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Abstract

BACKGROUND: Tetracyclines (TCs) are mainly regula-
ted as parent compounds by bioactivity-based screening
methods in food. Especially with respect to antimicrobial
residues, their metabolites/epimers are also highly concer-
ning chemicals and traditionally applied microbial detec-
tion methods are needed to improve with validation for
regulatory control.

METHODS AND RESULTS: Detection capability and
biological activity of tetracycline (TC), chlortetracycline
(CTC), oxytetracycline (OTC) and their epimers; anhydro-
tetracycline (ATC), epianhydrotetracycline (EATC), epi-
tetracycline (ETC), 4-epi-chlortetracycline (ECTC), 4-epi-
anydrochlotetra-cycline (EACTC), 4-epioxychlortetracyc-
line (EOTC), were measured by microbial growth inhibi-
tion screening method of Korea Food Code.
CONCLUSION(S): Limited detection capabilities were
found, B. megarerium and B. subtilis showed for TC and
CTC, and B. subtilis for OTC. Biological potency of
each epimer was also presented against various microor-
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ganisms, at the level from 50% to 96%, comparing with
parent TCs. It is recommended that more advanced mi-
crobial screening methods with validation are needed,
and biologically active epimers are to be considered as
marker residues for MRL setting of regulatory control

purpose.

Key Words: Biological potency, Chlortetracycline, Epimer,
Oxytetracycline, Tetracycline
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American Association of Pharmaceutical Scientists (AAPS),
United States Food and Drug Administration (FDA), Inter-
national Pharmaceutical Federation (FIP), Health Protec-
tion Branch (HPB), Association of Analytical Chemists
(AOAQ)7} 3-5°.% 1990 Bioanalytical Method Valida-
tion (BMV) 95 Hx= 71E13ith 1%, w5 FDA (Food
and Drug Admlmstratlon, 2001)< 19903} 2000 7%
F A 9359 UE-S EUIZ 2001 BMV guidance s ¥
33FT} (Shah, 2007). ¥ 3% ¥ BMV A3 Full valida-
tion, Partial Validation, Cross Validation®Z Uo{#] )
om, ukA] A Al el AgE= Jok 3 sto] 7]=dt
I Qe frle) A= 1996 THAT =P B4 A &
A BtA| 2R A3Edo] AlZ7F o] (Council Directive
96/23/EC, 199), ++ T4= el A7 = 574 - &
TEAY] A Al AEAASY] JAIE ARE s AR
gy gg3ata Qltt (Pikkemaat, 2009). FHAES 7]7]4H-4
< Xt AlEY ASHES A7Y3e] (Commission Decision
2002/657/EC, 2002) +3 =7} 1+ A2 e) A= SuE
A A JGAA R skl de] Aal gtk vhd, A
E8A Ao 7|25 F AT AldHe| it ASlo|=
gfelo] 7]71EA el vlal] iAo ® nFate, T=-8-olokE
FraaE e A5 7rel =8kl (Community Reference
Laboratories Residues, 2010)= <ol 3-%35}3ith &3t
X—] A4S 0]_9_6]- /\]6—]% o O];].?H__E'I_ Z%A%A]?iﬂﬂo] EX—]
AN Kl AT, 87Kl oS Fad, 1 F Fe
QAT BolA/ 8] (specificity /selectivity) ¥ ®I7H3 (sensi-
tivity)= & T Utk Berendsen 5 (2011)<>- 237§ A4}t
Wyt 5 F f‘% A ~329d H] S AIE A3, EU4pt
AN AN 22 2F9E (false positive)
(false negative)< K.alsto], @A frelA ARE-
Al e] A e dogke AAKeISIE A
ol Eof] gt thE wiAl IF Al Y] AR EE,
A b AEAY diREE B ol WA Yot fAF 2
A ghghEAte] o] AEEH e wE A E vl Fast
Qa0lth. 3419 A% % tpREEolt o g A AN et
= AEe gRes Y Yo net 58 /1E A4 A
wefshs A% A3 aelel] ¥ Besk ek 1 2R A2
tetracyclines (TCs) Al @8419] 87 4773 A+lA d&4
< = AR/ o3 A Aol tig vl A v 28
(Halling-Serensen et al, 2002)3t3itH= A7, fd o]
TCs®] 2% F 2H73]E- 71= 27l 3lo] tetracycline (TC)
oxytetracycline (OTC), chlortetracycline (CTC)<] %
% MRL 274 A] td3}5HE (marker residue) 2 53}5HE J%
4%9] oA AAZ E3F (EMEA, 1995) o}ii%% = T Ak
whEbA, L Ags AA feukEelld de] ARkl Sl wIY

