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Pharmacokinetics of cefadroxil after oral administration
in olive flounder, Paralichthys olivaceus

Ji-Hoon Lee and Kwan Ha Park'

Department of Aquatic Life Medicine, College of Ocean Science and Technology,
Kunsan National University, San-68 Miryong-dong, Gunsan City, Jeonbuk, Korea

The pharmacokinetic properties of cefadroxil (CDX) were studied after oral administration for 7
days to cultured olive flounders (average 660 g), Paralichthys olivaceus. For examination of pharmaco-
kinetic profiles, CDX of 45 to 225 mg/kg body weight was administered at two different water temper-
atures, 13+3°C or 22+3°C. CDX concentrations were determined in muscle, plasma, gastrointestinal
tract, hematopoietic organs and liver by HPLC-MS/MS. Muscle samples were taken at 0.25, 0.5,
1, 3, 7, 14 and 28 days post dose, whereas plasma, gastrointestinal tract, hematopoietic organs and
liver concentrations were measured at 1, 3, 7, 14 and 28 days post-dosing. The kinetic profiles of
Chax, Tmax, T12 of CDX were analyzed by fitting to a non-compartmental model with PKSolver program.
The following pharmacokinetic parameters were obtained with oral administration of 45 and 225 mg/kg
at 13 and 22°C in muscle, plasma, gastrointestinal tract, hematopoietic organs and liver, respectively:
Chax (maximum tissue concentration)=985.98-5,032.86 ng/kg, 5,670.99-38,922.23 pg/l, 2,457.27-
10,192.78 pg/kg, 886.04-3,070.87 pg/kg and 1,188.15-3,814.33 pg/kg; Ty (time for maximum con-
centration)= every 1 day; MRT,., (mean residence time)= 1.51-4.74, 2.12-3.06, 4.25-13.18, 1.37-18.66
and 1.78-29.76 days; T, (half-life)= 1.08-3.47, 1.14-5.42, 3.56-10.99, 1.17-14.93 and 1.25-28.55 days.
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Table 1. Analytical conditions of CDX analysis by LC-MS/MS

Parameter Conditions
HPLC Agilent 1260 series
Mass Spectrometry Agilent 6420 triple quadrupole MS
Column 2.1 mm x 150 mm, 3.5 um C;3 (XBridge waters)

Column temperature 30°C

Mobile phase

A : 0.1% formic acid in water
B : acetonitrile (ACN)

Gradient Time (min:sec) A (%) B (%)
0:00 100 0
7:00 80 20
15:00 100 0

Run time 15 minute

Post time 5 minute

Flow rate 0.25 ml/minute

Injection volume 10 pl

Tonization mode

Gas temperature 350°C
Gas flow 9.5 l/minute
Neublizer pressure 30 psi
Collision voltage 8 eV

Scan type

positive(+) ion electrospray

Multiple Reaction Monitoring (MRM mode)

Precursor ion (m/z)

Fragment ions (m/z) Collision energy (eV)

364

114.1, 208.1 21, 4
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Table 2. Recoveries, limit of quantitation for CDX analysis of olive flounder samples

Compound Sample Fortified Concentration Recovery (%) Ccv LOQ
pou (olive flounder) (mg/kg, ppm) (Mean+SD, n=5) (%) (mg/kg)
Muscl 0.005 98.1+0.7 14.5
usele 0.01 744517 223
. 0.005 96.4+1.0 20.9
Liver 0.01 67.0£0.9 13.4 0.005
. 0.005 108.1+0.9 17.0
Cefadroxil Plasma 0.01 29408 0.4
Hematopoietic tissue 0.025 73.0£1.7 18.1 0.025
(kidney+spleen) 0.05 62.6+4.6 29.4 ’
. 0.1 67.7£5.1 24.9
+ .
Intestine (+stomach) 02 68.6411.7 283 0.1
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Fig. 1. Tissue concentration of CDX in olive flounder after oral administration with different doses at 13 and
22+3C. Five flounder from each of the one tank were analyzed. (A) Muscle; (B) Liver; (C) Hematopoietic
tissue (kidney+spleen); (D) Intestine (+stomach); (E) Plasma.
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Table 3. Pharmacokinetic parameters of CDX in the muscle of olive flounder following oral administration with
different doses and temperatures

