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Abstract: Objective To compare the pharmacokinetics of the active ingredients in Fangji Huangqi Decoction (}j C.3% K%, FHT),
and study the mechanism of FHT and tetradrine (TET) on inhibiting concanavalin (ConA)-induced T lymphocytes proliferation.
Methods An ultra-high performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS) technology was used to
detect the plasma concentration of blood components at different time points after rats were ig different doses of FHT and TET, and
the pharmacokinetic behavior was analyzed. The cytotoxicity and cell proliferation inhibitory activity of FHT on T cells was determined
by MTT and 3H-thymidine (*H-TdR) incorporation method. The levels of interleukin-17 (IL-17), IL-2 and y-interferon (IFN-y) in the
supernatant was determined by ELISA. The numbers of regulatory T cells (Treg) was detected by flow cytometry. Results

Fangchinoline, magnoflorine, calycosin-7-glucoside, liquritin, astragaloside IV, glycyrrhetic acid and TET were the main components
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of FHT that entered the bloodstream in rats. Except for fangchinoline, the absorption of other six ingredients in the body were dose-
dependent. TET, fangchinoline and glycyrrhetinic acid in the body had a slow absorption rate, a slow elimination rate and a long
residence time [mean retention time (MRT) > 10 h, clearance rate (CL) < 8 L/(h-kg)]. Magnoflorine, calycosin-7-glucoside and liquritin
were rapidly absorbed, quickly eliminated, with a long residence time [ 7max < 1 h, MRT < 5.2 h, CL > 50 L/(h-kg)]. In comparison to
single component administration, the absorption of TET in FHT was increased, while the elimination rate was decreased. FHT inhibited
the proliferation of T lymphocytes, significantly reduced the levels of proinflammatory cytokines IL-2, IL-17 and IFN-y in cell
supernatant (P < 0.05, 0.01), increased the number of Treg differentiation (P < 0.05, 0.01). TET, one of the major compounds of FHT
that entered the bloodstream, could decrease the content of IL-17 in cell supernatant and increase the number of Treg differentiation
(P <0.05,0.01). Conclusion The characteristic components of the monarch drug Fangji (Stephaniae Tetrandrae Radix) and Huangqi
(Astragali Radix) are the major blood entering components of FHT. Tetrandrine in monarch drug Stephaniae Tetrandrae Radix has a
synergistic effect with other components in FHT. FHT can inhibit the proliferation of T lymphocytes, and its mechanism may be related
to its actions in regulating the proliferation and differentiation process of Treg, affecting the activated immune response. Tetrandrine
in FHT may play an important role.

Key words: Fangji Huangqi Decoction; pharmacokinetics; T lymphocytes; fangchinoline; magnoflorine; calycosin-7-glucoside;
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W Astragalus membranaceus (Fisch.) Bge. var.
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TTTT T frrrrryrrrrrrrrrrorer | LI U L B B B B B A
0 2 4 o6 8 10 0 2 4 6 8 10 0 2 4 6 8 10
t/min t/min t/min

AZF ALK A+ WAR: B-2 AILRHR A B+ Wb C-452 45 min J5 IV MLRRER + PWhR: 1RZ24608: 2-B Cilbkid: 3-WB7 i 4-B&
SR AT, S-H A 6T T-HEIR: 8-WiF.
A-blank plasma with internal standard; B-blank plasma with mixed standards and internal standard; C-plasma sample at 45 min postdosing with internal
standard; 1-magnoflorine; 2-fangchinoline; 3-tetredrine; 4-calycosin-glucoside; 5-liquritin; 6-astragalosid; 7-glycyrrhetic acid; 8-internal standard.
1 KR ig o RKZFMFZHEMRE UPLC-MS/MS &t
Fig.1 UPLC-MS/MS spectrum of plasma samples after ig Fangji Huangqi Decoction in rats.

