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( Abstract )

Effects of Paeoniae Radix, Glycyrrhiza Uralensis and Jakyakgamcho-tang
Treatment on Ulcerative Colitis Animal Model:
Including Changes in Metabolites

Choi Sun Hee'

» Park Eun Jung*’

' Haneulche Korean Medicine Clinic
*Department of Pediatric, College of Korean Medicine, Wonkwang University

Objectives

To investigate the effect of Jakyakgamcho-tang (JGT) on Dextran sulfate sodium (DSS) induced ulcerative colitis.

Methods

Experimental animals were divided into six groups; group 1, normal group; group 2, DSS-induced colitis group;
group 3, S-aminosalicylic acid (5-ASA)-treated group; group 4, Glycyrrhiza Uralensis (Gamcho, GC)-treated group;
group 5, Paeoniae Radix (Jakyak, JY)-treated group; group 6, JGT-treated group. Inflammatory cytokines and their

metabolites were detected.

Result

In the JGT group, the levels of tumor necrosis factor alpha (TNF-a), prostaglandin E2 (PGE2) were significantly
decreased, whereas that of Interleukin-10 (IL-10) were significantly increased. In addition, the metabolite profile

changed in the JGT group with most metabolites increasing.

Conclusion

This study demonstrates that the therapeutic potential of JGT in ulcerative colitis. Further studies should be

conducted to confirm our findings.
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II. Materials and Methods
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Table 1. The Scientific Name and Prescription Name of
the Herbal Material Used in this Study

Material Name Scientific name

Gamcho Glycyrrhiza uralensis
Jakyak Paconiae Radix
Jakyakgamcho-Tang -

3) 5—aminosalicylic acid (5—ASA)

FAUNEE A5t S-aminosalicylic acid (5-ASA,
Sigma Aldrich, St. Louis, MO, USA)E 150 mg/kg &%
2 ARSI

= 6), Dextran sulfate sodium (DSS)E o
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=
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2) Dextran sulfate sodium = %A AL
‘IQI_HE]_Z())

ALFE dZEe g 5 22 Dextran sul-

fate sodium (Sigma, USA)E |83l JAHE 157¢

LA F ATl et 22 wYsilen, 454

ultd

3) AE Fo 2 &F

7Y B3 3.5% DSSE 3T F disease activity in-
dex (DAI) scoreS E3 A S sk, 109
b FES FHIIAT 5-ASATS 5-ASAE 150 mg/
kg/day EEZ, JY:rL—‘ ZreF 9T 300 mg/kg/day
TEE GCT2 = U E 300 mglkg/day TEE,
JGTTE 228 99U & 300 mg/kg/day S E=E
&l 3Mste] FEstAT

8 934 AIEA 37

Enzyme-linked immunosorbent assay (ELISA) 7]EE
AR oH, RE 54 ARlETR] S-S %
NEE @He ARSIt €42 ddel £ A
Isoflurane (Hana Pharm, Korea) 2.5% %} 80% O2%2 &3t
H F S A= Aol Rac] BRSNSt
of AAlA Ao, HEF AL centrifuge
(VS-6000CFI, Korea)?l4] 3,500 rpm .2 2083t A1)
sto] @3S EEskith 7 71ES] TR Hkgol
£ AE= Microplate reader (EZ Read 400, Biochrom,
UK)E AHE3H 450 nm 2l A] optical density (OD)
£ SAsIlon, AR ¢S EF S e &
Mgk

(D Tumor necrosis factor alpha (TNF-q)

InvitrogenAte] BMS607-3 7|1EE ARSI 2 &
A ANEE ZF welldl 100 wA W3, 1 9ol 1X
Biotinylated anti-TNF-aZE 50 (2] ¢ ¥ ] goi& o}

FO07t ALY tiEE

g S= 220 0|Xl= gk Uitttz HelE Zalot] 21

= oA 34X B MiRITE 1X wash bufferS
300 0% AR plateE 39 A & ZF welloll 1X
Streptavidin-horseradish peroxidase (HRP) solutions S0
w2 @l T ol thg AdRollA 1417 FF uilF
3} 1X wash bufferS 300 02 AR plaes 31
A2 & ZF welldl 3,3,5,5 tetramethylbenzidine (TMB)
substrate solution 100 02 ¥l A AJe]e] Ao
A1 10~20% 5 v} Stop Solution= 100 102
ol S FAAFTH

