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Study on antibacterial activity and toxicity of main related
substance in doxycycline hydrochloride
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Abstract Objective: To compare the in vitro antibacterial activity and toxicity of doxycycline hydrochloride
with that of its main related substance, and to provide the reference basis for developing the limit of related substance
in doxycycline. Methods: The in vitro antibacterial activity was evaluated by the disc diffusion test and broth macro
dilution antifungal susceptibility test. The toxicity of doxycycline’s substances was evaluated by Chinese hamper lung
cell and zebrafish embryo model. Results: The order of main substances’ antibacterial activity from the strong to the

weak was from metacycline, 4—epidoxycycline ( impurity C ), B—epidoxycycline, to acetyl-2—decarbamoyldoxycycline
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(impurity F ). The related impurities’ cytotoxicity was in the order of impurity F, B—epidoxycycline, impurity C,

metacycline. The lethal and developmental toxicity order of main substances was from impurity C, metacycline,

impurity F, B—epidoxycycline. Conclusion: The related impurities of impurity C and impurity F in doxycycline

hydrochloride showed strong toxicity and weak antibacterial, so they should be individually controlled.

Keywords: doxycycline hydrochloride; tetracyclines; impurity ; B—epidoxycycline ; metacycline ; epidoxycycline ;

oxytetracycline ; acetyl-decarbamoyldoxycycline ; in vitro antibacterial activity ; zebrafish animal model
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Fig. 1 Chemical structures of doxycycline and related substances in doxycycline
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Fig. 2 The kirby—bauer disk diffusion results of related substances in
doxycycline
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®1 EFEBXWRBE MR
Tab.1 Antibacterial properties of main related substance
G173 TR ETLEI> S FfbIFER TEER SREALEI A C HFF
(‘strains ) (dilution)  (doxycycline ) (metacycline)  (oxytetracycline ) (B —epidoxycycline)  (impurity C ) (impurity )
KIGFTH 1:4 - - - - - -
ATCC25922 1:8 _ _ _ _ _ _
( Escherichia coli 1:16 _ _ _ _ _ .
ATCC25922) i3 ~ - ~ ~ ~ .
1:64 - - - + - +
1:128 - - - + + +
1:256 - - + + + +
1:512 + - + + + +
1:1024 + + + + + +
1:2048 + + + + + +
1:4 096 + + + + + +
1:8192 + + + + + +
G AT RO 1:4 - - - - - -
ATCC29213 1:8 _ _ _ _ _ _
( Staphylococcus 1:16 _ _ _ _ _ +
1:64 - - - + - +
1:128 - - + + + +
1:256 - - + + + +
1:512 + - + + + +
1:1024 + + + + + +
1:2048 + + + + + +
1:4 096 + + + + + +
1:8192 + + + + + +

 (note ): + A F K (bacterial growth ); — JoF 4= 1< ( no bacterial growth )

x2

SHRERFEFXYEST CHL WARSEMBESHEER

Tab.2 The Cytotoxicity and genotoxicity of doxycycline and main related substance to Chinese hamster lung cells

SrHr# Canalyte )

ICs/ ( pg*mL™")

+S, mix TR ( +Sy mix experiment )

—S, mix TR ( —Symix experiment )

Z VA F (doxycycline ) 41.2
b E (metacycline ) 144.6
+# &K (oxyletracycline ) 94.6
2R C Cimpurity C) 133.6
Z4J5% F Cimpurity F ) 72.9
B- ZWHFFZ ( B—epidoxycycline ) 96.3

15.2
70.0
571
57.8
29.2
69.0
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Fig. 3 The teratogenesis and lethality results of main related substances and doxycycline
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Fig. 4 The teratogenesis phenotype of main related substances of

doxycycline

it C ARt 1.0%, 22 5 F ARt 0.5%, B2 A5

4.0%. YTt CHIZ BT F NI 5L R4S 3 IR

WEFERE AR, 23 I E ARG B S I 2 TR
Z AR RERT AL IE N 5, 2R Z VU R | B- ZVUERER

=120 B
2 DEEE (teratogenesis)
§ 100 BIET-® (lethality)
'_é 80
g 60
£
-
~ 40
B
= 20
e
LS
0 10 100 300 500 1 000
WP (concentration)/ (ug e mL™)

®120 D
N mEJE#E (teratogenesis)
£100 [ mIET-HE (lethality)
~
v—é 80
g 60 -
=
~ 40 F
ke