=AY ] 3F TCs Balghayt .2 o) ddAe] w1 izt
A eele S AE HEsL deol Ragte o)A
AREe] BEet Y Aol Q hi’%i A5 % TCs®

Alef

TCs XEF#1! tetracycline?} epimer?! anhydrotetracy-
cline (ATC), epianhydrotetracycline (EATC), epitetra-
cycline (ETC), CTCS} epimer?! 4-epi-chlortetracycline
(ECTC), 4-epi-anydrochlotetracycline (EACTC), OTC2}
epimer?! 4-epioxychlortetracycline (EOTC)+:= Fluka (Bu-
chs, Switzerland)®] VETRANAL®, analytical standard
& AMgEISlon o059 sleha Figl ¥ Atk BE gl
J.T. Baker (Phﬂlipsburg, NJ, USA)2] ULTRA RESI-ANALY-
ZED" & AHakgvh

nM=sts HAIHS 0|8t Wastd &Y
] ESHA o] AJdMS AEaAdel wiel B megaterium

(ATCC 9885; BM), B. subtilis (ATCC 6633; BS), B. stearo-
thermophilus (ATCC 10149; BST), B cereus (ATCC 11778;
BO)E % slo], BM:> pH 7.320.1¢ 1 mL¢] trimethop-
rim solutions HI#|ell H7}skal, BST+ pH 6.55+0.05, BS&
pH 7.9+0.1, BC (ATCC 11778)+= pH 5.85+0.052] Z71¢l}4]
5 paper-discs (10 mm diameter)°l] 2t7+¢] 78945 F4]
T 5FTAA Al ol el gk HHOJE%EE BM 45C,
BS 37°C, BC 30C, BST 55C 2 21%3%1-& A|ge] 270]
12 mm o3l A5 How BYES gL glov, 7 o
T AFEAs e wet Sekow AX|gke] zlol7} gt A
< 11 olstelM e SIS AESA G d5E AR
o] AFS Edz dEde] 72t w5l e VIeeR 519
AA oz AREsh

Zo w o

|AI-I'='%I-I-I J—IAI.I:H
SEuehs TCse] A7l 7155 OTC/CTC/TCE] &
o=ZX 71FY FF 9, & a8la Al o]27] 744
0.2-1.2 mg/kg .2 i glom, ¥ thajx= OTCR
0.3 mg/kg?| F78]4 7S A7dstar glek 19, A5y
oA AAERL e AR A9 & AR Al
A e, 4 AlsEe] v7|A Hellar Al e A8
=, 718 TCs Ath& (amount)dl] that ] gE2] oJ#]&o] o}
A tetracycline A9 FEe] A4 =] (ppm) A
TEoE WHANE ASES Ho3lo] (Table 1), AP
Aol digt z1& olslizt a7Enh 5 A AIEAPE Al
ol thst 2 7 oFA|€ Fho] A é“* 2 e
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Fig. 1. The chemical structure of tetracyclines and their major epimers.
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Table 1. Identification of antibiotics by microbial growth inhibition

BM BS BS BC Antibiotics
(MH) (AM #2) (AM #5) (AM #8)
++ ++ + ++ Tetracyclines

+++ =0.1 ppm, ++: 0.1~1ppm, +: 1~10ppm, - (Korea Food Code, 2008)