@ Interleukin-6 (IL-6)

BioMatikA}2] EKF57855 7|EE AMS-SITE E+ &
 NEE 2 welloll 100 w08 BaL, 37 CollA 9023t
HJFSFAL 1X wash bufferE 400 02 AHE3FA plaes
21 AE3t) T 2]l Biotin-labeled antibodyE 100 10
A FolE thg 37 CollA 6023t MY ¥ 1X wash
bufferS 400 0¥ AR&SI] 3W AlHZTE 1 o
HRP-Streptavidin conjugate (SABCO)E 100 2 HolF
U 37 CollA 3023 M9t $- 1X wash bufferS
400 08 A3 ST A QT TMB SubstrateS 90
WA B 37 ColA] 2083 w3t Stop Solution=
50 A ol M-S FAAF| AL places 148 5<% &
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@ Interleukin-1beta (IL-10)
BioMatikAF2] EKF57855 71 EE ARS-3ITh B 3
A AEE ZF wellell 100 p0# @1, 37 CTollA] 9081t
W FSEAL 1X wash bufferE 400 2 AH8-81A plate s
21 MIAgE 1 9]l Biotin-labeled antibodyE 100 10
A ol o 37 CTollA 6083t vz ¥ 1X wash
bufferS 400 0¥ AH&ste] 33 AHTE 1 T
HRP-Streptavidin conjugate (SABC)E 100 03] HolE
T 37 CollA 3083 MiY? ¥ 1X wash buffers
400 w0 ARE-3te] s AJH QT TMB Substrate S 90
w02 231 37 Col A 2083 vl g} Stop Solution=
50 WA go] HAS FAAF] AL plae s 1R U &

Fahlch

@ Interleukin-10 (IL-10)

InvitrogenAFS] BMS629TWO 71EE ARt 3E
= 8 AFE 7 wellol] 100 w0 Q1,37 C oA
90 &Rt WiFRTh place®] B8-S A ASIE AH-L

SHA] 252 ZdElollA 2 welloll Biotinylated detection



22 Effects of Paeoniae Radix, Glycyrrhiza Uralensis and Jakyakgamcho-tang Treatment on Ulcerative Colitis Animal Model: Including Changes in Metabolites

Antibody working solutione 100 0% 231 37 C A
1AIZE &< Bl YFRith 1X wash bufferE AR831] plate
£ 39 A& & 7ZF welloll HRP conjugate working sol-
ution=- 100 w0 ¥l 37 C oA 30& &<t vlsic)
1X wash bufferg AFE3I plates 5 MA 3 7} well
ol substrate reagent=- 90 0% 23l A e A
oA 158 T HlYFT Stop Solutions 50 w2 2
o] HRAS Z=2A|ATH

® Prostaglandin E2 (PGE2)

BioMatikA}F2] EKU06858 71ES ARt} T+ &
A ANEE ZF welloll 100 w02 @1, 37 TollA] 9081t
B FSFAL 1X wash bufferE 400 03] AH8-31] plates
21 AF3E T 9]0l Biotin-labeled antibodyE 100 120

A Yol the- 37 CollA] 60E7F vlFst 3 1X wash
buffers 400 0% ARt 33 AJH3IT 1 vt
HRP-Streptavidin conjugate (SABC)E 100 02 HolE
T 37 CollA 302%F Wi’ ¥ 1X wash buffers
400 08 AR8-3ted s M| A QTE TMB Substrate S 90
w02 Qa1 37°ColA 2083 vl g3} Stop Solution=
50 w3 ol MAS FAAF| AL places 141 5<% &
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A i 3 X2l etk HEkE )l
sb7] flsll S T4l ARgsIem, B9 gas
chromatography mass spectrometry (GC/MS) 430l &
A Alg 2L ¢5) Mastrangelo 59 AHE2)
< Farsisitk 1bds] 2, 300 M?A cold methanol &
100 ] 3 Ao H7keE 3, YRR (14,000
rpm, 4 C, 15 min)dte] A Aol AHE3HA L,
39| &5 (100 pb)=
lylation & AA GoMsol FHEN L™, GC/MS
2 T sk AP Aks Haslshr] 2l 54k
AR A4S s

methoxymation@} trimethyli-

@ GCMS 4]

