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grades. Method: A total of 30 batches of Phyllanthi Fructus currently available in the market were collected for
quantification based on such appearance indexes as diameter, thickness, grain weight, and crust colour (L", a’,
and 5" values). The contents of gallic acid, corilagin, chebulagic acid, and ellagic acid were measured by high
performance liquid chromatography (HPLC) , followed by descriptive statistical analysis (DSA) , analysis of
variance (ANOVA) , and principal component analysis (PCA) to determine the importance of each main index
and explore the correlations between the appearance indexes and internal components. The classification standard
of Phyllanthi Fructus product grades was formulated, and its scientificity was verified in hepatocelular carcinoma
HepG2 cells. Result: The correlation analysis revealed that the crust colour L', &', and b° values were
significantly negatively correlated with corilagin, chebulagic acid, and ellagic acid (|r]>0.5, P<0.01) , but
irrelevant to gallic acid (|r]<0.1). Considering the variable coefficient of each index, PCA results, and the
requirement of gallic acid as quality indicator for Phyllanthi Fructus in Chinese Pharmacopoeia, the crust colour
L', @', and b values and gallic acid content were determined to be the classification indexes. The K-means
cluster analysis confirmed that products with crust colour L'<44, a'<7, and »'<10 and gallic acid content >1.6%
could be classified into the first class, and those failing to meet the above requirements into the second class. The
cell experiment demonstrated that the half-maximal inhibitory concentration (IC,,) of the first-class product
against hepatocelular carcinoma HepG2 cells was lower than that of the second-class product. A colourimetric
card was developed based on crust colour L, ', and b" values to provide a visual tool for on-site evaluation of
Phyllanthi Fructus products. Conclusion: This study has initially established the classification standard of

Phyllanthi Fructus product grades, which contributes to guiding price negotiation of Phyllanthi Fructus products

based on quality grade and thus ensuring high quality and high price.
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Table 1 Information of Phyllanthi Fructus
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Table 2 Details of Phyllanthi Fructus samples (x+s,n=3)
i HAA/mm Rid/g  JEE/mm L' a b* WET/%  FRPLE/%  TRERR% AR /%
S1 12.75€1.27 0.93+0.23 3.46+0.72 40.20+£3.62 2.60+1.96 3.2042.11 1.38 0.58 0.85 0.74
S2 12.68+1.27 0.78+0.24 3.04+0.69 43.07+2.82 4.86+1.24 6.90+2.52 2.22 0.33 0.78 0.80
S3 11.86+1.49 0.93+0.28 2.71+0.76 38.87+3.34 2.70+1.42 4.27+1.98 1.69 0.34 0.83 0.77
S4 12.45+1.16 0.8+0.21  2.76+0.69 36.23+£3.22 4.17+1.17 6.17+1.82 1.37 0.36 0.76 0.44
S5 12.33+1.00 0.70+0.15 2.97+0.82 46.07+3.56 5.53+1.33 9.234+2.01 3.06 0.15 0.21 0.56
S6 11.98+1.38 1.08+0.31 2.69+0.8 42.77£2.17 2.00£1.96 2.93+1.77 0.97 0.52 0.96 0.86
S7 11.86+1.36 1.28+0.33  3.19+0.98 41.13+£6.10 9.57+2.33 12.134+2.97 0.42 0.50 0.68 0.60
S8 11.68+1.26 0.98+0.29 2.47+0.74 52.07+4.81 4.40+1.85 6.97+3.45 1.19 0.32 0.70 0.43
S9 12.41£1.59 0.79£0.19 2.46+0.63 40.90+5.31 8.30+2.32 11.63+£3.90 1.78 0.12 0.58 0.67
S10 13.45+1.36 1.08+0.31 2.87+0.82 30.67+2.62 1.80+1.06 2.50+1.31 1.19 0.70 1.21 0.98
S11 12.87+1.88 0.76+£0.23  2.59+0.72 42.47+5.72 8.304+2.28 11.37+4.21 1.97 0.15 0.47 0.63
S12 12.44+1.24 0.91£0.27 2.49+0.59 34.87+3.16 4.13+2.07 5.03+2.47 2.16 0.43 0.87 0.82
S13 12.57+£1.26 0.7+£0.22  2.35+£0.75 39.83+£3.06 5.73+£2.02 8.70+2.32 1.75 0.41 0.73 0.66
S14 13.23+1.56 1.17+0.38  3.18+0.71 35.30+2.53 3.73+1.67 4.30+2.59 1.28 0.33 0.69 0.5
S15 12.13+1.46 0.88+0.30 2.91+0.81 44.23+2.92 4.40+1.40 5.67+£2.92 0.97 0.34 0.78 0.41
S16 14.17+1.54 1.1840.31 2.97+0.86 32.93+2.00 3.33+2.01 4.13+1.94 1.06 0.50 0.88 0.71
S17 12.75¢1.48 0.82+0.20 2.66+0.66 42.73+4.25 6.47+1.25 9.97+3.80 2.33 0.22 0.62 0.58
S18 12.80£1.34 0.90+£0.19 3.24+0.88 43.70+3.31 5.23%1.69 8.90+3.00 2.90 0.15 0.21 0.35
S19 15.45£1.17 - 4.09+0.74 46.47+4.56 9.37+1.96 13.2342.36 0.47 0.09 0.52 0.25
S20 11.23+1.11  0.62+0.14 2.7+£0.71 42.33+4.14 7.73+£0.95 11.67+£3.60 1.45 0.13 0.61 0.73
S21 13.36£1.50 1.1940.29 3.07+0.81 30.20+£2.23 2.13+1.11 2.53+1.31 0.90 0.62 1.17 0.99
S22 12.28+1.15 0.88+0.25 2.91+0.84 33.57+2.67 3.17+1.45 3.47+1.53 1.37 0.35 0.92 0.69
S23 11.95£1.19 0.92+£0.20 3.13+0.71 36.30+2.26 4.37+1.73 5.80+1.86 2.77 0.24 0.68 0.60
S24 12.38+1.43 0.92+0.31 2.82+0.95 33.27+2.21 3.37+0.96 4.53+1.93 2.23 0.44 0.89 0.87
S25 12.76+1.64 0.94+0.33 2.42+0.75 33.60+2.65 2.97+1.66 4.33+1.47 2.41 0.47 1.06 0.99
S26 12.11+1.5 1.11£0.41  2.79+0.81 40.27+2.49 2.93+1.80 4.20+2.20 1.88 0.49 0.89 0.79
S27 12.31+1.47 0.96+0.28 2.89+0.93 37.53+3.51 4.50+1.27 7.2742.30 2.12 0.45 0.73 0.77
S28 11.64+1.21 0.97+0.30 2.7+0.83  38.90+2.64 4.33+1.21 6.40+1.69 0.98 0.44 0.86 0.67
S29 12.96+1.37 1.05+£0.29 2.840.74 37.23+1.65 5.10+2.01 7.07+1.55 1.35 0.41 0.71 0.72
S30 12.19+1.25 0.81£0.22 2.4+0.65 43.83+3.10 5.13+1.41 8.73+3.23 2.77 0.24 0.68 0.60
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Fig. 1 HPLC chromatograms of Phyllanthi Fructus (S14)
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Fig.2 Heat map of appearance index measurement results of Phyllanthi Fructus
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Table 3 Descriptive statistical analysis of 30 batches of Phyllanthi

