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ABSTRACT

In this study, multi-chambered single autoinjector(2inl) and KMARK-1 containing atropine and 2-PAM(pyridine-
2-aldoxime methylchloride) were administered to the beagle's muscle, and blood samples were taken for a certain
period of time to compare and evaluate the pharmacokinetic profiles of the two drugs. Male beagles were used
and classified into two test groups(Gl, G2), and crossover pharmacokinetic studies were performed in two test
groups. Blood samples were collected from the jugular vein for analysis after administration. The 90 % confidence
interval(CI) for log transformed data indicated that the Cmax for both atropine(log 0.9683 ~ log 1.113) and
2-PAM(log 0.9453 ~ log 1.214) was within the limits of bioequivalence criteria, but the AUC for atropine(log
1.1786 ~ log 1.3238) failed to meet this criteria. This is expected as the amount of atropine dose is 25 % higher
for the test as compared to the reference formulation.

In summary, in view of the ATNAA(antidote for nerve agent of US) authorization, the Cmax equivalence was
more important than AUC equivalence, so in this study, we also focused on verifying the equality of Cmax

between the two autoinjectors.
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Fig. 2. Antidote, ATNAA(cited from ref. 8)
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TH(Table 1).

e ATNAAS] “o|ofE +&
FDAC F 27%9 ARE A&

Table 1. Organization of submission for ATNAA

approval
& o =
Application Form (FDA Form 356h), cover
Volume | letter, Index (item 1), labeling (item 2),
1.1 Overall Summary (item 3) and Letters of
Cross Reference.
Volume | Chemistry, Manufacturing, and Controls
1.2-1.11 | Information (item 4.A)
Volume L .
Methods Validation Package (item 4.C)
1.12-1.13
Statements and Certifications including the
Environmental Impact Assessment, Samples
Volume | Statement (item 4.B), Patent Certification
1.14 (item 14), Field Copy Certification (Item
17), and four copies of the draft labeling
(item 2)
Volume | Human Pharmacokinetic and Bioavailability
1.15-1.27 | information (item 6)
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Table 2. The confidence intervals for two different
autoinjector delivery systems in healthy
volunteers(cited from ref. 9)

N E Cmax (90% CI") | AUC (90% CI)

olEZ Y 1.08 ~ 1.23 1.27 ~ 135

0.87 ~ 1.00

s 1.02 ~ 1.22

*

CI : Confidence interval

MARK-13} H]aate] F49382] CmaxE SU3HA
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=5 600 mg2.0 mLE Fdslth) HIE A|g29E 2
“I(log) W3kl FA ATk gho] ofEE¥AS AUC
= 90 % AFTFE Hold ghe BAT Cmax7]—
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Fig. 3. Multi-chambered single autoinjector(2in1)
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715 (A kA A A2016-135%, 2016, 12. 8) A17x%
(E7hH @zl “TmaxE Aet thzofa} Alg k] H
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(Table 3).

Table 3. Test group for PK study of autoinjector
1t PK)

e FAI (i?/ hfaz) (:oLjh:a:t) %—’F%
Gl %%%}Zr?:f]iinl) 2.1 + 600 | 0.7 + 2.0 7

G2 mi]) 1.67 + 600 | 0.7 + 2.0 7

2" PK)

Gl Z]K;AR/E?I]) 1.67 + 600 | 0.7 + 2.0 6*

G2 %%i%;:flzinl) 21+ 600 | 0.7 +20| 7

* o 12} PK-Gl, 1804 358 a7 F A
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Safety Release

Fig. 4. Method of place the autoinjector

Autoinjector

AL AL ThEL B, A e FEEAeY
A9 AFAL 2 71E} olgE 3 W AbE, S5
o ARRA oN(AA BHE A E2 DI
oo®, gl Fol ¥ AE Asdom
BRI, T FREE N AHOR 4T F
Bttt Ea FolR el A oAl waE 3
A3 7=k

242 ME55d
%o} AH(Day 1) L AR/ F F 13, vhA} 5

=
g gu $ A ATS S43%

2.4.3 A X SE=2

Fo] 3 a-&-a14(heparine Na) 2] H 1388 FAL]
(1 mL, 23 G needle)E ©]-8-3}o Fo AOAIZh, F9
5,10, 20, 30%, 1, 2, 4, 8, 12, 24A|17HF 11¥Q1E)
B3t Al vig7he] Aol A AHH(F 1.5 ~ 2.0 mL)yS
A A3 th(Fig. 6).