20 +
fia
B o

0 10 100 500 700 1 000
WEE (concentration)/ (ug e mL™)

®120 1 F
N D% (teratogenesis)
£100 [ mpEr:% (lethality)
~
v—é 80
g 60
L2
=
~ 40
#
= 20
e
LS

0 10 100 500 700 1 000
W (concentration)/ (ug e mL™)

ZRIF MR L C AR IERF (n=3) 535
9 1.00,1.17,1.05.0.78.0.98, # 7 0.8~1.2 Z [f], [A
BEE ] SR A IS IE R - F2 B o3 B0 R X TR
fif 2 BT C R PO A IR 19 77 AT 22 Btk A 7
r“" f“ﬁFD"JTLME%E*HXﬂ% B AL

JE DN AT A Bh 2 5Ot HE g 2 TE1M,*7JAEB§7(
%ﬂ“ i&wéﬁmﬁ%%ﬁﬁmm%%?%i%%—%ﬁﬁ%‘ﬂ?ﬁ
A 3k R g K ] 47 24 o kot R T 7 L U1 2 TS A
T XoT Rt B P T S e it B e B PO i Jg T

it J-jwé B R R o S S A
Tt A R AR P A TR B,
S

[1] SKOR BREVEHRENG R TN ] b EEZ 5,
2010, 8(29 ): 43

ZHANG HD. Synthesis process research of doxycycline hydrochloride

iR



- 2208 -

(2]

(3]

[5]

[8]

[11]

[13]

LTI/

& Chin J Pharm Anal 2017,37(12) ‘ JPA

[J]. Guide China Med, 2010, 8 (29 ): 43

MAATTA M, KARI O, TERVAHARTIALA T, et al. Tear fluid
levels of MMP-8 are elevated in ocular rosacea—treatment effect of
oral doxycycline [ J ]. Graefes Arch Clin Exp Ophthalmol, 2006, 244
(8):957

WALKER DH, PADDOCK CD, DUMLER JS. Emerging and re—
emerging tick—transmitted rickettsial and ehrlichial infections [Jl
Med Clin North Am, 2008, 92 (6 ): 1345

KIRCIK LH. Doxycycline and minocycline for the management
of acne: a review of efficacy and safety with emphasis on clinical
implications[ J ]. J Drugs Dermatol, 2010, 9 ( 11 ): 1407

SNODIN DJ, MCCROSSEN SD. Guidelines and pharmacopoeial
standards for pharmaceutical impurities: overview and critical
assessment[ ] ]. Regul Toxicol Pharmacol, 2012, 63 (2 ): 298

R 24 2015 4ERR. AL S 1. 2015: 951

ChP 2015. Vol T [ S ].2015:951

B B A2 e B R BOIR S R L) ] R 2 i,
2015,24(15): 1727

HU CQ. Current situation and trend in impurity control of chemical
drugs [ J 1. Chin J New Drugs, 2015, 24 (15): 1727
M, SR, B, A5 PRI 2 P A R IR P G B s
P Je Bt 4% L) 1. P IE 25 s, 2011, 12(2): 106
YUAN YZ, ZHANG M, QIAN W, et al. Characterization of related
substances and study of impurity profile in domestic doxycycline
hydrochloride[ J ]. China Stand Drug, 2011, 12(2): 106
SRERI, SRATE, BXAR , 45. FEZR AR — RRORAR (3 - BT BF -
TRATI TR BTi ak HE Eh TR Z VIR R A R it [ ] 2y
247, 2015, 50(23 ): 2073

ZHANG JL, ZHANG Y, ZHAO SQ, et al. Structure identification of
related substances in doxycycline hydrochlorideby 2D-LC-IT-TOF/
MS[J ]. Chin Pharm J, 2015, 50( 23 ): 2073

KA, SRERIE, BRI, 4. FhIRZ VYIR R A C (i & SRSt
PTG RIS () ] E 2RO, 2016, 47 (4): 463
ZHANG Y, ZHANG JL,ZHAO SQ, et al. Preparation of impurity
C of doxycycline hydrochloride and its evaluation of in vitro
antimicrobial activity and toxicity [ J J. J China Pharm Univ, 2016,
47(4): 463

WL, BRI, TR AR, 45, FhERZ PHER 2 ChP 2015 AR AN Y
A8 Ty 5 A B g M e L) ] 250y i Ak ik, 2017, 37
(4):695

