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Abstract: Objective Based on the principle of multivariate precipitation formation in Sanajon Oral Liquid (SOL, =#)2¢ ki),
the stability of SOL was improved by optimizing the selection of stabilizers and evaluating the optimization effect of compound
stabilizers. Methods The centrifugal precipitation amount was used as the key evaluation index, and the addition of disodium
ethylenediaminetetraacetic acid (EDTA-Naz), xanthan gum, and sodium bisulfite were used as the modulating formulations, and the
optimization of the modulating formulations was carried out by one-way experiments and orthogonal experiments; the centrifugal
precipitation amounts, viscosities, chromaticities, and optical parameters as well as the chemical compositions of the SOL under the
conditions of long-term storage before and after the modulation were determined (chebulinic acid, gallic acid, catechin, corilagin,
chebulagic acid, ellagic acid) content to assess the effectiveness of the optimization of the compounding stabilizer. Results The
stability of SOL was significantly improved with the addition of 0.020 g/kg EDTA-Naz, 0.10% xanthan gum and 0.050 g/kg sodium
bisulphite. The precipitation generation of the regulated SOL was reduced by 41.38% (P < 0.01) within 90 d, and the viscosity,
chromaticity and stability of the solution were all improved, and the active ingredients were more stable than those in the unregulated
group. The active ingredients were more stable than those in the unregulated group, and precipitation generation was effectively
inhibited. Conclusion The regulated SOL has good stability during the storage period of up to 90 d. The results of this study provide
an experimental basis for process research and quality control of its formulation development.

Key words: Sanajon Oral Liquid; stability; HPLC; multiple light scattering technique; orthogonal test; chebulagic acid; gallic acid;
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Fig. 1 Multiple precipitation and formation mechanisms of SOL
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Fig. 1 Effects of different levels of EDTA-Naz, xanthan gum and sodium bisulphite on centrifugal precipitation of SOL
(Xxs,n=3)

EDTA-Nax/(g'kg™) BOUTE R /mg R Y% BOUTER/mg WA R (g ke ™) BLUTER/mg
0.010 12.94+0.91 0.10 13.10£0.39 0.010 12.35+0.38
0.015 12.54+0.71 0.20 11.64+0.77 0.050 11.00+0.87
0.020 10.68+£0.31 0.30 14.1540.97 0.100 13.4340.84
0.025 10.93+0.45 0.40 15.03+0.78 0.150 14.67+0.82
0.030 11.834+0.59 0.50 17.03+0.72 0.200 16.13+0.45

SOL &0y iE B 7E EDTA-Na, #s &~ 0.010~
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BOYIE IR ETIE N . X2 T &R K EDTA-Nay,
R EERE T, WISEEE T XENEE XM
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VEERIZRETIE N . /£ SOL s imid v i iR, ey
IO R R B SR, sk o> T RIRERERE 2R, A
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Table 2 Orthogonal experimental design and analysis

results of SOL compound stabilizer

LS Algkg™) B/% Clgkg") D (IRZE) B LUUER/mg
1 0.015(1) 0.1(1) 0.01(1) (1) 14.13
2 0015(1) 02(Q2) 0052) (2 13.46
3 0015(1) 03(3) 0103) (3) 16.32
4 0.020(2) 0.1(1) 0052 (3 12.27
5 0.020(2) 02(2) 0103) (1) 13.79
6  0.020(2) 03(3) 0.01(1) (2 14.62
7 0025(3) 0.1 (1) 0103) (2 13.82
8  0.025(3) 02(2) 001(1) (3) 13.31
9 0.025(3) 03(3) 0052 (1) 13.98

Ki 4391 40.22  42.06 41.90
K 40.68 40.56  39.71 41.90
Ks 41.11 4492 4393 41.90
R 3.23 4.70 4.22 0.00

