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Seluble Complex Formation of Rifampicin with Arginine

Abstract—Rifampicin-arginine complex was prepared to increase the solubility and dissolution rate
of rifampicin. Solvation method was applied to make the complex and its formation was identified by
the solubility method, powder x-ray diffractometry, differential thermal analysis and spectroscopic
determination. The complex was formed in the molar ratio of 1 : 1 which was proved by the slope ratio
method and continuous variation method. The complex was a non-crystalline form determined by the
x-ray powder diffractometric analysis. The solubility of complex in water was significantly higher than
that of rifampicin itself. The stability constant and thermodynamical properties of the complex were
determined to investigate the solubilization phenomena. The thermodynamic data showed that the com-
plexation between rifampicin and arginine was an exothermic and spontaneous reaction. Simulated absor-
ption studies carried out through the artificial lipid barrier in artificial gastric and intestinal juices. The

results showed that the complex had an enhanced absorption rate of rifampicin nearly twice compared
with that of rifampicin itself.

Rifampicing Gramfg#:, Gramfak bacteria 2 mycobacterias] {EfIslE Hid:Hl= A s 2
AR K3t s e, 53] BiEEEZA de FRE 2 Qouh? Zol HEsbkol oY g
HEYS KORET Hld A2 FHEEIAY BRUHEEE 2 8y WHEEEA KRiFEsA =
the TRl 4o 2O ERe] HHAMEEMC] HHEKS WA B o2 7kA] "VELL
Trkel BAE PR w2 BLE J192A Hgor] 3 HTY arE Bt HEES 8
KA E FETY, Kt BoTFrAYHS At k%] FHro s solid dispersiong nulz
= HET®, AN complexE BUfEElE JHk%ol 10 ¥ele] #HEE ul At

Ménnito® 5-& rifampicing fRO#ET 72 ol MBRER o= Fil ) Bdol HEE v
= HEY FEHol stz #&FEIt glon &2 rifampicine] frFo =]} BBt £ Y H
= EwmekA &3 238 FHel A&ls]e rifampicins} PVP (polyvinylpyrrolidone) 2] 3tyk#py<-
Blikete] HHEES B2 FHE S5 Q. #WHe e WHEE L ®inste
AL polymerrl ¥REh: Mol RAME PESE ERKRHS MRA 7 @ So etz &
2.2 rifampicing] FiELo] 183~188°CZ A By & oz u] Fo] 3.0} rifampicino] o
BEMEQ AL KRMT energy(crystalline lattice energy) 7wl =3 S TRES 4SFhASE
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#% 4 (intramolecular hydrogen bonding)el {k3le] Whizkio] = frFRie cohesive forces} =
71 WEe Reg F&zc 2Estd FFE rifampicing A F3 HE complexE whEDE A
RS BMLE doAA B energyE: WA A 71 AW complex & 3 entropy?] Mijm
24 WA ¢ dete FHE Aehstd rifampicing} arginine®] complexE wIEZ I BFMEE
A H@inA 7o spectroscopic method, powder x-ray diffractometric analysis, differential thermal
analysis %-& B3l complex WKL sl =3 @B {bk® 71 slope ratio method?® =
A AR : DE ketz Higuchi %276 {k3le] #Eyrsl MR (solubility method) 0 =
K&k doll A rifampicin-arginine complex®] ZZ%EEEE B (stability constant) & Rslg o 225
H o874 #By E8E Bietd . =3 rifampicin-arginine complexs} HREA A HKilk
o AT BEE oty 53t ATIERS At ERRES WESI A
K B » &%

REEME 2 %4 HEol A & rifampicin (Bk A&7t &4, L-arginine(Merck Co., special
grade), L-ascorbic acid(H# B 5i{LE8, special grade)E {Fifsldom = sho] {FHAT RIS
WX R REAZES R ¥ o E RS ATEREH 1.1+0.1)2 1N HCI 94.0g,
NaCl 0.35g ¢ glycine 0.5g% Ff<rol o 1literz =whEo} FAEIYen] AT (PH 6.5+
0.1)& Na,HPO,-2H,0 3.9g © KH,PO, 6.1g% FFFol o lliterz wtEo] FAsIYS. =
g AT (pH 7.54-0. 1) 2 Na,HPO,-2H,0 20.5g ¥ KH,PO; 2.8g¢ ZHF5of =¢ 1literz
Rl fERAsEA .