Fructus
b7 no BUME BRI B R
/%
H AR /mm 30 1123 1417 1247  0.60 5
R /g 29 0.62 1.28 093  0.16 17
JE & /mm 30 235 3.46 280  0.29 10
L 30 3091 4956  39.03 447 11
a 30 238 102 458 187 41
b 30 3.49 1349 655 254 39

BETFm/% 30 0.42 3.06 1.68  0.71 42
WRRI /% 30 0.09 0.70 036  0.16 44
WEER /% 30 0.21 1.21 0.75  0.22 29

BEAETR 1% 30 0.25 0.99 0.67 0.18 27
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R5 FHFEEREIRSHTHEE

MR AR H T P H ZAE AR o AL GERT A BLAS
PHIEE ST, B B T MO R AR, 7 1 3 il
HR G 3 DRI T8 2 U BB 42 418 4 A 1 20 114 25 2 0
SE , PRI S AT B 5 AT | i RO B Y R A LA B
e 455 2020 4F R (b [ 24 3 ) L E DAY T IR Y
B AR o, HAR BB A — R E
TR IR AT BN BEAE IR B R SR A B R
R E RO EETREEMEIRE T 2%
E(aR IS

Table 5 Characteristic value of principal component analysis of each index of Phyllanthi Fructus

B pOACES JE L a b* WETRR RN WRER AR RER BT %
1 0.466 0.688 0.24 -0.75 -0.783 -0.87 -0.464 0911 0.891 0.674 4.975 49.752
2 0.207 0.518 0.762 0.123 0.174 0.08 -0.413 0.066 -0.277 -0.509 1.454 64.297
3 0.571 -0.179 0.353 -0.269 -0.243 -0.178 0.693 -0.201 -0.275 -0.036 1.245 76.744
Fo6 J0HREFAMEIEIRBERESH
Table 6 Correlation analysis of 30 batches of Phyllanthi Fructus
EizRan JERE AR JE L a b BETR  MHAL TRER AL TR
H#E 1.000 0.342 0.575% -0.200 0.084 0.036 -0.237 0.020 0.026 -0.146
b ACEN 0.342 1.000 0.396" -0.398" -0.368" -0.483% -0.550% 0.685% 0.485% 0.242
=953 0.575% 0.396" 1.000 0.046 0.150 0.084 -0.310 -0.057 -0.185 -0.366"
L -0.200 -0.398" 0.046 1.000 0.513% 0.604% 0.076 -0.599? -0.660% -0.635%
a* 0.084 -0.368" 0.150 0.513% 1.000 0.972% -0.052 -0.680% -0.670% -0.531%
b* 0.036 -0.483% 0.084 0.604% 0.972% 1.000 0.081 -0.745% -0.748% -0.555%
WE TR -0.237 -0.550% -0.310 0.076 -0.052 0.081 1.000 -0.379" -0.402" 0.055
T LA 5 0.020 0.685% -0.057 -0.5992 -0.680% -0.745% -0.379" 1.000 0.836% 0.662%
g3l 0.026 0.485% -0.185 -0.660% -0.670% -0.748% -0.402" 0.836% 1.000 0.727%
AR -0.146 0.242 -0.366" -0.635% -0.531% -0.555% 0.055 0.662% 0.727% 1.000