F gl 10,000 ~ 13,000 rpmol| A 1 ~ 287+
A BYsle] g4 e & 2eld 848 AE
T, FEHE B Al EAIE 3709 tubecll
Z}ZF °F 200 pL/tube®] Fo} A2 WEiL(%F -70 T)
Bl 4L vlE2dAtl EE} 10}01*‘“— E
v

=

Ao F oREe] BAE EEFOFATAAA F A}
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3k & AAEISIT)E B4 M| 25 HPLC(Waters(Acquity
UPLC system), Waters, USA) 2 MS/MS(Waters(Xevo
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TQ-S), Waters, USA)S A}&-3}913L, Hector-A C18(2.1 x
50 mm, 3 um particle size, RS tech) AH o= FA35}
At FFEAERE olEZIF(CH;NO5(289.369), 99 %,
Sigma-Aldrich) 2 ¥HCHyN,O-CI(172.612), 100 %, Sigma
-Aldrich)y& A8-3191 2.1, Levobupivacaine hydro-chloride
(CysHasNO-HCI(324.889), 100 %, Sigma-Aldrich) 2
Carbamazepine(C;sH12N,0(236.269), 100 %, Sigma-Aldrich)
2 olEZY L P BAE Y EEEAL AN
o} Agae olEmAe] FEI} 0.5, 1, 5, 10, 50, 100,
500 ngmL7} ¥=% FEIES wHEo] ARSESle
W, &2 F=7} 100, 200, 1000, 5000, 25000, 100000,
150000 ngmL7} HE% EFE4S wHEo ARSI
o BEEE AEd EEAREN ¥

&= & =4 4
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3 2t AR HEe FSaAVt
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50 uLE FHskel AA & A Adulel FYste] A
FREIRS Ak dojxl ARvEIHORRE
WHEEFEZ v WA gt oz 9 o
93 WAuE Fete] v gk Ao RNE 3
T F AR s=E At Al 8E vt
"] E(bioavailability parameter)= Z+ 7|AA Al &2
9 gxEds Fodt & e AhE 3% F k=
FEE A4 TR IWBA Cale 2007, ver 1.1.0)S ©]§
sto] AbEstlch AlgdRe] FAAEE e F
=4 EAAYE TEIMEK-BE Test 2007, ver 1.1.0)
o]-83t TmaxE A|2Jet 7+ dehielE =1
#holl diske] thzoka A|goke] 2awgkst Wt
2] 90 % AFF7HE Tk

o f
i
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2.4.5 ZAZASEA
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A%y W NS B skl A
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G A8 10 %ol st o AAE %

=
St AAASEY A HAE Cmax 2 A7)
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Table 4. Mortality and clinical observation

1t PK)
Al
2| FAP RlaiE ) o
T |' | = =) (% )
Convulsion, Seizure,
S Astgsia? Irregular
o] = Respiration, Frothy 1/7
Gl | TddFAM] .
Qin1) Vomitus, (14.3)
Decrease in Locomotor
Activity, Death
Convulsion, Seizure,
Astasia, Irregular
& 71EFA] Respiration, Frothy 0/7
(KMARK-1) Vomitus, 0)
Decrease in Locomotor
Activity
2" pK)
Diarrhea, Convulsion,
Gl 71EFAH] Astasia, Irregular 0/6
(KMARK-1) Respiration, Frothy 0)
Vomitus
Convulsion, Astasia,
e Frothé Yonlitus,lAtaxic o
G2 | BdFA atl, “reguiat
(in1) Respiration 0)
Decrease in Locomotor
Activity




ofEZT W F T EAN TAFA] L KMARK-I:

o]zl stk 01/}3}%/@

o5 5‘4 7H1ﬂ7} 3%

7] TG4 el 7] i &
SNAE)P o= <) AFgANA 187} LAEA.

2K Table 5).

