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Determination of Main Components in Baihutang with Separation of Different Phase
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[ Abstract] Objective: The phase separation of Baihutang was carried out. The content of mangiferin,
new mangiferin, calciumion, glycyrrhizin and ammonium glycyrrhizinate in the solution phase, the nano phase
and the precipitated phase of Baihutang were measured, so as to define the effect of nanometer particles of
Baihutang on the growth of active components, and explain the mechanisms of Baihutang in potent detoxification

and heat removal. Method: The phase separation of Baihutang was performed by high-speed centrifugation and
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dialysis. The contents of mangiferin, new mangiferin, glycyrrhizin and ammonium glycyrrhizinate in Baihutang
were determined by HPLC. Chromatographic column Diamonsil C,; (4. 6 mmx250 mm, 5 um) was adopted,
with acetonitrile-25 mmol+L" potassium dihydrogen phosphate solution as the mobile phase, and eluted in a
gradient mode. The detection wavelength was 257 nm, the column temperature was 30 °C, and the flow rate was
1.0 mL-min"'. EDTA-2Na solution was used to calibrate the calcium concentration in different phase states of
Baihutang. Result: 1 mL Baihutang nanoparticles contained 483.00 pg new mangiferin, 1 068. 88 g
mangiferin, 219. 93 pg glycyrrhizin and 187. 10 pug ammonium glycyrrhizin, and the content of new mangiferin
and mangiferin accounted for 89.4% and 89. 9% respectively in 1 mL Baihutang. The new mangiferin and
mangiferin in the nano phase were 230. 0 and 23.3 times the true solution, and 8.5 and 14. 4 times of the
precipitation, respectively. The content of calcium ions in Baihutang in the nano phase was higher, accounting
for 86. 9% of Baihutang, and the content of calcium ions in Baihutang and Baihutang in the nano phase was
higher than that in gypsum group. Conclusion: The content of main components in Baihutang in nanometer
phase is significantly higher than that in other phases. The nanoparticles of Baihutang have a solubilizing effect
on the main antipyretic components, such as mangiferin, mangiferin and calcium ions as well as the antitoxic

components glycyrrhizic acid and glycyrrhizic acid. The mechanism of action of Baihutang is related to the

formation of nanoparticles.
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Fig. 1 Flow diagram of separation of aggregate in Baihutang
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Fig. 3 Chromatogram of mixture of standard compounds and

Baihutang

Rl FERT . ERET HET . HEREMNEAEXR
Table 1 Linear range neomangiferin, mangiferin, glycyrrhizic

acid and ammonium glycyrrhizinate

Xif T Hh 22 R? LA/ ng
B Y=23.656 0X+0.748 0 0.999 9 0.04~4.00
RH Y=48.873 2X—0.748 0 0.999 8 0.06+6.00
A Y=8.311 8X—0.188 1 0.999 9 0.02~2.00
W Y=7.122 4X+0.073 8 0.999 7 0.02~2.00

2.2.5 MHEERE RS UWBOR R R
H R CH FRR B 4 Fh A RS TR 10 wL, 3% 2R iE A
6 W, % S RG B R o IR LR 1 3 2% 14 T 06 ThT
L, HRSD 230N 1.9%, 1. 1%,2. 2%, 1. 9%, 4
P AU A B R A

2.2.6 EmEMWRKE WEKEORZEI 60, %
R O AT A o o HERE DU E 4 Fh 3 AL
3R AR o 45 LR oS R e R R O
TR B 1) 7 34 Jit & 53 B0 Bl 540.09, 1 185,97,
251.59,230.31 mg-L", RSD 43 %] 4 0. 9%, 0. 5%,
2.0%,0.5%. RUIZFEHEEWHRL

2.2.7 fRaEMERE %R IRE - H R R
10 pL, 43 % 7 0,2,4,8,16,24 h T AW AH (3512,
0 SR A5 €8 1 UG Y 0 T RRL BT T AR T TR AR L
1 1 @ & RSD 43 5l 8 1.6%, 1. 0%, 1.2%,
1.4%., RUARGE24 hNREERL .

