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Development of Polymeric Drugs Utilizing Dithiocarbamate
Chitosan: Formation and Antimicrobial Activities of
Dithiocarbamate Chitosan-Mg(I)-Tetracycline Complex

Youn Taeg Kim, Jong Ho Yu*, Yun Jin Jung, Jeoung Soo Lee and Young Mi Kim’
College of Pharmacy, Pusan National University, Pusan 609-735, Korea

*Central Research Institute of Dong Hwa Pharm. Co.,

Anyang 430-010, Korea

Abstract—Coupling of tetracycline (Tc) to dithiocarbamate chitosan(DTCC) via chelate bond was car-
ried out in the presence of Mg (ID) ion by one- and two-bath process. In one-bath process. DTCC was
treated with Mg(ID-Tc solution. [n two-bath process, DTCC was treated with Mg(ID) to produce DTCC-
Mg(1), which was isolated and treated in turn with Te solution. The effect of pH and temperature on
binding of Tc was investigated varying the pH of the solution from 2.6 to 3.2 at 10 and 30°C. Binding of
Te was not affected greatly by such variations in pH and temperature. Amount of Te bound to 1 gm of
matrix reached to 180 mg. Release of Tc from DTCC-Mg(D-Te was investigated by batch and flow
method. and the amount of Tc released against time followed by flow method exhibited near linear re-
lationship. DTCC-Mg(ID)-Te showed very prolonged antimicrobial activity compared to that of free Te
when it was tested against Escherichia coli TG-1 and Bacillus subtilis NA-1.

Keywords [ ] Dithiocarbamate chitosan-Mg(Il)-Tetracycline complex, Antimicrobial activity
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Fig. 1 — Binding of Mg(I)-Tc on DTCC as a function of
time in one-bath process at different initial pH

at 10°C. DTCC. 1 g. was treated with 100 ml
of 2.3 mM Mg(ID-Tc(1:1) complex solution.
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Fig. 2 — Binding of Mg(ID-Tc on DTCC as a function of
time in one-bath process at different initial pH
at 30°C. DTCC, 1 g, was treated with 100 ml
of 2.3 mM Mg(ID-Tc(1:1) complex solution.
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Fig. 3— Effect of concentration on binding of Mg(ID-Tc
on DTCC as a function of time in one-bath pro-
cess when initial pH of the solution was 2.8 at
10°C. DTCC. 1 g. was treated with 100 ml of
Mg(ID)-Tc complex solution.
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Z7HE W A%t SR Ae £4F5Y SRR
7} Z7V8PA A Terk DTCCO Adshe o= H3o]
o)l WiEoz AzbEh Teol F&5& 2.3mM=
AA3HA 3t Mg(D/Te FE81E 0.5, 1, 28 S7HA
719 A Adgaol Tgshs Azl Ao, Teol 2
T%E 50, 77, 2% 2 F718ldoH (A 2, 3, 4 Blw).
10°C. Mg(De] $ii= Aejel DTCCS Tesl A¥E
ZAL 8921, pH 4.0 oM Teg] dgto] dojutA|
2otom pH 2.2014 DTCC 1 g% Te7} 24 mg 2§}
aAtt ol TYE 27A Teot B39 Mgl €213}
oAl Agsl oFe) 33% AL @t pH 2.2ME Te
7} protonation® ®l&¢] AAZ o|Fe| DTCCY di-
thiocarbamate”]¢} o] &4 AEE 317] W&o = ABzh
%q.lz)

SFEA A - 20°ColAM pHE ®H3AZE o
DTCC Z2%Hsh= Me(IDe 48 A3 1 47E
Table Ioll VERARITE 108 Z 28-S ) PP o) =3}
931, =7] pH7l 25014l = pHES el WE Mg
(el dgkekoll= 2 2o)7} ¢t 10°C, pH 3.50114
o thdk Q43S Table 1ol YERAATE 2.3 mMe]
sl A9 100% AU, 9.2mMoAE
75%% EPATH

DTCC-Mg(ID) complex2t Tce] A& uhg-g-olo]
%7] pHE 2.8014 3.671%] H3IAIHS i, pH 3.2 ©]

Table | — Magnesium ion uptake of DTCC after 10
min at different initial pH of the solution at
20°C.(DTCC, 1g. was treated with 100 mI
of 9.2 mM magnesium chloride solution).