*1 KRMEH 7 MESH&METEREMEER

Table 1 Linear ranges and quantification limits of seven components in plasma of rats

L% EYERp R? LR VI (ug L) EmfR/(ug L
AR ZIET Y=0.035 7 X+0.001 9 0.995 8 0.29~37.50 0.29
5 L5 PR Y=0.009 1 X+0.001 2 0.999 5 0.57~75.00 0.57
¥ b7 Y=0.091 0 .X+0.003 8 0.999 8 0.73~375.00 0.73
8 R A B Y=0.012 5 X+0.000 7 0.999 4 0.29~37.50 0.29
HE Y=0.006 2 X+0.004 4 0.996 6 0.73~93.75 0.73
TS Y=0.004 3 X+0.000 5 0.999 9 0.29~150.00 0.29
N ¥Y=0.002 1 X+0.000 5 0.999 5 2.20~2 250.00 2.20
F2 KRMM¥EH 7FHERSHEEE. EBERMNE R
Table 2 Precision, recovery rate and matrix effect of seven components in plasma of rats
JEBREE (= AEREE (p=
W ke SO S R G e, s
KR 2ELETH 0.75 87.36 5.7 88.33 1.5 96.78 +8.82 111.95+6.25
3.75 85.79 0.4 85.14 0.7 100.43+7.71 107.71+5.49
7.50 88.77 0.4 88.74 1.7 106.60+6.37 107.97+2.88
30.00 87.11 1.3 87.56 1.5 113.04+5.09 106.881+1.99
Bi7 O v AR 3.00 89.29 3.2 86.42 1.6 91.60+14.08 81.31+12.43
15.00 86.95 3.2 85.35 2.7 100.1345.55 82.95+8.41
30.00 91.35 4.6 88.05 3.3 103.78 +7.20 87.52+11.63
120.00 88.22 5.0 85.54 22 105.7742.53 84.55+4.19
7 CLB 7.50 86.46 0.5 88.30 1.2 104.58 +11.04 57.1548.03
37.50 91.13 1.3 90.50 1.7 103.4944.83 52.3345.36
75.00 92.66 1.2 92.57 2.4 108.64+3.95 55.1943.63
300.00 85.43 0.6 85.40 1.4 111.6843.14 64.76+1.93
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2 (&
B PR R — A EE 2R —
W PR (ug L) %ﬁpgﬁ?g /BZ i E;é?@?f . I« LR T VT
8 S TR R R A 0.75 85.90 3.0 87.42 0.8 86.90+5.23 111.56+6.16
3.75 88.50 1.0 90.57 3.7 94.881+4.84 97.31+4.97
7.50 92.12 0.4 93.21 1.9 100.25+4.48 95.5942.54
30.00 89.71 0.4 91.94 4.1 99.9742.65 94.2842.56
HE 1.87 88.44 1.9 91.81 45 91.91+11.51  109.74+6.71
9.35 93.58 8.8 101.40 3.5 102.48+7.97 106.86+2.41
18.70 95.74 10.9 105.50 3.4 105.4446.79 101.914+2.42
74.80 85.46 3.6 89.33 3.9 104.95+4.08 110.44+2.90
TS 3.00 89.02 2.6 92.06 6.4 103.07+5.44 86.161+13.28
15.00 92.27 0.6 90.02 23 102.41+1.03 85.01+6.29
30.00 95.50 0.8 93.34 2.5 106.98+4.78 88.56110.69
120.00 88.79 0.7 87.67 1.4 104.81+1.74 99.594+2.96
HEIRR 45.00 95.86 0.6 98.64 2.4 103.00+6.14 112.50+4.02
225.00 100.39 0.8 103.63 3.8 99.5442.00 103.914+7.81
450.00 99.12 0.2 103.87 5.4 99.62+3.74 96.51+8.50
1 800.00 87.29 1.0 90.26 4.1 100.98+2.31 101.024+10.52
=3 KRIM#ETH 7MHESHFEEN (XLs,n=5)
Table 3 Stability of seven components in plasma of rats (X + s, n=15)
‘ R — 4E°§Eﬁz§ 24h _ 2;‘:05@ 12h _ —2(;’973@ 15d _ 31@%%&?}@%
L%y (ngl ) %wﬂ‘ﬂfﬁ%‘zﬁ‘zlﬁ/ — SR E_Y]&E/ T % SR E_vlf&}ﬁ/ — %z}ﬂﬂfﬁiz_ﬂﬁi/ T %
(ng'Ll™) (ng'l™) (ng'l™) (ng'L™)
