

zinutes at 15 psai,

CONTENTS OF STQCK SQLUTIONS USED I

'

Adjust pE of medium to €.9 with LN HeSO4 or 1N ¥aCH as

Bring tne volume up to one liter with iriple-distililed HzO.

Digpernse 460 mi of this preparation into a 3-liter Fernbach

M PRESENT STUDIES

needed,

Amount

Soiution A Cally+SHal 07388 g/500 »l Hid
Solution 3 Mas0(»TH 20 0.453 g/500 =L H,0
Sslution ¢ MnSO¢ Ha0 0,043 g/500 mi Hy
' / o . :

Soiution B2/ adenine sulfate 0.105 g -

uracil 9.0 g
Solution E thiamive HCL 0.025 g/500 il H,

w/ .

Bolution Fx/ sryptophane 2.600 g

eystire 9.800 g

glycine 0,730 g
Salution & KH, P04 34,0 5/300 ml Hy0
olution H KaHR20, 43,6 g/500 ml H,0

Solution I charcoal (Norite A) 5 /100 ml 5,30

o
-~

&, Both sollds were disesolved in 100 ml Hy0 and the total volura was mads
up to 5CO ml.

b, Tryptorhane was Gissolved in 6 mi, 6N HCl. Cystine was dissolved in
200 ml H30. Glycine wes dlgsolved iu 150 rml HaD. These three solutions
were ccubined and HyO added to bring the *total volume up to 5CO ml.
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2, Incculatlon Procedure

Five ml of 20 per cent glucose {sterilized by filtration) was added
%o the Fernbtach flagk containing LED ml of sterilized bassal medium. Each
flagk of Piral medium was ilnoculsted with 2 x 108 Sterne strain spores,
The inoculeted flasks were incutatad stetically for 23 o 27 howrs at 37°C.
Four hours efter inoculation; 55 =l of nine per ceut XalCO; was addsd to
each flaak, '

rom

L b

Tads final culiure was centrifuged at 00 rpm for 3C minutes, The
pupernatant was decanted and 10 per ceunt horse serum added. The sclution
was then sterilized bty filtration through an uiitrafine glass filter,

3. Poieney Testing

A praliminary test to determine the uvot

steney of each of ii toxis
£iitrates was done by injecting cne-milliliter samples of each filtrate in-
travenously into two rata. The response (desth) %imes of the rats wers
sonsldered as indicatlons of the toxicity of each bateh, The total volume
per bateh snd the response tikes of the test rats are giver id Table IV,

The 1k %oxis filtrates wers combined and a gecond prelinminary test
vas conducted on the pocled materiml, The two rats used in this test died
in 104 and 117 minutes respectively with s mean response time of -110.5 )
oinutes. Both response times are within one siandard deviation of the mean
of ail Tatches.

The pooied toxing were dispensed into &0C forty-sl dryirg smpuies,
each scntaining ten ml of toxins, Ampules were shelli-frozen in dry ice and
alaohol (-79°C). Frozen ampules were placed on an Aminco dryer* and dried
under a vacuuz of 10 to 30 mlicrons of mersury for 18 to 2% nours. Ampules
were oub and sealed under vacuum, packed in sar@board contalnzers, snd
stored at -20°C, - _

In a third preliminary test, ore randorl)y selected ampule was re=
constituted with ten ml of tripie-dlstililed wafer. One ml of this toxic
waterial was sssayed iu each of five rats, Thelr mesn responase time was
117.2 minutes, To furiiler test the toxicity, 0.2 ml of undiiuted and of
sorial twofold atlutions of the reconstituted materisl vere injected into
the shaven Sides of a guines pig and obsarved for sdematous reactlon, The
matarial reacted at s dllution of 1/32 and can be expressed according %o
Thorns gt sl® as containing 32 toxic units., Addlitional vials were recon-
stituted to LX concentration end tested on izmurodiffusion plates ageinst
the standard spore antiserun.) Taree individual lines of precipitate
appesred in parallel arrangament when tested with a linear pattern, The
strongest presipitete line was identified a3 the proteciive antigen (Factor
II) component when compered with a standard.!! An undiluted sample of the
resuspended material had a protective antigen titer of 1:64 against the
standard spore antiserum.’ ’ ’

* American Instrument Co., Silver Spring, Md.
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TABLE IV, VQIIME PER BATCH AND RESPONSE TIME COF RATS

CHALLERGED WITE TOXINS BY BATCH

Total Volumze,

Response Times, minutes

Datch ml Rat A Rat B Megan
1 450 97 g2 9k.5
2 450 107 91 99.0
3 450 a7 g6 g6.5
b 460 95 e/ 95.0
5 420 1z2 12k 222.0
8 450 ik 125 113.5
7 51 118 =) 103.0
8 0 e 10 180,
g 370 88 82 85.5

10 510 %0 o4 92.9
il 4€3 106 oh 13040
i 425 108 92 39.0
13 425 117 =i} 112.0
1k Kl 100 117 198.5
Total 8033 Mean  103.9

8D = 12.1k

a.

