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Targeted Plasma Metabolite Profiling of Metformin in Healthy Korean Volunteers

Ho-Seob Lihm”, Jaemin Chazm, Jeong Ju Seo?®, Jeonghyeon Park®®, Joomi Lee®?,
Hae Won Lee®, Kyun Seop Bae*, Woomi Kim®, Young-Ran Yoon??

"Department of Family Medicine, Kosin University College of Medicine, Busan, “Department of Biomedical Science,
Kyungpook National University Graduate School, Daegu, *Clinical Trial Center, Kyungpook National University
Hospital, Daegu, 4Deparlment of Clinical Pharmacology & Therapeutics, Asan Medical Center, Seoul, 5Depanment of
Pharmacology, Kosin University College of Medicine, Busan

Background: Metformin is an effective oral antihyperglycaemic agent for type 2 diabetes mellitus, with
a variety of metabolic effects. In addition to controlling blood glucose level, it has been appeared to
decrease the long-period complications of diabetes, including macrovascular disease. Few reports have
addressed the metabolite profiling of metformin. The study was to evaluate if targeted metabolic profiling
approach is sensitive enough to predict the therapeutic effects of metformin after a single oral dose.
Methods: A randomized, open-label, single-dose study was conducted in twenty eight healthy Korean
male volunteers. To determine the concentrations of endogenous metabolites in their pre-dose and
post—dose plasma samples, blood samples were collected before and at 2 and 6 h after a single oral dose
of 500 mg metformin. Both Modular P/Modular D analyzer and ultra—performance liquid chromatography
tandem mass spectrometry (UPLC-MS/MS)-based metabolic profiling was performed.

Results: We quantified pre-dose and post-dose creatinine, blood urea nitrogen (BUN), lactic acid, 7
amino acids (lysine, glutamic acid, alanine, valine, leucine, phenylalanine, tryptophan), and 5
lysophosphatidylcholines (14:0, 16:0, 17:0, 180, and 18:1) using autoanalyser and UPLC-MS/MS. The
postdose levels of alanine, lactic acid, glutamic acid, lysine, valine, leucine, phenylalanine, tryptophan, and
lysoPC (181) were slightly decreased with statistical significance, but there is no clinical significance.
Conclusion: In order to explore the potential endogenous metabolites associated with the therapeutic
effects of metformin, further study including non-targeted (global) metabolite profiling is needed.
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1) o:]:T‘LA-lﬁ]

2 AFelA Wl diabAl S8E s AR
g A AES Ao el e 3,
o3| Fol, wAHEAR 28 QIAAFAA tix
okl metformin hydrochloride( 25 234®, &
Ak 500 mge 240 mLe] &3 A o3| B
Folgh o] AHsidrh EE vPA= 7o
o] ANZE ok FAsPon, UV Fole
metformin® &4, ¥, A} L o] Hgeks
= T 9= 7P 3y 2EY TS o

=
¥ U 258 90 B0,

°F 5 mL«] HoHs A4
= % ZA] heparinized tubedl]
Coﬂ/ﬂ 3000 rpme.= 10
Hsto] HEE

o] o)Atk

2) WA diAAl 34 9l SAIEA
(1) AleF gl 714

B Aol A creatinine®} blood urea nitrogen
(BUN)¢] @4l 5% 542 Modular P/Modular D
analyzer (Roche, USA)E AFE3}e Roche/Hitach
ALe] Creatinine kit} BUN kit® =43t} th
o4 thARA|9] lactic acid, 7 amino acids (Iysine,
glutamic acid, alanine, valine, leucine, phenylalanine,
tryptophan), 2 5 lysophosphatidylcholines (14:0,
160, 170, 180, 1819 % 85 SsiA=
ultra—performance liquid chromatography tandem
mass spectrometry (UPLC-MS/MS) WHo=
ACQUITY™ UPLC system (Waters, USA) 2
Quattro triple
quadrupole mass spectrometer (Waters, USA)S
o]-§-331th