. 13£3C 22+3C
Parameter Unit
45 mg/kg 225 mg/kg 45 mg/kg 225 mg/kg
Crnax ng/kg 985.98 3,313.56 1,377.29 5,032.86
Tinax d 1.00 1.00 1.00 1.00
Tin d 2.32 3.47 1.08 1.95
AUC pg/kg-d 3,771.90 10,311.75 3,200.06 10,494.07
AUCy.» pg/kg-d 3,829.84 10,818.06 3,242.27 10,561.31
MRTy d 3.26 4.74 1.51 2.44

Abbreviations: d, day; Cmax, maximum tissue concentration; Tmax, time for maximum concentration; T, half-life;
AUC,, area under the time-concentration curve; MRT,., mean residence time.
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Table 4. Pharmacokinetic parameters of CDX in the liver of olive flounder following oral administration with
different doses and temperatures

. 13£3C 22+3C
Parameter Unit
45 mg/kg 225 mg/kg 45 mg/kg 225 mg/kg

Crnax ng/kg 1,399.60 3,814.33 1,188.15 3,333.95
Tinax d 1.00 1.00 1.00 1.00
Tin d 14.06 28.55 1.25 8.96

AUC, ng/kg-d 4,972.45 17,922.47 2,321.37 21,330.85

AUCy ng/kg-d 5,933.02 53,528.62 2,384.42 23,387.08

MRTo. d 13.17 29.76 1.78 9.95

Abbreviations: d, day; Cmax, maximum tissue concentration; Tmax, time for

maximum concentration; Tj,, half-life;

AUCy,, area under the time-concentration curve; MRT,.,, mean residence time.

Table 5. Pharmacokinetic parameters of CDX in hematopoietic tissues (kidney+spleen) of olive flounder following
oral administration with different doses and temperatures

. 13£3C 22+3C
Parameter Unit
45 mg/kg 225 mg/kg 45 mg/kg 225 mg/kg
Crnax ng/kg 886.04 2,722.92 1,531.16 3,070.87
Tinax d 1.00 1.00 1.00 1.00
Tz d 14.93 13.78 1.17 8.83
AUC, pg/kg-d 4,592.19 20,358.27 2,478.32 23,550.68
AUCy. pg/kg-d 5,998.99 26,291.30 2,523.47 25,975.48
MRT.., d 18.66 18.21 1.37 11.68
Abbreviations: d, day; Cmax, maximum tissue concentration; Tmax, time for

maximum concentration; Tj,, half-life;

AUC,, area under the time-concentration curve; MRT,.,, mean residence time

Table 6. Pharmacokinetic parameters of CDX in the intestine (+stomach) of olive flounder following oral administration
with different doses and temperatures

. 13£3C 22+3C
Parameter Unit
45 mg/kg 225 mg/kg 45 mg/kg 225 mg/kg
Crnax ng/kg 2,457.27 10,192.78 4,674.87 9,926.19
Tinax d 1.00 1.00 1.00 1.00
Tz d 5.12 10.99 3.56 6.19
AUCq pg/kg-d 15,200.32 54,199.61 14,611.87 61,421.71
AUCy. pg/kg-d 15,688.53 62,969.27 14,663.73 64,207.29
MRTo.. d 6.76 13.18 425 7.91
Abbreviations: d, day; Cpua, maximum tissue concentration; Tp., time for

maximum concentration; T, half-life;

