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Abstract: Sacubitril valsartan sodium (LCZ696) is an ionic cocrystal drug. The purpose of this study was to
explore the cocrystal features of LC696 by establishing a variety of characterization methods, and thus provide
basic research data for effective quality control. The cocrystal characteristics of LCZ696 and its tablets were
identified by applying analytical means including powder X-ray diffraction (PXRD), fourier transform infrared
spectroscopy (FTIR), Raman spectra (RM), differential scanning calorimetry (DSC) and solid-state nuclear magnetic
resonance spectroscopy (sSNMR). The crystalline water and hygroscopicity of LCZ696 were analyzed by thermo-
gravimetric analysis (TGA), dynamic vapor sorption (DVS), hygroscopicity test and Karl Fischer reaction method.
The results show that PXRD, FTIR, DSC and ssNMR can effectively distinguish the features of LCZ696 cocrystal,
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sacubitril monomer, valsartan monomer, and sacubitril-valsartan (1:1) mixture. RM can be used as a supplementary
approach. Combined with the analysis by TGA, DVS, hygroscopicity test and Karl Fischer reaction method results,
LCZ696 contains 2.5 crystalline water molecules and is very hygroscopic; we recommend that LCZ696 be stored
in an environment with a relative humidity below 60%. By characterizing the crystal features we can establish
quality control measure and evaluate the stability of the drug tablets. This study provides data in support for the

establishment of the LCZ696 quality standard.

Key words: heart failure; sacubitril valsartan sodium; cocrystal; characterization; powder X-ray diffraction;

solid-state nuclear magnetic resonance spectroscopy; dynamic vapor sorption; hygroscopicity
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Figure 1  Structure of LCZ696 (Mr 957.99)
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Figure2 Powder X-ray diffraction patterns of LCZ696 (a), physical
mixture of sacubitril calcium and valsartan (1: 1) (b), sacubitril
calcium (c) and valsartan (d)
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Figure 3  Fourier transform infrared spectroscopy (FTIR) spectra
of LCZ696 (a), physical mixture of sacubitril calcium and valsartan
(1:1) (b), sacubitril calcium (c) and valsartan (d)
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Figure 4 FTIR spectra of physical mixture of LCZ696 and excipients (1:3) (a), LCZ696 tablets 50 mg (b), 100 mg (c), 200 mg (d), excipients

(e), and LCZ696 (f)
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Figure 5 Raman spectra of LCZ696 (a), physical mixture of

sacubitril calcium and valsartan (1: 1) (b), sacubitril calcium (c)

and valsartan (d)
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bl P2 ek 1 X 2y 0855, v TR B AR T
&5
4 DSCH#fr
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113.1 °C, #E75 F 45 foK B #4088 = AN R
152.4 °C, WL RL 1 I mU DX ) T 250 S AN YD e B2t 45
BARBEYI T . 3T HLAK (1) LCZ696 v 35 — AN #4
Vg, A RLFI LCZ696 i Ak 24 W #A U (1) I FH, -4tk k(]
() DSC U HE FE A — B, W 25 W3R 1

HY L.CZ696 J5 8125 F1 100 mg Fi kg Fr 77143 591 25 42
TE 31K, 5 %2 DSC J7 ik ) H M, AN R W FA UG (1) 4% 5
JE # 22 4F 2.0~10.4 I, RSD 4T 0.8%~4.0%. Ll I
W 9% 2 B DSC v 1] 4 51l LCZ696 J5 KL 24 ) & BY, 10 75
B 252 500 Hp L A SR I R R, DUSRTG &
SR A I H s
5 ssNMR 4 #f

P 6 4% LCZ696 J7 K} 2 Aiyb iH  vb 2 T 5 L VD
Bl 45 5 4 vb 1Y EIR AW (10 1) 1) ssNMR K,
LCZ696 Ji A} 24 5 HoAh = ANFE s A B 55 1 X 1, 1 U 5
I, KW LCZ696 JF kL 245 7r 1 A 7, 45 e 1t HE 4T .
V0 E AL 54V I EVR S (10 1) S B S A
Bl P D AR R AR — B, 2% B TR R B S A e

Table 1 DSC experiment results of samples. Peak: Melting point; Delta H: The enthalpy change

Peak 1 Delta H Peak 2 Delta H Peak 3 Delta H
Sample § i §

/°C 13-g* /°C AN /°C AN
LCZ696 - - 113.1 -72.0 152.4 -63.9
Valsartan - - 101.6 -24.8 - -
Sacubitril calcium 72.9 -70.6 - - - -
Physical mixture of sacubitril calcium and valsartan (1:1) 76.8 -16.9 100.7 -14.4 - -
LCZ696 tablet 50 mg 74.1 -25.1 112.7 -9.0 139.0 -1.7
LCZ696 tablet 100 mg 68.5 -9.4 110.4 -26.6 138.2 -13.6
LCZ696 tablet 200 mg 71.3 -9.1 116.7 -28.4 143.0 -8.6
Excipients 83.4 -101.5 - - - -
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Figure 6 Solid-state nuclear magnetic resonance spectra of

LCZ696 (a), physical mixture of sacubitril calcium and valsartan
(1:1) (b), sacubitril calcium (c) and valsartan (d)
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Figure 7  Adsorption-desorption isotherm of LCZ696 by condi-

tion 1
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