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Non-clinical Trials using '“C-Acetaminophen to Validate Biomedical
Accelerator Mass Spectrometry System
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Min Sun Choi', Mi Hye Kwon' and Kyeong Min Kim'
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Nowon-gu, Seoul 01812, Republic of Korea

Pharmacokinetic (PK) data provide pivotal information in drug development, and they are
usually first studied in the preclinical stage using various animals. However, quite often, animal PK
data may not match with human PK, especially in metabolites. Thus, most regulatory agencies in the
world make it mandatory to obtain metabolite information using "“C radiolabeled drug in human for
small molecule drug candidates. However, such studies are expensive and time consuming and they
are usually done at the end of Phase |l trials using ~3.7 MBq of '“C labeled drug in a limited number
of human subjects. Introduction of accelerator mass spectrometry (AMS) in this kind of study has
revolutionized it. Since AMS can measure C level as close as natural abundance, it can quantify the
amounts of "C labeled drugs and their metabolites produced in human body that consumes less than
the amount of 0.0037 MBq of 14C labeled drug, a very safe level of radioactive dose in human. Therefore,
it is now possible to conduct human "C studies safely in early clinical trials without spending hefty
amount of money and time. Korea Radioisotope Center for Pharmaceuticals (KRICP) at Korea Institute of
Biological and Medical Sciences (KIRAMS] has established an AMS facility in 2018, housing a 0.5 MV AMS
manufactured at the US National Electrostatics Corps (NEC). The AMS instrument has been validated
using various standard samples that have been prepared at Lawrence Livermore National Laboratory in
the US, a worldly reputable provider of AMS standards. In this paper, we present a mass balance study for
acetaminophen in rats using AMS and prove that the study results are equivalent with those of literature,
which shows the AMS facilities at KRICP has successfully installed and be ready to be used in the various
PK studies using "“C labelled compounds for new drug development.
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Table 1. Standards for validation of accelerator mass spectrom-

etry
Standard name Material Manufacture
SRM 4990C Oxalic acid NIST?
C3 Cellulose JAEAY
C8 Oxalic acid IAEA
0X12 Oxalic acid LLNL®
0X102 Oxalic acid LLNL

“National Institute of Standards and Technology

International Atomic Energy Agency

9Lawrence Livermore National Laboratory
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AMS Measurement

Fig. 1. Graphitization process of biological samples for AMS analysis. It consists of drying, sealing, oxidation, transport, reduction,

and pressing in the order.
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Fig. 2. Reduced graphite formed on the Fe catalyst. All black
and no gray iron carbide is visible.
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Table 2. Accuracy, repeatability, reproducibility of AMS measurement using standard samples

1st day 2nd day
Standard Reference Reproducibility
name (fMC) Accuracy  Repeatability Accuracy  Repeatability (%)
M) ) ME ) )
1.2977 99.7 1.2915 99.8
1.2976 99.7 1.2970 99.8
1.3039 99.2 1.3097 98.8
C3 1.2941 0.5 0.6 0.5
1.3127 98.6 1.3086 98.9
1.2942 100.0 1.3063 99.1
1.2967 99.8 1.3049 99.2
0.1460 97.2 0.1483 98.7
0.1478 98.3 0.1533 98.0
0.150S 99.9 0.1506 99.8
C8 0.1503 3.6 2.0 29
0.1594 93.9 0.1494 99.4
0.1502 99.9 0.1475 98.1
0.1438 95.7 0.1445 96.1
12.0075 97.0 12.0646 974
11.9179 96.2 11.8680 95.8
11.9650 96.6 11.9523 96.5
0X12 12.3839 1.0 12 1.1
11.9014 96.1 12.0259 97.1
12.0842 97.6 12.0142 97.0
11.7197 94.6 11.6814 94.3
101.7746 99.7 105.0405 97.1
101.4205 99.4 105.4453 96.7
98.2666 96.3 105.1100 97.0
0X102 102.0357 1.2 0.8 1.0
99.8463 97.9 103.9891 98.1
100.4783 98.5 105.8399 96.3
100.1659 98.2 103.7608 98.3
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Table 3. Excretion of urine and feces of each rat per time inter-

val.
Urine volume (mL) Feces weight ( g)
Time (h)
Ratl Rat2 Rat3 Ratl Rat2 Rat 3
0~2 3.67 0.5 185 O 0 0
2~4 0.8 0.6 085 O 0 0
4~6 0.82 0.7 1.04 O 0 0

6~12 2.4 4.1 4.7 3.702  4.608 2.746
12~24 5.6 9.7 8.2 4.507 7.672 7.448
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[ i g / -
0 15 20
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Fig. 4. Recovery of collected urine and feces after oral adminis-
tration of '*C-Acetaminophen to rats. Total average recovery of
92.6% was obtained over 24 hours.

Table 4. Recovery of "*C-Acetaminophen and its metabolites
in urine and feces over time

Time (h) Recoyery from  Recovery from Total
Urine (%) Feces (%) recovery (%)

0~2 39.3 0 39.3

2~4 66.3 0 66.3

4~6 74.7 0 74.7

6~12 84.4 4.5 88.9

12~24 87.0 5.6 92.6

- PgA o m AEsal ltte e #IT 4 o
2018 FDACIA] 33t ‘Bioanalytical Method Validation
Guidance for Industry ol A= Z20FE 5] A|dof of
& Aot HEAol tiet 8 FAYS du A8
off thall +159% |4 FFANA +20%= 785k
tH10]. 7HEEEREA7I 45 B2 23 A det=
94.6% 5 FDACIA Alttst= W49 Jorz ghitsha
+5.4%7} E|1, HEASLE +36%S HolF gloeng
7HE A 719] 452 FDAOIA] FA5h= HEo|@ Al
=4S A 238 S50 e T 4 ok