LY e}
ade

ssed the veln.
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E. REFEZRENCE TOXINS

These preliminary tests constituted quality control measures on the
rezaining 597 vials of dried toxdic filtrate. As a result of thesse tests it
wag known that thess vials contained the xnmown components of anthrax toxins..

F. TROCEDURES

The toxins waras assayed indepsandently by each of four lrnvestigators,
Tre prosecéures followved by each of the four were as nearly the same as
could bte achisved,

The characterizatlon of *the dose-rasponse relationshir of the toxinag in
Fischer vats was basad on an assay in whizh the two dose factors of amount
and consentration of toxins were each tested at gevezal levels as follows:
{a) 2ive levels of tha amount of toxins designated as b wi, 2 m, 1,95 mi,

1 mi, and .5 ml; (T) seven levels of the condentration of the toxin ,
desimted as LLX, %, :Lx’ Orﬁ’ C.Eﬂ, O.lEﬂ, Z‘.d 01362%) '!"hare m ia dE'
fined as the conecantration resulting when one ampule is reeonstituted to

ten mi with a diluent of triple-distilled water, Diiutions veyond i¥ vere,
made with distilled water plus 10 per cent normal horse serunm. .

The 7 x 5 factorial combinations of the several levels of these two
factors, plua 19 control groups, were each tested in two Plscher rats by
esch of four investigators as shown in Tsble V. Three sets of aontrol
enizals are not shown In this table. The first set included five pairsg of
rats, Each pair was inocculated with one of the flve amounts of diluent
alone (i.e,, triple-distilled water plus %en per cest normal horse serum),
%o pro+ide assurante that thelr companion animals responded tovtoxins as
opposed to the incculation of the diluents, The setond set included seven

- palys of snimals. Each pair in this set was inococulated with 1,5 =l of one

of the seven concentration of toxins miwed with 8.5 mi (1/3;53 voiuse) of
specific antigserum.? The seven pairs of animalis in the third set of cons
trols were inoculated with 1.5 ml of one of the severn concentratlon osf tox-
ing mixed with 0.5 ml o2 normal horse serum. These anlmals provided assur-
ence that the control No, 2 animals that lived wers saved by ihe antlseruz
specific agasinst anthrax toxins, '

Each investigator reguired 32 ampules ¢f dried toxlns, Each of the 32
ammules was opened and reconstitubted with 2.5 ml of dlluent preccoled %o
40C, Tre contents of all 32 awmpules then were pooled, providing a total of
80 m1 of raconstituted toxins at a concentration of 4X (& times the origi-
ral). All concentraticons of toxins were maintained continucusly at uUCC,