GOMS #2348 218l Shimadzu QP2020 GC/MS (Shimadzu,
Kyoto, Japan)g &85 2™, RTx-5MS fused silica ca-
pillary column (30 m x 0.25 mm ID, J&W Scientific,
Cag Al B4 WS, 2R ARs

600 V2™, GC oven 27] 0TCE 1837 FA13K
97} 10 C/min] $EZ 300 T7HA] S & 10
B3 Ao, AR 2249719 22 50-600 m/z
o] HA full scan modeZ BAHEATE FU47], o]
3 A2 D gAY B2 5= 717} 250 T, 230
T, 280 CTE FAEI oW, HA 54 o] 38} HE=
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GCMS &4 5 AAE HolE 9] 12k A (o]
2 AA, 710 BA 2 AE)S A7) Hsl) xams
web software (https://xcmsonline.scripps.edu)S -85
o} 71 % Microsoft Excel softwares -85k 2} H]o]
B g (5 #2F dHolE BA)ye sy, 49

= Zb Apeloll 7]ofshs tiaktkEe Elshr] flsh
SIMCA-P (ver. 15.0) software package (Umetrics, Umea,
Sweden)E g3t thAd SAENS AAS 5
VIP > 1.098] 279l aldst= 54 (feature) S F=3}
At =% EH = SPSS software package (SPSS Inc.,
Chicago, IL, USA)E &85+ p-value < 0.5E fileration
o, g 5AE GC/MS library (NIST 14.0,
Gaithersburg, MD, USA)2] A& ~HE&3} v wsle]
FAEE 80% ol YAk thAktbag A4 vlel e
A2 it
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A A AE 2 A BA #2492 Graph
Pad Prism (Ver. 6.01 for Window, USA)S AR&3}o] 3
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[I. Results
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(1.62 + 0.07 pg/mbholl B3} DSST (2.95 + 0.41
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pg/ml) o3 715 YERIITE DSswoll Bl 3}04 5-ASAT (3.40 + 0.29 pg/ml)> 28 HAE YeR]
5-ASAT" (1.49 + 0.06 pg/mD¥} JGTT (1.85 + 0.1 AL, GCT (5.17 = 0.29 pg/ml), JYT (4.93 = 0.58
pg/ml)S gk A4S YEIA, GCT (2.09 pg/ml), JGTT (4.54 = 0.33 pg/ml)S T4 7S 1}
0.16 pg/mh)3} JYT (1.97 = 0.25 pg/ml) 749] 743k ERNAT (Fig. 2).
< WYERSlH (Fig. 1).
3) IL-18 W3}
2) IL-6 ¥3} IL-13 Ws}e) WX FaFs a3 A7, A4
IL-6 Ws}ol| vX= s JES A, A3 (145 = 148 pg/mhll WISl DSST (48.8 +11.83
(346 + 0.27 pg/mholl BISFY DSST (5.77 + 1.02 pg/ml) Folgk SV YeEILa, Dssll BIske
pg/mD)E 3 S7HE UYERAITE Dsswtoll Blsted S-ASAT (18.3 = 2.18 pg/ml)< 2|3 7HAE Yehy
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Fig. 1. Changes on cytokine TNF—a¢ after GC, JY and JGT administrations in colitis rats induced by DSS.

Values are expressed Mean = SE; TNE-q, Tumor necrosis factor alpha; DSS, Dextrane sulfate sodium; 5-ASA, S-aminosalicylic acid; GC, Gamcho;
JY, Jakyak; JGT, Jakyakgamcho-tang; DSS-Control and experimental groups orally administered in this study respectively. * P < 0.01 compared
with normal ; # P < 0.05 compared with DSS-Control.

100

4.0
ZlD ] '
0.0

Mormal DSS-Control 5-ASA
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Fig. 2. Changes on cytokine IL—6 after GC, JY and JGT administrations in colitis rats induced by DSS.