AUC,, area under the time-concentration curve; MRT,., mean residence time.
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Table 7. Pharmacokinetic parameters of CDX in plasma of olive flounder following oral administration with different

doses and temperatures

. 13+3C 2243C
Parameter Unit
45 mg/kg 225 mg/kg 45 mg/kg 225 mg/kg
Cnax pg/l 5,670.99 38,922.23 5,702.52 35,826.32
Tmax d 1.00 1.00 1.00 1.00
Tip d 2.34 5.42 1.14 1.77
AUC, pg/l-d 25,624.72 95,624.55 19,336.64 84,484.58
AUCy. ng/l-d 25,628.33 96,195.02 19,615.78 84,967.38
MRTy.. d 3.06 2.69 228 2.12

Abbreviations: d, day; Cmax, maximum tissue concentration; Tmax, time for maximum concentration; T, half-life;
AUC,, area under the time-concentration curve; MRT,., mean residence time.
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ol A Z+Z} 886.0, 2,722.9 pg/kgS 2 YEFSETH 1
9] WA R (Tip) = 242t 14.9, 1389 2 Ve
I HFAFAZ (MRT)S 22 187, 182¥ 2
YHEFSL T

420 22°Coll A 45, 225 mgkgl Z2 7 TF-F o
g G4 9-43 U CDX9 F=-AFd38r A
(AUC).)2 27} 14,663.7, 64,207.3 pg/kg-d= ek
Bk 948 W HeE S2ARE (T 2 H2L
TS (Cop)= 1994 27 4,674.9, 9,926.2 uglkg
S & Yetgth 1 9 wiARY] (Tin)e 27 3.6,
629 E YElT FFAFAZL MRT.)S 2+t
43,799 2 YeRth Hla 220 13CollA = 45,
225 mg/kgl 2 ATFEFA% g4 -3 W CDX
9] FE-AIZFEAE AF (AUC.)S 27} 15,688.5,
62,969.3 pg/kgd= YEIHTH 943 W H1Fs=

N

N = d

S9N (To) 2 FILFE (Cr)e 1€0A ZH2E
24573, 10,192.8 pg/kg S 2 LFERTE 1 9] wjAduk
27 (Tip)e 242 5.1, 109¥ 2 YERG L A
FAIZY MRTo)S 242 6.8, 13292 YERSTH

2291 22°Coll A 45, 225 mgkg &2 73 T-F
gt gx 84 U CDXY FE-AZEFAAs HmF
(AUCp)2 Z+7} 19,615.8, 84,967.4 pg/l-d= UEFS:
o 84 Y H1eE 2N (T 2 1=
(Coa)= 1€ A 217 5,702.5, 35,8263 g/l 2
Ebgttt. 2 9 s AR (Tin)e 242 1.1, 1.8¢Y
2 Yyt HFAFAIZT (MRTow)2 2H2F 2.3,
2192 Yehgth vla 4221 13CollA = 45, 225
mgkgl E ATEAG JA 4 Y CDX F=-
AZEEAE ME (AUC).)S 2 25,628.3,
96,195.0 ug/-d= Yetth @ Ul Hiss: =9
AZE (Toa) B HIEFE (Con)= 194 242}
5,671.0, 38,9222 pg/l= JEFGTE T 9] Hj AR
71 (Tip)e 242} 2.3, 5442 YER 3 374 7 A
ZF (MRTo.)S ZH2F 3.1, 279 2 JERGTH

o

E A= A oA CDX9] 58t Aol A4
H7)e FE AEE Ad BAHS g3t ¢
T ARADE B THAES] 25S 23
g T8 AVEY FEEEEH A4S LC-MS/
MSZ ZA3}th LC-MS/MSE ©| 83 o533
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Ao g B89 7HE A8A e &4
W o)tk (Oh et al., 2009; Park et al., 2011).
oFE A BAS A% o]xe CDX AR

HPLC-UVDE ©] &3t QIZtoA AFFo & &
Zo| A FEEEEZX EA-S BT (Barbhaiya,
1996; Welling et al., 1985) 53] Kano et al. (2012)=
AZF A4 CDXO BHH S-S A% 584