2.2.8 JAERI R RS & AR IR A Y R
HERW 6 1, B0y 1 mL, 43 50 AR & X B8 & 1 T
1 mL, # B E 3R 0 €835 25 (0 AT 0 2, I 2 4 22

Jp A O TR AR S = S 1R R a1 = S G N -
K RSD, 455 L3 2~5

x2 HEREFMEDKEEKE

Table 2 Mean recovery of neomangiferin

-2 [ i
PSR /ug AR /ug IR/ % RSD/%
/%
270.03 540.06 100.01
269.85 540.34 100.18
261.95 540.45 103.15
100.29 1.4
271.32 539.78 99.43
269.81 538.92 99.67
269.73 537.85 99.30
T A 27 270.00 pg.
F3 TREAMERKEIRR
Table 3 Mean recovery of mangiferin
. . 24 [m
Fef it g WA /ng P % RSD/%
R /%
599.13 1192.13 98.83
592.73 1190.78 99.68
598.23 1194.42 99.37
99.92 1.7
575.45 1194.56 103.19
603.21 1196.23 98.84
599.13 1196.67 99.59
A2 600.00 pg.
x4 HEFHOMEEDKRKE
Table4 Mean recovery of glycyrrhizic acid
-2 [l
Hefhit /g WA E/pug  BIRCRE/% RSD/%
/%
127.85 259.78 101.48
124.46 259.64 103.98
121.35 258.64 105.61
102.36 2.0
127.14 258.31 100.90
128.64 259.08 100.34
127.68 260.08 101.85

AR R 130.00 pg.

2.2.9 HFENE BAKD ARG AR
2% 30 AT AR Y A, H IR R Y i SR R
o ae e sk g Bl . irEREm ARG T
AFARS T 4 Fh FE AL & 5. 45 R R, R
D FL W A R UIVE T & iR s > H R
DK AZS T 4R R SR E b R
T R R BT R BN B R 89. 4%,
89.9%, 45 R ILK 6, K 4,
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Table 5 Mean recovery of ammonium glycyrrhizinate

. . 734 [l i
MR /g WA R/pg R/ % RSD/%
/%
114.93 229.35 99.50
113.74 230.72 101.72
117.63 231.27 98.82
100.30 1.4
115.67 230.02 99.43
113.06 230.63 102.23
113.82 228.93 100.10

AR A 115.00 pg.

x6 ARARABHESHFCRE . CRE . HEF HEBEN
RESH(x £ 5,1=3)
Table 6 Contents of neomangiferin, mangiferin, glycyrrhizic acid

and ammonium glycyrrhizinatein BHT and different phase(x + s,

n=3) mg-L"!
Wiy MR ELE RN PIEMS  EERMES
BT 540.03£10.36 483.00+£10.55 56.78+4.90  2.10+0.19
TR 1188.40+1.04 1068.88+9.67 74.22+6.90 45.80+3.55
HoE AR 255.42+5.82  219.93+7.08 24.18+0.84  6.72+1.53
e 230.33+7.79  187.10 £7.02  32.34+2.60  0.87+0.03
2
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B4 BRERZRAEETERNHPLC
Fig. 4 Representative HPLC chromatograms in the order were

BHT,N-BHT,D-BHT and S-BHT
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2.3.2  FER A A B R Y A B R
T 45 5 2 )y CaCO,, By 0. 30 g, it 5 45 ) it i .
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CaCO, fifi H 3 1w ¥ 11 , B R 35 1w 0L 56 Fhe i 2 1,
T8 MR 2 W Ak 12 A GE R R, o7 %) 5 b R
L, Ff B AR CaCO, 58 2 WS iR Jo L i #4 2 JC < 7™
AV H R SR 26 K PR A T I U R
% % 250 mL 8 25 20 FEE AL ARSI G & .
G 2 AR R R A T A RS B4R 5K 0. 20 g,
W1k 0. 07 g FIAUALER 20. 00 g = T BF bk v [5] B AIF
FHBE 2148 75 WA ) 45« FRERCHT 210, 10 g Rk
J£ 4 0. 05 mol- L ) NaOH ¥ 7. 4 mL {ifi H: 58 4
il J5 5% F 2 200 mL &=, 0 A 28 08 /K 2 %) BE 2 )
3. HoAE 05 Bl pH E 4.2~6. 3 (i i 40 {6 =
BAh),
2.3.3 EDTA-2Na® W WtnE JHBEWERE®
A5 X HE 9 W 25 mL B F B AR P, SR fin A K
150 mL, Bt P 515, i 20% S48 AL B A T 45 o 4
88 ) 3E B, EDTA-2Na % 18 175 W i 8 W &
WK R, AR SPATIE 3 WU IOE , &t
S5 EDTA-2Na X % i ¥ B2 4 0. 049 mol- L',
2.3.4  AF P OKBTRES S AW T PRI
A1 0.20 g TREAR T, I #2552 10 mL i #Af H: 78
Sy VR, MK 100 mL 5 W L2038 7R W 1%, BEFE Yy
S105 M 20% H AP IR R W Bk A, L
Jns mL, 045 8 4% 3 48 75 fl3E i, ] EDTA-2Na X
S VAR 0 A VS VR B S T O AR P A T I A 3 Uk
Je WOF- H41H
2.3.5 M R A RIS Tk 2
FI P2 K B R A A K S A8 K B A5 it
i 20 mL T HEJE R b, i A K 2518 5 mL 1 2 % H
BLLTHR 7R WL, A 20% 48 A0 B VA VA 28 U U L
o, B2 IS EALER 5 mL, I AGE 4T K IR
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7, 1 EDTA-2Na X B 43 510 8 bR 3 i 2
SRR, WAEES AT 3 WA B, il 5
TH . H4HEEDTA-2Na X} IR WA H BRI AR
IR B A B 1 AN K AR S B A B 7K B H 5 5
i IHRAXN.
X =(Vy X Cy X My, X 1000)/V,,,,