initial pH 2.0 25 3.0 35 4.0
0.521 0.628 0.649 0.665 0.658

mmole
bound
% bound  56.6 68.3 70.5 72.3 71.5

Table H— Magnesium ion uptake capacity of DTCC
when initial pH of the solution was 3.5 after
30 min at 10°C. (DTCC, 1 g. was treated
with 100 m! of magnesium chloride solution).

mM 1.15 2.30 4.60 9.20
mmole 0.115 0.229 0.434 0.691
bound

% bound 99.7 99.7 943 75.1

J. Pharm. Soc. Korea
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Fig. 5 — Release of Tc as a function of time from
DTCC-Mg(ID)-Tc and DTCC-Tc¢ at pH 3
and 7 at 10°C by batch method. 100 ml of
bath solution was allowed to contact with 1
g of sample. Incorporated amount of Tc per
gram of DTCC-Mg(I)-T¢ and DTCC-Tc
was 0.419 mmole and 0.054 mmole.
respectively.
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Fig. 6 — Release of Tc and Mg(II) as a function of time
from 1 g of sample at pH 3 and 7 at 10°C by
flow method (flow rate:l ml/min). In-
corporated amount of Tc and Mg(II) per gram
of DTCC-Mg(Il)-Tc was 0.419 and 0.696
mmole, respectively.

pH 7oA 10A17vol 87%. 24X ko= #9) 100% ®+
EHUS U, 22 2644 DTCC-Mg(ID)-TeZ HE
22, 2% % JElRGt DTCC-Te2 HE Tco) #a
o] DTCC-Mg(ID)-Tcoll )3 E4 ], 2h43] Uol
U A& DTCCS Te= chelateZ gl v &)
SARE 7] oz Qg

e |
Ditch Plate®tH o2 G(+)¢! Bacillus subtilis$}
G(-)%! E. colioll th3t 2} sampled] aHFHE o] X&) 7F

Table INI— Antimicrobial Activity

£ 747} Table 1119 YERAATH

Bacillus subtilisE& A}83 2%, free Terb 5950
inhibition zone& uEREH B8] TezAM FQl
DTCC-Te 119 <t inhibition zoneS RN
t}. Bk DTCC-Mg(ID-Te= B39 free Tert 7Y
<t inhibition zoned WehHE=TH] Bl 29U F<t A
43t} inhibition zone& JeER2ACH

E. coliZ 88 A9 DTCC-Tex 29| free Tc
7} 597t inhibition zone-s YEhA=T] vis) 102 &
¢t inhibition zone& uYERN T, DTCC-Mg(ID-
Te= B9 free Te7F 109 A% inhibition zoned
LEbdd] B3] 349714 X142 02 inhibition zone
& YR

Mg(ID) & -3 vl 2§ st
ofjet Agolv =7k ol LAY E BAE= Ao
Uelt iz, 30°CollA= Whg-Al7te] Aststol wte) A%t
#ookgo] v HHHAUG. Flow oz a3
DTCC-Mg(ID-TcZFE] A7kl W& Te 2 Mg(ID¥]
> 7e] Aoz ettt DTCC-Mg(ID)-Te
S G()7t3] Escherichia Coli NA-18} G(+) 1

Bacillus Subtilis TG-1S dtlibe2 3t "Ditch
Plate” 9 02 339 free Te 2 DTCC-TcE AH23}
of gt Hy Avjel vlud L) Add 717Hset %

or Wy =2
ot o!:i
| o
['ulO

ro 1o of

days inbition zone:diameter (mm)
strains drugs 1 2 3 4 5 6 7 8 9 10 11 12 27 28 29 30 33 34 35
B. substilis Free(2.0 mg) 33 25 22 19 15 17 18 -
Free(0.8 mg) 28 22 18 16 15 -
DTCC-Mg(ID-Tc 25 24 22 20 19 20 18 17 18 18 18 18 16 15 15 -
DTCC-Tc" 26 25 22 19 18 18 16 17 16 17 16 -
E coli  Free (2.0 mg) 45 37 32 32 30 32 31 29 29 28 -
Free(0.8 mg) 36 31 30 31 27 -
DTCC-Mg(ID-Tc* 38 34 33 32 32 31 31 31 35 30 29 29 24 23 23 22 21 21 -
DTCC-Tc" 38 34 32 30 30 28 28 28 29 27 -

* The amount of sample used for the test was equivalent to 2.0 mg of free drug.
" The amount of sample used for the test was equivalent to 0.8 mg of free drug.

Data omitted for printing.
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