Values are expressed Mean + SE; IL-6, Interleukin-6; DSS, Dextrane sulfate sodium; 5-ASA, 5-aminosalicylic acid; GC, Gamcho; JY, Jakyak; JGT,
Jakyakgamchotang; DSS-Control and experimental groups orally administered in this study respectively. * P < 0.01 compared with normal ; #
P < 0.05 compared with DSS-Control.
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Atk GCT (30.6 + 2.62 pg/ml), JYT (29.5 = 4.25 R AT (Fig. 4).
pg/ml), JGTT (31.5 = 3.34 pg/ml) 5 7H4e] 7Jeke
YEMISITH (Fig. 3). 5) PGE2 W3}
PGE2 Wislol| wX|&= F3Fe HEs A3, A4
4) IL-10 ¥3} (102.9 + 13.1 pg/mholl HIS}] DSST (194.7 + 6.6
IL-10 ¥s}ol] X s B A, A4 pg/ml) Frol3t 7 UERRIAL, DSswell Blste
(682 + 655 pg/mhell VISt DSST (51.4 = 1.44 JGTT (130.8 + 19.2 pg/ml)& 3+ 742 Vel
pg/ml)< o3 THAE UERIRN A, DSSwoll H]Ske oM S-ASAT (171.8 = 20.1), GCT (1645 = 7.6
GCT" (66.1 + 4.14 pg/ml), JYT" (59.1 = 3.46 pg/ml), pg/ml), JYT (167.0 + 12.8 pg/ml)> 49| Z43Fe
JGTT (60.8 + 2.26 pg/ml)S F2)3F 712 YRR BRI (Fig. 5).
O™ S_ASAT (57.1 = 232 pg/ml)S F7F] ATES
80
#
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£
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ey T T T
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Fig. 3. Changes on cytokine IL—13 after GC, JY and JGT administrations in colitis rats induced by DSS.

Values are expressed Mean + SE; IL-103, Interleukin-1beta; DSS, Dextrane sulfate sodium; 5-ASA, S-aminosalicylic acid; GC, Gamcho; JY, Jakyak;
JGT, Jakyakgamchotang; DSS-Control and experimental groups orally administered in this study respectively. * P < 0.01 compared with normal
; # P < 0.05 compared with DSS-Control.
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Fig. 4. Changes on cytokine IL—10 after GC, JY and JGT administrations in colitis rats induced by DSS.

Values are expressed Mean + SE; IL-10, Interleukin-10; DSS, Dextrane sulfate sodium; 5-ASA, S-aminosalicylic acid; GC, Gamcho; JY, Jakyak;
JGT, Jakyakgamchotang; DSS-Control and experimental groups orally administered in this study respectively. * P < 0.01 compared with normal
; # P < 0.05 compared with DSS-Control.
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Fig. 5. Changes on cytokine PGE2 after GC, JY and JGT administrations in colitis rats induced by DSS,

Values are expressed Mean + SE; PGE2, Prostaglandin2; DSS, Dextrane sulfate sodium; 5-ASA, 5-aminosalicylic acid; GC, Gamcho; JY, Jakyak;
JGT, Jakyakgamchotang; DSS-Control and experimental groups orally administered in this study respectively. * P < 0.01 compared with normal
; # P < 0.05 compared with DSS-Control.
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g (G1e Fold w2 A tapHEe] 2jolE & #E357] Sl thARF £ (multvariate analysis)S A3
013}7] 93, 84 AN2E $EAFEl GOMSE B sion, A 72 B oFE Fojoll g thAkAl o
2819 t). Unknown THAMAMES 238Kt 2 41179 ¥l WSLE partial least squares discriminant analysis
peak?}t SRIFOR, 1 F 747le) chrEe gy PISDA) RS BES] A AAS Fig 69l
ST} (Table 2). ERASITH (R2X = 0.397, Q2 = 0.243).