A ¥ 7] 7] 2% spectrophotometer (Pye Unicam SP 8-100), differential thermal analyser(Stanton
Redcroft 671), x-ray diffractometer (Norelco), Sartorius absorption simulator(Sartorius Model
SM 16753) &% A3

HHe| 8E—1) rifampicin-arginine(l : 1) complex?] #I5% : methanol lliters] arginine 1.74g
< Jnste] A2 rifampicin 8. 4g& fnsta wulele] FeAxd] WM oS £ 40°CY KBk
ofl 4 JREEAKIREEI St benzeneo 2 oJelwl A A ste] v]wk$-9] rifampicing RES ¥ # 50°C
o 4 Azl 100~145 meshd] fF =72 w59 o)

2) rifampicin-arginine(l : 1) physical mixture?] %3 : arginine 1.74g=} rifampicin 8.22g<
B—3A BE&T T 100~145 meshe] ¥ =72 =lEqlu)

Rifampicin®| 7% —rifampicin 100mgs} arginine 20mge Eeslz pH 7.2 ol 4t EEwkl
WSt 100ml2 =lEx b4 pH 7.2 QA d &9 o2 #Rsle mly rifampicin 5~40mego)
FHHES et BERS BRI R 475nme] 4] BEES HES Y BBEES ERSA
2 @ilrhe] rifampiciniBE = JET BEES BBG RAStS BHsG .

AR Wi Spectra—rifampicing FH o] Mt 1.5X10°M BEE wS 1 o]
Hike —ERH Meto arginineg 6X107°M, 15xX107°M, 30x10°Me] #EE7} 5 =2 Finsld
AEE HE F Sl WES arginined HME A WRKOZ HASE JE 220~550nm
il 4 WE st o}

RERAPT—open conditione] A 2 aluminum pang FEEMEZ Rt FESAT BREEE
= 8~I2mgo 2 stz REHEEE 10°C/mino 2 39 or FEREE 25~300°C, chart speedi
300mm/hZ 34 ok,
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Powder X-ray Diﬁraction—CuKﬁ@(l.5418[\%_ Segie 2 B A20) 5~50°2] HiEel /‘1 7
FLMEE 10°/ming] ffFo = JIESHA o

Sl —1) slope ratio method® : rifampicin 2.5X107* mole®l-& Hste viale] ‘-é
arginineg molef 4:1, 2:1, 1:1, 1:2, 1:3¢] HL¥ @nstz % lomlE juste] EM
I MRALDY 12 4] ascorbic acid¥ # 0. 04mg/mle) Eprrl 5 2% jnstxz #E3ch 20°C ER
wiol Al b R ebebed A 48R fESte BES ol #A & i, 0.224 size membrane filter2
NSt Y-S FiRsle 475nmel A WIEEE L WESHRA . =& rifampicin 5X 107 mole-g 747
S E—3 #BEE 173 ‘

2) gt (rifampicin]/ {(rifampicin] -+ (argininel} 7} 0, 0.125, 0.375, 0.5, 0.625,
0.75, 0.875, 1.00] 5 =& ZA& % ascorbic acid% #y 0.04mg/mle] B H 25 stz &
#Halgvr., 20°C fEifiel A AR gabd 4] 48RER WA 8t S o] A §he-g- 0.22p pore
size®] membrane filterz @3l WK-T TSl 475nme] A BWRES REs Ao

wpREE g —rifampicin 5% 107* mole® & Hdle] viale] i arginined 0, 1X107% 2X107%,
3%107% 5X107* mole® & £ & FiNstz EH4 1omlE joste B ¥ ascorbic acidE #
0.04mg/mle} @EE7L H =3 msts stk 20°C el A A3 A el A 48u:f HiE
3 thg, 0.22p pore size membrane filter 2 PRSI IS THEsle 476nme] A BHREE @
Eatgth "@xz 30°C, 40°Cell A E—#{EE T35l

