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Abstract: In this study, we used a mathematic-based modeling system to screen the cytokines that are
sensitive to Zhuangguguanjie wan (ZGW)-induced idiosyncratic liver injury. The values of 27 cytokines were
used as the data source in rat liver of lipopolysaccharide (LPS) + ZGW group. The aanine aminotransferase
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(ALT) activity value of liver function indexes was used as the outcome evaluation index of liver injury.
Cytokines of ZGW-induced idiosyncratic liver injury were screened using Logistic regression, random forest
method, LASSO Logistics regression and method of combining rule discovery algorithm with LASSO, and
cytokines filtered out were revalued in THP1 macrophage. Susceptible cytokine combinations: interleukin-1 4
(IL-1p), epidermal growth factor (EGF) and interleukin-18 (1L-18) closely related to ZGW-induced idiosyncratic
liver injury were obtained after preliminary screening analysis. The result of revalued in THP1 showed that
the ethanolic extract of ZGW (EtZ) combined with IL-14 or IL-18 synergistically enhanced tumor necrosis
factor-a (TNF-a) secretion in THP1 macrophage, and EtZ combined with IL-18 significantly enhanced
interleukin-6 (IL-6) secretion in THP1 macrophage, but EtZ combined with EGF markedly inhibited IL-6
secretion in THP1 macrophage. The results suggest that the sensitive cytokines that can be characterized in the
ZGW-induced idiosyncratic liver injury are IL-15 and IL-18, which provides a basis for screening the
ZGW-induced idiosyncratic liver injury patients, and a new experimental evidence for clinical safety medication
and risk prevention of ZGW.
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#T (one-way ANOVA), #i4ilfal L t K 5%, P<0.05
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Table1l The comparison 1 of origina indexes between liver injury groups. X +s. 0 represent samples in the Zhuangguguanjie wan

(ZGW)+lipopolysaccharide (LPS) group with alanine aminotransferase (ALT) activity less than 2 times when compared with that of the
normal group. 1 represent samplesin the ZGW+LPS group with ALT activity more than 2 times when compared with that of the normal
group. IP-10: Interferon-inducible protein-10; MCP-1: Monocyte chemotactic protein 1; RANTES: Regulated upon activation normal T
cell expressed and secreted factor; MIP-I a: Macrophage inflammatory protein-l a; MIP-2: Macrophage inflammatory protein-2; TNF- a:
Tumor necrosis factor-a; G-CSF: Granulocyte colony stimulating factor; GM-CSF. Granul ocyte-macrophage colony stimulating factor;

EGF: Epidermal growth factor; VEGF: Vascular endothelial growth factor; IL-1a: Interleukin-1a; IFNy: Interferon-y