W 3. PLAESLylE EIE MR E VI TR AR, B0
Ul SOL kR RMAE = bk, SOL gL
DUVE BN, R MR o X6 5 DR B P Al 25 K/
BEAT /M7, 520 SOL FetE 1 1 PR 3R 3 R R v i
fiie > WHR B E 49 >EDTA-Nay, —# %t SOL B0t
WEAH BERW (P<0.05). HBIEL®KHI, &
RAHE R ABICy, BIMERLAEFIE A 0.020
g/kg EDTA-Nax. 0.10% 3 J5 X+ 0.050 g/kg Vi A
BN, SOL [MES OUTIE EfRAK, Ao st

*3 EXIWHESNER

Table 3 Results of analysis of variance

ZERIE CFTRL HEE ¥ Fi

wEE

A 2.132 2 1.066 2 665.083 P<0.05
B 4513 2 2257 5641333 P<0.05
C 2.988 2 1.494 3735.083 P<0.05
R 0.001 2 0.000

2.2 SOL F2E MM RIFMN

B¥E 5K F IBM SPSS 26.0 B A3 T 485047
221 BOUPUEERSER R IEAZ IR T
BRCREFIRC YT, Hl& 5/ SOL #£i, 5K
P AH R B TR A7 90 d, J#EHATIRUE, JBER 90
d WiA¥ERT. J5 SOL S Liltie &3k, 45Kk
4 foRe XTHORIL, 5 SOL 90 d FYTiE A= Bk
SR TR AR E L (P<0.01); 90 d B
HU J5 SOL B§CyTiE &4 518 18.97. 11.12 mg, #H
b2 F, Vi#E 5 SOL Y b | 41.38%. 45
RFRW, SRR E R REBE FEAIC SOL DivE AL, M
T e o ASE 1

Fz 4 SOLBREMHIEER. BEUONEEMFMETL

(X+s,n=3)
Table 4 Changes of centrifugal sedimentation volume and

viscosity change before and after SOL stability modulation

(Xts,n=3)
T3 BOYTIE f/mg ZiZ /(mPa-s)
IFIE)/d AT LR PR W% G

0 0.00£0.00 0.00+£0.00 2.98+0.03 3.76+0.02"
15 5.12+0.52 3.14+1.34" 2.73£0.03 3.72+0.02"
30 10.01£0.20 5.39+0.39" 2.6240.04 3.29+0.02"
45 9.684+0.80 6.37+0.79" 2.5440.03 2.96+0.02"
60 14.16+1.16 8.97+0.44™ 2.47+0.02 2.91+0.03"
75 18.17£0.35 10.84+0.79" 2.52+0.03 2.86+0.03"
90 18.97+0.65 11.124+2.74™ 2.46+0.04 2.92+0.04™

it "P<0.05 P<0.01.
*P<0.05 *"P<0.01 vs before regulation.
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INALTTIAl, —a" RNl b RN 7], +b R
BT, —b RN T ETRNS R ZE, ETOR
R ERAR . Bz E'RHE AN E'=AL?+
Aa?+Ab)2, AR ESNE 3 K, 4R LK
5. gERM, WEERT. S5/ SOL (u)E, AR
PEZES (P<0.05). A3 2H 2 0 i 2 ek B[] 42
KIZWR, FEREmAS. M5 0 SOL Bt %5 It
A REG, Btaicik, RS, XRPREEN
SOL thE e g o

*R5 SOLREMIBIEA. FEEEWL (X+s,n=3)
Table 5 Colorimetric changes before and after SOL stability modulation (X = s, n=3)

It T R
I [)/d L a* b* E' o L a b* E N5
0 48.0+1.0 30.0+1.0 453406 723+1.2 - 473406 23.7+15 433%£12 68.0%+1.3" -

15 40.0+1.0 32.0+0.0 38.7+0.6 642+0.7 - 550%£1.0 260%£00 50.0+1.0 792+£15™ -
30 28.3+0.6 26.7+12 29.0+1.0 48.7%13 - 43.0£1.0 333%06 43.0£00 69.1%£0.6™ -
45 253+12 30.0x1.7 263+3.1 47.0+2.6 - 447£0.6 33.0%00 443%+12 709%0.7" -
60 20.3+0.6 23.0+0.0 193+12 36.5+0.0 - 37.0£0.0 340%+1.0 39.0£00 63.6%0.5" -
75 180+1.0 203+1.2 18.7+12 332407 - 35.74+0.6 34.0%0.0 393+06 62.9%0.7" -
90 157406 227412 16.7+12 32.04+0.8 - 37.0+1.0 343%£12 39.0+00 63.4+0.8" -
HiyEmn E i "P<0.05 TP<0.01.