¢] HPLC-UVD 'S B stgA v A3 7%
(LOQ, 04 pg/mhE YEPHA E3FATH =3 715
o Al CDX2] AFg2o 2 Q13 oA =i
& 487 3= 2REAH LC-MS/MSE T

NI

;

= 57_@}2‘;%% AP o2 AFRE] LC-MS/MS
2 BEAL SR & dTolM 22H AT

o] oF 148 E& $F (LOQ, 0.07 pg/ml) OS2 BT
SHith BT AALUE ASALoIE Ay
BAAZe] o W] F, pH, SPE

olo g ZAHAQ HlwE o]HXA
7 o] 9] % Huh and Myung (2010)& A 2.9]
=459 pKagh} vl 2dlA F
L AF 'Pﬁ] et AT B sk
Tol A AREE AT I A Ao
3}2_ olEsith wetkAd B ATl = Léxl

ERE 53 s 2 AFIE =5
} st o, AW SFESHE AT3r] A
?_% 2ol TR oRA F&sA AHeE

AT,

CmelAe A HEEARTE 91 PR
Solver program (Zhang et al., 2010)= # 83} H
7% (non-compartmental) model 24 #HIE % (Cpay),
HEEEGANZ (Th), A7) (Tin)TS &
8% pharmacokinetic parameterS 7|45} T (Table
3,4,5 6 2 7). 52 A3 Urtﬂ?q 4 )9
AMZBXN AN HuFd =& & 35 19 =
BE =8l A7) 232 oA pharmacokmetic pa-
rameter®] A= AW A o] WA A qE o] A}
A= degree day AF=S 37 FuARRE
A aeEn o {75 X3 JAlolA CDXell o

ﬂH

g F=FETHd Ag7F RaEA| of & A4
Fo A Dol o5t mifHFE A F] Blas
71E oJH YA Duffee et al. (1997)°] Lol A
CDX< AT5EA Al oA FEo] HFAFA
e w5 o|EAHolgtal st shAN & A
TollA Bagk @AolA oF5sHA w74 CDX
o] Bosel o HHAFANE 238 F
57t =5 AT #AY FA
5t l Uetstth v FoE =Tt $Y A 0]
T5 Fzo A FAZ] FopAls AL
Ko} o] Fol| A ofFo] Aol HF2E AIZH
e B FollA S o A Be e
2 UERT AW SFEFH= T, A
2 &I 22 o] Ak YEFTa LA
T} (Treves-Brown, 2000). =3F H2FEQ] ofF
]/\1 :‘r:£0 ;q]q] nE }\gﬂ;@ q]/n]._l,]_ﬂoﬂ 2];(4;{4

‘|—’

ol_&
H‘

o

e e

QG MAE AEEAAA FYA s 2
opgo] A BE B R HE7} 50 2

I (Son et al., 2011), SFE2]
T2 YA &
A3 gold ol Rt} (Bjsrklund and Bylund,
d Li, 2007). 143 FARAH ] =4
JJrE‘rU]EMl FEFS A T e
T8 A7 BAZ w5 ue
13:3C) 949 Bt} 252 (2243
AY FE2 AFEE FFFH] )
aAw. &, Aol =
A AEH = olfE ofn
= 0121]141 A2 2 Ak
7 AFE A7
“1 Kim et al. 2015)% AFE
FeAToA B A7) 5
0}911:} e R e e

9

Ne
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:
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JN
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2}l A3 (Table 7)oA YA EEF 7|E3H
AN F 57t F 5ol A 5,702.25 pg/l, vlnlS
<ol A 5,670.99 pg= 2pol7F A ket oF=
HHEAFANE 204 2.28Y, a7 A
3.06Y 2 H|Z=8 22xzo 2 AAE T YukA o
2 ANE Fod A9 e FALHFETG ¥
Z °FAle] TE& O F& AHAAE YEUE
Ao 2 BIE] (Treves-Brown, 2000) £ A7l
A EEE s JAAFALSE 2181T Al B-
lactam7] A Q] CDXLS X 5EHE 93] A&
A Eoo o8 dAS v=E A& AT E
Zlo] 3 A7) E&F YA o BE FoER
HAoA YT $EE FoA Al AFoA=s &
T =9 FE T8 o] FRA oF=9
A FAZ ] A= o] & 04——;101]/‘1 EZ% CDX¥
dF s34 gerEHE 2AZ A Y F&
H A 2ol s 83 ARE AR FAFSHA