To make the next dilution, LO ml of the LX peool were combined with 40 ml of
diluent (triple-distilled water). This provided 80 ml of toxins at a con-
centration of 2X, Further sesrial twofold dilutions were mads to 0,0623
(L/16X original concentration) and incculated as planned.
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TABLE V. RESPONSE TIMES 1 MINUTES OF 280 FISCHER RATS 3
BY DOSE, CONCENTRATION, TECHNICIAN, AND RAT ;
Dose, ml i“
v =
b 2 1.5 1 0.5 i
Conc. Cper. Rat A 3 A 3 A B Iy B K B r
KL 58 55 53 Sk 57 7 61 & 75 T =
2 53 6L Sl 52 6k 63 8l 63 85 70 "
3 57 42 56 52 =3 55 sh 62 78 72 3
b € 52 L& 33 39 123 63 39 & 82 '
=1 57 57 61 63 53 6 72 70 100 89 ig
2 37 58 a5 a2 74 £5 8k 77 ii 94 :
3 0 %6 6 ® & 77, T2 T8 105 17 1
& 67 %6 5 & & =l 1y & 107 83 %
X 1 53 3 70 62 119 7o >3 91 1z7  15%
2 73 &4 78 T2 8z g 1100 181 199
. 3 65 £éz 77 30 Bg 33 107 97 252 B3
iy 8 43 8 ] ) 13 138 ) 15y 202
.X I 77T 153 13 129 13 Lu5 18 8 8
2 7u 83 ik 103 138 131 kps  28. 8 8
3 75 69 113 1B 137 131 1888 2ky 8 8
L 74 L 8 139 1L9 g 5 oo o8 -8-
S.EX L 111 112 173 176 8 L81 8 8 8 5
2 136 176 %5 2Tk S 8 8 s g )
3 i3 12k s V0 B g g 5 8 ]
b 5 16 5 8 g 3 = 8 g 8
0.12X 1 185 185 8 5 s .8 8 ] S 8
2 253 383 8 ] 8 g '8 8 ] 8
3 473 234 5 8 g g 3 8 B 8
4 8 5 8 ) s ) 8 5 S g
0.0623K L 5 8 s 8 8 s 8 8 8 8
2 ) ) g 8 8 8 g 8 8 8
} 3 8 8 s 8 3 g 8 8 8 8
L 8 g 8 8 8 ] 8 8 8 S

a., 8 indicates survival.

b




Bach investigator required 108 rats. These rats were caged in 5% con-
secutlvely numbered cages each contalning two anlmals. Each of the 5k
treatment combinations was given to the two animals in one cage at the same
time. The random order of the treatments was specifically prescribed tc
esch lnvestigator. Response times to death in minutes were recorded for
each rat and constituted the vasic data. -
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III. RESULTS

The response tirmes for enimals are presented in Table V. Although none
of the controls appears in this table, it should be noted here that none of
either the first or second groups of control animals died. Somxe animsls in
the third control group chkallenged with 1.5 ml of toxins plus normal horse
gserun responded nearly the same as test animels challenged with 1.5 ml of
toxins., The mean response times, in minutes, of these control animals by
concentration of toxine are recorded in Table VI. The pattern of responses
by the controls provides the needed assurance that the response of the test
animals was speclfically to the toxims ¢f B. anthracls.

TARIE VI, MEAY RESPONSE TIME BY DOSE AND COWNCINTRATICWS OF TOXIS

B X 57.5 53.5 5.0 62,3 75.0 &.7 5.0

o2 4 53,2 0.7 Sk 75.2 1d§.1 . 69.0 76.0

kD ¢ 61.3 Tkl 85.1 aé.o 138.7 86,3 13,0

C.5K Thh 1816 135.3  2uT.0 g2/ 1s1.3 154.0
Mean 6.3 ;70.3 ,5.3 89,4 163,5 9i.3

a, Ll.5 m: toxins plus normal horse serum - See text.
. All animads survived.

In splte of carefully contrailed procesdures and techrnigues, the resulis
from one laboratory (Technician 4) were so erratic that they were disre-
garded in any further analysis, Inspection of these data show that Tech-
nician &4 was the only one having raversal of results, i.e., a graater
arount of toxins rot kiiling, but lesser amounts killing, or only one of
the two test animals responding (except at doses eliciting a response atove
3C0 minutes). '




The reciprocals of the responee times were used for analysis Decause
recliprocel response times are nearly normelly distributed with equal
veriances whereas the untransformed response times are rositively skewed
with unequal variances.!! The analysis of variance on the reciprocal re-
sponse times of 120 rats from the four highest concentrations and the five
doses is shown in Table VII., This analysis shows that btoth dcse level and
concentration have statistically significant effects on the response time
cf Fischer rats injected Intravencusly with anthrax toxins.

TABLE VII, ANALYBIS OF VARIANCE OF RECIPROCAL RESFONSE TIMES

Iine 7 Sum’ofAm Hean

N0, Bffect &, Squares Sguaze Fé/\
L pose (D) b il.g272 2,981 229,37/
2 Ooreentratiorn {(0) 3 16,5689 5,8010 heh.ésé/
3 Technician (%) 2 0.1553  0.0772 5,018/
u Dx g 12 1798k 0.1ig9 11,552/
) px?T - 3 0.3485  0.0i86 1.43
6 c x T 8 0,11 0.0197 1.5z
7 Dx0xT o . o.8h52  0.0269 2,07
f Error &0 C. 781k 0.,0130
5 ' Total 119 32,1360 .

a. Error line B8 vwas used to test all effects.
b. Approximate probabllitles <0.C0L.
¢. Approximate probabillities <0.05.