"P<0.05 *P<0.01 vs before regulation E".

(2) Jrikse%%: DUA 1 4 SOL AFESh, TEAH
7] &AM BLRE, [F]— e s EEMIE 6 Ik, H L7,
a* b RSD fH 554 0.04%. 0.03%. 0.05%, &
WZAN A 2 P A B 6 Al g, H L', o'
b*H RSD 1523514 0.23%. 0.12%- 0.19%, FHHi%
JHEEEMW R AT 0. 1. 24 4. 8. 12, 24
hillE@RE, H L. . b*H RSD 1520514 0.67%-
1.21%. 1.59%, FIAFESAE 24 h N EEERRE .
224 NS ER  ZEOGEUN (multiple light
scattering, MLS) & —MIAILEHER, @i
FIE IR LM EIR, ATPRGHE L HER TR S
AR IS, WK, 2. . LIZFMF
UU5F o B REME IR SO R I RORIAT A 1)
{5 Bbel,

ARSI R H Turbiscan Lab Expert T £ #6525 58
PEHTACICER SOL S 240 A i e TE e TR
ITWAT, IEAERRAE 25 Co WRIEESHWT: &

A AHIE S5 (transmittance, T) N 99.99% (7K),
SERITH RN 1.36, ELLAHPTHH N 1.33. FK
LRI [ 4B EHE K A Turbiscan Easy Soft #ff (hi
A 2.2.0.82, 7£E Fomulancation &) #H47E—
b TN 3 AT U718 BRI OCHE it AR PE )
KEEE B, AFEF2E P45 (turbiscan stability index,
TSI, TSI/, FoRFEmiaE). T GERGEED
MBIk () 5. WHEARXIN:

TSI=2 {2 ulscan(h)—scan,—1(h)[l/H (D
scan,(h) A3k 5 N OGBREE, scan,(h)JYRT 1 AT # )
FEURSE, H FonFESh S

T, ;)= Toe>" 2)

I(d, 9)=2d/300s (3

FESERE M (DL e T B EHEETFME (D
Y5 d 3T Lambert-Beer jE, X HMK (2) (3) fr
TNe HH S cell MNAR, To e S AH IE S Yok
. o RoREBRH, O XoRHUN FE KT
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(scattering efficiency factor).

5 S5 RN 2 Fis . SOL 1% /i B G R A
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HiE e P Re, RPSetiiEEm
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Fig.2 Results of light transmittance changes before (a)
and after (b) SOL stability modulation

SOL 4% J5 IR A2 A A AR B T I 1T B,
(R 6), KPR REIN G, FaEtEiert.

TSI & AL PPAl 2 B4 R AR E TR, BE
W N e e K. R 6 hiEoR, S5 SOL
TSI {EAHECT AR RTRRAG, IR E RIS 2L
$em 1 SOL HikasE k.
225 HPLC g & LR

(D % 25 2FO): 34y Welchrom Cis 4 (250
mmX4.6 mm, 5 pum); VBIAHN 0.2% 5 FRK A -
FE, RABEEBEML, YellifE/F: 0~6min, 5%
BZ; 6~15min, 5%~7%HEE; 15~20min, 7%~
15% % ; 20~25 min, 15%~21%H E¥; 25~31 min,
21%~22%HH % ; 31~41 min, 22% H ##; 41 ~47 min,

