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Interspecies pharmacokinetic scaling of 11-hydroxyaclanomycin X based

on animal data

Dae Hwan Shin, So-Young Lee, Sung Woo Jeong, Chun-Woong Park, Youn Bok Chung*

College of Pharmacy, Chungbuk National University, Cheongju 28644, Korea

The pharmacokinetics of 11-Hydroxyaclacinomycin
X (HAMX), a novel anthracycline, were investigated
after intravenous bolus administration in mice, rats,
rabbits and dogs. Based on animal data, we predicted
the following human pharmacokinetic parameters us-
ing allometric scaling: 24.1 and 6.99 mL/min/kg for
total body clearance (CLt) using simple and maximum
life-span potential (MLP)-corrected allometry, respec-
tively; 5.72 L/kg for steady-state volume of distribu-
tion (Vass). The corresponding allometric equation
were CLt = 45.896W"***, CL« x MLP = 31.175W""**
and Vas = 10140x"**>. These allometric equations
were extrapolated to predict CLt and Vdss in human
based on 70 kg body weight. We also predicted human
parameters using species-invariant time transforma-
tions (equivalent time, kallynochrons, apolysichrons
and dienetichrons). The values of Vass (15.4-19.4 L/kg)
obtained using invariant time transformations were
larger than those obtained using simple allometry.
However, the lowest CLt (17.0 mL/min/kg) derived us-
ing dienetichrons was comparable to that obtained us-
ing simple allometry. The results of this study also in-
dicated that the predicted human CL: generated using
MLP-corrected allometry can be used for the selection
of a safe dose for studies in healthy adult human vol-
unteers. These results suggest that such approaches
may be useful in designing pharmacokinetic studies
for novel anthracyclines. The preliminary parameter
values may be useful in designing early pharmacoki-
netic studies of HAMX in humans. The results could
also be used to determine the safe dose for the thera-
peutics in various animals.
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Introduction

Anthracycline 79 3“§€ , EEW FAF0A, o
=0l ofF kA mmto] 4l aﬂEa]-H] njo] Al2- &-okA
24 dgH o7 85 AH’—EI %EP 1,2]. 12y o]
= AL =594, 24, 7E, 85 5 AA5Ao] A

sh7] wiiEell A ARgel wE 0134*5” e Sl

[1,2]. ol&lst Al K288 Fo]7] 98] A= anthra—
cycline Alg A EAE0] 7HHLQ ATH3-7]. MZE
anthracycline A9 FBE=H /S e A+ =z
11—hydroxyaclacinomycin X (HAMX)7} A4S F3
e o] R E tH8—10]. HAMXEE Streptomyces galilae-
us ATCC 3113 (pMC213) #FZHH AP H 92 &
A2 A 7—(0-rhodosaminly —deoxyfucosylrednosyl) —
aklavinone©] th(Fig. 1).

ALl FoF v R Al EE AFE-3F invitro A S oA HAMX+
MOLT—4 leukemia A3 9 SK—=MEL—-2 melanoma A 3£
of thall -3t & F&F a¥E dERATH8-10]. AR T
9 Cﬁ]ﬂ]@s‘i ZA 3} (unpublished data) oA, A&} vfg-A 2
FE Ao 1459 FoF vjdA Eo sl HAMXE 545
Hl4l, Oh9- = Fu] Al 01':%3]"\] Luto] Al Aol Hlal] -4t 3
T aE YERIQITE et 9 o Al disiMx
HAMX+:= o& anthracyclme A4 5“§€§°ﬂ Hl &l ¢-=gk
= STl v
4‘1%* ‘ﬁ‘o] ShAl shgo] FlE Q). o] 2 gk HAMXS]
S FTFEI Y e 502 H HAMXE A28 3
& EdEA EE I Qo [8-10].

