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Abstract — To enhance the activity of ibuprofen, amides of ibuprofen, 1-piperazinyl-2-(4-isobutyl-
phenyl)propionamide(Ibu-P.A.) and 1-(4-methylpiperazinyl)-2-(4-isobutylphenyl)propionamide
(Ibu-M.P.), were synthesized and the pharmaceutical properties and the pharmacological activities of
the amides were studied. The lipid:water partition coefficients and pKa values were examined in vitro,
and the antiinflammatory effect, analgesic effects, acute toxicity, and intestinal absorption were studied
for the amides and compared with ibuprofen in vivo. The results are summarized as belows; 1) The
lipid:water partition coefficients of Ibu-M.P. were higher than those of ibuprofen. 2) The calculated pKa
values of ibuprofen and Ibu-M.P. were 5.49 and 8.66, respectively. 3) The antiinflammatory effects of
ibuprofen, Ibu-P.A., and Ibu-M.P. were same intensity, but the duration of the effects of Ibu-P.A. and
Ibu-M.P. were longer than that of ibuprofen. 4) The analgesic effect of Ibu-M.P.was more potent than
those of ibuprofen and Ibu-P.A. in the acetic acid-induced writhing test. 5) The LDgq was 495 mg/kg for
ibuprofen, 187 mg/kg for Ibu-M.P., and over 1250 mg/kg for Ibu-P.A.. 6) The absorption rate
constants(k) and halflife(t1,2) were 0.74(hr-!) and 0.94(hr) for ibuprofen, and 0.72 (hr-!) and 0.96 (hr) re-
spectively for Ibu-M.P..

Keywords (1Ibuprofen, piperazine anhydrous, 1-methylpiperazine, lipid: water partition coefficient,
pka value, antiinflammatory effect, analgesic effect, LDs, intestinal absorption
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Table I— Apparent Partition Coefficients (Papp) of Ibuprofen and Ibu-M.P.

pH 6.8 phosphate buffer pH 8.0 phoshate buffer
ibuprofen Ibu-M.P. ibuprofen Ibu-M.P.
n-hexane 0.28+0.02 2.83*+1.19 0.27+£0.12 2.14* +0.48
carbon tetachloride 1.59+0.45 3.62* +0.79 0.13+0.00 9.85*+9.21
chlorform 7.61+3.73 5.03 +1.42 1.44+0.18 5.27*+2.76

Tbu-M.P.: 1-(4-methylpiperazinyl)-2-(4-isobutylphenyl) propionamide.
Mean + S.D. of five experiments. *:P<0.01.

Table II— Antiinflammatory Effect of Ibuprofen, Ibu-P.A., and Ibu-M.P.on the Carrageenin-induced Articular
Edema of the Rats

Vol. +S.E. increase in mm3 after hours

C

ompound 1 9 3 4 5 6
control 520 +80.0 560+51.0 700+ 70.0 700+ 83.7 780+80.0 860+ 81.2
ibuprofen 40+67.8** 100+ 31.6** 320+128.1 340+60.0** 460 +60.0* 840+107.7
Ibu-P.A. 04+31.6%* 220+ 97.0* 360+24.5%* 480+66.3 260+67.8** 240+ 51.0**
Tbu-M.P. 60+24.5%* 220 +66.3** 260 +24 5** 400+ 31.6** 360+40.0%* 280+ 53.3**

Ibu-P.A.: 1-piperazinyl-2-(4-isobutylphenyl) propionamide.
Tbu-M.P.: 1-(4-methylpiperazinyl)-2-(4-isobutyl) propionamide.
Values of five experiments. *: P<0.05, **: P<0.01.

815 Feilnm ol¥zaslo] 1:0,05 Ibu-M.P, 50
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FAE A (el el 2FFIEL AL RS 10
Fig, 1o} vtelst vl control 3 vl msled 641712
ol F-Z 23] (P=0.8413)& Alolslns A 3PE = ,
F fela ol AAERE vehioln, sl 1oz 3 4 5 0
w23 afoli Bo|lm 9lA] kot 6A]7bHol|E Time (hours)
TR - e S Big. 1— Antiinflammatory effect of sbuprofen, Thu-P.A.
Ibu-P, A ¢} Ibu-M.P,7} olfZ=zafldc} {93t and Ibu-M.P. on the carrageenin-induced artic-
(p<0,01) AEHq AAEZAHS Jehldc AE ular edema of the rats.
282 Table IIoll4 2} 7bo] Fod ko] 30mg/ o Control O Ibuprofen xIbu-P.A.: 1-Piperazinyl-
kgoldl ol esls [buM.P.o AEEH= 2-(4-isobutylphenyl) propionamide.

mlbu-M.P.: 1(4-Methylpiperazinyl)-2-(4-isobutyl-

control & ¥l o Ff4 YA Hepgtond, phenyl) propionamide.

Ibu-P, A. & AEE7} Bolx] sk

50mg/kgs Foid Afolx ol¥=Zzsz o H]%}O:] piperazine anhydrous(Ibu-P, A, )&
Ibu-M, P, = 94 e AEE34E vepgond, $9l3to 2 M 743191, 1-methylpiperazine
Ibu-P, A, = 84 A vehdx] &sdch(P=0, (Ibu-M.P.)& =4 ?a—"—i’ﬂi 4 A (P=0,
1655), 2822 o] 43 A% AFEAE ol¥ze  (0079) TUHEE 4 & UA
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Table III— Analgesic Effect of Ibuprofen, Tbu-P.A.  El ARG #EE8] o5 A7kl wisted plot gt
and Tbu-M.P. on the Acetic Acid-induced Pain 7ol Fig, 284, o) Ao gXe 78 £A45w7
Writhing Test in the Mice. Z o) "zby|e elRzZwlo] (0, 7T41hr 9} 0,935
Compound D<;]s{.e ) No. of Vlgrilihil?ngi S.E. hr, Tbu-M.P.= 0,704 hr‘lﬂ 0,957 hr 4]
(relke) (N Tabe g2 ool Aolrt 5ieE o 4
control - 45.2+4.61(10) o] 7% Thu-M. P, 2| _ﬁ__q—ﬁ_r'l_ﬁﬂﬁ],a Ag 2|7} o] B
ibuprofen 30 25.8+3.01 (5)* _ SN o ol
=N * = effole
Tou-P.A. 30 46.618.69 (5) zaaad gAHes £ 535 Uehisl
Tbu-M.P. 30 13.3+3.53(10)** 27l (pH=6.8) Folxof wslzjge] a8 OI
ibuprofen 50 10.2+2.01 (5)** Bz ago] Thu-M.P, 2ot 22 7o 2lele] 9l&
Tbu-P.A. 50 34.9.+4.83(10) Ao Zax
Tbu-M.P. 50 0.0£0.00 (5)** RAo.2 A,

o Amount as ibuprofen. *: P<0.05, **: P<0.001.
Ibu-P.A.: 1-Piperazinyl-2-(4-isobutylphenyl) propionamide.
Tou-M.P.: 1-(4-Methylpiperazinyl)-2-(4-isobutylphenyl) pro-
pionamide.

Percent remained (%)

10

10 20 30 40 50 60 70 80 90 100
Time (min)
Fig. 2—The log plots of percent remained againt time
in the rat small intestine.
-o- Ibuprofen.
-O- Tbu-M.P.: 1-(4-Methylpiperazinyl)-2-(4-isobu-
tylphenyl) propionamide.
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kg 7 8.90]9}
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