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(Recgiw_ted, May 18, 1971)

Jae Baek Kim: Biopharmaceutical Studies on Copper (II)
Cheldtes of Sulfanilamide Derivatives.

Cu(ID) chelstes of several sulfanilamide derivatives (Sulfa-Cu)
were prepared and their effcets on solubility, absarptivity in intes-
tinal lumen, binding tendency with serum protein and erythrocytes
concentration in rabbit blood, and acetylatxon rate were studied
in comparison with their free ligand forms. For solubility concerned,
the partition coefficients of Sulfa-Cu are decreased as following
order: Sulfadimethoxine Copper chelate(SDM-Cu), Sulfamethoxyp-
yridazine Copper chelate (SMP-Cu), Sulfamonomethoxine Copper
chelate (SMM-Cu), Sulfathiazole Copper chelate (ST-Cu),Sulfadi-
azine Copper chelate (SD-Cu), Sulfamerazine Copper chelate
(SM-Cu), Sulfaisoxazole Copper chelate (SIX-Cu). The partition
coefficients of SDM+Cu and ST-Cu were much greater tharr those
of ligands. This phenomenone accounts for the rapid absorption
of SDM-Cu and ST-Cu in the rat small intestine (in sits). The
Sulfa-Cu were absorbed at the intestinal lumen of a rat in the
rate of first order and thére was no difference between long acting
sulfa drugs gnd their Cu-chelates in hiological half lives. In
binding expriments, sulfa-Cu binded with serum protein in lower
ratio than their ligands except SIX-Cu. On other hand, acetylation
rates of sulfa-Cu were higher than those of free sulfa drugs and
the acetylation rate were determined with a pigeon liver acetone
powder. In a experiment on Sulfa-Cu concentration in rabbit
blood, the half lives of SD-Cu, SIX-Cu, ST-Cu, and SM-Cu were
longer than those of their ligands. Above all, the half life of SD-
Cu appeared to be approximately 3.5 times longer than that of
corresponding ligand, SD. When absorption of sulfa drugs or sulfa-
Cu at the small intestinal lumen of a rat and the concentration in

- rabbit blood after absorption were compared, it was found that
there was not always correlated.

Macarovici £V-2 sulfathiazole, sulfadiazine %4 BRo 8 Cu*3 HFBAR BHERS
F#Zel g 3, Yamabe?= sulfanilamidegfiis (Sulfa#iDe] D52 H(Sulfa-Cu) Cu?+
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o #fste] Sulfapfl : Cu**=2: 12 moleit2 Ao, = MiE: VUDE Ba% B
RBLEWY L TEFT 2 IR Rk Spectrag FEstS BB+ ot :

FV& EtOHdo| 4 me| Sulfais} Cu*& fEAIAA SulfaMs] MADELAHE
AL, 39 ligandl Sulfapis}e] @Mel B BIHL HBEMED KR, Hs) sulfadimet-
hoxinef(ID#& (L4 & 9] 1ligandsl sulfadimethoxineX o} FE-Fo] Fgslctn @&
uk e,

Sulfafs] Wik, Pt % = M) Bt A Nogamit®, Kakemi”®, Koizumi® o]
FMsl |ESPY L, 29 SF AN N &0 MEDe slovt, Sulfapd] R
ADEEY A BT Bk, BHE R £EBEE WL WRE ob4 8520 4ot

F&x Sulfafilzt 2o BHEAMA ket HMERE, £HBFA acetyl(LEE, NEHEALS,
MAPIEE Fo] B3 4 Pde Me EMste] SulfaMiyl LMELEHE BREZIA L
i REESEY PES 5o BARYK mhmEE Y EANMNS Bt J & AL U
Shed, WHES Sulfa o BUADBLAYHF 29 & ligendi] B3t ratBARK, 2R
RE, Mm% ELQ YL mERl WY |, in vitro acety{LHE, FEmMTME $& HEK
BT BR FEE v MR Q371 B&she wholet.