1st PK)
= FAP| HZE (ko)
S Mean 16.36
Gl G AL SD 0.78
(2inl) N 7
Mean 16.36
NEFA
G2 (KMARK-1) SD 0.73
N 7
2nd PK)
Mean 16.43
7IEFA]
Gl (KMARK-1) SD 0.79
N 6
S Mean 16.39
G2 | TIFA SD 0.60
(2inl) N 7

=t /\]gi E] T3k _‘,:_ kR o] AFA A WE
AFE)E 099 ool om, olERPL 05 ~ 500
ng/mL HolA, & 100 ~ 150000 ng/mL H$ ol A
F5g A4S HERIATKFig. 7).

2.5.4 *=SENEN

SlER YO TAFAL] Tt H 7|EFA] Fo
o] AT Ad AuCY A thxok A)Eeke]
283 HEA 239 90 % A Z 7] log 1.1786
~ log 1.32382.% log 0.8 ~ log 1.25 o|itjo]o]of 3tk

HISE o83 @8 o] nla AAol8E AT

E T eRERSAAH Y| S Hol oL} CmaxE log
0.9683 ~ log 1.11300.2 T EssAdANT S &
=3} th(Fig. 8, Table 6, 7).

Compound name: Atropine

Correlation coefficient: r=0.999644, r"2 =0.999288

Calibration curve:0.00521168 * x+ 7.60221e-006

Response type: Internal Std (Ref2 ), Area * (IS Conc. /IS Area )
Curve type: Linear, Origin: Exclude, Weighting: 1/x"2, Axis trans: None

Response

1 ng/mL
500

(a) Atropine

Compound name: Pralidoxime

Correlation coefficient: r= 0.998487, r*2 = 0.996997

Calibration curve: 3.32732e-005 " x + 0.000225684

Response type: Internal Std (Ref 2 ), Area ™ (1S Conc. /IS Area)
Curve type: Linear, Origin: Exclude, Weighting: 15*2, Axis trans: None

Response

ngfmL

o 25000 50000 125000 150000

(b) 2-PAM

75000 100000

Fig. 7. Calibration curve of atropine and 2-PAM

B (n=13)
45 -

—— BT
(2in1)

~ 36 4 A\
£
<
9
£
- 27
2
-]
£
S 18 A
v
<
o
v

9 4

0 T T T t T ¥ T

0 1 2 3 4 5 6 7 8

Time (hr)
Fig. 8. Mean atropine plasma level on G1 and G2
(0 ~ 8n)
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Table 6. Statistical analysis of atropine for AUC

AEHH Atropine

Parameter AUC

Transform 1

Test / Ref 1248 22 N AHOI= 1

Geometric Mean

&"(mean-3D)

& (mean+SD)

4% - 95
Fe] HAFAP] Fol?

=i}
=
-

71EFA]

=

A] AUCE txoF3 A §lefke] mawighsh
oA 242l 90 % A1Z]F-7ke] log 1.0076 ~ log 1.1451

3, Cmaxi= log 0.9453 ~ log 1.2140°0.2 To]okis

SAANET =S

ozl

O, o o

=319 tHFig. 9, Table 8, 9).

