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Fig.1 Dependence of A.,, of clavulanic
acid solution on TBAB concentration,
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The concentration of clavulanic acid was
5%10-*M in methanol/water=1/4(v/v) con-
taining 0 to 10mM TBAB+16 mM NaH,PO,
+4mM Na,HPO,

Fig.2 Chromatographic peak height for a
constant amount of clavulanic acid
at various detection wave lengths.
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Injection volume : 10u1 of 600ug/ml aqueous
solution, Sensitivity : 0.16 aufs, Mobile
phase : H,O/MeOH=5/1 (v/v) containing 5
mM TBAB+0.4mM Na,HPO,+0.6mM Na
H,PO, (final pH7.25)
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Fig.3 Chromatogram of human urine
excreted at 3 hours after oral
administration of BRL25000
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Fig.4 Time courses of urinary excretion
rates for clavulanic acid, amoxicillin,
and metabolites of amoxicillin fol-
lowing single oral dose of BRL25000
to a human subject (J. H.)
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Fig.5 Time courses of urinary excretion
rates for clavulanic acid, amoxicillin,
and metabolites of amoxicillin fol-
lowing single oral dose of BRL25000
to a human subject (T.H.)
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Table 1. Urinary excretion(mg) of clavulanic acid following administration of BRL25000(375 mg)
or an individual dose of 125 mg clavulanic acid(given in parentheses)

Time (hr.) J.H. T.H. H.M. Mean S.D.
0 ~0.5 0.49( 2.40) 1.86( 2.07) 1.56( 1.26) 1.30( 1.91) 0.59( 0.48)
0.5~1.0 14.55(16.50) 11.94(11.35) 8.64( 8.79) 11.71(12.21) 2.42( 3.21)
1.0~1.5 15.30(12.55) 8.18( 9.53) 11.43( 8.19) 11.64(10.09) 2.91( 1.82)
1.5~2.0 8.92( 8.80) 4.53( 6.26) 8.54( 4.49) 7.33( 6.52) 1.99( 1.77)
2.0~2.5 5.86( 5.86) 2.16( 4.03) 5.36( 3.70) 4.46( 4.53) 1.64( 0.95)
2,6~3.0 3.91( 3.99) 1.70( 2.41) 4.28( 2.56) 3.30( 2.99) 1.14( 0.71)
3.0~4.0 4.38( 4.19) 1.98( 2.48) 4.99( 3.37) 3.78( 3.35) 1.30( 0.70)
4.0~5.0 1.55( 2.13) 0.93( 1.35) 2.61( 1.36) 1.70( 1.61) 0.69( 0.37)
5.0~6.0 0.66( 0.80) 0.49( 0.48) 1.10( 0.65) 0.75( 0.64) 0.26( 0.13)
6.0~8.0 n.d.( 1.08) n.d.( 0.73) n.d.( n.d.) — ( 0.60) — ( 0.45)
Total 55.62(58.30) 33.77(40.69) 48.51(34.37) 45.97(44.45) 9.10(10.13)
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Table 2. Urinary excretion(rhg) of amoxicillin following administration of BRL25000(375 mg) or
an individual dose of 250 mg amoxicillin(given in parentheses)

Time (hr.) J.H. T.H. HM. Mean S.D.
0 ~0.5 0.16( 0.14) 6.90( 3.90) 2.84( 3.08) 3.30( 2.37) 2.77( 1.61)
0.5~1.0 13.46( 11.90) 37.30( 26.69) 18.59( 18.94) 23.12( 19.18) 10.25( 6.04)
1.0~1.5 20.35( 39.15) 34.31( 28.94) 26.59( 27.32) 27.08( 31.80) 5.71( 5.24)
1.5~2.0 17.86( 31.13) 22.08( 21.69) 17.41( 17.83) 19.12( 23.55) 2.10( 5.59)
2.0~2.5 15.74( 18.29) 15.18( 15.19) 13.24( 13.38) 14.72( 15.62) 1.07( 2.03)
2.5~3.0 13.37( 13.51) 10.45( 13.59) 13.18( 12.06) 12.33( 13.05) 1.63( 0.70)
3.0~4.0 14.06( 15.89) 10.74( 22.27) 18.96( 15.65) 14.59( 17.94) 3.38( 3.07)
4.0~5.0 5.84( 4.86) 5.89( 10.77) 8.80( 8.14) 6.84( 7.92) 1.38( 2.42)
5.0~6.0 3.41( 2.02) 3.95( 6.09) 4.64( 3.23) 4.00( 3.78) 0.50( 1.71)
6.0~8.0 4.91( 1.52) 4.14( 5.26) 4.09( 3.31) 4.38( 3.36) 0.38( 1.53)