X B Ak

BUF—Sulfa-Cut Yamabe? 3 08} Hiko = Mishgl i, Mzks] =teb Sulfap : Cu*
=2:1 mole}tz AR H—HHEY L BEH

SYBC# M58 ——phosphate buffer soln. (pH 6.2)3 3¢ HBHERK 5. 0m/s) 5885 chloroform
5. 0mlE #RAWE YL 37£1°CH HBAS 2 A%AA Tl B@A7 o+, Xk
& 3 Wi Sulfa-Cu 9 Sulfafl§ £% ct¢ TR =zt T&asc

Sulfa mje| £ —L. Bratton %99 sulfanilamides & & w2} KE 545mus| A 4
JEBEET (Spectronic 20) 2 Sulfa® % sulfa-Cu§ &% E&keldcl.

‘nosituol] &3 rat/NEROH A 2] i —Loop’s circulation 5y (in situ) & Schanker!®
% ik <t Rk (8 WETERRS ek BPBAE ISt WPIMET o
PERTHA vinylB& BAD E@ste] Rmstsic.

The following abbreiviations were used; sulfa-Cu, Copper(II) chelates of suifanilamide deriv-
tives; SD, Sulfadiazine; ST, Sulfathiazole; SIX, Sulfaisoxazole; SM, Sulfamerazine; SMM, Sulf-
amonomethoxine; SDM, Sulfadimethoxine; SMP, Sulfamethoxypyridazine; SD-Cu, Sulfadiazine
copper(Il) chelate; ST-Cu, Sulfathiazole copper(IL) chelate; SIX-Cu, Sulfaisoxazole copper(Il)
chelate; SM-Cu, Sulfamerazine copper(Il) chelate; SMM-Cu, Sulfamonomethoxine copper(ID)
chelate; SDM-Cu, Sulfadimethoxine copper, (I) chelate; SMP-Cu, Sulfamethoxypyridazine
copper(II) chelate.
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B %8 #—sodium phosphate, dibasic 4. 4g, sodium phosphate 9. 2g, sodium chlorids 58 &
24 53 2% % 12 7 Isotonic buffer soln. (pH 6.2)& A 55l ch.
BRERA~—~—31lfa-Cu 3 Sulfa@§ &% WMHEs 2ol BRBEA 58, L lmif 15~2548
7 afaA EERAMGIH.
AR 813 BEMM—Masida $122 FHpol etk K@i Rk SRS ORIR
Fi& 4,000 rpmo 2 107 WAL EAA mMAE sty A& nRE EEAWKE &
HEhH B EE A 10% trichloro acetic acid X2 iLik°] s A G 7k WEsE
gk}, o] MERE & &2 Sulfa-Cu @ Sulfaf] MWE 20ug/m!3] Michazlis isotonic veronal
baffer soln. (pHd 7.4) 10.0mld] BBAA 30°CAlA FggAl o] &4 72 243 Y 4
Eo. o] MERFWHE MBMBF 4 5 0x10%el/mmt SA BRI ©H 1HHK
g HRA7 g L@ES REkd Sulfafs TR =2A MERSE MR REL
Sulfa-Cu 3 Sulfape] K< Bzt =t
mNEAaEAN 3 KB —Klotz 2] kil e} WHsH HRAMME S Sw/vHIB
o2 nkEc}&, o] fA#E 5. 0m/E Visking’s cellophane bag (size. 15. gmm)A] #HASHA
o] A& % Sulfa-Culd Sulfaplis) M 20ug/mi%) phosphate buffer soln. (pH 7.4) 20migs
o BEAA T BRA0~15°Ce HEEAA 48] FEdgich) AR g, FJITSAEE W
3ol Sulfa-Cu3ll Sulfapils EELHS BERE EHissich o]wel] Sulfa-Cu @ Sulfapy
o] cellophanellsl M W& L fislosd, &%&9 W24 EAEMSH phosphate buffe
soln. (pH 7. )% ¥ &3 ¢ L& Hikoz RAst MESIH
in vitro ol A2 acetyl{L MM —Kakami %2 Fikoll =e} K%
=2 EFH*"—‘?T#’& W §7] 7734 Me,COs| A Alvhg 15/ homogenate2 3t o]
A& 10 &S Me,COOKMAI 2R Mtz 55%# BLARES  EBKE &K calcium
chloride kol 4 MBS =
IR R A —Me,COX 60mgl 3t 1. om/3%2] 0.15M potassium fluoride® hn
she] 55A FLHANA HIHSTL 4,000rpme 2 S ELIENS A& BBKES LB
Wo EHEREA A '
e MM —Sulfe-Cu R Sulfaife] acetyl{bBHERES HEBL MAptms MK ct-&
s ket

