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Abstract: Objective To investigate the effect of three types of precipitation inhibitors (PPI) HPMC K4M, HPMC AS MG and
Soluplus on the pH-induced supersaturated phase behavior of di-tetrahydropalmatine (d/-THP) at oral clinical doses. Methods
dI-THP pH solubility phase diagram and desaturation curve during pH-shift were drawn, and the solubility phase diagram was used
to support d/-THP phase behavior. Area under the concentration-time curve and supersaturation ratio were used to analyze the effect
of PPI on the phase behavior of d/-THP; Polarized light microscope and differential scanning calorimetry were used to analyze the
precipitation properties. Results Under the clinical dosage, the maximum supersaturation of d/-THP during the pH-shift was 3.93,
and the supersaturation was lost over time; HPMC K4M, HPMC AS MG, and Soluplus could all maintain the supersaturation within
180 minutes during the pH-shift dissolution. HPMC K4M, HPMC AS MG, and Soluplus maintained supersaturation levels of 1.19,
1.89 and 1.36 respectively at a concentration of 5%, 1.30, 2.35 and 1.86 at a concentration of 20%, and 1.30, 2.60 and 2.07 at a

concentration of 50%. Polarized light microscopy and differential scanning calorimetry results showed that crystalline precipitation

s B E: 2020-09-25

HEEWE: LA —R¥RE UXSYLXK-ZHYAO0059)

TEEEN: TR (1995—), 2o, Wik, WRFTNENLWHIH IO AL, Tel: 15870782707 E-mail: 1143660823@qq.com

*BIEEE BIER (1967—), #d%, ML, HLASIm, WHFRZH5H ZHAAT . Tel: (0791)87118658 E-mail: lyzlyg@163.com



23

Chinese Traditional and Herbal Drugs %5 513 %5 24 3§ 2020 12 A

* 6189 -

occurred. Conclusion

All precipitation inhibitors can improve the pH-induced supersaturated phase behavior of

tetrahydropalmatine, and this improvement behavior varies with the type and concentration of precipitation inhibitors. HPMC AS

MG has the best effect.

Key words: di-tetrahydropalmatine; precipitation inhibitor; pH-shift dissolution; supersaturated phase; solubility; phase diagram;

maximum supersaturation; HPMC K4M; HPMC AS MG; Soluplus
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Fig. 1 Solubility of d/-THP in different pH buffers at 37
C (xxs,n=3)
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Fig. 3 Concentration-time curve (a), desupersaturation

curve (b) and AUC (c) during pH shift dissolution with 5%
PPI(xts,n=3)
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Fig. 4 Concentration-time curve (a), desupersaturation
curve (b) and AUC (c) during pH shift dissolution with 20%
PPI(xts,n=3)
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Fig. 5 Concentration-time curve (a), desupersaturation
curve (b) and AUC (c¢) during pH shift dissolution with 50%
PPI(xxs,n=3)
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=, WEEMER (B 6) &8 di-THP 1f pH fH%
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AUiE. A 3 B PPLJS, JUIEERE PPT N &)
BEIRTL s AR BUEIKEETS, N 3 Fh PP
g5 BUTIE B % HPMC AS MG <Soluplus<<HPMC
KaM 300, 5 259 5t Bk B — I [A] il 2k 45
—H
252 REIATHENHE OVIRIESEIR Gk &I
e R AR R, W 2.4 TR "pH A 544 180 min
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HPMC K4M

Soluplus

20%

50%- - -

HPMC AS MG

NO PPI

El6 &=HAE PPIH dI-THP 7£ pH 1& 6.50 &+ 481 180 min AYREE (10X 10)
Fig. 6 PLM of dI-THP after dispersing in pH 6.50 buffer at 37 ‘C with and without PPI (10 x 10)

(R R £k 22 PB4, 15 000 r/min (21 380X g) &
O 5 min, WERDTHE, VIERTTHE24 h, AT

FRAS N B R AT
253  Zon {1 & #ik  (differential scanning

calorimeter, DSC)  HUDERFTTIE BN L f5
N DSC #Edtde, 25 CHEIE 1 min; 10 ‘C/min
HWETHRE 170 Co FEREE (K 7). & 7 7750
HPMC K4M. HPMC AS MG- Soluplus 3 Fi4il)
& DL A . dI-THP, i PPI(NO PPD. jil HPMC
K4M (PPI/HPMC K4M). HPMC AS MG (HPMC AS
MG/PPD). Soluplus (PPI/Soluplus) F/JFE 43 5 7E
140.72. 140.67. 138.50. 140.32. 140.32 ‘C ¥
BRI, RWIAFAESS S ATTE, AR A
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—
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—
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26 40 66 SYO 100 120 140 160
7/°C
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Fig. 7 DSC curve of precipitation after using PPI during
pH shift dissolution
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(11.15 mg/mL), # pH fEFEH#H LI MELE] 20 min
I dI-THP 58 & VEfR (478.80 pg/mL) . H45| pH 1H
6.50 MIRER MR I, THERE IR 2N 160.00
ng/mL, FTIERIEME (367.54 pg/mL) Fl A
AR (40.70 pg/mL) 28], BPAbFEFREX, 78
ZAAN e AR S R DTUE,  IRIRG BB A ZE R A
BT RN dI-THP AL SDsE, B8 dI-THP
TEIFIEE b IAAT N REE H pH {ELAH B RS

dI-THP 7E pH B 45256 o iR £ Puidt = 25
mULIE, FEOE S AV R RIRERK, XA R
dI-THP AP AR R, BT 290 s ik 5
LI RN KN Je R ) A 5081, (RIS PPI
) 225 i DAASEA BT i) b g 25 A P e e (e B v i o
MIFIBEXS dI-THP AR B o R R T o2 A
B . ASZIGHF 7T HPMC K4M. HPMC AS MG+
Soluplus X} pH {E %S dI-THP LEAIEN . 3 Fh
PPI ¥R 47 pH i5F dI-THP [ LA, pH {5
Wt s R, SR PPLELEE, I 5% 20%-
50% HPMC K4M. HPMC AS MG. Soluplus J&
AUC20-200 min 77 HIE I T 10.66%- 35.33%- 41.13%-
74.60%- 89.88%- 99.28%- 33.91%- 63.22%- 78.39%.
ANFEJFREWE S HPMC AS MG 4545 35 1 A1 B 2
¥ F HPMC K4M 1 Soluplus . iX F 238 k#3455 i
PN BT R—E, BoR 3 B PPIXHAHAT NI
SRR H FIF AR AR, 5 PPLIRERIE
A5, 5 Etherson 25PURF 5T £5 18 —5. 25 R IFINT &
7 HPMC AS MG 1F F R B

H AT E G SCHRRIE Y dI-THP )57 50 70 %
BT dI-THP R YEZGH, M a3 s i 1
J7 54 dI-THP i gkl 71122 SRS (& 4,
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