,.
I laan - oniln utanatadr s . o] ViattRnetL LSaRM  eviled fe b
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The analysis further shows an interactlon between dose and concentration
to be statistlcally significant. The mean response times given by dose and
concentration of toxins in Table VI show that the magnitude of this inter-
action is slight and had no practical significance in the further anslysis
end interpretation of these data,

The analysis also shows a statistically significaut difference among
techniclans. Inspection of the date shows that meen response timss for all
rats responding for Technician 1, 2, and 3 ere respectively 78, 83, and 83
minutes. This is & practically unimportent difference, which we believe may
in part be dus to environmental feciors since genetic differences would de
almos®t nil after 10O generatlons of indbreeding. The rats used by Technician
1l came from the Beall coleony, which was malrtained in a different envizon-
rent than the Xlein colony animels uzed bty the other two tecnhnicians., This
raizsed the guesticn as to the effect on this assay ¢f Flscher rats procured
from non-Detrick souvses, In order to examine this effect, cormercially
aveliable Fischar rats obtainsed from two breedsrs ware taested and found o
be suitavle for this assay,

Ir this study, twenty FPilscher 344 rats from each of two suppliers,
Microblological Associates, Inc,, Bethesda, Md., ant Charles Rlver Breeding
Ias ~rauor*es, Inc., 1018 Beacon Sireet, Brookline uu, Masa., vere challenged

_in each of twe laboratorles. The response tizes of all 80 rats are reported
in Table VIII. ¥o statistically significant difference in itlme of response
for animals from the two suppliers “as obgexved, A differance betwsen the
two operators and the interaction of operater with supplier was statisti-
cally signifizant at the five per cent level, ;re mean response time cf
three of the four groups 4iffered by less than ore minute, and tre fourth
group differed from the ovher three by anp“nx-qa:e;y five minut es, a dif-
ference that could te caused by about seven unlts of toxizns and 1s well
within two standard errors of an estimated ctenﬂy. Thus, this difference,
although astatistically significant tecause of the lerge number of animals
tested, is considered of no consequence conceraing this assay.

A test to determine the storage characteristics of the reference toxins
vas conducted on a vial cf the toxins that had bteen stored for 35 months.
The teat vial was reconstituted with ten mi of triple-distilled water. Six
rats were then challenged with these raconstituted toxins, according to the
protocol deseribed in this paper,

The estimate of potsncy from that test was 32.4 potency units per ml at
the LX concentration. This is essentially identical to the 32 units per ml
set up in the definition. It was, therefore, concluded that the reference
toxdins had not changed with respect to potency during 36 wmonths of storage.




TABLE VIIT. RESPONSE TIMES IN MINUTES BY SUFFLIER,

LABORATORY, AND RATS

Charles River Micrcbiological
o __ Breeding labs., Inc. Assoclates, Inc.
Rat - Latoratory Taboratory
1 2 L 2
1 83 87 91 85
2 s 8l 8L 89
3 86 ge 91 8o
in 83 8z 88 85
5 gL 84 8g 92
6 87 8 es "
7 9k 13%5] 0 01
8 88 83 g2 &7
g 87 3 i 0
10 91 86 77 &7
il 105 83 89 93
12 gk 85 O 79
i3 52 7 - 90 107
1h - 39} i L 8o
15 g8 81 - g1 - 83
1 1 85 77 90
17 82 83 97 89
18 90 37 89 . 88
19 83 85 g2 - 75
20 88 83 g0 86
Harmonlce
Mean 89.28 8, 1 88.50 88,42
Responee ’
Tipe
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IV, DEVEIQPMENT QF ASSAY PROCEDURES

A. DIRECT ASSAY METHCD

A potency assay should be based on dose expressed in terms of well-
deTined unito. No such units have as yet been defined for anthrax toxins,
Varyirg the amount of toxins by varying either dose or concentration weuld
have a significant effedt on the respcnse tima cof rats; however, rats in-

geted with one ml of toxins concenirated to ZX responded 1n about the same
tire (75 minutes) es rats injected with two ml of toxins concantrated at 1IX
(7h mirutes). This relationehip holds true for most other dose-by-
cncentration combinations for whlcn the product of these two factors is a
congtant, If doses are converted into 3.5 -zl units and concentratiocns into

\O 0625 units then the doses end concentrations in the n;rsins of Teble ¥V

‘can te expressed as grown in the marging of Teble IX.