H:VP<0.05,2P<0.01,
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HEAT K-BIE RN W R FRER BB e 22,
BRI POMHEWNET.
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B3 30#EHFHERREREDTIER
Fig. 3 Phylogenetic analysis of 30 samples of Phyllanthi Fructus

RT REFHRK-BERESMHRERERLE

Table 7 Final cluster center values of K-means cluster analysis of

Phyllanthi Fructus
) B E-E L AN
BRIEER7N
1 2
L 36.04 43.76
a 3.37 6.54
b 4.60 9.62
BB TR/ Y% 1.6 1.8

252 R TRMERR AR ERE RS R
WFIEEs R 25 5 A H T 250 I S B, [A] 2% i 5
P v 1 SR R A AT A R A R
N2 2 FHILE O T, BT sl B
B HAR1.2~2 em. A& OFORAR IR , B A4 L
AW RAY 6 4%, A R SRR JE R miffe .
AR E O BERRE T R 6 bR, T ALY i L
A BRI B B, )5 T R 6 M, BT 6, 0T R
B R G RIRTE , M. SRECHIE L'<44,4'<

7,6°<10, W B F R & i >1.6%, 4 48 br il 7] B 9 2
RISy — 25 iy, 4 A48 b A BE TR I 3 2, B O 58 0
TR UL 4,

9u® a0
XX X '0:. &
%:%:: .... ..
@
%o oo oY

s e
A —% 5B S

B4 FESERKEFHBH
Fig. 4 Typical samples of Phyllanthi Fructus of different grades

2.6 AN[ASFE G4 H 7 X HepG2 21 A ) 410 i 4
W SR AR RU R BA R U AE
FHT A g 400 2 g2 4% R Oy i 3 4 1R )
9 R A H 60 988 Hep G2 40 i i 30 #6075 T, A 24
P AR B2 5 R0 o3 bR fE R AT B UE B 5T
2.6.1 ANFEFEHRHFREUY & BEVLIC6 it
AR SFR AT TR (— 5524, Z 5 44t) . 8
WEa 3 S0 AR K 240 5.0 g, & T H 2B,
T AR B 53 %0 50% B W 200 mL, #7720 min
(300 W,40 kHz),3 000 r*min" .L> 10 min( & .02
32 em) , B bW W 35 CCiE 7813 W 4 W, B R T
PSR TR EU R
2.6.2 s IO 40 Hep G2, & HLKE 5%
T4 10% I 4 I3 A1 1% 75 -4% 5 2% 19 DMEM ;5
W 1E 37 °C 5% CO, 95% 1 FIR JE 5514 T 1 55
I3 R 1 0.25% J5E 4 1 G I A0 5 AL A0, IBOG B K
S 0% 40 AR A T S 8 S
2.6.3  CCK ¥k AN W] 55 9 A% H £ B F i i
HepG2 4 f 3§ i i 52 M 0% BRI B2 % 5 mL,
FHEE 5% WK 240 M %% B2 R 2 1x10° 4> /mL B A 96 1L
M, AL 100 L, J& I FL AR H 200 wL PBS ¥ £ ik
VR RO RE o A SR Y Al Al 58 4 By
FEEEBCHI AL S g L BEWR L AR )5 3 0.22 wm B AL 8
B B, i Ll BB B AN [ v B . g e RS IR 3L,
UNETE R VST SRR S PO R R
fL, gk S 15 3% 24 ho R B4R B 1 9% Ik (BRI
AR (A, T RE RS W S IR 45 L) , AL A CCK-8 i
(BRETER TR )10 pL, 4k ZE05 5 4 h, JHEEAR Y
W 450 nm bW G 4.

ik SPSS 21.0 B IR A H R TR
B 21 40 R BE (ICs, ), A B F R — 55 0 S2, 48
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Fig. 5 Effects of different levels of Phyllanthi Fructus extract on

proliferation of HepG2 cells
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Fig. 6 Color chart for quick evaluation of Phyllanthi Fructus

commodity grade
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