ARZEIET 0.75 0.6440.02 85.31 0.82+£0.04  109.10 0.76+0.03  101.75 0.79£0.03  105.76
3.75 321£0.16 85.47 4234017 11274 4214014 112.19 4314015 114.98
7.50 6.64+0.52 88.49 8.62+£0.16  114.87 790+0.12  105.28 8.38+0.17 111.77
30.00  25.874+0.22 86.25 32.94+121  109.78 30.84+132 10279  32.94+1.68  109.81
B 2LV M 3 2.7740.09 92.42 347£0.09  115.57 343+0.02 11427 338£0.06 112.73
15 12.71+£0.70 8470 17.06+£025  113.75 1594+144 10628  17.11+£037  114.08
30 26.5612.05 88.53 34.4840.16  114.94 33324070 111.06  32.81+£1.41  109.35
120 102.76+2.82 85.64 135042295 11253  12921+3.83 107.68 127.14+3.94  105.95
b 7.5 6.66+0.34 88.76 8.63+0.66  115.04 8461038 11276 8.60+0.30  114.67
375 34.00+1.51 90.68 37.83+8.75  100.87 42244089  112.65  38.27£223  102.06
75.0 69.05+2.82  92.06 85.82+4.99  114.42 83.824+0.85 111.76  83.47£0.59  111.29
3000 255.02+1.21 85.01  312.38%599 10413 306.54+11.80 102.18 313.58+4.66  104.53
ERFH I 0.75 0.6620.06 87.36 0.65+0.03 86.34 0.6410.03  85.48 0.6610.02  88.11
ks 3.75 3.2840.14 87.48 3.24+0.03 86.28 3204009 8543 3494023 9297
7.50 6.93+0.16 92.37 6.39+0.61 85.15 6.68+0.14  89.09 6.5610.48  87.47
30.00 26841029  89.48 28.89+1.17 96.30 26224096 8741 28441046 9479
HEY 1.87 1.68+0.59 89.71 1.66+0.14 88.77 1.62+0.09  86.63 1.65+0.08  88.24
9.35 9.15+0.74 97.85 8.04+0.22 86.04 82541028 8821 8.80+£0.36  94.09
1870 19.01+£0.92  101.67 16.3020.90 87.14 16701054 8929 16224079  86.73
7480  65.1610.84 87.11 63.6143.05 85.04 63.994295 8554  63.70+1.14  85.16
R 3 2.7440.11 91.31 2.8620.07 95.30 27440.09  91.29 2.8310.06  94.18
15 13.80+£0.34  92.01 16.64+031  110.90 1580+£047 10536  16.84+043 11225
30 28.40+0.56  94.65 31.14+044  103.81 29.80+028 9932 29.904+2.18  99.66
120 105.71+£1.77 88.09  120.02£2.72  100.01 116414250  97.01 119.84+3.28  99.87
HEXR 45 42924145 9538 50.93+1.73  113.18 51.85+130 11523 51714214 11492
225 223.841+4.89 99.49  257.724£9.09 11454  26020+11.10 115.65 24061853  106.94
450 44553+14.17  99.01 515831771  114.63  498.92+5.14  110.87 499.64+19.47 111.03
1800  1588.554+23.73 8825 1819.79+69.77 101.10 1832.85+84.19 101.82 1813.87+43.66 100.77
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A-RZELENR: B-Bi VGl C-BE T METHIART: D-HEH, BRIV, F-HERR: GAR. . @iy CE i 53 R =R P
OB G L )5, B IR 2%t b
A-magnoflorine; B-fangchinoline; C-calycosin-7-glucoside; D-liquritin; E-astragaloside IV; F-glycyrrhetic acid; G-comparison of drug-time curve of
tetradrine after administration of Fangji Huangqi Decoction at low, modedium and high doses and tetradrine at corresponding doses.