TABLE IX. DERIVATION OF POTENCY UNIZS OF ANTERAX TOXINS

Concentraﬁion
of Toxins in Dose of Toxins in 0.5-zl Unilis
0.06585<Focld :
Units 8 L 3 2 1
;3N 512 255 192 128 6L
32 256 128" g5 n 32
—— 16 128 6L 48 32 16
T T T T 6, 32 24 16 8
s 32 16 12 8 4
2 16 8 6 4 2
1 8 L 3 2 1
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The products of the margiral numbers in Table IX for any two equivalent
dose-by-concentraticn combinetions are the same; thus, the product of 2
dose units with 32 concentration units gives 6L total potency units of
toxins, Simllarly, 4 dose units of 16 concentration units also contain 64
total potency units of toxins. We define the potency unit of anthrax
toxing to bs expressed as these preducts cf dose by concentration of thiu
particular lot of toxlns,

If we were to carry the dafinitlon of a potency unit no further, then
one ml of 1X concentratlon of any anthrax toxins, regardless of its sctual
effect in animals, would have 32 potsncy units, In order to gtandardize a
Toteney unit it 1s netessary to descrive the asscciation betwesn the done
in units ard the poterey in tsrms of a bilclogleal respomse to this partlcu-
lar lot of enthrax toxins., The potency of any other lot of toxins may then
be measured by ccmparing the response to 8 Xown amount of the test tuxina
with the reapconse to the sames apcunt of the reference toxins.

Triese response characteristics are descrived as the dose-reaponse re-
letionghiy when measured doses of these toxins are injezted intraverously

Into Plschor 344 rats, The challenged rats respouded by Gying et s tinme

that 1s shown here o we highly dependent on the dose measured irn jotency
units ¢f these toxins, .

Thne regression of mean reciprocal response times on ﬁheflogg of the
potency units of anthrax texins is shown in Figure . —The least scusres
line has the eguation:

Y = by + X + byX? (1)

wheré”? is the mean reclprocal response time, X is the potency of anthiux
toxins In logy units ard the v's are regressicn ccefficients computed from
the data of this test, The values of the ccefficients, their variances and
covarisnces ares

Ty = 2,591 V(b ) = 077121 V{yby) = -.086902
by = 0.959 Vb ) = 009514 Vi{baby) = .002238
by = <0.051 v(vy) = ,0C0088 V(biby) = -.000800

This regression line repressnts & basis upon which ccmparisens of potency
of anthrax toxins can be made. Thus test toxins can be assaysd elther
indirectly against this cwve or directly with parallel assays of the
reference toxins.
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Response
Time -
Recip. Min.
2.0 —~ 0.5 j
1.8 |- 55.5
1.6 = 62.5
l.h = Tl.é
1.2 |- 83.3

1.0 b 200.0 !

0.6 I :.66.7
Ot b= 250

0.2 ~ 500

! i | ] | i - |
0 2 b 8 16 32 64 128 256 512 1024

Potency Units

Figure 1. Regression of Reciprocal Responsze Time of Pilscher Rats on
Log Dose of Anthrax Toxins Expressed in Potency Units.

B. INDIRECT ASSAY METHOD

In order to use ths responses of 120 rats tc the reference toxins for
vhich the slope of the dose respconse curve has bheen calculated, we recom-
mend the use of the indirect methed of assuying unknown anthrax toxins for
potency. The regression is nearly linear for doses from 16 to 128 units,
corresponding to reésporise timee from 2LV to 65 mimutes. Thus, slthough the
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concentration of test or unkmown toxins is arbitrary, iv sbould be ¢f such
concentraticn thet one ml, injected intravenously, will k11l a Plucher rat
in no less than 65 minutes nor more than 240 minutes.

Tc teat the petency of test or unknown toxins, enough animmls should be
used so that the amount of variation in the final result that can he at-
tridbuted tc the test rats is at least no greater than the amount of varia-
tion conitributed by the standard rats. Thus, at least six Fischer wuio of
200-300 gramn from e sultable colony should be intravenously inoculstad,
three with two ml of the test toxins and three with one ul.