HAMX+ A2 anthracyclineAld &5 224 2
QLAY AFE Al ks A7 Aol A Ak
[11]1> HAMXO] AdAAI- o] shvp=2 A HAMXS| &,
T, A 2 w1 ] oFF e A NE Bask vt
SIT}. o] AT A= HAMX S 3A & 142 33 7Hs4d
Eol7] &l A & volHEFH AFEE HolHE
d&she As HRE Gl &, vhg-A, HE, E7] 9 n)
=4 4F 9 =& AHEsto] :Lﬂoia/\(CL) 94 2z &4
(Vi) & AbE3to] Abe] 7} ghebnl B & o S8l oltt. o &3t

= 7245 FA1F allometry ¥ ¥ invariant time W

of HEF 2 of

ojnt o

mio 3
4 N'

College of Pharmacy, Chungbuk National University, Cheongju 28644, Korea
Tel: +82-43-261-2824, Fax: +82-43-274-0752, E-mail: chungyb@chungbuk.ac.kr



Interspecies scaling of 11-hydroxyaclanomycin X 25

W& AHgetolnt. 2 dolE 2% E Algt dlolEE oS5t
= 22 HAMX S Zidehzdl slojA vhe S22 Jns A
I Gk EF HAMXZF A28 FUA 2 e 5 A
TOIARE e g2 Fol HEFE Adshs | %
s g lew AdAn

Materials and Methods
AlﬂIHE al JIJI

11—-Hydroxyaclacinomycin X (HAMX)+ ¢
o A Fol ALg3Fltt. o€ (Tedia Co., INC., ®]3),
ol U Ed (Fisher Scientific Co., Ltd., #l=), "l&&
(Fisher Scientific Co., Ltd., v]=5) % &3}& (Upjohn.,
No. 268-5, vl=H) < ‘?43}01 AHE-skgl o, 71EF Aok
& B 55 B HPLCH S ARESESITh 71712+ HPLC
(Jasco Co., ¥¥: Model PU-980 H~ % HFE7],
LC—Net II control borwin 71%7], AS=950—-10 A&
2171), pH vlE (M520, Orion Research Inc., "l=y), #&
A2 71 (GS—6KR, Beckman Industries, ¥]=), B
24421 7] Microfuge E, Beckman Industries, 7]=),
Y531 (OPR-DFU-250, Operon ENG. Co., 3),
9412 71 (M2010, Jinwoo ENG. CO., =), 187 (Eu-
rostar, IKA—Labortechnic Co., 5%) & AF&-35 0

o]Exﬂg}:

ay

Ol
IIHI]

A
=

n9L’

TEZE AF 22-27 ¢ 34 ICR vh-2, AlF 200-
250 g¢ 24 Sprague Dawley® #E H = 2 0-2.5kg %
A 7] (New Zealand White rabbit) W A% 9-11 kg &
AulEds e (3715 b, S0 Z5E F-4lste] A}
Sttt vk, HE U By = oFa 8 FEARS Ao A
G, TE 2UsA B () I AR R AALE, A d

C9F, ) E AR
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Fig. 1. Structural formula of 11-Hydroxyaclacinomycin X
(HAMX).

& = HAMXQ| HPLC 2AM =X

XV} (1112 A& HAMXJ A A &
< 2Hlske] Xé“a‘“ﬂr A S HAS A9 s Hﬂﬁ& u}
o} o] AFelA = g5l A WRlel wel AAA R
HAMXE #4383l =, 971385 250 nm, o%ﬂ}%
550 nmell 127g3}3 T}, OI FoRE oMMEYUER &
40 : 60 v/v% (pH 2.2) 9] =3tAN-& AFE-3}ith HPLC Z
A2 Luna Cis Column (4.6mm X 250mm, 5puM) = AF&-
sk AFE AR 100 pLoﬂ WS 1.2 mLE 7}3h
O 1031 X"V &2 28 $ 44778 (12000 rpm, 10
) BHATH AR AE BT A FH s THE vfo] AR FH| &
A Ny 7k ZHAIZL $ o] & o] 57 100 pLell Aj-&-3 Al
Attt o] & HPLC ©l 93t gt

A=]
T B89x

I mlo ofN ¥O A

s=ad

up9-~ 0 mwe Mo F HAMXE F91(2 2 10 mg/kg)
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360, 480 ol A &= i & H5-E A3 oA as
At AE e o2 HAMXS Fo1(2 ¥ 10
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120, 240, 360, 480, 720 ol N & iH?d__o}SiiD}. E7] 7
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of dg APt vl A hEAH MO HAMX S
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Fig. 2. The plasma concentration-time profiles of HAMX
following i.v. bolus administration to mice (A) at the dose of
2 mg/kg (@) and 10 mg/kg (o), rats (B) at the dose of 2 mg/kg
(®) and 10 mg/kg (o), rabbits (C) at the dose of 1 mg/kg (e)
and 5 mg/kg (©) and dogs (D) at the dose of 0.5 mg/kg (©) and
2.5 mg/kg (®). Each point represents the mean + S.E. of three
different experiments.
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A= SEHSHA 0H A