N EZ AT EOMARK-1) 31.305 24.502 39.998
CHA AT QinD) 39.103 34025 44038
HILAL 37.172 50,849 4479
H2H) 32831 2337 42367 Table 8. Statistical analysis of 2-PAM for AUC
ANOVA DMMean Squares F value F table NEEE Pralidoxime
Group or Sequence 0306 7074 4344 [parameter AUC
Subjects/Group 0.043225 6.401 23818 Transform 1
Drug(adjusted) 0.32 47332 4344
Period(adjusted) 0.09481 14.04 4344
Residual 0.006733 Test/Ref 1.074| 22F N5 Xt0|= 1
Geometric Mean | e"(mean-SD) e"(mean+SD)
0% AEIor DI = A2 (KMARK-1) 6004041 46242803 77954853
BHet, 08 .15 ST crzsers Sererss Ceaans
= = = e 292,617 7 78825.2]
L1786 AEITIR/CH AR 13238 EERE] 56701.059 45872919 70085.143
%?;'b?mw — > 09 o T S— [ANOvVA Mean Squares F value F table
| ESES= AN e ] 10462 ANOVA-CV e 82177 Group or Sequence 0372 14.221 4.844]
Subjects/Group 0.026176 3.196 2818
[Drug(adjusted) 0.033087 4.04 4.844]
L . . [Period(adjusted) 0224 27.296 43844
Table 7. Statistical analysis of atropine for Cmax Residual 0.00810
PEEE] Atropine 90% 41 = 72t
Parameter Cmax 5tsh 0.8 AEF 125
Transform 1 1.0076 NEEEREESr] 1.1451
=7 1-beta =09
Tast / Ref 1038|220 N FHD|= 1 g ER0n) FH 11.581 ANOVA-CV % 9.0501
Geometric Mean & (mean-SD) g™ (mean+5D)
I EZ AT EMARK-D) 32748 20.863
CHU T AT Qinl) 33275 43342 o )
HLAI 32031 5378 Table 9. Statistical analysis of 2-PAM for Cmax
H2A2| 31.662 40.02
ALEHLE Pralidoxime
ANOVA Tviean Squates F value F table Parameter Cmax
Group or Sequence 0.021231 1348 1344 Transform 1
Subjects/ Group 0.015751 1.62 2318
Drug(adjusted) 0.009041 0.93 4344 R N CTIESTS ey :
Periodiadiusted) 0.054696 5626 FrT] est/ Ref 071 22 N+ 2H0|= _
Fosidual 5.000723 Geometric Mean |e”(mean-SD) e”(mean+SD)
= e O &= 3= A 7] (KMARK-1) 30957341 22018.902 43524285
NAETIE] CHel F AL (2in1) 33163598 28126597 39102.64
30-:” i _ _ 1Al 2] 37408.45 31905.689 43860272
GtEr 08 _ SELLS REE] 27444516 21124.356 35655594
09683 MM HEHH L1135
_ ANOVA Mean Squares F value F table
ZE 1 -beta >08 Group or Sequence 0259 5818 4.844
EHAESETHC)-FF 12681 ANOVACV % 8.8399 Subjects/Group 0.044526 1.421 2.818]
Drug(adjusted) 0.030623 0977 4844
Period(adjusted) 0.62 19.78 4.844]
Residual 0.031338
T (n=13)
90% 4 2| P2t
45000 55t 0.8 A 125
—— R : : :
0.9453 NEEERE EE 1.214)
(2in1)
. 36000 --0m= I EZEA| FH 1 -beta 0.663| 2 AW HA-FH 8.5]
-E' E M SR (%)-FH 23.906| ANOVA-CV % 17.7026]
<
o
c
: 27000 O ok [ = il = = o p=d o
=) : o
8 fofsbd, @AFA|@2inl) B 7IEFAIY oA
-
[ = I A=} A=) -
£ L3000 FOoFEo] oFEFElEA AT Table 107} 2
g
c
N
9000 Table 10. The confidence intervals for two different
autoinjector delivery systems in dog plasma
0 T T T T T T 1
=
0 1 2 3 4 6 7 8 N R Cmax (90% C|) AUC (90% C|)
Time (hr) -
) olEZ 0.9683 ~ 1.1130 1.1786 ~ 1.3238
Fig. 9. Mean 2-PAM plasma level on G1 and G2 —
0 ~ 8h) & 0.9453 ~ 1.2140 1.0076 ~ 1.1451
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Table 11. ISR of atropine

AZt AR | EEES | AEEN TR
(h)y | @) | (hg/mL) | (ng/mL) (%)
0.08 7 zg'sgf Z;Z(z) 4~ -12.0 ~ 105
0.17 6 22’2 gQN 22'822 4N 112 ~ 43
0.33 4 2;'22;; 2327 §9~ -10.8 ~ 5.0
0.5 9 2252{ 2;;3; -143 ~ 157

s ] | e
2 1 2.68 2.62 2.1

4 5 0'1531; Ofgf 134 ~ 26

Table 12. ISR of 2-PAM

AlZE| MBS | 2EEY | ZSEY B
(h) | (H) | (ug/mL) | (ug/mL) (%)
2661 ~ | 2650 ~
0.08 2 33.79 33.43 04 ~-11
2689 ~ | 2893 ~
0.17 > 41.85 41.80 7.2~ 46
2081 ~ | 29.82 ~
0.33 3 2950 3850 -1.8 ~ 0.1
28.02 ~ | 2857 ~
0.5 2 2991 20,07 3.0 ~ 20
10.93 ~ 10.78 ~
! 6 17.69 17.38 28 ~ 81
492 ~ 4.80 ~
2 6 10.81 10.44 8.2 ~-17
0.12 ~ 0.10 ~
4 6 0.28 0.27 9.7~ 80
3.2 2
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