‘The test is based on the mean reciproesl respcnse times of the rals.®
This is niwmply the reeiprocel times to death of the rats in mloutes (100/t)
gumzed un and the average caleuleted. The reeiprocal respunse timeg of the
rats can be put in the following form: -

Reference Toxinn Tegt Toxins

¥ e 100/% Y = 100/4
o im 2 ml Lri _em
1. ) oo o .. b
Rat 2. p Jpu— Rat 2. B
e oo _ 3o .
2Y — ZY — ZY ZY
¥ = Ry e Ry e T oMy e Py e

Ry + Rp =;.=.,=_ Ty + Ty = .o

where Ry, Ra, Ty, 6nd Ty are mean reciprozal response times, This form for
caleulation can ba used for elther the dirsct or indirect assay method.’

The estimate of the difference in potency (D) botween the test toxins
and the refercnce can be found as:

5o (T1+ Ty) ZZL(R: + Rj) (2)

¥ Since the rat response is very uniform any observed non-response must be
consldered the result of tochnigue at soma stage of the assay procedurc,
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where the letters T and R represent the mean reciprocal response times from
the table above and L 18 the average slope of the reference dose-response
curve at the two dose levels used in the test. This average slope may be
calculated as:

L =%t +b; (Xt + Xz) (3)

where X; and X; zre the dose levels of the reference toxins (in log, potency
units) that were used in the test, and by and by are the estizates of the
regreesion coefficients from Equation (ls. Wnen the test ls rur using l.ml
and 2-7l doses of toxins, then Xy = 3% and X3 = 6, Under these conditicns

Ry =0.92, Ry = 1.3% from {1) and L = 0.3585 from (3) so that Eguation (2)
Decc:es!

(7 + TL) - 2,26 (

D= 0.7970

1Y
Ty

N

Tre letter D represents the amount of difference tetwsen the test and
reference toxing in terms of logy potency units, I D is positive then the
test toxins aremore potent than the reference and vice versa, Since the
reference toxins havea potency of 5 logs uriis/ml at a concentration of 1X,
the potency {P} of .the test toxins in logs unilts at the concentration tested
wlll te found as; : :

P = 5 + B . ) EEESEE (j)\

oxinsg, its

To find the number of potency units ter ml of the test t
its, Tne nonver=

potency needs to be converted from logy units to logy un
sion formula is: ‘

logis F = loga?P 1oggp2

The value of P in units is found by looking up the entilog of this product.
This value will be the nuwter of potency unite 'per ml of the test toxins at
the concentration tested, B :

C. ESTIMATION OF VARIAKCE

There 1s varistlon inherent in this asessy system In addition to the
variation tvetween samples of toxina. Thue the single estimates of the
potency of any particulsr sample of unkunown toxins should ba bounded by
confidence limita. In order that these limits may be determined it is
necessary to0 calculate the variance of the estimate D of the logy of the
difference in potency beiwsen the test and the reference. The variance of
the estimate D wiil depend on the variancs of the cbserved reeponse times
and the regression.
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If we express:

then

V(D) = g{v(g) + DQV(G)} (n

1
G
wnich will apply tecause N and G ars estizated from independant observa-
ticns. % Since the four mean “ecip“o'*a’ response times are stochastically
independent, the estimate of V(X) cen te expressed as:

cslun . . m y

v(E) s V(Ry) + V(Ry) + V{Ty) + V(D) (8)

where T(7y) &nd V{T,) are ortained directly from the data of the ieat and
V(R ) and 4(ng) a“e calculated from the regression line as:

V{R) = ¥(T) + (X X2 V(o) + (X2 - ) v(vy) (5)

The. variance of § is given by the equatlon:

wE) = 5 V) ¢ (K ) V) ¢ (4 4 ) V) (o)

When the test 1ls run using ore-ml and two-ml doses of toxins, then
X =5and X% =6, Under these corditionst

V(Ri} = 0.0134, V() = 0.0018 end V{G) = 0.0355

80 that:
wlt = 1 vy 3y
V(D) FRT {J’(J, + 0.9355ﬁ} (11)
and:
V(N) = 0.0134 + 0.C018 + V{my) + V(T,) (12}
EXAMPLE