B. megarerium (ATCC 9885, BM), B. subtilis (ATCC 6633, BS), B. stearothermophilus (ATCC 10149, BST), and B. cereus
(ATCC 11778, BC)

MH; Mueller Hinton medium (<pH 7.3+0.1), AM #2; Antibiotic medium No. 2 (<pH 6.55+0.05), AM #5; Antibiotic
medium No. 5 (<pH 7.9+0.1), AM #8; Antibiotic medium No. 8 (<pH 5.85+0.05)

Table 2. The Growth inhibition of microorganisms by TCs and their epimers

Group Drugs Microorganism Amount/Diameter (1g/mm)
0.1 0.5 1 (ug)
Tetracyclines TC BM - 20 20 (mm)
BC 20 24 25
BS - 20 21
BST 15 28 30
ATC BM - - -
BC - 17 20
BS - - -
BST - 18 20
EATC BM - - -
BC - 15 18
BS - - -
BST - 13 15
ETC BM - - 10
BC - 20 20
BS - - -
BST - 13 15
Chlortetracyclines CTC BM - - -
BC 10 28 32
BS - 15 15
BST 11 30 33
ECTC BM - - -
BC - - -
BS - - -
BST - - 20
EACTC BM - - -
BC - 25 25
BS - - -
BST - 29 30
Oxytetracyclines OTC BM - 15 17
BC 15 22 27
BS - 18 22
BST - 23 26
EOTC BM - 10 12
BC - 15 20
BS - - -
BST - 20 25

B. megarerium (ATCC 9885, BM), B. subtilis (ATCC 6633, BS), B. stearothermophilus (ATCC 10149, BST), and B. cereus
(ATCC 11778, BC)
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7 A 24 Aol Hidet B9, A9 matrix effectell
ot o/ S EY R HiAIE A glow, AESH
oA w9 %65] 5, 289, fr, W), A%, & AR *°ﬂ

}\]641?‘:1 yaaXel B-H 3}‘@‘)‘6]9“ 5_'1.9_]3]_3_7 :rL;q]x-] xﬂlmvr]

AN 7o) oleld AFHS BEA ol F2), B
A, N4, A8 goly B

Y=ty gyt &
Tetracyclines (TCs)+= 1947'd Benjamine M. Duggar”}

% % Streptomyces=H-E] E2]3te] (Duggar, 1948), 3%
°] TCs =, chlortetracycline, oxytetracycline, tetracycline
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Fig. 2. The relative potency of TCs and their epimers.
BM; B megarerium (ATCC 9885), BC; B. cereus (ATCC
11778), BS; B. subtilis (ATCC 6633), BST, B. stearothermo-
philus (ATCC 10149), TC; tetracycline, ATC; anhydrote-
tracycline, EATC; epianhydrotetracycline, ETC; epitetracy-
cline (ETC), CTC; chlortetracycline, ECTC; 4-epi-chlortetra-
cycline, EACTC; 4-epi-anhydrochlotetracycline, OTC; oxyte-
tracycline, EOTC; 4-epioxychlortetracycline
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Fig. 3. Biological activity of tetracyclines and their deg-
radation products in aerobic sludge bacteria (As reviewed
by Halling-Serensen et al, 2002).

TC: tetracycline, ATC: 5a,6-anhydrotetracycline hydrochlo-
ride, ETC: 4-epitetracycline hydrochloride, EATC: 4-epi-
anhydro-tetracycline hydrochloride, CTC: chlortetracyc-
line, ACTC: 5a,6-anhydrochlorotetracycline hydrochloride,
ECTC: 4-epi-chlorotetracycline hydrochloride, EACTC: 4-epi-
anhydro-chlorotetracycline hydrochloride, Iso-CTC: Iso-
chlorotetracycline, OTC:Oxytetracycline, EOTC: 4-epi-oxy-
tetracycline, @ -Apo-OTC: «@-apo-oxytetracycline, /-Apo-
OTC: B-apo-oxytetracycline, Ter-OTC: terrinolide
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