&6 SOLREMIEEA. /& TSI FfE
Tablet 6 TSI and particle size before and after SOL

regulation
T 58R TSI A2/ um
BRl/d T WS LB WS

0.00£0.00 0.15£0.00 0.22+0.00"
3.254+0.11" 0.184+0.00 0.24+0.00"
4.80+0.22"" 0.224+0.00 0.25+0.00
45 13.5440.35 8.01£0.36™ 0.23+0.00 0.2740.00"
60 21.994+0.30 8.60+0.38" 0.29+0.01 0.28+0.00
75 26.01+0.26 11.14+0.44™ 0.29+0.01 0.2840.00
90 26.601+0.32 12.08+0.59" 0.28+0.01 0.2940.00

0 0.00£0.00
15 4.691+0.23
30 11.6940.23

ST "P<0.05 P<0.01.
*P<0.05 *P<0.01 vs before regulation.

22%~28% Hf¥; 47~55 min, 28%~32% Hf¥; 55~
60 min, 32%~37%MHE; 60~61 min, 37% FE;
61~62min, 37%~38%H ¥; 62~64min, 38%~
39% FHi%; 64~67 min, 39% FH ¥; 67~70 min, 39%~
45%H Tz, 70~80 min, 45%~65%HEE; KK
N 273 nm; AFURESAN 1.0 mL/min; #EFEEA 10
uL; RN 25 C.

(2D SoF HR T IR ) 45 s A 2 PR ERC B850 R i
i, BTH— 10mL &S, A% 50%I1)
B 661 1 20 1) 55 )T VKR 0.234 /L& TR 0.849
g/L JLAE 0.304 g/L. FTEFI 5T 0.214 g/L. 11224
2 0.373 g/L $FAEHR 0.165 g/L HIXT B S A o

(3) ALy & RS SOL (30
mL) AR EIAEOE (50 mL) H, BL S 000
r/min B0 (BO2FE4E 10 ecm) 10 mine B0 5285
FE 2 1 mL _EERE SmL &3, A 50% H
BEEZY, RIS HiE A .

(4) MR RHELL: R OR A X I VA
4. 8. 10, 12, 15, 20 uL VENEEASGET 04, i
SEEIE R LS IR bR AR AR (X0, AR
NP (YD, ZetilbriE iz, K43 EET 2550
N TIRER Y=84.774 X—0.067 9, r=1.000 0, £
PRI 0.352~7.040 png; BT Y=3 3733 X+
39431, r=0.9999, ZHVuH 3.384~16.920 pg: JL
HRE Y=266.67 X—0.248 1, r=0.999 9, £t
0.858~4.290 pg; FTEF 5 Y=1887.1 X—7.007, r=
1.000 0, ZEPEVEHE 0.804~4.020 pg: iTZENER Y=
128.980 X+1.297 5, r=0.999 6, Z&M:yulE 0.76~
1520 ug; #AEMR Y=2446.5X+8.2644, r=0.9997,
LRI 0.368~1.840 pg.
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(5) EENESERS 2 BEE SOL HEHT 5
PIREAL, R 90 d P B3l HPLC @il 3 Fw,
XA HEAT RN, AH L) & e S5 R LR 7.
SZERRH, IS EBCRR S FFIXT SOL i s & &5
W LR, Y42 J5 () SOL Hir] IR BR A B 5 AT
TR &2 W F T A AEA (P<0.05). T,
JE ) SOL % &FIR. LA R, MRS EES
TGt Em L (P>0.05). VIR R A B iy 5 A
KR, eI A R PR I R R
TE T RN T TR B K 4%, T RES EDTA-

2R
2

ST

N

a

Na, B @R ETHIERA K. W UKW A4
FARTEIR 5 B TR, TR 5 HIBRTERR & B
s TR TR R, RWIE R E IR ZK
fEIE AR WIS, R E IR O B N A A W] e
WA RHATI . 2y B 4L G G R
TERREATHITEE ], B IR (R, HE VA A &R
B, WA R AT Y HDURE . R E A
Hh B R A SE AR AN 3 R Y, R 3 B4 4
ERAARN R, IFREA OGN, Bk
Hytie 5 R,