HAMX®] Al AL 5 Aol 45 517t
A HaAsH (MULTD [12]) o) 22 1]
A ate] okEFHIe A dhetrlElE AbESHITH AIZE O
o et 7bA 8] F FE-AIE F4
< AUC = AUC, + Cf ke A O ZH-E AFESISITE 0] 714
Cie AT AzrellA e AZFsA 555 el kg oF
E 2AEE ATE el kg2 @85 FE-AIZE I
A SRR A 7 &2 5 E AESEl T A7 0¢l
A HFE ABANFH AIAA L AE sE-AZE A8 |
A (AUC) < Atthel & W4 32 S 2 HE A&t A=
H AUCEFE vt 22 gtehv| e & AbEskgich dAl &
g2 (CLy) = Dose/AUC, 87438 XG4 (Vi) =
CLy X MRT, ##AFA7H(MRT) = AUMC/AUC. 7]
A AUMCE BHE 2243} W4 (the first moment of the
concentration—time curve) & YEFHATEH

Allometry &#0il lgt Q&R (scaling)

2k 2 v g E oSk W oE Al gkl
7t o 22 A4 42l allometry 21S AFE-3FSI
[13].

Y=aWw® (1)

A7IA Y g E (CLy B Vi) & WER AL, WE AlF
(kg) S, a9 b+ allometry 219 4 ¢ A|4+E 212} e
Witk A4 (b) & drebmlE -Als 1] A9 V&7 25
B o2 2] 0 2 AFE3FA T

logY=1loga+blogW (2)

AFES CLE oS3k dle (D A& At A9 5 2
2 AT g vk Abde] Rausa Qluh[13,14]. whaf
A, allometry 2] S ZF¥ AL&S] CLE 53k /A8

W F SR oS 22 Aol ATk =, AFEE] CL,
E S8 fet = o Yo R oS 22 allometry
B2 E A3l

CL: x MLP = aW® (3)

31714 MLPE &l o4 44 A7 (maximum life—span
potential) & YEFATEH MLPE thad 22 2 0= Al&3s}
Sch(13].
MLP (vears) = 185.4(Brw)"%%0 (w) 0225 (4)

o714 Brw ¥ W ¥ 5% 2AFS 247 Vb

E Xt 2t invariant time 20l 212t Q] &B(scaling)

A 3 FEFHIT A TetuHE dSske vhE e
2 invariant time o] R = a1l QUH[15-17]. wEhA
o] AFollME FAF 1 Mss e AlEE U 22 455
] invariant time %ol 2 4284 A3 (physiologi—
cal time) &2 WA A 45 FEFE-AI 4 o
okttt
Equivalent time ® 222 th23} o] Vet
Y-axis = Concentration / (Dose/W) (5)

X-axis = Time / W% (6)

Elementary Dedrick plot (kallynochrons) =222 th&
¥} o] vhEbdiT),

Y-axis = Concentration / (Dose/W) (7)

X-axis = Time /W™ (8)

714 x& CL& AFE Yebdith

Complex Dedrick plot (apolysichrons) @22 v}
o] vrepdTE.

Y-axis = Concentration / (Dose/W*) (9)

X-axis = Time / W»=* (10)

A7IA x B y= CLy ¥ Vge® AGE 212 VERdIT

Table 1. Pharmacokinetic parameters of HAMX after i.v. bolus administration to mice, rats, rabbits and dogs at the dose of 10 mg/kg,

10 mg/kg, 5 mg/kg and 2.5 mg/kg, respectively™

Parameter Mouse Rat Rabbit Dog
Brain weight (BrW, g) 0.36 1.80 14.0 80.0
Body Weight (W, kg) 0.0251 £0.0021 0.239 £0.005 2.34+0.09 10.0 £0.1

CLt (mL/min/kg) 73.7.+£5.30 64.0 +8.30 47.2 +6.50 27.1+1.23
Vdss (L/kg) 13.8+2.79 13.6+1.39 15.2+3.61 0.856 + 0.297

* Each value represents the mean + S.E. of three different experiments.