PR BREE-D BB/ Hig 558 27 1 ERY A 22 Sartorius absorption

simulatorfl] phase [ ol rifampicin 5x 10 %mole

5 ATHiE 100mle] y#fgstel Wz, phase ] -— p.;eristaltic
1 ATIn# 100mlE 43 ascorbic acid® pump

0. 0O4mg/mle] 7 A =5 WAk RS

HEEE 37X1°CR HErpslsl 4 i 4 5s 10~ B“
15ml/minz A8tz FAHFAA F 10, 30 o'

¥, 60, 100 Fof ATUEEKE 2mld KR phase phase
sho] rifampicing TR BEES WEs L I

gt BIEER phase o] ALBRKSE (A
rifampicin®] FHR-& PisE st o}

2) WBEIY WAl M e i
o 9} Fl—3A EHES f3etelch.  rifampicin N

41.1mg(5Xx107%mole) =i+ rifampicn-arginine

- .._artificial lipid
barrier

Fig. 1—Schematic diagram of Sartorius absorption
complex 58, 5mg(5x107° molei)-& 47 4] o simulator.

[Ai§oll phase ol fishol et
RERRY SR

Complexo| #45E 8! FEEE—rifampicin® Kigifdol 4 FaEsH BikFkol A = ks fEs
o] 3-formylrifamycin SV7} g pH 7.5~9.000 413> F2 Pfks]o] rifampicinquinonee] 3
t}. 28,2 )1} rifampicin® methanols] gAY LEst L2 KR A methanold sl
complexZ #istglch. complex MRS MiRsI7] FHste] LAWBRMBI spectrad HEI R,
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Fig. 29} zro] 3714 isobestic point& 1}e}i}
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&3] complex® 4 F[ifle] interactiono] (%3t
9 Aolmz WM W EEHT 8u ikl
o -y - —_—
RGP Aoz A7E o) FERGHTE
7% f58, Fig 35 ol Hmm BawS
? 110°C 2o A] arginineo| {&3F peaks} =9
2 vebyten} rifampicin-arginine complexy
i e D o] peaks} A}e}z oz w]Fo] o} rifam-
1 Y s
300 400 590 picin®} arginine-2 4] Z interaction-& ¢ oI &
Wave length{um)
Fig. 2—Absorption spectra of arginine and rifam- Ae T A
picin-arginine complex. a3 AR TERSIY sMhE delxr] B3
A r,ifamp_ic,m 1'5x10’5M+arg.m.mC GXIO_‘_’M o] powder x-ray diffraction& 433+ #58, Fig.
B! rifampicin 1.5x 107*M+-arginine 15X 107°M . ) o
C: rifampicin 1.5% 1075M-arginine 30x 10™°M 4o 4] ¢} 3¥o] arginines} rifampicin®- % & #4
D: arginine 2x107°M only fRMEo) v} rifampicin-arginine complex= 3E#E R
,_____/\/\_/ A
: B L\/J\ itU\ !
W, \/\J\MJ‘\,,
| |
| ) |
é C N N
é | ”///ﬂw“\—\%\\\/d
L . . 1 N n <
120 150 w0 P P 5 "
Temp. (°C) 20 (Logree)
Fig. 3—DTA thermograms of rifampicin-arginine system. Fig. 4—Powder x-ray diffraction pattern of
A rifampicin C: rif.-arg. physical mixture rifampicin-arginine system.
B: arginine D: rif.-arg. complex A: arginine B! rifampicin