Pigzon liver extract (acetone powder 60mg) 1. 0m!
Salfa-Cu and sulfanilamidas 0.1m mole/!
Potassium acetate 0. 02mole/!
Potassiam citraie 0. 02mole/{
Phosphate buffer (pH 7.4) 0.02mole/|
A.T.P. 0. C025mole/!
BBAE 25 5ml

in viiro acetyl{t @X ME—3alfa-Cuy Sulfa¥i F T WE/ obE 483 & R EHE
#A g7 FREHHE Lon/E ML I7L1°CllH 243] T4 KEAZAL XEA
Mk 107, 209, 307,405, 607tck BB/AKE &4 0.5m/R el Sulfa-Cu R Sulfa
ME ERate RW{LS Sulfa-Cu N Sulfagls) & R3gic
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MAMERR— BB BE 2kg i) TR 6UL& 1802 ol 2480 BRI T {8
ol Sulfa-Cu 3 Sulfa®ff (Sulfa-Cult Sulfagfl2 4] 100mgsl TEL B AL
100mg X% KOHEAY o2, EFklA WES 2HE £ 09kt 2 i = F 0
ket 0.5mIR; ¥#s] i3tz L.Bratton %92 Mmggrhe] SulfaM] EHikd #sle] T8
syl et

KBS Y E%

B mRkIERET #73 Bk, ] HEDY HF/F Sle A& Schanker %199
Wkl k3l 2] ZWER BRI}

Sulfa-Cugl Sulfafls] #3t MASEE MELEE Table [ 2. Sulfa-Cud] HEF
2= SDM-Cu>SMP-Cu>SMM-Cu>ST-Cu>SD-Cu>SM-Cu>SIX-Cu JH e & A= g o
=9 ligandyl Sulfa®™ ¥r} SEES-F 222 SDM-Cu ¢ ST-Cue]gl}.

in situol] 4R3I rat NG A S Bk KBS R Fig1—73 Zor] £4° €RBHAY 1 XKK
MEHEEE K= Table II9} ze}. Sulfa-Curt =9 ligandz o} L&A+ 712 -2 SD-Cu, SIX-
Cu, SM-Cu, SMM-Cu, SMP-Cu¢] . 3l #.2. ST-Cu, SDM-Cue]c}. SIX-Cu 3 SIX¢]
SEARL Aol Rt Bbcsl £ R & Nogami %Y o] #igitulel 2o BEeny-
o mEflel o] JBREE: #HMY BHBEEIY 251 A FAdA s BRs, SDM-Cu
% ST-Cusb 29 ligand 2c} & T35 & AL SRERE RRYE + Yot

Fig1—74 A4 of 7o) Sulfa-Cufl HBARTKE 1XEMR sk, 28 HLiEN 7
# 273 -& SDM-Cu 9] 0.459%107%/min.o] = & 71 & SIX-Cu®] 0.211X1072/~m;*! o, -

BB DB oW, KSRE %o 2 K- REHERS BES{L= phosphate uffer
soln. & At e BfIk €4 Ao AR pHBkE gl

Y- Mk ¥ MAEAEMY WERKE B MR ol Ao EHmeE, B,

Table I—Partition coefficient of Sulfa-Cu and sulfanilamide derivatives
(chloroform, pH 6.2, at 37°C).

partition coefficient

SD-Cu 0.317
ST-Cu 0. 408
SIX-Cu 0. 049
SM-Cu 0.282
SMM-Cu 0.565
SDM-Cu 1.032
SMP-Cu 0.982
SD 0. 382
ST 0. 355
SIX 0.112
SM 0.780
SMM 0. 595
SDM 0.919

SMP 1.270
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Fig. 1 | Semilog plots for percent of remai-

ning drugs in intestinal lumen versus
time for SD-Cu(2) and SD (@) (pH 6.2,
100 m! lumen solution volume).
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Fig. 3—Semilog plots for percent of remai-
ning drugs in intestinal lumen versus

time for SIX-Cu(Q) and SIX(®) (pH6.
2, 100 m! lumen solution volume). .
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Fig. 2—Semilog plots for percent of remai-
ning drugs in intestinal lumen versus
time for ST-Cu())) and ST(¢®) (pH 6.2,
100 m!{. lumen solution volume).
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Fig. 4—Semilog plots for percent of remai-

ning drugs in intestinal lumen versus

time for SM-Cu(2D) and SM(®) (pH 6.
2, 100 ml. lumen solution volume).
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Fig. 5—Semilog plots for percent of remai-
ing drugs in intestinal lumen versus

nt
ti:lge for SMM-Cu(Q) and SMM(@®) (p
H 6.2, 100 m! lumen soltution volume).