Al2FO # 3= lactic acid, amitryptiline, formic acid,
lysine, glutamic acid, alanine, valine,
phenylalanine, tryptophan &< Sigma-AldrichAF
(USA)oA  F+43kiaL,  lysoPCl4:0, lysoPC16:0,
lysoPC17:0, lysoPC18:0, lysoPC1812 Avanti lipids
AHUSA)OI A Tdabaiet. =3t i EFE4d = A
4% lactic acid-333-ds®} phenyl-ds-alanine
CDNisotopes*HCanada) ol 4] FS1&tith o] 54 &
22 ARE-H acetonitrile MerckAHHPLC grade,

. IM ®
Premier XE Micromass

leucine,

g Germany)ollAl  FYstfen, 22 FRTE
Table 1. Analytical method for UPLC-MS/MS
Analvies Linearity range of Mobile phase Flow rate Run time
Y calibration curve (ng/mL) buffer ratio (AB, %) (mL/min) (min)
Lactic acid 0.35-150 40:60 0.17 25
Amino acid 15-100 85:15 0.20 25
LysoPC 0.6-100 20:80 0.20 4

* A buffer: 0.1 % formic acid in DW: B buffer: 0.1 % formic acid in acetonitrile.
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acetonitrﬂe 480 uLE AH7bskdoh 5 st
vortex & 4 CollA 30& 71} Fx] &k Sof| 4 TColl
A 13200 rpm o2 107
ZdS B2 1:250m) «]’“ ’6}01 nylon filter (0.2
imE AIAA A vialol gol 5 uLE T35t
o] #AskSiT

(3) EAEA
Metformin -8 o]l Z elA thatAS]
g w2 WL JdeAE kel flske
5—3 HAREA (repeated  measures ANOVA
test)S Al&YEFaL P-value < 00591 7%l 54
Aoz fofsirhal st o]de FAEA
2 SpsS” 180 (SPSS Korea Inc, Seoul,
Republic of Korea) ZZ18& 0] 8319tk

Jz to
2

Z o

&3 (blank plasma) 90 pLol|l ¥=AIE 10 uL
#ako] 2000 rpmel A 1027+ vortexahl om, 8] A4 3 APAE dFeR st
Table 2. Analytical condition of the MRM transition of UPLC-MS/MS

Standard compound Precursigg I?r';;z)p roduct Cone voltage (V) V(?I?a‘gzopw Mode (ni;)
Lactic acid 88 ) 43 25 9 negative 1.06
Lactic acid-333-ds (IS 91 ) 45 25 9 negative 1.35
Lysine 146 > 83 10 16 positive 0.83
Glutamic acid 147 ) 84 15 16 positive 0.92
Alanine 89 ) 44 13 10 positive 0.81
\aline 117 ) 72 10 20 positive 0.90
Leucine 131 ) 86 15 18 positive 0.99
Phenylalanine 165 » 120 15 10 positive 1.04
Tryptophan 205 ) 146 15 18 positive 1.21
Phenyl-ds-alanine (IS) 170 ) 124 17 24 positive 1.04
LysoPC (14:0) 468 ) 183 30 25 positive 1.19
LysoPC (16:0) 496 > 183 25 20 positive 1.53
LysoPC (17:0) 510 > 183 40 30 positive 1.79
LysoPC (180) 524 ) 183 40 30 positive 2.24
LysoPC (181) 522 » 183 20 30 positive 1.61
Amitryptiline (IS) 278 » 90 27 22 positive 0.78
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Figure 2. Comparison of targeted metabolite concentrations at O (predose), 2h and 6h after a single
500-mg oral dose of metformin. Boxes indicate interquantile range and whisker bars indicate 10th
and 90th percentiles. Horizontal bars located in the middle of the boxes represent the median values.
* P-value < 0.05, compared between baseline (predose) and 2h or 6h values by repeated measures

ANOVA test.