Total 109.16(138.41) 150.94(154.39) 128.34(122.94) 129.48(138.58) 17.08(12.84)

Table 3. Urinary excretion(mg) of penicilloic acid following administration of BRL25000(375 mg)
or an individual dose of 250 mg amoxicillin(given in parentheses)

Time (hr.) J.H. T.H. H.M. Mean S.D.
0 ~0.5 n.d.( n.d.) 0.20( n.d.) nd.( u.d.) 0.07( — ) 0.09( — )~
0.5~1.0 0.59( 0.64) 2.59( 1.74) 1.26( 2.74) 1.48( 1.71) 0.83(0.86)
1.0~1.5 2.08( 3.33) 3.56( 3.15) 3.85( 3.71) 3.16( 3.40) 0.78(0.23)
1.5~2.0 2.45( 4.12) 4.42( 3.24) 3.64( 4.07) 3.50( 3.81) 0.81(0.40)
2.0~2.5 2.49( 3.25) 2.96( 2.49) 3.17( 3.84) 2.87( 3.19) 0.28(0.55)
2.5~3.0 2.46( 2.88) 2.62( 1.86) 3.38( 3.12) 2.82( 2.62) 0.40(0.55)
3.0~4.0 3.57( 4.80) 2.22( 3.32) 6.75( 5.71) 4.18( 4.61) 1.90(0.98)
4.0~5.0 2.09( 3.93) 1.40( 1.86) 5.06( 2.61) 2.85( 2.80) 1.59(0.86)
5.0~6.0 1.65( 1.83) 0.74( 1.06) 3.52( 1.90) 1.97( 1.79) 1.16(0.58)
6.0~8.0 1.30( 2.08) 0.81( 1.35) 1.29( 2.49) 1.13( 1.97) 0.23(0.47)

Total

18.68(26.86) 21.52(20.07) 31.92(30.19) 24.04(25.71) 5.69(4.21)
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Urinary excretion(mg) of penamaldic acid following administration of BR1.25000(375 mg)
or an individual dose of 250 mg amoxicillin(given in parentheses)

Time (hr.) J.IL T.H HM. Mean S.D.
0 ~0.5 n.d. (n.d.) n.d. (n.d.) wd. (nd) - =) - (=)
0.5~1.0 n.d. (n.d.) wd. (nd.) n.d. ((n.d) - =) - (=)
1.0~1.5 0.57 (0.38) 0.38 (0.62) 0.32 ( 0.87) 0.42 ( 0.62) 0.11 (0.20)
1.5~-2.0 0.64 (0.55) 0.53 (0.64) 0.64 ( 1.41) 0.60 ( 0.87) 0.05 (0.39)
2.0~-2.5 0.73 (0.62) 0.62 (0.92) 0.74 ( 1.53) 0.70 ( 1.02) 0.05 (0.38)
2.5~3.0 0.84 (0.71) 0.54 (1.06) 0.97 ( 1.52) 0.78 ( 1.10) 0.18 (0.33)
3.0~-4.0 1.86 (2.11) 0.92 (1.59) 2.14 ( 2.89) 1.64 ( 2.20) 0.52 (0.53)
4.0-5.0 1.18 (1.65) 0.70 (1.25) 1.65 ( 1.66) 1.18 ( 1.52) 0.39 (0.19)
5.0~6.0 0.95 (1.36) 0.89 (1.10) 0.83 ( 0.88) 0.89 ( 1.11) 0.05 (0.20)
6.0~-8.0 1.16 (2.23) 1.14 (1.68) 0.40 ( 1.53) 0.90 ( 1.81) 0.35 (0.30)
Total 7.93 (9.61) 5.72 (8.86) 7.69 (12.29) 7.11 (10.25) 0.99 (1.47)