Table. II—Half-lives and first-order rate
constants(ka) for disappearance of Sulfa-
Cu and sulfanilamide derivatives from rat
small intestinal luumen, in sitw (pH 6. 2).

Average Average

half-lives ka(min=1)

(min) X 1072
SD-Cu 230 0.271
ST-Cu 219 0.320
SIX-Cu 350 0.211
SM-Cu 240 0318
SMM-Cu 207 0.329
SDM-Cu 153 0. 459
SMP-Cu 144 0.478
SD 195 0.344
ST 264 0.319
SIX 196 0.338
SM 145 0.479
SMM 186 0. 356
SDM 165 " 0.438
SMP 135 0- 602
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Fig. 6—Semilog plots for percent of remai-
ning drugs in intestinal lumen versis
time for SDM-Cu(Z) and SDM(®) (pH
6. 2, 100 m/ lumen solution volume).
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Fig. 7—Semilog plots for percent of remain-

s in intestinal lumen versus time

ing
. for SMP-Cu () and SMP(®) (pH ,
m! lumen solutiona:olume)s  (pH6-2 100
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RBEE %ol BWE T+ HTF2A ol KRR Table III, IV} 3,

Sulfa-Cus} 1.9] ligand?]l Sulfapje} mzkell W3 WFEe| v, MHTELAB slof
AE FEES BRYE 4 Jovt Sulfa-Cus] WiFde] Xfg= o Hmo] sich. Anton®
£ B2 Sulfap®] bovin serum albumind] 3} #£4Y o] 2 FHY MY ETE Sulfa

Table ITI—Absorption(%) of Sulfa-Cu and Table IV—Ahbsorption(%) of Sulfa-Cu and
sulfanilamide derivatives on human sulft}nilamide derivatives on plasma.
erythocyts. (pH 7.7, at 37°C) (pH 7.4, at 37°C)

SD-Cu 16.2

ST-Cu 48.4
SD-Cu 6.8 SIX-Cu 72.5
ST-Cu 17.5 SM-Cu 52.2
SIX'CII 15.2 SMM'CU 57.8

SDM-Cu 94.2
SDM-Cu 19.5 SMP-Cu 6L.5
SMP-Cu 14.3 SD 20.2
SD 7.0 ST 52.1

SIX 64.8
ST 19.2

SM 57.5
SIX 18.3 SMM 61.3
SDM 22.0 SDM 92.4
SMP 16.5 SMP 67.4

#o] e AMCR)A fkste] BEe BE@decta missg o, of&¥ Sulfafie] HWH
€ EEARY ARETY Mol &kl £V oA & X AL BirAMY XT
FatEEel o o] BRBHKE/ 4% SXHTE Y= BT/ Bife Al FlA sld
—SO,NHR# Sl 4| H*ol =7l 414~ Sulfa-Cursl 29 ligandic} gE&7Fe] &
mel e R pHT7.4 014 £ ionBll¢ WL & Fe] A7l A Aoz FHAA £
3] SIX¥ pH 7.4 o] A £ ionFle] #7 99.5% U vl = FHJsl L &A%l F& AL Van der
WaalsfE &9 BIR7; A 2 BiEe] f@slos EARAY #4¢ HEFsHs <&+, SIX-Cu
& #aHol 19 ligandyl SIXuc} 2272 @UIDchelates FERI oA Bkl ETS
of BEHEASSY #4¢ A 3y H-EdAes i,

in vitro acetyl{t. SMEERE slol A BFF SMP-Cufke] HEE Mol Nste] plotsis
Fig.8s} zrorl —EXEMEE et XML 1REMRe] Rird ¢ BRIA. o @R
QEe 2.3035 WMEE T3t £8Y WHAEE @& BRc Table Vol o, o] I
BES] MME FDMBES ¥l Mo plotdtd Fig.os) o= o #MRS AEz¥e Km
(Michaelis Complex?] REELD =0.212, V(Complexz Y&} acetyl{tir} 4 Rste &
ol MERESl W) =0.00274% A 3icl

ol o} Z¢ Hkez R & Sulfa-Cu P Sulfape] Km 9 Vgt-g TableV[o} 7c}.