P X B E & & (mg- L") ; ¥, N EDTA-2Na
X B 09 (mL) 5 €, EDTA-2Na X% B8 7% ¥k 114
e BE (0. 049 mol-L-1) ; M, i 45 B F i A1 XF 43 F it
Vg WFERVAF (mL) o
2.3.6 HBHESHT AE S B A R E 45
FEUH ARSI b B R A KRR R A 3 W T A B
45 B4 51 R 96. 07%, 95. 23%, 95. 66% , V- ¥ {H Ky
95. 66% , b fE 22 M 0. 44% , 75 A 2015 4E h b [ 24
H) G F T S OK B ES AS D T 95% M AE o

e S B T S R e A R R ARG
GOKA A TS B F B S B 1539, 69 me- L,
JR S B gy B0 1770, 53 mg- L AR A S
BTN R P A R Y 86. 9% 5 1 B UK Bl
AR L, (B2 B (B 90 K AR 2 Hp 8 1 Jo )
Wy B, Wk 7.
%7 AEGRAEFAKAS FEKARTISETRENS

(n=3)

Table 7 Contents of calciumion in BHT, nanophase and Gypsum

decoction (n=3) mg-L"!
WAL Mg GRS A K B
1 1 764.00 1554.93 1437.33
2 1 803.20 1502.67 1430.80
3 1 744.40 1561.47 1450.40
3 itig

ARSI F R O TR B AR FULE 3 A
AR S &2 5K, 1 mL HIEG KR £
A H TS IRAT 483, 00 pg, TH A 1 068. 88 pg, HH
1 219.93 pg, H & R 4 187.10 wg 1 45 & F
1.539 mg, Horpogr 22 R 2SR CH R R
B DA RS 8 119 & i o0 i 1 mL F R Y 89. 4%,
89.9%,86. 1%, 81. 2% £l 86. 9%, 44 K AH 2 g =
AT T AR CH B R R R B B R W
230.0,23.3,32.7,215. 1 fi%, ULUEM 8. 5,14.4,9. 1,
5.8f%. 3FMMEMBME TR &R &
i, DL BRI, FR T TN A 5 R 32 A AL
3 TE YR K AR S T i B i AR R 80%~90% ,
T A A 1 o E A 22K K, R TR A RO o 4

REBAFAETAORAE T,

TR AE R O BRI Ok, EK
TEbER 22 AU 1. 2%, (B 1 R o SR 0 5 T
PETF 1. 3745 . PRL, TR0 1 52 3 %o M M A
B . LRI 4 BRI o R R
T REM S S AT KSR B, Wit
L N e SR R SIE A D133 s v e
WA 53 F I AS [ IS /IN T S B0 1 40 1) 43 5 i v S
TSR T A R R B A BN 1 A X Sy
TR, S0k 584.5,422.3,418.4,840. 0 Da'™t,
SRIMT , ENAR 4% BB T B M 48 v, ok — & JHLAY i B2 Ry
X BB T R A 5 AR ORL T O o 2R B F 5 A RR
5 H G T & B KT A 28K 8 4 RR e A £
PR B S5 T 4, R Pl PR R DR AR B
XM A3 T A A U VR T R A AR
AR 3 TR T

SRS AT A R A I AE P T IR A
SH A R0 3 2 AT g R S B R v A KR
W BT e R A AR R 3 ] B R
i 2L 5 H Al B T 1N KR T A 6, A S O R
U R P — 2 R IT R Fe M
Fe'" DL — 7 LU B B U8k S Ak 1 sl gk & S8 e, DAL
S, B A K B T R R I AR LA KRG 1R
BONE PRI ) SR AR A MV R B 43 RT R e
B, ER RINIEER. AR5k E
AW T 1S e A A 5 T AR A A DG A 461 4 o 2K
B B DU AR A = Bk Y 9 KR X R R 3
W AT, A Bk A A 1 R IR 4 K R T
A VR AR %, Koy F W 0 78 W R -5E S5
HAFRHAFEEN R RN ERS RN, B E R
o I AR A B 2 W vk B, S B R ), 3SR T IR YT AL
R R MK AR B R R AR R RS
KAy T BB IR B O T T T AR
Ji SFe 156, BE A5 RS B R4 0GR PR D, 7E 98 ORI 9 i
B AR 2 PP FIRIE . B G0 A ik B AL R
Py 40 KL AR K i T 2800 A5 5 1 A 4N KR 1) BIF 5
IR R EUR IR A WO B, 0T B e v T A
BHESEK M SRS i AR . BRIk, &
T 335 P 0 R 20 W R 9 KR A I R v ) B B 4 A
B FEA S v H R AR AR A R 2R
A3 WH BERR R R R A5 | 3K 48 B 3 4 3 v 4R
AW ARIE e, TOHL B T A 0K ORL Y E B
R o N B 7 07 S o <R a4 o
KR T, TCHLIC R AN Zeta H A7 A8 550 & 45 5
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FEAE o B0 R 2 B 1 R R A