Table 2. Identified Metabolites in Serum Samples

No RT (min)" Metabolites T+ HMDB' PubChem* KEGG®
1 4.345 Propylene glycol 117 HMDB0001881 1030 C02912
2 4.660 Lactic acid 147 HMDB0000190 61503 C00186
3 5.150 Glycolic acid 147 HMDB0000115 757 C03547
4 5.420 2-HydroxyButyrate 131 HMDB0000008 11266 C05984
5 5.780 Oxalate 147 HMDB0002329 971 C00209
6 5.915 2-Aminoisobutyrate 130 HMDB0001906 6119 C03665
7 6.385 Valine 144 HMDB0000883 6287 C00183
8 6.555 Malonic acid 147 HMDB0000691 867 C04025
9 6.710 Benzoic acid 179 HMDB0001870 243 C00539
10 6.900 2-Aminoethanol 174 HMDB0000149 700 C00189
11 6.950 Leucine 158 HMDB0000687 6106 C00123
12 6.970 Glycerol 147 HMDB0000131 753 C00116
13 6.990 Phosphate 299 HMDB0001429 57424078 C00009
14 7.170 Tsoleucine 158 HMDB0000172 6306 C00407
15 7.180 Threonine 117 HMDB0000167 6288 00188
16 7.220 Proline 142 HMDB0000162 145742 C00148
17 7.305 Glycine 174 HMDB0000123 750 C00037
18 7.320 Ethylmalonate 147 HMDB0000622 11756 -

7.425 Catechol 254 - 3390 C00090

—_
o
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No RT (min)" Metabolites " HMDB' PubChem” KEGG®
20 7.500 Maleic acid 147 HMDB0000176 444972 C01384
21 7.615 Uracil 241 HMDB0000300 1174 C00106
22 7.810 Serine 204 HMDB0000187 5951 C00065
23 7.820 Glyceric acid 147 HMDB0000139 439194 C00258
24 7.825 Alanine 188 HMDB0000161 5950 C00041
25 7.870 Pipecolic acid 156 HMDB0000070 849 C00408
26 8.160 Glutaric acid 147 HMDB0000661 743 C00489
27 8.200 Thymine 255 HMDB0000262 1135 C00178
28 8.330 Hydrocinnamate 104 HMDB0000764 107 C05629
29 8.410 b-Alanine 174 HMDB0000056 239 C00099
30 8.610 homoserine 218 HMDBO0000719 12647 C00263
31 9.145 Threitol 217 HMDB0004136 222285 C16884
32 9.215 Aspartic acid 232 HMDB0000191 5960 C00049
33 9.220 Methionine 176 HMDB0000696 6137 C00073
34 9.270 Pyroglutamic acid 156 HMDB0000267 7405 C01879
35 9.275 trans-4-Hydroxy-L-proline 230 HMDB0000725 5810 CO1157
36 9.280 Malic acid 147 HMDB0000744 525 C03668
37 10.005 Glutamic acid 246 HMDB0000148 33032 C00025
38 10.080 S-Aminovaleric acid 174 HMDB0003355 138 C00431
39 10.085 Hypotaurine 100 HMDB0000965 107812 C00519
40 10.115 Phenylalanine 218 HMDB0000159 6140 C00079
41 10.200 Lauric acid 257 HMDB0000638 3893 C02679
42 10.420 Arabinose 103 HMDB0000646 439195 C02479
43 10.535 Ribose 103 HMDB0000283 5779 C00121
44 10.765 Xylitol 217 HMDB0002917 6912 C00379
45 10.945 Putrescine 174 HMDB0001414 1045 C00134
46 11.025 Fucose 117 HMDB0000174 25310 C01019
47 11.200 2,3-Dihydroxybenzoate 355 HMDB0000397 19 C00196
48 11.460 Hypoxanthine 265 HMDB0000157 790 C00262
49 11.515 Ornithine 142 HMDB0000214 6262 C00077
50 11.545 Glycyl-Glycine 174 HMDBO0011733 11163 02037
51 11.620 Shikimic acid 204 HMDB0003070 8742 C00493
S2 11.735 Cadaverine 174 HMDB0002322 273 C01672
53 11.905 Adenine 264 HMDB0000034 190 C00147
54 11.970 Fructose 103 HMDB0000660 439709 C02336
55 12.155 Mannose 319 HMDB0000169 18950 C00936
56 12.210 Lysine 174 HMDB0000182 5962 C00047
57 12.280 Galactitol 217 HMDB0000107 11850 C01697
58 12.285 Glucose 319 HMDB0000122 5793 00221
59 12.350 Tyrosine 218 HMDB0000158 6057 00082
60 12.375 Sorbitol 147 HMDB0000247 5780 C00794
61 12.480 Galacturonic acid 333 HMDB0002545 84740 C08348
62 12.500 Gallic acid 281 HMDB0005807 370 C01424
63 12.820 Palmitoleate 117 HMDB0003229 5312427 C08362
64 13.125 N-Acetylornithine 174 HMDB0003357 439232 C00437
65 13.420 Inositol 217 HMDB0000211 - C00137
66 13.540 Heptadecanoate 117 HMDB0002259 10465 -