— 179 —



— 54 o ARF B

AQl metformin® 75 A3 Fof F Ao
A Ud gAY F WskE UPLC-MS/MS
A2 o7 ZAsy 0 43E BAEY
Metformin®] 4+ F & FHu dF F=
(maximum plasma concentration, Cma_x)ﬂ oF 2A]
Ih W)= 5 - 62402 BaEal glon &
o] &6 - 10 AIZE ool ok FF7F A9 4t
E Aoz dyA gt wepd B djdAe
metformin®] ©3 Fo § i dF 5= ARG
2 AF 27] Wl tiAbAl WEkE fadA e
gla7] flato]l Fof o]xde] 71AA] ¢} Hlala}|
A Y AH AR FoF F 240 6
& AAsto] SR8
Creatinine?} BUN ol dijatzld Fof A4
HE QARIEA, A7) B4 A EEClTh
B Ao A creatinine?} BUN9] F%=7F 2]t
WstE] ] 2 dite AL A7 es 7H 28 7
=32k Al metforming 47 Folste] creatinine
3 BUNS 557} wAlstAl #Hashe the 74
7o} A8t 28 Y metformine] 2750 A4
Aom frofgh gafo] glas ERleid
Lactic acidosis®] F8.3F #|3%Q! lactic acide
metformin FoF A3} Hlasto] Fof £ 243t
ol A AAaskdrh mebA lactic acidosisE
ek s Rl A ATl A
A2 P A metforming FolatdS o
lactic acidosis HHEY metforming FoI5HA|
o2 3Ak9] Jactic acidosis £ E©C] & #Fo|7}t
S 235 F3] metformin lactic acidosisE
kel ok obdE kR geolFgrh MY
Metformine 9§ AAAAHE st} ol 1
qdg zAs) Hed P g AgRRd Fa
o 93hS ke amino acid®] &7} FAshE
A

2 golagr}). B A1) AE metformin

0

AR o) A WEFEN O] Targeted Metaholite Profiling —

oF & 2AI7toll= alanine, 6A17Foll=  glutamic
acid, lysine, valine, leucine, tryptophan? &
Fhee T8 A AAREeS gdsiien,
metformn®.2 X & 59 G $xpe] oI Az
oA o|g} H=Et AnE Felstdet”
Lysophosphatidylcholine ~ (lysoPC)¢] F&E+
metformin FF % 6417+ lysoPC (181) who]
T UA AAsE o™ YA 1ysoPC (14:0),
lysoPC (16:0), lysoPC (17:0), lysoPC (18:0)¢] &
T sEe E T A ¥ FY4 e Aot
ARt o] metformineS ARl A AT+ Fok

39S AF lysoPC  (160), lysoPC (180),

lysoPC (I8&DelA 94 A 747 dojupe=
Aot ANkE AR A 7)Ee] AT YloAE
500 mge] metforming shfel F WA 79 F

SR IAEY B Ao M 500 mg THE] Rl
gk o]l A2 AREAM, AF HARI(F=EF
HE 19 T Aoz Qg AR
o} A lysoPC (181)& 1Y ©3]9] £
EE fFo94 A fase AE RS
metformin®] Z}-&-9 =),
e B metformmJ 28S o)
biomarker2 Ap-go] 7b5d Ao= Ao
B AFo A o] &% targeted metabolite
profiling 7S Agkeln e s =43 Ay
A Tpeto]l 41 HeehA FFEe ot 3l
HkH,
o]

=
o
4

s M=
&S nigo s QA U FES

dEE dAAE dA R SA6] olEw
o] Atk o]} HwEk global metabolic
profiling 71" AH83E A= 4 2L mA
of AW FEWHS markers
ZAYe] gAY AE, &H W3 5 T
o1k AAHOR gelsta Aoz diAL

2 o2 rr

— 180 —



— HS Lihm et al: Targeted Metabolite Profiling of Metformin —

Aws e, Beld deet dusla oFE il
A HELE olalid + & AoR e
wHebA o AFelA o83 targeted metabolic
profiling *He SAHS ety fJalA &
% global metabolic profiling (non-targeted
profiling) 7|HO.& AFgogn B A2 Hel
S0 & o= ArHE Hold,

L]
re

aE

1. United Kingdom Prospective Diabetes Study
(UKPDS). Relative efficacy of randomly
allocated diet, sulphonylurea, insulin, or
metformin in patients with newly diagnosed
non-insulin dependent diabetes followed for
three years. BMJ, 1995;310(6972):83-88.