Cytokine All (n=46) 0(n=31) 1(n=15) P

G-CSF 3.80+0.92 3.84 +0.99 3.73+0.78 0.690
Eotaxin 74.65 + 8.37 75.16 + 9.53 73.60 +5.35 0.484
Gm-CSF 136.37 + 61.95 137.14 + 70.52 134.79 + 40.90 0.888
IL-1a 476.22 + 145.41 432.66 + 109.41 566.26 + 171.53 0.012
Leptin 1677.78 + 185.85 1665.48 + 210.94 1703.20 + 121.05 0.447
MIP-1a 59.48 + 23.88 52.85+ 15.94 73.18 + 31.46 0.030
IL-4 266.74 + 35.35 272.62 + 38.89 254.60 + 23.26 0.057
IL-18 827.16 + 125.76 793.65 + 110.99 896.43 + 129.66 0.014
IL-2 81.85+ 18.63 8391+ 18.34 77.60 +19.13 0.298
IL-6 4 252.76 + 664.50 4 259.48 + 707.13 4 238.87 + 589.49 0.918
EGF 1.31+0.34 1.31+0.35 1.32+0.32 0.917
IL-13 31.68 + 15.29 3257+ 17.90 29.85 + 7.68 0.475
IL-10 168.95 + 22.26 168.41 + 25.68 170.08 + 13.33 0.773
IL-12p70 87.83 + 15.25 90.50 + 14.82 82.30 + 15.10 0.093
IFNy 964.70 + 171.67 953.19 + 189.16 988.48 + 130.96 0.466
IL-5 68.19 + 23.49 63.49 + 19.28 77.89 + 28.77 0.094
IL-17A 40.61 + 10.07 41.20 + 10.46 39.39+9.43 0.560
IL-18 585.20 + 199.43 520.51 + 135.56 718.90 + 245.04 0.009
MCP-1 883.82 + 113.44 904.86 + 118.21 840.33 +91.72 0.050
IP-10 845.94 + 198.89 796.40 + 178.11 948.32 + 206.17 0.022
GRO 228.54 + 22.60 228.89 + 25.56 227.83 + 15.53 0.863
VEGF 29.96 + 10.85 27.22 +8.10 35.63 + 13.66 0.040
Fractalkine 68.88 + 10.47 69.55 + 10.92 67.50 + 9.68 0.524
LIX 215.41 + 30.44 214.73 + 35.56 216.80 + 16.28 0.788
MIP-2 110.35 +55.37 108.96 + 64.17 113.24 +31.91 0.764
TNF-a 8.56 + 1.70 8.67+1.84 8.33+ 1.39 0.493
RANTES 60.41 + 25.38 62.05 + 29.30 57.01 + 14.53 0.440
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Table2 The comparison 2 of original indexes between liver injury groups