Fig. 30| ARt e zof oot 7HE5AFE A4 7]

=

0.1503~102.0357 fMC17k4] Ay A=77HS Hio
a1 Q17] wigef o] 7t gk Al=mE S5k

o] A7} itk 121 102.0357 fMC ©]Ae] Al22 B
A5t7) el E sllE AlRE S)Aste] RAsAY o =

133



JOURNAL oF RADIATION INDUSTRY

BT, UTE, B, 6iR4, B4, HBIM, AOj, ZZE

ﬂ A FAS71E 8ot
Th MC 7f°] 102.037%] °]
A AFollA & 5 U= E%Mifﬂ ) fMC 3t

A7) AA s AE
sk = ¢7] 2ol o] =2 5] AR E o8t
FHlE ASUTH JHEAFREAT 9 A 22 S

=

2
d

L oju] YAAP o BT mjAMH Ao
TRt A7t wol AP FER 244t 5 AR} of
A0 2 85~96%[11,12] E0] 3|5-8S W
29 97t AHS Fof o] Fofrkal TaEof 3l
o} 2 Aol =& 92.6%2] 8l4-&-2 g ATt
frofd Aaks Rojal glom A vidge] 94.0%=
2oz HjdEE oz Hol opf|Eotn|lcHlo] &
oA A2e 2HYS BA US| o S w2
7S Q15 ARESE HCEAFES oF 1kBqR THEAH
BA7)2 AFEA] ]9 AL oFo] HIAEYUAE o] &

ATSEAL Q1AL

sto] oFF W7 SfoiAIT A2 Qe AT HolE
the 228 Sttt
54 E

o
oo

ol
ol
2

N
N,
ab
i)
ot
gh
1
N

N
N

2 ERo AL BEARE
FDACA AABHE BETH R4S 917
Zohi g BT, 252 018
5 9718 Bl 7120 BaE Fjo] 2
= &St FSAFRAIE o187
o) i

I
fli= o
roofr
[>

Olt
LI
e
I T

i)

ol

njepe] e o84 k5t WAt s
A

: 5
QJAIA|E B ol g} QJAIA|F oA AFRSE . oF

5o o
].

_4

L= 4l e °H1

L2231 iAol it AE & golatA] s

W, 59 Al AR 2AF-Zl Hold o
S HolZ 4 qlrh oko & s Au|E Eafo] 2 4l
ol Qs o=l Wrlr|&o] SakslA X5 of
F5 5t Wt -85 €82 A 7|da 2t

L

=1
o, +,
(o]

19 mwok

_| o

AL A
B =Ee 202095 FAAE ojs ol et v
ANz NG RSN SREFEA

134

A HAFHIA dlolEE Egsto] AlFgstalen et
7&HREAR G2zt o]sh) Oﬂ%@‘ﬂ H] 2] YA
(No0.50539-2022) ] Z]¥-& Hto} -3 5] Q]

1. Cho KH, Lee HJ, Choie HS, Lee KR, Dueker SR and Shin YG.
2013. Trends of innovative clinical drug development using
AMS (Accelerator mass spectrometry) and "*C-tracer. Yakhak
hoeji. §7(6):412-419.

2. Vogel JS, Turteltaub KW, Felton JS, Gledhill BL, Nelson DE, Sou-
thon JR, Proctor ID and Davis JC. 1990. Application of AMS to
the biomedical sciences. Nucl. Instrum. Methods Phys. Res. B. 52(3-
4):524-530.

3.Voge, JS and Love AH. 2005. Quantitating isotopic molecular
labels with accelerator mass spectrometry. Methods Enzymol. 402:
402-422.

4. Korea Institute of Radiological and Medical Sciences. 2020. Final
Report on the Construction of a Platform for the Development of
New Concept Therapeutic Technologies Using Radioisotopes.

S. Getachew G, Kim SH, Burri BJ, Kelly PB, Haack KW, Ognibene
TJ, Buchholz BA, Vogel JS, Modrow J and Clifford AJ. 2006. How
to convert biological carbon into graphite for AMS. Radiocarbon.
48(3):325-336.

6. Ognibene TJ, Bench G, Vogel JS, Peaslee GF and Murov S. 2003. A
high-throughput method for the conversion of CO; obtained from
biochemical samples to graphite in septa-sealed vials for quan-
tification of "*C via accelerator mass spectrometry. Anal. Chem.
75(9):2192-2196.

7.Kim S-H, Kelly PB, Ortalan V, Browning ND and Clifford AJ.
2010. Quality of graphite target for biological/biomedical/envi-
ronmental applications of '“C-accelerator mass spectrometry. Anal.
Chem. 82(6):2243-2252.

8. Stenstrom K, Skog G, Georgiadou E, Genberg J and Mellstrom
A.2011. A guide to radiocarbon units and calculations.

9. Miiller JW. 1973. Dead-time problems. Nucl. Instrum. Methods.
112(1-2):47-57.

10. FDA. 2018. Bioanalytical Method Validation Guidance for In-
dustry.

11. Browne TR, Szabo GK, Ajami A and Browne DG. 1998. Perfor-
mance of human mass balance studies with stable isotope-labeled
drug and continuous flow-isotope ratio mass spectrometry: A
progress report. J. Clin. Pharmacol. 38(4):309-314.

12. Tozuka Z, H Kusuhara, K Nozawa, Y Hamabe, I Ikushima, T ITke-
da and Y Sugiyama. 2010. Microdose study of '“C-acetaminophen
with accelerator mass spectrometry to examine pharmacokinetics
of parent drug and metabolites in healthy subjects. Clin. Pharma-
col. Ther. 88(6):824-830.



