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Inhibition of transformation from puerarin monohydrate to puerarin
dihydrate by polyvinylpyrrolidones during dissolution
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Abstract: Puerarin (PUE), an isoflavone with anti-inflammation, anti-oxidation and neuroprotection effects,
has been widely applied to the treatment of cardiovascular diseases in clinics in China. In the current study, we
reported that the active pharmaceutical ingredient (API) of marketed products was the PUE monohydrate
(PUEMH). During its supersaturated dissolution, the PUE concentration quickly reached a plateau, followed by
a gradually concentration decrease to another lower plateau. In order to explore the internal mechanism of above
phenomenon, the solid residues after saturated dissolution test were characterized by powder X-ray diffraction
(PXRD), thermal gravity analysis (TGA) and Karl Fisher titration (KFT). PXRD suggested that a novel PUE
crystal different from PUEMH formed during its dissolution, the following TGA and KFT confirmed the generation
of PUE dihydrate (PUEDH) with much lower solubility. Moreover, polyvinylpyrrolidones (PVPK12, PVPK30
and PVPK90) were added in the dissolution medium to investigate their potential inhibition effects on such
crystal transformation during dissolution process. We observed that polymers could inhibit the transformation
from PUEMH to PUEDH and result in much higher PUE concentration level than that in pure water.
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Figure 1 Thermal gravity analysis curves of puerarin monohy-

drate (a) and puerarin dihydrate (b)

W B 7K 2R 25

1.2 MR XG&iT8E HREEE (PUEMH) &
#%152]") PUEDH ) PXRD EEWIE 2 fir.
PUEMH (&l 2a) 1F 20=6.73°. 8.2°. 9.0°. 11.9°,
13.5°, 14.2°, 16.2°. 17.0°. 18.4°. 19.1°, 19.9°,
21.4°, 23.4°, 23.7°H1 24.0°4b H AT FRAEAT B0, %
WAL B W A IR A, kTR — s,
PURDH (K& 2b) HIRFAERT RNy 6.2°1 8.1°, 11.7°,
12.5°, 14.1°, 14.9°. 16.0°. 17.0°. 18.0°. 18.5°,
19.1°. 20.6°. 21.0°. 21.9°. 24.8°, 25.3°, 5 PUEMH
AH G, PUEDH FJ PXRD H U4 450 H A B RT3 5 35
U EAFE, &K ZEMNET PURMH HiEE N
100% HFFAERTH I (23.7°) TH 5.

20.6
185 |
8.1 149 | 24.8
| |
[ [ I
" | ‘V i ‘ |
& | |
; wh A Y / "'ly‘v"‘. ! W L ‘,‘M\" ""‘\’/v,‘\r("".'"""t‘“m’»'Nk"u"“w"w»\»ns{b )
-
5
2 ‘237
\
6.7 19.1 i
A 11.9 170 4 214 || (a)
e N r A SN WA/ .»MN B s NN o Attt
10 20 30 40
20/°

Figure 2 Powder X-ray diffraction patterns of puerarin mono-
hydrate (a) and puerarin dihydrate (b)
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Figure 3 Differential scanning calorimetry thermograms of
puerarin monohydrate (a) and puerarin dihydrate (b)
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Figure 4 Fourier transform infrared spectroscopy spectra of
puerarin monohydrate (a) and puerarin dihydrate (b)
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Figure 5 Raman spectra of puerarin monohydrate (a) and
puerarin dihydrate (b)
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Figure 6 Scanning electron microscopy images of puerarin
monohydrate (a) and puerarin dihydrate (b)
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Figure 7 Dissolution profiles of puerarin (PUE) monohydrate
(PUEMH, a) and puerarin dihydrate (PUEDH, b) in water (n=3)
at37 'C
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Figure 8 Powder X-ray diffraction (PXRD) patterns of puerarin
monohydrate during its supersaturated dissolution. ~PXRD
patterns showing, from bottom to top, (a) 0 h; (b)1 h; (c) 4 h;
(d) 8 h; (e) 24 h; (f) puerarin dihydrte