Perault*»e]] {&atel —NH,¥o $8to para (7B MR FEY 7% acetyl (bt =
% #zetx 29 acetybF e @At #eERdn, Pullman®™g acetyl CoAd]
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Fig. 8—Semilog plotss n vitro acetylation Fig. 9—Plots of Lineweaver-Burk for SMP-Cu.
for SMP-Cu.
Table V—in vitro acetylation for sulfamethoxypyridazine
copper (II) chelate (m mole/!/, Unchanged drug)
Time(min.) Initial velocity
No. of sample 0 10 20 30 40 50 (m mole/{/min.)
1 0.298 0.272 0.250 0.230 0.212 0. 180 0. 00272
2 0. 147 0.127 0.110 0.095 0. 082 0. 061 0. 00216
3 0.099 0.082 0.068 0. 057 0.048 0.033 0.00179
4 0.071 0.058 Q.047 0.038 0.031 0.022 0.00146
Tahle VI—Km, V value for acetylation of sulfa-Cu and Sulfanilamide derivatives.
Km V (m mole/l/mim.)
SD~Cu 0.183 0. 0019
ST--Cu 0. 167 0. 0009
SIX—Cu 0. 890 Q. 0016
SMM—Cu 0. 543 0.0013
SMD—Cu 0. 217 0. 0002
SMP—Cu 0.212 0. 0027
SD 0.250 0. 0007
ST 0.243 0. 0008
SIX Q. 128 0. 0012
SMM 0.791 0.0011
SDM Q. 325 0. 0001
SMpP 0.138

0. 0019
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carbonyl 9] B ¥ WX BEH/ epsiel gl AEA —NH, %4 TTEEL 2
4% acetyl EE/H 2ok @t sleh Sulfapl Hale 2.8 Sulfa-Cud] acetyl
(cEpEt 2A¢ pH 7.404 MR = Fhaste o] 2yl oAFold LHAHA
glucuronidesz R&o] & SDM 29 acetyl{L B/ ©+& Sulfas) tbstel BFEs ¥k
onl SDM-CuX. 3¢ @& vhebilct |

e} Sulfa-Cu % Sulfafls] WE BEkRE Fig. 10163 2o Sulfa-Cus) M
o] glol A9 BAEEE IXEMR Bz

— k' SIUTTTP Geveessnn
log C= — 5303 t+log Co : 6))

DR Ruds Cx maHE %t A RemnhREGCe, Co TWESRIS] 5lo
A9 e mehREQR),. ke me] mepsl A BEEEEEK (ug/hn), te B
{hr.)e} }.
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Fig. 10—Semilog plots of mean plasma level Fig. 11—Semilog plots of mean plasma level

(ug./ml)versus time for SD-Cu(C) (pg./ml) versus time for ST-Cu(C)
and SD (@)in rabbit blood. (after and ST(@)in rabbit blood. (after oral
administration 100 mg/kg to rabbits) administration 100 mgrkg to. rabbits)
fehEE Co Co/22 Sl& BM t/(biological half lif) & @Xez Jebd . 3l
- log2 _ 0.693 . . ..
tl/z—Z, 303'—kb = kb R ®