Table 2. Allometric equations, coefficients and scaled human pharmacokinetic parameters for a 70 kg human generated using simple
or MLP-corrected allometry based on data from mice, rats, rabbits and dogs

Parameter Allometric equation Coefficient (»’) * Scaled human value
CLt (mL/min/kg) y =45.9 Woss 0.995 24.1 +

CLt X MLP (mL/min/kg) y=31.2 Wit 0.999 6.99 1
Vdss (mL/kg) y = 10140 W86 0.968 5720

* Values from linear regression analysis of the parameter—body weight plots on a log—log scale (Fig. 3).

+ Values from simple allometry.

1 Value from MLP-corrected allometry. The parameter was calculated as the human CL; X MLP divided by the human MLP of 93.4

years [14].
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Dienetichrons @22 th5- ¥} o] vepdin

Y-axis = Concentration /(Dose/W”) (11)
X-axis = Time / (MLP x W'=) (12)

o714 x= CLE] A& WERdT

o] Oi:lLOﬂ/ﬂL equivalent time, kallynochrons, apolysi—
chrons ¥ dienetichrons& AHE-3to] nf-9-~ HE E7| U
HlZ Aol sebe e 9] FAF 2F 94 (scaling) & HESHS
tf Aozl Ao d4F FE-AIF A ERE At
v 3 #H2As (MULTD [12] &2 84 ate] A9 CL,
9 Vs B 1533

Results

HAMXQ| MW=Ll £ ASSH

HAMXS vf$-2, HE E7] 9 njFdo] JulFAs & 9
a7 22 S Fig. 20 YEHISITE HAMXE 10-15%
o7k whE A A E Qo m, o] Fol= A4 8] ATt
279 B9 AL Fo 60 Foll= 8 5 557 4%
A olstE A HEHA Futt EHF wE=-AIF HlolH
S 0AY Haxbsy o2 9y ste] abE s F e ehA uhghv
E|E Table 1 ol YRS S8 o] (CLY) ¥ X84
(Vg = 72t SEA AL %E* 7F frol gk apol 5 B
o7 gkgkor o] AFME I F %E v AeE 1
Hate] 18] 7S ARSI CL 2 Vs P22l A
73.7 mL/min/kg, 13.8 L/kg, FEIA 64.0 mL/min/kg,
13.6 L/kg, E7]°lA 47.2 mL/min/kg, 15.2 L/kg, Bl=7
o4 27.1 mL/min/kg, 0.856 L/kg o & LFEFSLTH

= M20IHZ2H allometry 210l 218t ALEOl CLe 2 Vs

=
u}%i, E, B7] g uj2deA 9 CL ¥ vdss % (Table
= A AFoz FAksto] Abghe A9 CLy B Vg #b=
sk51 L} (Table 2). ZF TE2] CL,, CL; X MLP ¥ Vg
FoE A Azl st 22-27 AAIYNA 9] &5
Z e Y (Fig. 3). AAAF o2 Akt CL,
FE59 Ao FrEel et 47 FrE e
w, Abghe] AlFe 70 kgl & Mg EkaL 914kl AlghellA
o] CLy & A5 5= ) d&5a Aol 9 CL, 32

1000000

100000

10000

Vdss (mi)

Clearance (ml/min)
g

1000

Clearance (ml/min) x MLP

- ot - s1ae
¥ = 45.896x Mouse y=31.475¢ ——

(r=0.9951) (r=0.9997) Nouse (r=09675)

1 2 10
001 01 1 10 100 1000 001 01 1 10 100 1000 weoa 1 0 0
Body weight (kg) Body weight (kg) Body weight (kg)

Fig. 3. Log-transformed parameters of CL; (A), CL; x MLP
(B), Vs (C) versus log-transformed corresponding animal
body weights of mice, rats, rabbits and dogs following an i.v.
bolus administration of HAMX to the animals. Each point
was plotted using the mean value of Vg and CL,; (Table 1).
The human pharmacokinetic parameters were predicted using
linear regression analysis.