Cytokine All (n=46) 0(n=31) 1(n=15) P
G-CSF 3.80+0.92 3.84+0.99 3.73+0.78 0.690
Eotaxin 74.65 + 8.37 75.16 + 9.53 73.60 £ 5.35 0.484
Gm-CSF 132.44 [94.35, 163.06] 125.09 [94.35, 163.06] 142.08 [99.50, 165.34] 0.787
IL-1a 476.22 + 145.41 432.66 + 109.41 566.26 + 171.53 0.012
Leptin 1677.78 + 185.85 1665.48 + 210.94 1703.20 + 121.05 0.447
MIP-1a 56.61 [43.24, 62.14] 51.90 [41.67, 59.47] 60.50 [53.88, 95.25] 0.045
IL-4 262.99 [240.70, 282.90] 264.11[249.87, 283.71] 248.14[236.41, 270.53] 0.125
IL-15 827.16 + 125.76 793.65 + 110.99 896.43 + 129.66 0.014
IL-2 81.85+ 18.63 83.91+18.34 77.60 +19.13 0.298
IL-6 4 252.76 + 664.50 4259.48 + 707.13 4 238.87 + 589.49 0.918
EGF 1.25[1.06, 1.48] 1.23[1.04, 1.50] 1.31[1.08, 1.48] 0.769
IL-13 29.45[21.14, 35.44] 29.81[20.04, 35.09] 29.10[25.15, 35.44] 0.860
IL-10 165.24 [155.40, 177.63] 162.93 [149.77, 176.37] 174.38[160.21, 178.66] 0.303
IL-12p70 87.83+15.25 90.50 + 14.82 82.30 + 15.10 0.093
IFNy 964.70 + 171.67 953.19 + 189.16 988.48 + 130.96 0.466
IL-5 61.19 [50.90, 84.69] 58.02 [49.41, 81.03] 68.48 [58.02, 96.00] 0.096
IL-17A 40.61 + 10.07 41.20 + 10.46 39.39+9.43 0.560
IL-18 558.12 [451.27, 645.14] 527.92 [427.64, 598.77] 675.68 [538.09, 827.51] 0.005
MCP-1 883.82 + 113.44 904.86 + 118.21 840.33 + 91.72 0.050
IP-10 845.94 + 198.89 796.40 + 178.11 948.32 + 206.17 0.022
GRO 228.54 + 22.60 228.89 + 25.56 227.83 + 15.53 0.863
VEGF 29.96 + 10.85 27.22+8.10 35.63 + 13.66 0.040
Fractalkine 68.88 + 10.47 69.55 + 10.92 67.50 + 9.68 0.524
LIX 215.16 [192.95, 230.50] 209.36 [190.94, 232.45] 218.92 [208.00, 227.35] 0.439
MIP-2 95.66 [80.64, 123.86] 92.16 [74.14, 108.25] 123.24[87.78, 127.29] 0.103
TNF-a 8.56 + 1.70 8.67+1.84 8.33+1.39 0.493
RANTES 54.91 [44.65, 68.87] 54.73[43.99, 69.34] 55.08 [47.25, 65.19] 0.991
Table3 The comparison 1 of converted data between liver injury groups. X +s
Cytokine All (n=46) 0(n=31) 1(n=15) P Cytokine All (n=46) 0(n=31) 1(n=15) P
G-CSF 0.96 + 0.23 0.97£0.25 0.94+0.20 0.690 IFNy 0.97 +0.17 0.96 + 0.19 1.00+0.13 0.466
Eotaxin 0.98+0.11 0.99+0.13 0.97 + 0.07 0.484 IL-5 0.94+0.32 0.87+0.26 1.07 £ 0.40 0.094
Gm-CSF 0.90+0.41 0.91+ 0.47 0.89+0.27 0.888 IL-17A 0.96 + 0.24 0.97£0.25 0.93+0.22 0.560
IL-1a 0.95+0.29 0.86 = 0.22 1.13+0.34 0.012 IL-18 0.94+0.32 0.83+0.22 1.15+ 0.39 0.009
Leptin 0.98+0.11 0.98 +0.12 1.00 + 0.07 0.447 MCP-1 0.98+0.13 1.00+0.13 0.93+0.10 0.050
MIP-1a 0.92+0.37 0.82+0.25 1.13+0.49 0.030 IP-10 0.96 + 0.23 0.91+0.20 1.08 +0.23 0.022
IL-4 0.98+0.13 1.00+0.14 0.94 +0.09 0.057 GRO 0.98+0.10 0.99+0.11 0.98 + 0.07 0.863
IL-15 0.98+0.15 0.94+0.13 1.06 + 0.15 0.014 VEGF 0.93+0.34 0.85+0.25 111+ 042 0.040
IL-2 0.96 + 0.22 0.99+0.22 0.91+0.23 0.298 Fractalkine ~ 0.98+ 0.15 0.99+0.16 0.96 + 0.14 0.524
IL-6 0.98+0.15 0.98 +0.16 0.97+0.14 0.918 LIX 0.98+0.14 0.98+0.16 0.99 + 0.07 0.788
EGF 0.96 + 0.25 0.96 + 0.26 0.96 + 0.24 0.917 MIP-2 0.89+0.44 0.87 £ 0.52 0.91+0.26 0.764
IL-13 0.89 +0.43 0.92+0.50 0.84+0.22 0.475 TNF-a 0.97+0.19 0.98+0.21 0.94+0.16 0.493
IL-10 0.98+0.13 0.98+0.15 0.99 + 0.08 0.773 RANTES 0.91+0.38 0.94+0.44 0.86 + 0.22 0.440
IL-12p70 0.97 +£0.17 1.00+0.16 0.91+0.17 0.093
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b, +b; X

1- p(X) 1- P(Y =1]X) +d



RS ST Gt AR B S AL AR S TR A5 A 5% Sy 8k 4 X1 3 - 579 -

2 Jog p(X) = b, +b,X ° AR m s ) R 3R o ) P R 2 4 1D %4 s s
1- p(X) 17 Logistic [ AT 40 H o 15 58 535 /Ko 0.2, T

P A 05 A R, 27 FOEFREAHIRIA FONT RE a4 SR, RECRA 01 Wald frie P /)