Table 5. Statistical moments for clavulanic acid and amoxicillin following administration of BRL25000

(375 mg) or an individual dose of 125 mg clavulanic acid or 250 mg amoxicillin

(given in parentheses)

J.H. T.H. H.M. Mean S.D.

Clavulanic acid

Xr (mg) 56.10(58.57) 34.19(40.85) 49.71(35.04) 46.67(44.82) 9.200(10.01)

MRT (hr.) 1.765(1.826) 1.580(1.752) 2.094(1.906) 1.813(1.828) 0.213(0.063)
Amoxicillin

X: (mg) 111.1(138.8) 152.3(157.5) 130.6(124.3) 131.4(140.2) 16.79(13.59)

MRT (hr.) 2.583(2.112) 1.985(2.502) 2.498(2.328) 2.355(2.314) 0.264(0.160)
Penicilloic acid

X: (mg) 19.78(28.84) 21.83(20.99) 33.49(32.21) 25.03(27.35) 6.038(4.701)

MRT (hr.) 3.594(3.715) 2.511(3.162) 3.566(3.477) 3.224(3.451) 0.504(0.227)
Penamaldic acid

X  (mg) 9.221(14.61) 9.146(12.02) 7.862(13.72) 8.743(13.45) 0.624(1.074)

MRT (hr.) 4.912(7.555) 8.191(6.355) 3.785(4.369) 5.629(6.093) 1.869(1.314)
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Fig.6 Time courses of urinary excretion
rates for clavulanic acid, amoxicillin,
and metabolites of amoxicillin fol-
lowing single oral dose of BRL25000
to a human subject (H. M.)
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HPLC ANALYSIS OF CLAVULANIC ACID AND PHARMACOKINETIC
INVESTIGATION ON URINARY EXCRETION OF BRL25000
(CLAVULANIC ACID-AMOXICILLIN) IN MAN

Tovozo Uno, Jun HaciNaka and TEerumicHI NAKAGAWA
Faculty of Pharmaceutical Sciences, Kyoto University

A reversed phase ion pair HPLC method with UV detection has been developed for the determina-
tion of clavulanic acid (CVA) in human urine, taking solvent effects on detection wave length and on
retention behavior on a hydrophobic stationary phase into account. The addition of tetrabutylammonium
bromide (TBAB) to aqueous methanol containing phosphate buffer salts facilitated the detection of CVA
at an accessible UV wave length, and also allowed the specific separation of CVA from endogenous
urinary components.

The time courses of urinary excretion rate for intact CVA, amoxicillin (AMPC), and the latter’s
metabolites [penicilloic acid (AMPA) and penamaldic acid (AMPM)] following oral doses of BRL25000
or each of CVA and AMPC separately to healthy human subjects were determined by the established
HPLC method. The statistical moment analysis of the time course curves indicated that when CVA
was dosed in combination with AMPC, 27 to 45% of the dosed amount (125 mg) of CVA was excreted
in the urine as the intact form with the mean residence time (MRT) ranging of 1.6 to 2.1 hours after
administration, while the corresponding values for AMPC were 56 to 73% (including metabolites) and
2.0 to 2.6 hours (for intact AMPC). These results indicate that CVA may undergo less absorption
(and/or a greater degree of metabolism and extraurinary excretion) and faster urinary excretion than
that of AMPC. From comparison of these results with those obtained after administration of
individual doses of CVA and AMPC to the same subjects, it was found that there was no appreciable
pharmacokinetic interaction between CVA and AMPC ascribable to the combination dose, although the
analysis of variance indicated that the difference in the excreted amount of AMPM between individual
and combined doses was significant at the 5% level.