MLPE R3] 94 24 W BAst Z oA 27 24.1
4l 6.99 mL/min/kg 1 TtH(Table 2). A5H A (rule of
exponent) [13]° 218HH allometric 219 #|5=7} 0.71¢]
21 0.9991 A% CL8 el MLPE wall& 292 o= %
o] vl st Barsal gl o] ‘ﬂ?c’ﬂ/ﬂ% MLPE A}

£33 79 (7=0.999) L AFEEA e 9 (2=0.995) &
T ES AAYS Hlow MLPR ixﬁi B¢ AAAdel
oF7k %ﬂ?ﬁ—%—% & 4 AT ZF FEL] Vg oF AlFel
St 2 1-2 7 AALAAME ST s Zl*d*é (P=0.968) & 1}
Bl o, o 53k Algtel A 2] Vi k2 5.72 L/kgel At
(Table 2)

S2 M2 EZ2H invariant time S0 28t AFEO| CL;
Vass OIZ

k-, AEE7] 9 HZ2de] 34 F OE vE-AIRE
HOlE & invariant time ol 2l&] ®nAs ] AlEeo] &
T ke EE-AZE HolEE ol &8kt =, equivalent
time, kallynochrons (elementary Dedrick plot), apoly—
sichrons (complex Dedrick plot) % dienetichrons ©. &
A% wAstel 4 FES 00 9 F o sE-A0 A
& QAAA derh At Fig. 4). 4 $BE 19 83 F
E SR 3AL dse A (r2=o.931—o.957)—§—
YeR gl om, Ao A4 F ok sE-AIRF 34 dlolH

= A5 5 A3 A5 A %721 T %= w4
b Ao R AR A o] CLy B Vi #H& A5

(Table 3). Invariant time ol 2J& oS3t Ao A <]
CLi= MLPE AME3HA] &2 w4 allometry 2]l &3k o
= #(24.1 mL/min/kg) ¥ FAFSE 2k-& BSltH(Table 2).
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Fig. 4. The plasma concentration (Conc.)-time values after
time transformations of the data from mice (o), rats (0), rabbits
(~) and dogs (<>). Each point was calculated from the mean
value for each animal data (Fig. 2). The Y- and X-axes were
transformed based on equivalent time (A), kallynochrons (B),
apolysichrons (C) and dienechrons (D). The solid lines were
fitted to the values obtained from the animal data.
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Equivalent time, kallynochrons % apolysichrons i H]
3 dienetichronsolA 1/2 Y& #& BT B 82 9
7% equivalent time, kallynochrons, apolysichrons %
dienetichrons®l A %3 FAFSE gH8& YER S O, al-
lometric 2 el 23 o5 3k(5.72 L/kg) ol vl&f 3ul o] &
< B AT (Table 2).

Discussion

Anthracycline A8 FAEALS FAAZA A4 02
- Fas okEolt HE, H4d0] He A2 anthracy—
clineAld fFEAEC] A9 dA A 7dE o glon u
@A anthracycline A4 FEAS9 =5 do|E ZHE A}
& dolH & o Fete A2 o)y d e H“LO} ol 3
oM g Fo% JRE ATE & T3 sE gk
B2 5H AL S E & oS8k 7ES A1 AR A
UA A g At d T3 98 3}, o]
AT A= HAMXE vk, HE E7] W v 3@ e 5
olet & 7}7te] o EFEH A J]'E]'U]Ei S AFEkgint. wst,
F& gebu|E 2 5E AFES] CLy ¥ Vi #h2 allometry
4 47}4] invariant time B el 28] o =3} T},
Mahmood[13]+= allometry 5ol o AFEe] shelv] g
£ AS5e] faiA e Has 3F ol e /‘}*O“‘a}oq
of tthar B S TE, o] Aol A= AFEE] CLy B Vg &k
< 53] fste] 459 TES AHESElh &, Mah—
mood[13] & allometry 2] 2] A4 glol| wje} F& tlo]EH =
FE AFE S CLE dS8te dle o9 37H4 &S B
13k th =, allometry 2] 2] X527} 0.55-0.70%1 7 A}
o] CLE &3] dalA <= allometry 212 A3},
0.71-0.99%! Z-%-ell= CL; X MLP ®72o] ®t} % s}
A, 1,02 2 A9l Clox HE@Brv) 240 #4
by RastArh13]. 258 o] 2 #1429 A (the rule
of exponents) 2t HH 3G o] AT A= AFE] CL,
5 o &317] 913 @<= allometry 219 A5 3ke] 0.845°]2)
S (Table 2), webA CL, X MLP R A¥r} nr}
et AaEQlon, HFEF (BrW) B4 S ARS8
Aoxth. CLy X MLP KA 2ol oJ3] of| S8k Abghe] CL, 42
6.99 mL/min/kg(Table 2) ]l o™ @ allometry W
9 invariant time {2 Aol w3 w2 ghE JERSL
tH(Table 3). ZLelv 97 174 Al 219)A] b & 54559
AFES YA CL X MLP 23 2] 98 o] =% CL, 4
W}7b B fr&-shrkal e gl