YANG F, ZHANG Y, ZHANG JL, et al. Preparation and identification of the
doxyeycline hydrochloride impurity eluted right after the main component
described in ChP 2015 J ]. Chin J Pharm Anal, 2017, 37(4) : 695
COCKERILL F, COCKERILL FR, ADLER J, et al. Performance
Standards for Antimicrobial Susceptibility Testing: Twenty—first
Informational Supplement [ M/OL 1. (2011-01 | 2017-06-20 ]. http: //
www. yeec. com/uploadimages1/forum/2011-10/20111025257029027. pdf
ANDREWS JM. Determination of minimum inhibitory concentrations
[ J 1. T Antimicrob Chemother, 2001, 48 ( Suppl1 ): 5

hhiHE i

[14]

[15]

[16]

[18]

[19]

[20]

[24]

WU G, YANG Q, LONG M, et al. Evaluation of agar dilution

and broth microdilution methods to determine the disinfectant

susceptibility [ J 1. J Antibiot ( Tokyo ), 2015, 68 (11 ): 661

Il 52 £ i 245 it A B 2 ) BB AL R MR AT SE BT 5 SN

2007: [ ZH ]GPT2-1[ EB/OL ]. (2007-10-23) [ 2017-06-20 ].

http: //www. sda. gov. en/WS01/CL1616/90936. html

CFDA. Guidelines for the Study of the Genetic Toxicity of Drugs.

2007: [ ZH JGPT2-1[ EB/OL ]. (2007-10-23) [ 2017-06-20 .

http: //www. sda. gov. en/WS01/CL1616/90936. html

NG, RIESE, 45, 45 S A AbnES B H WF5E [ . 2549 7B

Z:7, 2014, 34(9): 1605

SUN XQ, ZHANG HJ, YUAN J, et al. Study on ceftazidime impurity

H[J ]. Chin J Pharm Anal, 2014, 34 (9 ): 1605

RN, PUR 25 B S TR 2515 B BSR4 [ ).

Rl BA: =, 2016, 13 (8 ): 155

HUA DM. Analysis of the impact of antimicrobial management and

rational use of antibiotics [ J |. China Health Ind, 2016, 13( 8 ): 155

SR, G U A 2% ] SRR TU R SR I SO T

PEFSE L) ). FERAARGR 2006, 20 (5): 279

ZHANG JQ, LIANG Y, DONG YH, et al. Toxicity of tetracyclines

and theirepi—isomers on the luminescent bacterium [ J ]. J Toxicol,

2006, 20(5): 279

PN e, WIS IR R B R AW [T ], 252 05T,

2017,36(1): 1

SUN GL, HU LH. Advances in the research of tetracyclines antibiotics

[J]. J Pharm Res, 2017,36( 1): 1

TN AL 22 W 2 LM ) et S8 i,

1999: 571

LEI XP, ZHANG WS, LI AL. Medicinal Chemistry[ M. Beijing:

Higher Education Press, 1999: 571

TSANG M. Zebrafish: atool for chemical screens[ J |. Birth Defects

Res C Embryo Today, 2010, 90( 3 ): 185

KLEE EW, SCHNEIDER H, CLARK KJ, et al. Zebrafish: a model

for the study of addiction genetics [ J |. Hum Genet, 2012, 131 (6 ): 977

BB . XTHUE RGN MR g S A R S R R [T ]

T EbA 2 Ak, 2013, 38 (1): 1

HU CQ. Strategy on quality evaluation of post—marketing antibiotics

in China[ J ]. Chin J Antibiot, 2013, 38(1): 1

FLA T, A= 2 DU B R S pn) S A A B LB K W 1 2 R

[J ] 25%2441, 1966, 13 (4): 244

KONG LR, SUN XL. A study of the toxicity of the epimeicpairs of

tetracycline[ J ]. Acta Pharm Sin, 1966, 13 (4 ): 244

MCFARLAND JW. On the parabolic relationship between drug

potency and hydrophobicity [ J ]. ] Med Chem, 1970, 13(6): 1192

Ve ), B . P A AR RO AR BN R 25 )

BEPEZR MR 5B ) ] i E 252k, 2011, 25(7): 710

SHEN DD, SHI YQ, HU CQ. Update on drug impurity control :( Q)

SAR prediction for toxicity [ J ]. Chin Pharm Aff, 2011, 25 (7 ): 710
(AR3CT 2017 4E 10 H 25 F&El )