& SulfaCu 3 SlfafMis] AMER Ksted R Co kb, ¥ /48] &£ Talbe VILs} 2
=} :
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Fig. 12—Semilog plots of mean plasma level
(ug/ml) versus time for SIX-gu () and
SIX (@)in rabbit blood. (after oral admin-
istration 100 mg/Kg to rabbits)
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Fig. 14—Semilog plots of mean plasma level
(pg/ml) versus time for SMM -Cu(C) and
SMM(_.) in rabbit blood. (after oral adm-
tnistration 100mg/Kg to rabbits)
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Fig. 13—Semilog plots of mean plasmg level
(pg/ml) versus time for SM-Cu(") and
SM(@) in rabb’t blood. (after oral admini-~
stration 100mg/Kg to rabbits) -
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Fig. 15—Semilog plots of mean plasma level
(ug/ml) versus time for SDM-Cu () and
SDM(®) n rabbit blood. (after oral admi-
nistration 100mg/Kg to rabbits)
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Fig. 16—Semilog plots of mean plasma level
(pg/ml) versus time for SMP-Cu(O) and
SMP(@®) in rabbit blood. (after oral admin
istration 100mg/Kg to rabbits)

5T-Cu, SM-Cu, SIX-Cu, SD-Cus] Fegfr
el A WeEBEE 9 ligandgl
Sulfafiinc} veied, 219 4R EEH
o #F@(tslE FEmol slsli, #3) SD-Cu
= 29 ligandql SD v} 3. 55 RER RS
2=, SMM-Cux 2.4 liganduc} o.3]%
WA= 9 et :

rat pEBARKE KRN A ST-Cue STud-
Bt BIEFRE Fig. 12 o] 49} ‘o] ST-
Cud] RBMPMEES] peaks} ST o} 605
teell vebtm, Fig.1le]A4 9} 3o] SIX-Cu
= SIX¥c} 607 #ell peaksl v}Eltod,
%8l LEP(rat PBA)Y 27+ 2 SD-Cu
st SD= 29 REMmMES] peako} 1805
ol FRgo] Jelytosi, Table Vol 4ok
Zel BE#EAZS] 29 ligandncl ¥
= LR EREE B%ow vol EMR
ERfEAEI Y rat SBRKKY BHE
B FEe 2 FgRiEel v mbME %8 3
Bslyl = RBT Aos Bpdd.

Table VIII—Half-lives and Co(zero time concentration pé/ml.) for disappearance of Sulfa-Cu

and sulfanilamide derivatives in rabbit blood(in vivoe). -

kb Half lives

Co -
(pg/mi) (ug/hr) (kr)
SD—Cu 16.8 0.042 15.0
ST—Cu 12.8 0.179 3.79
SIX—Cu 10.7 0.118 5.76
SM—Cu 8.0 0.071 9.50
SMM—Cu 11.8 0. 068 9.93
SDM—Cu 23.0 0. 049 13.63
SMP—Cu 17.0 0. 069 9.82
SD 17.1 0.153 4.45
ST 12.3 0.217 3.13
SIX 11.2 0.213 3.11
SM 11.2 0.116 5. 86
SMM 13.2 0.051 13.18
SDM 24.8 0.052 13.04
SMP 18.2 0.061 11.02
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Subfa-Cu®} rat [EBATMGn sitn) = 1R MR Wahsl ool BGHE TR A3 2 R
£ SMP-Cu (0.478%107%/min) g2, 74 ¥ A& SIXGu- (6,211 X107%/min. )% .
Sulfa Cu2l k7 EGES rat. PEATRKE HIREE] gfosl SDM-Cu g ST-Cu &
SDM, STuch MmAkSEEB7 =t
Sulfa-Cu ¢} Sulfa®fje] BHESE ¥ ORTEEL FEE gd9on, Sulfa-Cudl glef
A& SDM-Curb 7445 EHRASES Jetyic.
Sulfa-Cu®| acetyl{L.#EE (in vitro)= 2.9 ligands] H5te] =3, %3] SDM-Cu®] V-gt&
0.0002 (m mole/l/min.) 24 747 ¥ .
REMmME /4 P SD-Cu>SDM-Cu> SMM-Cu>SMP-Cu>SM-Cu>SIX- Cu>ST-
Cusl L, #s] SDCul SD 8.3 # 3.5 HEELRMT ERS5l 1, SMP-Cuy SMM-Cu
9] liganduvt oslel RS gl et
rat PNEBARTK (in sitw)S) By WHko 2 Sulfa-Cus] MEMES ®obrl & HEstoh.

X HRE HBEEEd T4 AR REAXR RNUREE OHE SG@F0 B¥=-,
BB 24 AHE LMENE Toia KWl B8h5te T4 AEEA R HELE REL WMEH
EREAA WMEE EH = voletk
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