C: rif.-arg. complex

o2 relykel. o] 22 arginineo] rifampicins} complex¥ @ sto] rifampicing] &5 5IME-&
Wal gt Aoz Al
RAMRe RE—D WMBLLL | rifampicin®] BEBRISMEE arginined (KMd A% vla
RS o FAFE 4 Qo2 arginineo] HMEE O e s WEEE rifampicing} arginineo)
HAEd BER 7253 & Sio. vk Fig 5ol A ek o] rifampicinl argininee] 1:19] Eu)
o) A LB 2B AR 1112 e & 5 ARk
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Absorbance at 475 nm
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Fig. 5—Continuous variation plots of rifampicin to

arginine.
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Fig. 6—Application of slope ratio method reaveals
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2) slope ratio method : rifampicin —5g#& el arginined] FHMES A #Wmatd & « Fig. 6ol
Gehd AAE Eusb 1 IAAE BRE @ity 2 Dlkel A e #imskA @ Ao 24

1:1 #HEe olF2 988 BRYT & At
Complex2| #h8aYy HH—complexE UK,
o] e (DRF o] FFE ol FU+ o

ZE B E B (stability constant) Km:ng (23
3 ko] EHE 4 ot

Km:n
MAF1B 5 AmBn cevveererissinninns (1
(a—mzx) (b—nz) x

L z
T —ma) " (b—nx)”

Km

4714 a,be At B MREC T m,nd
complex?] Mo 24 At BY #fH ETE
vebdi ol ZEE TS complexs] #EfER
) WHEE T sed ART HEEA oA
< Fote HES G e & PR
oA HNEBMeE T ERE BolA d&

3] RS WRERS ERS. Fig
A B de AT ol

fREE L arginined] FHjmiol

R
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oo ERe 2
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Fig. 7—Solubilization of rifampicin by arginine.
solid line: solubility curve of rifampicin in the
presence of arginine at given temperature.
dotted line: solubility curve of rifampicin at
found pH.
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A <3 upe} o] rifampicin-arginine complext A7} 1:10] 22 complex?] HEETH,

Ksz th&st 7ol Frd 4 sk

. (complex) o (Rt) — (Ro)
~ (free rifampicin) (free arginine) ~  (Ro) {(Af) —(O)}

Ks

¢}7]e] 4 Rt arginineg fmstgl & = M3t rifampicine] §BMkEEI v, At jnstel £ arginine
o] ¥, RoE arginined justx & 459 rifampicin FE89] JEMELoI ot C& complexd] &
EZ dr]AE (R)—Ryt At o9 & Fkoz FHe XEEEHE Table [ FRss

[e]

= BE ERYSE XEEERE BT HEe XolnE RANELE ¢ 5 A+t

Table I—Interaction between rifampicin and arginine in water.

Argin)i(n;(:)qa\;}ded Rtx10°M pH found Rox 10°M Rti]l}l\(/)lx Atjogialx Ks
_20°C
0.00 0.10 6.5
1.00 1.09 7.0 0.25 0.84 0.16 2100
2.00 2.03 7.5 0.30 1.73 0.27 2136
3.00 3.10 7.8 0.39 2.71 0.29 2396
4.00 4.11 7.9 0.43 3.68 0.32 2674
5.00 5.10 8.0 0.48 4.62 0.38 2533
_30°C
0.00 0.08 7.5
1.00 0.93 7.6 0.23 0.70 0.30 1014
2.00 1.83 7.8 0.31 1.52 0.48 1022
3.00 2.71 8.0 0.35 2.36 0. 64 1054
4.00 3.66 8.1 0.39 3.27 0.73 1149
5.00 4. 69 8.2 0.45 4.24 0.76 1240
__40°C
0.00 0.05 7.3
1.00 0.84 7.5 0.21 0.63 0.37 811
2.00 1.76 7.9 0. 32 1.44 0.56 804
3.00 2.70 8.1 0.37 2.33 0.67 940
4.00 3.52 8.2 0.40 3.12 0.88 886
5.00 4. 40 8.3 0. 42 3.98 1.02 929
AF=2,303 RT 10g Kseeervvverusenrmnmssrriosrmmmmumisiintiniiuieniiiieeaiiictererisine. ©)
log Ks,/Ks,— 2.‘;‘;21{ ( T%I_T’fl ) ......................................................... @)
AF A — TAS ++eerervnneeerrureaeseersirererrusisessesiosesrssssssesessrnssessessnemsirinesens 5)

714 Ks;, K, Ty, 2 Tl A LZEEERH B), W, )Rz 1y &8 #HBEMH
WS EHste] Table [of #Rstdch
J. Pharm Soc. Korea
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Table II—Thermodynamic data for the interaction of rifampicin with arginine obtained

from solubility data.