%= Jung et al. (2011)°] B33k 23] &2 o A nali-
dixic acidE F2HE FATEA A 15L&, A5
°ﬂ°ﬂ°ﬂfﬂ Zbzy A 35 =7} 5,870, 6,220 pg/1=

ZHo B AT} sYeA 2o J FF

_‘?_Oﬂ 2 JFS AR Ee ALZ BHIFHL
ol g AFAH/E Tt AAAQ F4A F
ool oA aF2F AFoAe] dF W o
FEEA v g o] #g ATV FAHeE X
3 =ojol & Zlojt}.

dA CcDXe| #3871+ 2018 1€7H
UE o] ZTA-FA oA positive list systeme] L&
71221 0.01 mgked SL3 =02 Hesta 9
ok mebA B A7 @A 15-30¢ = HEsta
A= CDX2 degree dayol A g2 opdA & HE
3171913l Withdrawal-time Calculation Program (He-
kman, 1996)< &8sl JX] 72 70 ZKol A
Y AFFEE g =R ALt £ 23 13C oA
£ 21.7%9, 22Col A= 18192 &= Hto] 199
A2 ALtE o] FA HA degree daySE AR o]
UT 3090l AT WFoZ e (data not
shown).

AEH o2 B A7 1A AZE2~2 A 3
AR CDX9| AAg EAHS dX A s}
A 7P ER] 25 T¥ele T8 AV 9 8F

O

[l

o

A7 A AT Hol 2 o7} glom
o] ATAINE HPOE 7 o FUE FFFUR
W stel A4 FEEGES F AFHE
71%e] ASA YA degree daySl HHT AT
g 9% 2452 289 2o JRa

o

FO

glt

AT =24 (CDX)2 FLo ©e F o5
EAE golry] 98l Bt 660 go] A E o
Fe (13:3C) 9@ AAFL (223 C)oll A 793
&8 (45 mg/kg bw) T A F-EFe] sujol =l
= 9 (225 mgkg bw.)oZ A FFES &
&, 3, A, 282 (23
b 32 °1W AFEEE HPLC-MS/MSE &
39t CDXe 5% =4 & g,]»g :LOOﬂ/\_]l‘:__._

k)

3 4m x = > ol mo kI J

HFg o 2 PKSolver program«] non-compartmental
model2 HILEE (Cow), HILEE EFATE (Tona),
A7) (Tip) 59 =S w7
(parameter) & Al4bstAh &5, 4, 9-2#, =
gzzl U_l 7]-xl—o]]/1-] 4_,—;_5:1: o __4—,3_1‘:_ _1‘:_%1-/\]
k& Z+7} 985.98-5,032.86 pg/kg (19), 5,670.99-
38,922.23 pg/l (1Y), 2,457.27-10,192.78 pg/kg (1Y),
886.04-3,070.87 1g/kg (19) 2 1,188.15-3,814.33 18
kg (1) 2 A4=E ATt 84 FAIZE (MRTo..)
I w27 (Tip)e 42 1.51-4.74Y (1.08-3.47
&), 2.12-3.06 (1.14-5.42%), 4.25-13.18Y (3.56-10.99
%), 1.37-18.66% (1.17-14.93%) % 1.78-29.76% (1.25-
28.55¥¢)2 AlALE T}

B AFHl= A FookEkd gt e & 4k
E fales #AEE AT JIsE41627 2t
866, 20151)9] ¥&o 2 FYP=YUFHT
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