A pample of toxins of unkmown potency was tested in this labvoratory.
t was known to killl Fischer rats in sllghtly mwore than 90 minutes when in-
Jected intravenocusly in dosee of one ml at a concentration of 1X. 'he re--
sponse of the unknown toxins was carpared with the response curve deacribed
by Equation (1). Each of three Fischer rate was injected with one ml of
the test toxins and their reciprocal response times in minutes were re-
cordad in tha appropriate spaces on the form called Figurs 2, Three other
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Raference Toxin Test Toxin
Y:100/¢ Y= 1007t
| ml 2 ml. il 2 mi.
1 b 1,39 1.67
Rct{g Ruf{z 1.25  __1.56
3 1.15 1.59
Ty = Sy 3.3 _ 4.2
YR __0.92 _ 1,38 Va7 __Ll.26___ 1.61
R+ Rz.-. - 2,26 qu. Taz 2.87
g v S v? 4.8171  7.7506

Q0L h
V(T).0:0048  0.0011

bg = -2,8912
b, = . 0.8592
s " -0.058!0

V{bg)= 0.07712088

'Vib)s 0.009C1355

V(bz) = 0.00006804

V(R,) 0.0i34  _0.00i8 Vi, b,}-0.00080C
ko b, + bz(x;; x2>
2
- 3 = s = _ 121
X, 3 3 % & {x,+%,) 11 (x o+ x,) 2 —
by = 0.9592 i;; . .
b i+ %3z 0.560 (T #<T }={R+ R} h '
oA+ %! g;gs; gt o V% 2.87-2.26 . __0.78
RERA N - ZL 0.7970
2L =_0.7970 e 0,508k
4% 06352 Lo, P= 54 D= §° | 4
Pz 030! x5.78 = 1.74 Pz |' 55.0 U/m!
Loy, 3 x3 L . 1
F Yt -
visy= a{vin) + eyt Xg) Vibg)s dx,+ xg) VIbpgl} = 0.0355
VNI VIR, )+ VIRGD+ V(T 1 VUT,) 8 0.0211
1 2 3 0.0672
vip -l {viny « 02 viar} -
4L ‘
SE (D) = 0.26
1.30 '
ULD) e e Log, UL(P) e L2 yigpye S TRE
0.26 , “18.0
LL{D)s Log, LLIP)z 2222 LL(P)e —

Figure 2. Calculation Form for Anthrax Toxins Potency.
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Flecher rats were each injected intravenously with two ml of the test tox-
ing. Their reciprocal response times were alac recorded on Figure 2, Fram
these six reciprocal response times values of Ty and T3 were calculated.
Corresponding valuss of Ry and Ry were obtained from the regression line by
substituting respectively the values 5 and 6 fer X in Equation (1). 'fhe
value of L was calculated from Equation (3) using the values 5 and & for X
and Xz. The values 5 end 6 were used in these two cases because they urc
the logz of the number of units in one El and +two ml of the reference
toxins.

The value of D was calculat substituting the previously calculated
values of Ry, Ry, Ty, Tz, and L in Equation {2). Tuis value of D vas found
to be 0.78, This indicstes that the ‘test toxins were C.78 legy unit more
pofent than the referense, One @l of the reference toxins contains 5 Lobz
units so the toxins must contein 5.76 logs wrl®ks., The value of P in
units cen readily be deiermined by looking up the sntilog of the product of
5.78 and 0.301. This product is 1L.74, the antilog of which &
+he test toxins have ;5 0 omotancy undts per ml at the conceniraiicn tested,
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V. DISCUSSICN

Anthrax toxins are composed of at least three Factors, I, IL, and III
by the clasgification of Stanley end Smith!'d or, respectively, edema factor,
protective antigen, and lethal factor according to Beall et al.!!  Insofar
ag 1o known, both in vitro-produced toxins, ag those used in this report,
or in vivo toxins as reported by Kiein gE al’7 may be quentitated accu-
rately. The procedure further provides an effective reference for quanti-.
tating natural resistance or relative immunity as described by Kléin et alll-
becsuse the chaolute dose of toxins required to elicit s given response
will tear e definite relaetionship %o host reslstance or susceptibility.

The bilologiesl acilvities of these compounds ere numsrous ard, likely,
scge responses are still 0 Te dlccovercd., The provienm of evaluating ac-
tivity an@ mode ¢f astion of compounds which have a synergisilc bticliogleal
action is more difficult than for “single compounds,” Quantitatien, there-
fore, is important %o allow the work of various investigaiors tn te related
mova exactly to each other, The Fischer 34k rabs are commercially availeble
and refererce anthrax toxing will de furnighed responsitie investigators .
wno desire to work with this materisl ¥or use in esbadbiishing units, The

methods used {n this standardization of these toxins may be appropriate

the standardization of other biologieslly active toxins.
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