459 FEoll oA AT Ve E2-21 F3RA ¢

7]

O

3 A4 (7=0.968) 2 UEFH S TH(Table 2). €nb# o
2 Vil A5E 9% allometry 49 A4 32 0.8-1.10
O % CL& 45l nlal] Wzo] vt By Qlrk[13].
o] AFell A= allometry 22 A4 gke] 0.8659] a4 U}
EFISITE. Allometry Aol o3l oS8 AFEY Vi (5.72
L/kg) < invariant time WX el A} (Table 3)°l vl3l] oF
1/3 W& 3k& Btk HAMX 9 FZFAFQ] epirubicin
< HAaFH] Al vlE] A g4 o] 2w tHE anthracycline 7
d FEAF a5 Vg #h& UERAT L B s 9]
th[18]. o] gt & A8/ wfitoll Vs F A2l eH4 Al
AF 7o) g o] vrotxtha hakE oy, 18U Vi CLy
of ulsl| AN ] Abghe] ofsh 23] &8 (the first—
in—human dose; FIH dose) & A4 sl o] T 23 A +=
oby2bal Bars an QIvk(13].
CL¢ 9 Vg ol B3 §EZE7T (ty0) 9F A F 3] A3 she
] allometry 419 4= 3k HE % Avta ¥ aEa Qle}
3]. o] AFNAME 1 AFHe] g SA e
o AVFO] S oSSk A2 Vb ST ol t1x°]
AA e A4 Vs A4 YEhlE A7) oy n &4
3+ (hybrid parameter) ©]7] W&o 2 ke t) A4 o
21 14 AT AYA] Aberel tf gt 23] B&%E A8}
= Ut AFESA] S=TH(13].
AT RS o ® abe A 14 A1 YA ekl
5| B85 oS5ete A vl§ Tastth ndAd
O 2 w29 LDy =
L2FS I 13 23 BEHoR
, Anthracycline A9 &A1 9 < =9
o TF AFEE L Sl Al WA (BSA) oAS5WUH
0]. = T

I~N'

2 o = ok Lo
JW. 5 3R

EbdabA] itheE RaE QITH20
AR Q1 epirubicin®] FHpr)E 9F A Al WA k= Aba
o] itk AvE Baskgith Axt (2112
thracyclineZl &A1l AFAIE 3] &
WS #5598 HAMX F-ZFAF1Q1 epirubicing A
4-3fo] AFES] CL, #k= allometry ®'% % invariant time
WOz o F35aL, o F¥ CL, #loE 23 5§HS A=
St A3 A Q1 HE&F Y XSk AE Balskslt o

A WA GYAE 23 BEFS B lﬁﬂﬂﬂé
FEE 348 WA (AUC) T 38 Ao CL, ) #2

=g
2 AFET ¢ Q) whEhA] o] AFtellA] o SE
219l CL; 4k M Z 2 anthracyclined] &A=
HAMXE] 97 174 Al AYJA] 23] B85S A3t Ul
89 A oE VT, LDy v A4l BHA & ARS8
A el vlE &S AoE @

A 51}

A =0

e Th g Aol

Table 3. Scaled pharmacokinetic parameters for human based on species-invariant time methods

Parameter Equivalent time Kallynochrons Apolysichrons Dienetichrons
CLt (mL/min/kg) 36.3 42.1 34.7 17.0
Vdss (L/kg) 19.2 18.2 194 154
r 0.948 0.954 0.957 0.931

* The plasma concentration—time curves of four animal species were normalized based on the time transformations. The parameters for
a 70 kg human were calculated from the curves using non-compartmental analysis.
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