2. United Kingdom Prospective Diabetes Study
(UKPDS). A randomized trial of efficacy of
early addition of metformin in sulfonylurea—
treated type 2 diabetes. Diabetes Care, 1998,
21(1):87-92.

3. Glueck CJ, Fontaine RN, Wang P, Subbiah MT,
Weber K, Illig E, Streicher P, Sieve-Smith L,
Tracy TM, Lang JE, McCullough P. Metformin
reduces weight, centripetal obesity, insulin,
leptin, and low—-density lipoprotein cholesterol in
nondiabetic, morbidly obese subjects with body
mass index greater than 30. Metabolism, 2001,
50(7):856-861.

4. United Kingdom Prospective Diabetes Study
(UKPDS). Effect of intensive blood-glucose
control with metformin on complications in
overweight patients with type 2 diabetes
(UKPDS 34). Lancet, 1998,352(9131):854-865.

5. Liu F, Lu JX, Tang JL, Li L, Lu H]J, Hou XH,
Jia WP, Xiang KS. Relationship of plasma
creatinine and lactic acid in type 2 diabetic
patients without renal dysfunction. Chin Med J
(Engl), 2009;122(21):2547-2553.

6. Tahrani AA, Varughese GI, Scarpello JH,

10

11.

12.

13.

14.

15.

Hanna FW. Metformin, heart failure, and lactic
acidosis: is metformin absolutely contraindicated?
BM]J, 2007,335(7618):508-512.

. Jeong BC. Metabolomics in disease researches.

Molecular and Cellular Biology News. 2006;3:
17-27. (Korean)

. Graham GG, Punt J, Arora M, Day RO, Doogue

MP, Duong JK, Furlong TJ, Greenfield JR,
Greenup LC, Kirkpatrick CM, Ray JE, Timmins
P, Williams KM. Clinical pharmacokinetics of
metformin. Clin Pharmacokinet, 2011;50(2):81-
98.

. Lipska K], Bailey CJ, Inzucchi SE. Use of

metformin in the setting of mild-to-moderate
renal insufficiency. Diabetes Care, 2011;34(6):
1431-1437.

. Kruse JA.  Metformin-associated lactic

acidosis. J Emerg Med. 2001;20(3):267-272.
Stades AM, Heikens JT, Erkelens DW,
Holleman F, Hoekstra JB. Metformin and
lactic acidosis: cause or coincidence? A review
of case reports. J Intern Med, 2004;255(2):
179-187.

Chui W. Metformin and contrast media. The
Hongkong Medical Diary, 2006;11(6):19-20.
Marchetti P, Masiello P, Benzi L, Cecchetti P,
Fierabracci V, Giannarelli R, Gregorio F,
Brunetti P, Navalesi R. Effects of metformin
therapy on plasma amino acid pattern in
patients with maturity-onset diabetes. Drugs
Exp Clin Res, 1939;15(11-12):565-570.
Johnson AB, Webster JM, Sum CF, Heseltine
L, Argyraki M, Cooper BG, Taylor R. The
impact of metformin therapy on hepatic
glucose production and skeletal muscle
glycogen synthase activity in overweight type
II diabetes patients. Metabolism, 1993;42(9):
1217-1222.

Cai S, Huo T, Li N, Xiong Z, Li F. Lysophos—
phatidylcholine-hiomarker of metformin action:
studied using UPLC/MS/MS. Biomed
Chromatogr, 2009;23(7):782-786.

— 181 —