67 13.985 Elaidic acid 117 HMDB0000573 637517 01712
68 14.075 5-Hydroxyindoleacetate 290 HMDB0000763 1826 C05635
69 14.120 Octadecanoate 117 HMDB0000827 5281 C01530
70 15.610 5-Hydroxy-L-tryptophan 218 HMDB0000472 144 CO0G43
71 15.755 Uridine 217 HMDB0000296 6029 C00299
72 17.040 Trehalose 361 HMDBO0000975 7427 01083
73 17.180 Maltose 361 HMDB0000163 10991489 C00208
74 21.215 Panose 204 HMDB0029937 4120027 C00713

* RT, retention time; -+ T, targetion; T HMDB, Human metabolome database. HMDB is a comprehensive, high-quality, freely accessible, online
database of small molecule metabolites found in the human body; ¥ PubChem, PubChem is a database of chemical molecules and their activities
against biological assays. The system is maintained by the National Center for Biotechnology Information (NCBI), a component of the National
Library of Medicine, which is part of the United States National Institutes of Health (NIH); § KEGG, Kyoto Encyclopedia of Genes and Genomes.
KEGG is a collection of databases dealing with genomes, biological pathways, diseases, drugs, and chemical substances.
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Fig. 6. PLS—DA score plot for normal, DSS—induced
colitis, 5—ASA, JY, GC and JGT treated groups
derived from GC/MS data of serum samples.
These PLS—DA models were validated by a
permutation test (n = 200),

Abbreviations. PLS-DA, partial least squares discriminant analysis; DSS,
dextrane sulfate sodium; 5-ASA, S-aminosalicylic acid; JY, Jakyak
(Paeoniae Radix); GC, Gamcho (Glycyrrhiza Uralensis), JGT,
Jakyakgamcho-tang.
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Fig. 7. PLS—DA score plot for normal and DSS—induced
colitis groups derived from GC/MS data of serum
samples, These PLS—DA models were validated
by a permutation test (n = 200).

Abbreviations. PLS-DA, partial least squares discriminant analysis; DSS,
dextrane sulfate sodium; GC/MS, gas chromatography mass spectrometry.
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Fig. 8. PLS—DA score plot for DSS—induced colitis, and
5—-ASA treatment groups derived from GC/MS
data of serum samples. These PLS—DA models
were validated by a permutation test (n = 200).

Abbreviations. PLS-DA, partial least squares discriminant analysis; DSS,
dextrane sulfate sodium; 5-ASA, S-aminosalicylic acid; GC/MS, gas
chromatography mass spectrometry.
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Fig. 9. PLS—DA score plot for DSS—induced colitis and
GC treatment groups derived from GC/MS data of
serum samples, These PLS—DA models were
validated by a permutation test (n = 200).

Abbreviations. PLS-DA, partial least squares discriminant analysis; DSS,
dextrane sulfate sodium; GC/MS, gas chromatography mass spectrometry;
GC, Gamcho (Glycyrrhiza Uralensis).
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Fig. 10. PLS—DA score plot for DSS—induced colitis and
JY treatment groups derived from GC/MS data of
serum samples. These PLS—-DA models were
validated by a permutation test (n = 200).

Abbreviations. PLS-DA, partial least squares discriminant analysis; DSS,
dextrane sulfate sodium; JY, Jakyak (Paeoniae Radix); GC/MS, gas
chromatography mass spectrometry.
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Fig. 11. PLS—DA score plot for DSS—induced colitis and
JGT treatment groups derived from GC/MS data
of serum samples, These PLS—DA models were
validated by a permutation test (n = 200),

Abbreviations. PLS-DA, partial least squares discriminant analysis; DSS,
dextrane sulfate sodium; JGT, Jakyakgamcho-tang; GC/MS, gas
chromatography mass spectrometry.

IV. Discussion
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V. Conclusion
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