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Mechanism studies on solubility enhancement of ibuprofen
by complexation with nicotinamide
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Abstract: The aim of this study is to investigate the effect of nicotinamide (NIC) on the solubility/dissolution
of a poorly soluble drug ibuprofen (IBU), and to explore the mechanism of the formed soluble complex by com-
plexation model, fluorescence quenching and Raman spectroscope. The results showed that NIC could significantly
improve the solubility of IBU, and exhibited an A, type complexation profile. The calculated complexation con-
stants of K., and K;., were 0.24 and 4.00, respectively. In the solution, the fluorescent intensity of IBU gradually
decreased with the increase of NIC, exhibiting the typical fluorescence-quenching phenomenon. The Raman spec-
trum showed stretching vibrations, bending vibrations, and rocking vibrations ascribed to benzene ring of IBU and
pyridine ring of NIC disappeared or significantly shifted, suggested that the soluble complex was formed by dipole-
dipole interaction force between the benzene group on IBU and pyridine group on NIC, resulting in the aqueous
solubility enhancement of IBU. In comparison to IBU alone, the physical mixture of IBU and NIC showed signifi-
cantly higher dissolution rate (1.6-fold) and extent.
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Figure 1 Influence of nicotinamide (NIC) concentration on the

solubility of ibuprofen (IBU) in water
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Figure 3 Fluorescence spectra of solutions containing 0.01 mol-L*
IBU, 0.01 mol-L* NIC, and 0.01 mol-L* IBU with NIC at various
molar ratios (5:1,2:1,1:1,1:2 and 1:5)
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Figure 4 Electrostatic potential at the surface of IBU (a) molecular and NIC (b) molecular

Table 1 Vibrational frequencies of 0.1 mol - L* IBU alone and the complexation with NIC (molar ratio, 1:1). »: Stretching vibration; s
In-plane bending vibration; p: In-plane rocking vibration; «: Out-of-plane rocking vibration; J: Scissoring vibration; z: Twisting vibration;
v,: Asymmetrical stretching vibration; ;. In-plane trigonal radial breathing bending vibration

Frequency/cm™

No. Absorption ascription
Ref. reported!?®! 1BU IBU-NIC

1 1609 1611 - i ptane CCring
2 1453, 1461, 1466 1451 1451 vCC, CH,,,,, 7CH, bending CH
3 1390 1391 1393 JHCC
4 1270,1283 1276,1283 1281 vCCjpg ACH gy IHCC, @HO
5 1258 1257 1251 Qphenyl, p-substituted
6 1188 1186 1190 vCHisopropyl
7 1116,1123 1116 1112 BCHring, CH, CCH, bending CH
8 834 833 833 0,CCC, 31 51aneCCringr PCH, TCH
9 637 632 635 9CCing
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Figure 5 Raman spectra of aqueous solutions containing 0.1
mol - L* IBU, 0.1 mol-L* NIC, and 0.1 mol - L™ IBU with NIC at
the molar ratio of 1:1

Table 2 Vibrational frequencies of 0.1 mol - L™ NIC alone and
the complexation with IBU (molar ratio, 1:1)

Frequency/cm*
No. Absorption ascription
Ref. reported®3  NIC  IBU-NIC
1 1672 1668 - vCO
2 1597 1596 1600 oCCy,y ONC, o, pCH
3 1489 1485 - pCH 5 0CCyipg, ONC i
5 1154 1153 - vCCring, pCHrin, f,;,pyridyl
6 1032 1033 1033 By pyridyl
7 787 787 - ppyridyl, vC i, Conie
8 631 632 632 ppyridyl, pCN, e
9 394 391 393 zpyridyl, oNH,, @C,;,,C.ise
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Figure 6 Intrinsic dissolution profiles of IBU from IBU alone
and physical mixture of IBU and NIC (molar ratio, 1:1) in water

(n=3,X%5s)
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Figure 7 Non-sink dissolution profiles of IBU from IBU alone
and physical mixture of IBU and NIC (molar ratio, 1: 1) in water
(n=6,X%5)
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