2 KR igPhCEKIAR 7 MBS HZRTEZ (Xts,n=6)

Fig. 2 Drug-time curve of seven compounds in rats after ig Fangji Huangqi Decoction (X £ s, n = 6)
x4 KR ig ICREHFMBECHE 7 HESTNAENFESE (XLs,n=6)
Table 4 Pharmacokinetic parameters of seven ingredients in rats after ig Fangji Huangqi Decoction and tetradrine
(Xts,n=6)

il

% (eke) fmar/h Cod(ugL™)  AUCof(hpgL™)  AUCo-«/(hugL™) finh MRT/ CLLh kg Villokg?)
KEWH 267 0.50£031 3.09£1.51 4361207 4801213 1581061 2261081 89.69150.69  203.33£155.92
4,00 0.71£0.70 3,041 141 6.89£1.58 9.06+2.64 3531103 5.10%£1.17 621241556 302.42464.38
6.00 0.32£0.12 691+4.11 12.7816.63 15.42£8.56 2902098 3.89E1.55 588142821 220.06+162.58
PiCEme 2.67 12002000  20.92+7.73 650.18£234.14 764.81£295.77 17511454 34.57£5.19 5844232 1453616224
400 1943£1590  30.44+839 1020.124275.1 134594441518 23514832 41.95+13.71 4774159 148.94428.19
6.00 9671082  30.59+5.22 95077427258  1259.924542.32 22444974 39.60+12.90 7824237 231.96+57.86
ER R 267 0.2520.07 2094154 0.84£0.72 092£0.72 0294015  0.54£0.17  1594.95+1457.71 731.362844.50
HERE 400 0.29£0.04 2374143 1.73£0.80 2124095 1082087  170£131  640.98+406.27 718.424412.19
6.00 0.24£0.06 777£6.13 3.54£2.69 3.94£2.79 1214027 1504032 53844426386  969.954594.93
HEH 267 0332013 15384833 12.28+7.97 14.80£8.08 0722021 1132028 350.99+179.62  335.18+139.21
4.00 036£028  2331£10.89 28.7248.04 37.72410.78 1622071 250113 1734315443 38230%135.10
6.00 024£003 4137878 43011854 51.70£8.61 1592051 2162040 1802143218 4147114857
HERE 267 4754337 12.11+6.96 577342522 59.62416.51 2044079 5334181 1.9740.61 5494148
4,00 4434407 22444693 154.744:59.68 161.96+64.56 314139 657+1.84 1.2940.80 5.69+3.88
6.00 336£300 472122110 347.80£169.09 44393£190.02 5052539 9551685 0.70£043 436£3.89
HERE 267 14001790 3532415455  3840.881934.84 3425071184145 3361177 10384532 0.01£0.00 0.02£0.01
400 13.00£5.62  804.014217.18 15072.44+802239 1526582£8227.71  5.06+091 16514547 0.00£0.00 0.01£0.01
6.00 9.00£2.76 1063.861257.49 24245.92410980.03 25559.35£13 39271 7.37£261 20.30+6.77 0.00£0.00 0.02£0.01
WECHE 000736 800115  38.30%12.10 78311219282 1167.25£371.63  30.6817.66 48.98+11.80 704£284  291.92462.74
267000 12.00£0.00  87.58145.61  2327.39+1239.91" 2770.02+1569.78" 19.88+3.24" 33.20+3.78 338171 944745151
MUiCH 001103 767£294 45184985 114725436513 1546.48+490.51 24774320 41784321 7924308  274.19+80.34
400000 12.574£538  1333414224"  4081.93+1016.07" 5742.23+3419.01" 16.25+5.05" 31.60+6.88 23841.00%  64.03£21.18"
WECHE 001654 720+3.03  90.22£2093  1941.031463.97  2436851569.34 21271147 36274329 710£1.69  219.96%64.39
6.00000 933+1.03  373.64185.60  9671.8611291.46™ 11523.07+2 17149 19.07£7.53  33.07+10.99 1484028 38.97+11.22"

5 RGN B Ot "P<0.05 P<<0.01.

*P<0.05

**P < 0.01 vs same level of dosage of tetrandrine.
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R (MRT>10h), 3B HAE APy HA Wi
K THBRE NS . TR AR . BT
(P50 28 2 0UEI S, 55 1 ANER fma N 0.5 h,
2 AN tmax 9 4 hs 551 NI IRSORITYR B %
BILLEE 2 A, EHA S A ER TR E b
LT BEIL RIS, fH 35 S AR RN B B SR B
B FEF IR 2580 22 T3 R R A LGB R 119200, 4
I B MRS VH SRS e 5 52 52 07 v HoAth g
SIS . KRB SRR B O A A IR 2 A )
B, ig ANRIFIE B OB R T Ll — ¢4 24 1
H IR A B SR 3 E X, RERE RS
A GRS ML PER . S8R A BT &
WeE 2RI EARSE R C R R AR e . 58—
B 2L, B OB R B ORI R R
FEE B I 0, T R 6 B PR
3.3 MBS EEAX Th SRS ESER
331 BiCE A THREAfE s sk
5 fR, BB REALE 1X107~100 mg/L Xt T ik
EL 4t TG T S AR B F AR

