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Improving Solubility of Famotidine by Cocrystal Synthesis with Nicotinic Acid

ZHANG Yan'?, ZHU Yu-ping’ , ZHANG Shuai-hua’ , ZHOU Xing-tong”, YU Yu’ (1. School of Medicine and Pharma-
¢y, Ocean University of China, Qingdao 266071, China; 2. Qingdao Institute for Food and Drug Control, Qingdao 266071, China;
3. School of Pharmacy, Qingdao University, Qingdao 266021, China)

ABSTRACT :OBJECTIVE This study was focused on obtaining and characterizing cocrystal of famotidine to improve its solubility.
METHODS A new cocrystal of famotidine with nicotinic acid( FAM-NIC) was obtained by solution evaporation. And the FAM-NIC
cocrystal was characterized by single crystal X-ray diffraction, powder X-ray diffraction (PXRD), differential scanning calorimetry
(DSC) , thermogravimetric analysis (TGA) , and Fourier transform infrared spectroscopy (FTIR). In addition, the solubility and sta-
bility of cocrystal were studied. RESULTS The asymmetric unit of FAM-NIC consisted of one molecule of famotidine, nicotinic acid,
and water, and they were connected through hydrogen bonds. FAM-NIC had unique thermal, spectroscopic, X-ray diffraction, and sol-
ubility properties that differed from famotidine. Dissolution studies of the cocrystal showed a 4. 2-fold increase of famotidine solubility,
and FAM-NIC didn’t change the stability of famotidine in artificial gastric juice, at high humidity, at high temperature, and under illu-
mination. CONCLUSION The new cocrystal of famotidine with nicotinic acid obviously enhanced the solubility of famotidine. And
the results can be useful for improving solubility of drugs by cocrystal synthesis.
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Tab.1 Crystal data and structure refinement

Empirical formula

Ci4H0Ng055;

Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta =66. 015°
Absorption correction

Max. and min. transmission
Refinement method
Data/restraints/ parameters

Goodness-of-fit on F2

Final R indices [ >2sigma(I) ]

R indices (all data)
Extinction coefficient

Largest diff. peak and hole

478.57
293(2) K
1.541 784
Monoclinic
P2/c
a=7.6382(3)A =90°
b =34.627 8(14) A =128.479(3)°
¢=10.481 3(5)A =90°
2 170.21(18) A3
4
1.465 mg - m3
3.518 mm !
1 000
2.552 to 66.015°
-9<hs<S8, -40<k=<40, -11<I<I2
3779
3779
100. 0%
Semi-empirical from equivalents
0.790 8 and 0.313 1
Full-matrix least-squares on F2
3779/0/273
1. 050
R1=0.058 7,wR2 =0. 162 8
R1=0.069 2,wR2 =0.176 2
n/a
0.368 and -0.358 e. A -3
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Tab.2 Hydrogen bonds

D-H...A d(D-H)/A  d(H...A)/A d(D...A)/A <(DHA)/°
N(2)-H(2)...0(3) 0.86 1.83 2.680(3) 171.3
N(3)-H(3A)...0(1) 0.86 2.19 3.007(4) 157.9
N(3)-H(3B)...N(1) 0.86 2.11 2.755(4) 131.7
N(4)-H(4A)...0(2)#Y 0.86 2.08 2.890(4) 156.5
N(4)-H(4B)...0(4) 0.86 1.93 2.789(4) 174.2
N(5)-H(5A)...0(1)#2 0.86 2.54 3.321(4) 151.6
N(5)-H(5A)...0(2) 0.86 2.29 2.874(4) 125.1
N(5)-H(5B)... N(8)#% 0.86 2.22 3.077(4) 172.7
N(7)-H(7A)... O(5)#% 0.89 2.09 2.962(4) 167.7
0(5)-H(5E)... 0(1) 0.85 2.12 2.966(4) 176.0
0(5)-H(5F)... 0(4)#®? 0.85 1.87 2.723(4) 175.8
C(5)-H(5D)... 0(3)#* 0.97 2.53 3.470(5) 162.8
C(14)-H(14)...8(2)#>) 0.93 2.87 3.800(4) 174. 1

R ] TP G R T D#Ix -y +1/2;2 + 1725 Didx -y +1/2,2-1/2;
48 x +1 ,y,2-1;5 D x+1,y,z; 5#5 x-1,y,z +1
Note: ) Symmetry transformations used to generate equivalent atoms: #lx,-y +1/

252 +1/2; D#x -y +1/2,2-1/2; D8 x +1,y,2-1; Y x +1,y,2; D#5 x-1,y,z+1

B 1 FAM-NIC py2k B (A) , 24 B (B) fn Z 4 254 (C)
Fig. 1 View of the asymmetric unit of FAM-NIC( A) ; hydrogen
bonds in FAM-NIC (B) ; view of the 3D supramolecular struc-
ture of FAM-NIC(C)
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IR Spectra of FAM-NIC, famotidine and nicotinic acid
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Fig. 4 DSC Plots of FAM-NIC, famotidine and nicotinic acid
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Fig. 6 Solubility curves in water of FAM-NIC and famotidine
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Fig. 7 Stability curves of famotidine( A) and FAM-NIC(B) in

simulated gastric juice
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Condition drug 4500 Ix 60 C 25 °C,92.5% RH
Inspection item Content/ % Content/ % Weight increase/% Content/ %
Famotidine
0d 99.8 99.8 0 99.8
5d 99.4 99.2 0. 005 98.8
10 d 98.9 98.2 0. 008 97.6
FAM-NIC
0d 96. 8 96. 8 0 96. 8
5d 95.9 95.3 0. 008 95.7
10d 95.4 95.2 0.01 95.3
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