Table4 The comparison 2 of converted data between liver injury groups

Cytokine All (n=46) 0(n=31) 1(n=15) P
G-CSF 0.96 + 0.23 0.97 £ 0.25 0.94+0.20 0.690
Eotaxin 0.98+0.11 0.99+0.13 0.97 £ 0.07 0.484
Gm-CSF 0.88[0.62, 1.08] 0.83[0.62, 1.08] 0.94[0.66, 1.09] 0.787
IL-1a 0.95+0.29 0.86 + 0.22 1.13+0.34 0.012
Leptin 0.98+0.11 0.98+0.12 1.00 + 0.07 0.447
MIP-1a 0.87[0.67, 0.96] 0.80[0.64, 0.92] 0.93[0.83, 1.47] 0.045
IL-4 0.97 [0.88, 1.04] 0.97[0.92, 1.04] 0.91[0.87, 0.99] 0.125
IL-15 0.98 + 0.15 0.94+0.13 1.06 + 0.15 0.014
IL-2 0.96 + 0.22 0.99+0.22 0.91+0.23 0.298
IL-6 0.98+0.15 0.98+0.16 097+0.14 0.918
EGF 0.91[0.77, 1.08] 0.90[0.76, 1.09] 0.95[0.79, 1.08] 0.769
IL-13 0.83[0.60, 1.00] 0.84[0.56, 0.99] 0.82[0.71, 1.00] 0.860
IL-10 0.96[0.90, 1.03] 0.95[0.87, 1.02] 1.01[0.93, 1.04] 0.303
IL-12p70 0.97 +0.17 1.00+ 0.16 0.91+0.17 0.093
IFNy 0.97 +0.17 0.96 + 0.19 1.00+0.13 0.466
IL-5 0.84[0.70, 1.16] 0.80[0.68, 1.11] 0.94[0.80, 1.32] 0.096
IL-17A 0.96 + 0.24 0.97 £ 0.25 0.93+0.22 0.560
IL-18 0.89[0.72, 1.03] 0.85[0.68, 0.96] 1.08[0.86, 1.33] 0.005
MCP-1 0.98+0.13 1.00+0.13 0.93+0.10 0.050
IP-10 0.96 + 0.23 0.91+0.20 1.08 + 0.23 0.022
GRO 0.98+0.10 0.99+0.11 0.98 + 0.07 0.863
VEGF 0.93+0.34 0.85+0.25 111+ 042 0.040
Fractalkine 0.98 + 0.15 0.99 + 0.16 0.96 + 0.14 0.524
LIX 0.98[0.88, 1.05] 0.95[0.87, 1.06] 1.00[0.95, 1.03] 0.439
MIP-2 0.77[0.65, 0.99] 0.74[0.60, 0.87] 0.99[0.70, 1.02] 0.103
TNF-a 0.97+0.19 0.98+0.21 0.94+0.16 0.493
RANTES 0.83[0.68, 1.04] 0.83[0.67, 1.05] 0.83[0.71, 0.99] 0.991
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Figure 1 Scatter plot of significant correlation cytokines from raw data without (A) or with (B) conversion. The red dots represent
samples in the ZGW+LPS group with ALT activity less than 2 times when compared with that of the normal group. The blue square
represent samples in the ZGW+LPS group with ALT activity more than 2 times when compared with that of the normal group
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Figure 2 Overlap density map of significant correlation cytokines from raw data without (A) or with (B) conversion.

Red solid line

represent samples in the ZGW+LPS group with ALT activity less than 2 times when compared with that of the normal group. Blue
dotted line represent samples in the ZGW+LPS group with ALT activity more than 2 times when compared with that of the normal group
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Figure3 Box chart of significant correlation cytokines from raw data without (A) or with (B) conversion
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Figure4 Theimportance of 27 cytokines for liver injury
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Table5 Optimal model by Logistic regression method

Variable n Beta (SE) 95% ClI for Beta OR 95% CI for OR P

Intercept 37 8.01 (6.05) -3.85, 19.86 - - 0.186
IL-12p70 —8.77 (4.44) -17.46, —0.07 0.00 0.00,0.93 0.048
IL-18 3.24 (2.04) -0.76,7.23 25.45 0.47,1385.85 0.113
MCP-1 —8.53 (6.84) —21.95, 4.88 0.00 0.00, 131.30 0.212
VEGF 4.95 (2.43) 0.18,9.71 140.67 1.20, 16 495.72 0.042