#5 POERKZX T HEHEBRSMHENRE (Xts,n=6)
Table 5 Effect of Fangji Huangqi Decoction on cytotoxicity
of T lymphocytes (X £ s, n=6)

A5 7 E:/(mg- L) A 2/ %
o= — 0.167+0.003 —
i — 0.300£0.013 —
PO 100 0.2461+0.008 41

10 0.265+0.006 26
1 0.314+0.028
0.1 0.296+0.012 3
0.01 0.292£0.022 6
0.001 0.304+0.017 -3
1X 107 0.304+0.017 -3
1X10° 0.298+£0.017 1
1X107 0.282£0.005 13
1X1077 0.288+0.005 9

332 PicmE&ZA T kMg EM R
6 i, BiCHEHE 1X107~100 mg/L %t T ik
C 4 ) G T E A IR, AP BEMHIR R (half
inhibitory concentration, 1Cso) A 1.76 mg/L.

#6 PCHEKAN THEMAEENINIE (Xts,n=6)

Table 6 Effect of Fangji Huangqi Decoction on
proliferation of T lymphocytes (X £s, n=6)

Hl A/ (g L") BE BRI EUcpm 10/ %

A 125+8

ot iR — 4 640+406 —

BicEE® 100 68+10 101
10 219439 98
1 28414708 40
0.1 3 4714540 26
0.01 3 6941685 21
0.001 4106 +581 12
1X107* 41624543 11
1X10° 4369+884 6
1X10° 44744623 4
1X107 452341286 3

3.3.3 BN ConA %S T Itk B 40 i 4
BRIKFRIsEm sk 7 Fos, Sx0Tieg i, wesl
HANHE_EIE TR IL-2 IFN-y F1 IL-17 7K P30 8.7+
B (P<0.01); SRR, BciEzETE
H A 3B IL-2 IFN=-y Al IL-17 7K -2 8 B F%
i (P<<0.05. 0.01), B ¥ Bz fIEAH IL-17 K
SRR (P<0.01), BB IKTIEL IL-2
AIL-17 ZKF B R FEK (P<0.05. 0.01), 3B 2k
HIL-17 K RERFE (P<0.01).

3.34 [PiCE N ConA iFFK) T #KE I Treg
HHMW R 7 fon, S5XRANE, BAH
CD4" CD25" Foxp3 4 bl B .7t & (P<0.01);
AL A, B AR R m
4 CD4" CD25" Foxp3 4 tb ol 5.3 Thmr (P<
0.05. 0.01).

#z7 FFCEKAN ConA iFSH T iR E KR FKFEF Treg BRI (XLs,n=3)
Table 7 Effect of Fangji Huangqi Decoction on inflammatory cytokine levels and Treg count of ConA-induced T

lymphocytes (X £ s,n=3)

Hl A E/(mg-L™") IL-2/(ng'mL™") IL-17/(ng'mL") IFN-y/(ng'mL ") CD4* CD25" FoxP3*/%
xof — 1.215940.023 5 0.101 60.008 1 0.096 2+0.003 8 22.3333+17.8979
A — 8.6375+£0.072 1 0.966 7£0.041 0** 0.120 00.004 1#  107.666 7+26.539 3#
B 0.2 7.184 7405224  0.84831+0.015 9" 0.107 340.000 0 151.000 0+48.041 6

1.0 7.477140.180 1 0.669 74+0.019 7** 0.106 24+0.002 0 306.333 31+81.512 8"
5.0 6.847 1403196  0.709 54+0.015 3 0.101 7+0.001 9" 343.666 7+64.127 5*
B 0.6 8.955140.8452 0.608 440.006 7** 0.1144+0.013 8 280.333 3+61.808 8"

EX AR #P<0.01; SEBALE: "P<0.05 "P<0.01.
#P <0.01 vs control group; P <0.05 P <0.01 vs model group.
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