B —Ff R4 CaSO, - 2H,0 BB 4 2K
o2 bk oE T FE I R L T R A PH B 9 3R
iE 8 TR 7 P SGE 0 253585 . (AR (G
FE ) BH B i rh AR 2 O )L 3 AR R X L Y S 5
58 22 4 v TR A F DL G ML T, Ak 22 SCHR G
T8 PHL I A AR B B R . Hh e T AR
A W R LR, PR 1 R T AE I n] e A
FHRmmessaBEhlMEYR MExi".
PRI, A B9 55 X5 1 5 3 T S TR AR 2 00 3 V0 h i i )
J S B S AT SRR AR A K
HETEASEFHSEREL, HAED RAEREY
PAMETSE TSR TATA, TWARY
A 75 ] A S T S A

25 LT IR , (B 9N KR T X R D R
it AR B T R LR RN T L RS R A
R R N B R A B B AR L R PR iR A
PHLH P SCRE . X T 11 R 1 40 KRBT I BIF 5, AR AL
R M2 T R U AR KRR B B AL B ok A
Bl F S BAC 40 K ) 550 B AR ST 0 S B L (H R
SRS AN P A SEL R T F =R SO W 7 1
FHAIL A 75 3 — 25 5% o

(&% k]

0] AR, AR R, SR X b 243 570 50 0 Bk 4 1 78 Y
B2 (1] B/ 5256 7 R AE 40 Rk, 2011, 17 (5) -
264-266.

(2] a5 38, 45 . 1 R B0 -8R 22
[J]. P EE 4R, 2011, 11(8):9-15.

(3] sRORE, B, QNPT . H R 258 R BRI R BF
FE[1]. %24 ,2009,31(8):1272-1275.

[4] ZfFk, 2K, %G .5 . HPLC [WRE H R 4
FIAT RO A B i [T ). v B SE 86 Rl 2 Ak, 2012,
18(12):78-80.

[5] opwg. RAMBRE DS EF S FHMMmR ST
R E T, AL T AL ,2016,43(4) : 82-84.

- 160 -

[6]

[7]

[9]

[10]

[11]

[16]

[17]

[18]

[19]

PN 1 TR RO Je iR N R A 2 TR
P AR I = B2 R B SR (D). de st
BB ks, 2019.
AR T .V B 0 RE A RAO o3 3l 25 FR RS S R R
ZHEIE ISR D] b At PR 25 R4, 2009.
B H A, R FE A KRR, % . 3T HPLC-Q-TOF-MS
PR B B = L e B (1] b B2y, 2016, 47
(12):2061-2068.
ZHOU J Y, GAO G Z, CHU Q Q. Chromatographic
isolation of nanoparticles from Ma-Xing-Shi-Gan-Tang
decoction and  their characterization [J]. J
Ethnopharmacol,2014,151(3): 1116-1123.
T JE A i A AR R R P R TR
ML ST LT ]. TP E 2501 ,2014,17(6) :972-974.
BT, S0 TR, AL JRE 2 M T 0 T AR E K
HHEHERSERT]. R 25788 ,2013,22(4)
472-476.
VEOGTF . WEPE DY Al = Bk 98 K sk 1 i & S AE 25 )
s h i R FHAFSE LD ). 3 R R, 2015.
SR . RE 4 K Ak B 3 (PNINs) (4 ) B8 1) A0 & 4
FRHERTSE[D ], KU g K%, 2010.
BUR L BARLL . BRSO B K R B L AR
AL, A= Fom (% H]) ,2014(4) :27-31.
WIBH AR IMEEI 45 . RO TR BRI -REE L
72 % B 5 4y 48 20 Al KOs ) & O vk i g it T L.
T E 25 ,2017,28(16) :2274-2277.
AR XTGP R S B ) A b s TR A d
KER B LR HERE W5 (D] RO AR rh BHE K2,
2013.
M 3 . T R R LB NS AR AP B 9 B
[D]. dbnt Lt B2 %, 2013.
Wil AR HORE A0, A ORIAR W] B BT T R R A
YKL T 1 A M RAELT]. AR, 2012,29(1)
29-36.
B WL B N R T] R R
2j,2019,14(10):201-203.

[EERE WMSH]