Table 6 The variable and coefficient estimation of the main

effective indexes

Main effect indicator

Main effect coefficient estimation

IL-12p70
IL-18
VEGF
G-CSF
GRO
IL-10
MIP-1a
EGF
IL-18
MCP-1
RANTES

—-1.510
1.978
3.647
4.266

47.612
3.527

—4.39%4

—4.424

22.279

16.233
8.882

34 HMMEMEZXS LASSO HEATEMHiE F
i

F BEATLAR R AR & LA 4 5 LASSO 1748

i e I

SR 5 G 1 ot I Bt AT R0 A IR AR G

#w IR 7, RP T LIEME S, 2 1 F
MR BONIEE R (0.8631), TRk i o
4 ZEAMETHEITN

HaaxtBArLt, BISF BEtZ 1 IL-1p Xt
TNF-o &I EEN; 5 EtZ (25 pg-mL™) HL,
EtZ (25 pg'mL ™) +1L-18 (0.1/1 ng-mL™Y) 7T & 351
B TNF-a & &; 5I1L-18(0.1ng-mL ™Y HLL, EtZ (2.5
pg-mL Y +IL-18 (0.1 ng-mL™Y) ] & W TNF-a &
B; 5IL-18 (A ng-mL™) #EL, EtZ (2.5/25 pg-mL ™Y
+IL-18 (I ng-mL™Y) Hyal S8 TNF-o 5. 455
UL 5A.

HaaxtBAMLtt, BIS T EtZ f1IL-18 Xt
IL-6 &RV, 5 EZ (25 ug-mL™) ML,
EtZ (25 pgrmL ™) +1L-14 (0.1/1/2 ng-mL™) ¥ &
W IL-6 &, 5 EtZ (25 pgmL ) ML, EtZ

Table 7 Regular discovery and variable screening table of the data analyzed by combined model between random forest and LASSO

methods
Rule Variable Range Support Coeff Importance

Rule 1 3 IL-1p: 834.3 -0.990 OE+36 0.2558 0.863 1 74.86
EGF: 0.9700 — 0.990 OE+36
1L-18: 604.3 —0.990 OE+36

Rule 2 3 MIP-1a: 34.27-97.40 0.4884 —1.006 100.0
IL-4: 239.7 - 0.990 OE+36
IFNy: —0.990 OE+36 — 1174

Rule 3 3 1L-18: —0.990 OE+36 — 640.6 0.465 1 -0.967 2 95.90
GRO: —0.990 OE+36 — 250.4
TNFa: 6.770 — 0.990 OE+36

Rule 4 3 IL-1a: —0.990 OE+36 —485.7 0.465 1 —0.558 9 55.41
MIP-1a: 34.59 - 0.990 OE+36
EGF: 0.930 0 — 0.990 OE+36

Rule 5 2 IL-1a: —0.990 OE+36 —543.9 0.6512 -0.309 8 29.35
EGF: 0.930 0 — 0.990 OE+36

Rule 6 2 1L-18: —0.990 OE+36 — 640.6 0.627 9 -0.2128 20.45
TNF-a: 6.770 — 0.990 OE+36

Rule 7 2 IL-1p: —0.990 OE+36 —990.1 0.5349 -0.164 1 16.27
VEGF: 20.12-36.41

Rule 8 LIX: 210.0-231.0 0.3256 0.769 2E-01 7.165

Rule 9 1L-18: —0.990 OE+36 — 640.6 0.465 1 —0.352 4E-01 3.494
GRO: —0.990 OE+36 — 250.4
TNF-a: 6.770 — 0.990 OE+36

Rule 10 1 Leptin: 1523-1802 0.604 7 0.139 1E-01 1.352
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Figure 5

Influence of co-treatment with EtZ and IL-14, EGF, IL-18 on TNF-a and IL-6 in the THP1 macrophages.
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n=3, X+s.

“P<0.01 vs control group; “P<0.05, ““P<0.01 vs EtZ (2.5/25/250 ug-mL* EtZ); *P<0.05, *P<0.01 vs cytokines (IL-14, EGF, IL-18).
A, C and E represent the contents of TNF- a after different treatment with EtZ and IL-1 4, EGF, 1L-18; B, D and F represent the contents

of IL-6 after different treatment with EtZ and IL-1f, EGF, 1L-18
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