Table 1 Water content of residues during supersaturated disso-
lution of PUEMH. n=3, x=*s

Sample Water content/% H,O/mol-L™"
PURMH Oh 437+0.23 1.06 = 0.06
lh 5.33+0.28 1.30£0.07

4h 8.06 £ 0.36 1.95+0.09

8h 8.12+0.33 1.97 £0.08

24h 8.52+0.30 2.07 £0.07

PUEDH 8.42 +£0.32 2.04 +0.08

¥hn, #£ 24 h i}, 5 PUEDH fI45 &K & /KE—%,
B PUEMH 7£ ¥ th it #2 # A Wi ) PUEDH %44, 1X
5 PXRD W& R4 .
3 EB4&Yx PUEMH T8 5055 H #5200

37 ‘C%MF PUEMH fEARFAS 10 mg-mL™
PVP /KIEH s il 9 fion, 5
PUEMH £ 47K /1 56 T i e B A B 0 Hh T 2R AR B,
HA R IIANER A PVP 5, PUEMH 7E 1 h /24718
BUAFFRR M HE S, HEEfE PUE MR 4EREA
Az, Hot PVPKO0 A th A5 ) PUE P45k FE ik 3|
B, NTEKHH 1.8 £

¥ PUEMH Id W A0 HH ek 2 i) o B T 4k 0 %
FH, JERARRBARZRAT SRR E, Wk 2, 45
REWH, EEHEAY PVP HIEHA A, 5%
RIS KELE 12 h I RR R R AN, 4dK
¥EYA 1, Bl PUEMH. [At, PVPKI2. PVPK30
Al PVPKOO W] ZEZZ sl #if] PUEMH 7% il f2 )
PUEDH #7457,

PUEMH 7ER[AKREE PVPKOO ¥V HH A7 Hi il
& 10 fion. 5 PUEMH fE4liK (B 10a) #H
e, A BRI FEKRE R EY) PVPKIO )&,
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Figure 9 Dissolution profiles of puerarin monohydrate in-

presence or absence of polyvinylpyrrolidone (PVPs). Medium:
Pure water (a) ; 10 mg-mL™" PVPKI2 solution (b); 10 mg-mL™'
PVPK30 solution (c); 10mg-mL ™" PVPK90 solution (d)
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Figure 10 Dissolution profiles of puerarin monohydrate in
presence or absence of PVPK90. Medium: Pure water (a);
1 mg-mL™' PVPK90 solution (b); 5 mg-mL~' PVPK90 solution (c);
10 mg-mL™" PVPK90 solution (d); 20 mg-mL™" PVPK90 solution
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Table 2 Water content determination of puerarin hydraten in the presence of various PVP by Karl Fisher titration (KFT) after

vacuum-dried at different times. n=3, X=+s
PVPK12 PVPK30 PVPK90
Time/h
Water content/% HZO/m01~L" Water content/% HZO/mol~L’l Water content/% HZO/m01~L"
1 437+0.23 1.08 £ 0.06 4.12+£0.25 1.02 £ 0.06 4.04+0.23 0.99 £ 0.06
2 431+0.34 1.07 £ 0.06 4.43 £0.54 1.10 £ 0.14 4.08 £ 0.34 1.00 + 0.08
4 4.58 £0.38 1.13 +£0.06 4.29£0.29 1.08 £0.07 4.12+0.39 1.02 +£0.10
8 4.16 £ 0.47 1.03 £ 0.06 4.23 +£0.44 1.05 £ 0.11 4.14 +£0.42 1.02 £0.10
12 445 +0.54 1.10 £ 0.06 4.31+0.28 1.07 £0.07 4.18 £0.32 1.04 £0.08
0 DDD @ 0 <[:|><O
Pure water as medium
U> Puerarin dihydrate
Puerarin monohydrate D /!/L D Mj: M
v T P > >
l> Hydrate /]/}/
D Poeratin PVP as medium No puerarin dihydrate
Figure 11 Schematic illustration of potential mechanism for inhibition of the transformation from PUEMH to PUEDH by PVPs during

dissolution
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