Temp.(°C) Ks(average) A4F (Kcal/mole) AH (Kcal/mole) 4S(cal/deg./mole)
20 2368 —4.52 —15.6
30 1096 —4.22 —9.08 —16.1
40 874 —4.21 ~—15.6

@
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¥ : Rifampicin
©: Rif.-Arg. complex

Rifampicin concentration (ug/mb)
ﬂ\
Rifampicin concentration Camz/ml)

¥

- . P P P
1] L1} 100
Time (min)

Fig. 8—Artificial plasma levels of rifampicin after

administration of rifampicin-arginine com-
plex solution in Sartorius simulator (arti-
ficial gastric juice)

o 7] 4 enthalpy change(4H) = rifampicine)
KB THE A e Kaol Bitisl =4 sigel
178 Yol 4] rifampicinz} argiminee] complex
T KT o fHists energyd] %2 A4
4 leor o]d] free energy change(4F)7}
negativeo| .2 H#M KEY-E Jvehic =
2l entropy change(4S) %= rifampicin®] #E5i%
THe Hiael EU==-A FESFReZ &
2w o] entropy change$} rifampicino] argin-
ines} complexZ JpKsle] ©hA AAE g&
w] A7) entropy changeste] ERZ A7
4 eorm o] negativez vehd AL
complex & R FTo2HA F99 E4T B
AAE Bns7 AEd Rz A F
9»,1‘4‘- 3

PEREREE SR BkEE n)
AL %S g HFET Aoz BEe
7}A 5. Absorption Simulatore] 2] HER3l &R,
AT Bugol A rifampicin} rifampicin-arginine
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Fig. 9—Artificial plasma levels of rifampicin after
administration of rifampicin solution and
rifampicin-arginine complex solution in
Sartorius simulator (artificial intestinal

juice).
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Fig. 10—Artificial plasma levels of rifampicin after
administration of rifampicin powder and
rifampicin-arginine complex powder in
Sartorius simulator (artificial intestinal
juice).



18 EE ST

complex?] FHBPHFEEE TG ERE vo|x ¢glrh. ol A& rifampicin-arginine complexs} AT
Bikrfol A rifampicin®] JAARE S} v Lo #HAMMES Jx QU] WEelth 272 rifampicinz}
arginine-2- X% zwitteriono 2 4] pHe} w}2 fEEgIkEES] ko] {k3lo] complexpko]l A&
stsre.2 Ad=nch ma Fig. 8, Fig. 904 B vhsh o] AME 528 HET Fo ERT
B, rifampicins} rifampicin-arginine complex: #HEHEE] B #££7) gy Aoz gyl
Ze v AT 41 2] complex#ie] #B#E £ Fig. 10014 23 whe} zbolrifampicin K
FREES £ 25 ol vk whebA ATkl 4o HEEES ®ine EHEES) Hinel &
Hale Aoz Azldc)

¥

1. Rifampicin® arginines} 1: 15 complexZ o] £ complexJ#gol {3} rifampicine] ¥
BE7b 22 i@instd el 2. o] complexi: [FESHAAES] Al JERERELC T 3. o] complex® HER
BET M YF. 4. o] complexd [FERKEE HEFE ATHRAAS ALREE ZHEEE
rifampicin®] =3 £ RS A @tk )RS ALFRS 2L B complex
£ ¥ARA 7)1 rifampicins} arginined] fREEMKAEZT BEete] A complexo] JEKe]l AsE &
o= An®ch @1 ATERAAY BHEAKEE complex ¥7o] rifampicin #zRE vk #2 {5
winstg el ol A2 WHEES el £RE Aoz Assch
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