2

b

0d . . od
15d . 15d
30d L 30d
45d N 45d
60 d . 60d
75d ~ 75d
90d A 90d
(l) 2l0 4l0 6l0 SIO ([) 2I0 4IO 6I0 810
t/min
- FIRIR: 22 BT 3-)LKRER: 4-F Bhint: S5-I 6-HIER.
1-chebulagic acid; 2-gallic acid; 3-catechin; 4-carlagin; 5-chebulagic acid; 6-ellagic acid.
3 SOLREMIEIERT (). /& (b) B HPLC EEfL
Fig. 3 Changes of HPLC fingerprints before (a) and after (b) SOL stability modulation
&7 SOLRBREMFIZRI. REEREFTYIE
Table 7 Content of major quality markers before and after SOL stabilization regulation
[[a€c R AT K/ (mgmL™) W% 5 UK/ (mg'mL )
IFIE/d 7RI BB TIR LR MR WRER B TR e TR LR AR WK SR
0 1.20 4.70 0.14 1.92 0.11 0.17 0.78™ 4.84 0.18 1.94™ 0.13 0.03*
15 1.19 4.63 0.18 1.89 0.09 0.22 0.87" 4.91 0.20 1.97™ 0.12 0.07
30 1.24 4.85 0.17 1.92 0.08 0.22 0.88™ 4.89 0.16 1.58™ 0.14 0.12
45 1.29 4.99 0.21 1.92 0.07 0.25 0.87" 4.85 0.21 1.53" 0.14 0.12™
60 1.31 5.09 0.16 1.96 0.06 0.19 0.88™ 4.99 0.18 1.58™ 0.11 0.11™
75 1.33 5.19 0.12 1.93 0.06 0.16 0.81™ 4.50 0.16 1.78™ 0.09 0.12™
90 1.36 5.29 0.19 1.92 0.05 0.17 0.91* 4.97 0.19 1.57* 0.11 0.15™
HRERTE: *P<0.05 "P<0.01.
"P<0.05 *"P<0.01 vs before regulation.
3 Wit JEURR T AR R S B D TP e 7 R . JE e R A

AT Fea X A 2 IR SOL Az e FIfiLi.
R A E IR bR R . A SRR T
OPTE RN R PP EFR, KA EDTA-Nay. 3¢

IR AN IR A, o R RO AR 2 AT #EAT T LA,
I MXHRACHT  J5 ¥ SOL JEAT K HA 5B 25 14 T 11
BER, BT HIFA B BB IO

Y7 )Py B

ULUEEE
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PSR R ENRED S &, Wik S SOL /£
KIS N A A ARE . SR BR, W
0.020 g/kg EDTA-Nay. 0.10%i% 5 /5. 0.050 g/kg TP
T B E 8 ), SOL B e e MR 5 35 248 - 1 4% 5 1 SOL
90 d K PTvE A B AR B TS E B BRI (P<
0.01), ELUTIEEMENRD T 41.38%. [, SOL

MRGFERR, AR, WME R, ke

FAaE, HEOREEHRE . %S SOL H i+

IR BT LR AR R 55 7y & PRI, X e g

REW SOL A B Rt WG, A e,

IHAE 90 d W RINH R HIASE I . B RCAEE FIH )

EDTA-Na, FULAR R ZANA 24t 2% & SOL H &8

B, JFIRER T R A, SR B T

DA BB Rz —, BILR R IER A

HEREP,

A, B R B I R T 4E R 2 M T IR
SOL Wi &Itk ifae . BT 2m 3 &iiiEid
1B (GG RARBRA . KRR 5T K A S Lo 2R | 2
WERE) ZIAFEMEAEN, BIAR Fi i £Em
AT L2 E R B BCARE /I, Al A R0 ] e
TR E S

Zx B FTIR,  AHIE T g £ 1) 52 O AR E A Ak
0] 7 SOL H Z JeiiiE B8 s A, SOL &1
S, RIhiGE 7 SOL ke i, AU T
SOL H eI, g m 1B . %45
N R T R AR AL T S Be R l, IR 2k L
T B et T EE S,
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