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Demonstration of usefulness of Kampo medicine focuses on the
crosstalk between daiokanzoto and intestinal microbiota

Kento Takayama

ABSTRACT

Recently, many reports have suggested relationships between the
intestinal microbiota and various diseases. The characteristic efficacy
of Kampo medicine is predicted to involve not only the metabolism of
the constituents of Kampo medicines by intestinal microbiota but also
changes in the diversity and/or functions of intestinal microbiota caused
by the Kampo constituents. Namely, the characteristic efficacy of Kampo
medicines is a result of the crosstalk between their constituents and the
intestinal microbiota. We designed to demonstrate a working hypothesis of
the above-mentioned. We demonstrated daiokanzoto (DKT), is clinically
effective for constipation, that the metabolic activity of Sennoside A (SA),
the main purgative constituent of DKT, on gut microbiota was significantly
accelerated when rhein 8-0-f-D-glucopyranoside (RG) in rhubarb or
liquiritin (LQ) in glycyrrhiza were co-administered with SA in these
studies. Moreover, the purgative action of SA was significantly intensified
when RG and LQ were co-administered orally to mice. These studies have
revealed the useful interactions between the multiple constituents of DKT.
In addition, these studies demonstrated that the RG in DKT changed the
diversity and/or function of intestinal microbiota and thereby allowed DKT
to metabolize SA. Taken together, our findings shed light on the efficacy of
DKT, a Kampo medicine with multiple constituents, and that the crosstalk

between Kampo medicine and gut microbiota.
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Fig. 1. Metabolism of Sennoside A by Intestinal Microbiota
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Fig. 2. Working Hypothesis to the Crosstalk between the Constituent of
Kampo Medicines and Intestinal Microbiota
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Fig. 3. Effects of Daiokanzoto and Rhubarb on Purgative Action
Each column represents the mean + S.D. of 12 mice. *p<0.05, significant difference from glycyrrhiza (0g)
(Steel’s test).

v /Y RAOBARBICBS I 2 HES X UHERSOEELRFTT 22012, £V /¥
F A(0.5mM) & HEHAEEEES (1/4 f5~4 f5 &) ZIRA U 72ERNAR & < v 2 FEHEREIR (B
% 1.5 ReRI AP I EREL L 7238 0 5 A HOR) 1L, MK T 37°CTA v % a_—
L7 Y /¥ FA (0.5mM) & HEFGEZES (4.25mg) OE&IIKEHESTOL Y
JYRALETZYVFN) FUREBIREL, HREOWHGZEMZREE LI LEDR Y /Y
F A OfGHRIZ Fig. 4A OBY TH 5, HEIF 1/4 (1.063mg) % 5 NIz 1/2 58 (2.125mg)
TRV )V FAORBZEEL, 220, HEOZERDITHZ 7V FLYF Y



JAVF Y, VIAVFYTEFTYRIZDOWTRY /¥ FARBICET 2 EELHES LT,
Y /7Y EA05mM) V27 A4Y)FY 24mM), V274 )V F 7 XY E (15mM)
7Y FAYFY B9ImM) OEIGE, KEHEGIEEIN LY /Y FA LOEELHE
HEWZRRE LT 7Y FAN) FYROTROREICBNTH LY ¥ FARBITARLLNIR
BOLD T (Fig. 4B)e —H TV 74 ) F VIBEREFENIZLY 2 ¥ F ARB2RES L,
1 f58 (24mM) & 7213 2 55 (4.8mM) 235 S B3 T, 8 FFI1412 35\ T 1/16 £ (0.15mM)
PAdwdInd ey v FARMEMBLTEREZ Y/ ¥ F ARBHREZRO 7 (Fig.
4C)e VZAVFYTEFTY RV 74 ) F v EABICRERENICEY 7 ¥ F ADRH %
S, SEKRIIBVTIRVWThb Ly ) v FARMEBELCEE LY 7 v FAR
B F RS 72 (Fig. 4D),

100 100+
& 2 B
- -
E 80 £ 80
= 2
b ]
= 60 52 60
£ =
E 40 T
2 £
£ 20 £20
= =
le;
% g 4 8 L ‘) 4 8
Time (hr) Time (hr)
O SA (0.375mg) 0 SA+ GR (1.063mg) ASA+ GR (2.125mg) OSA (0.375mg) 0 SA+GL (0.05mg) ASA+ GL(0.1mg)
@5A+GR (4.25mg) © SA+ GR (8.5mg) @5A+ GL (0.2mg) SA + GL (0.4mg)
1007 100
2 804 € % 80 L i
) =
- = 3
- =
) =
= 604 = 60 *
H T 5
=
E 401 L =
2 2 *
£ 201 £2
= =
o5 2 4 8 of 2 4 &
Time (hr) Time (hr)
O 8A(0.375mg) OSA+LQ(0.063mg) ASA+LQ (0.125mg) O SA (0.375mg) OSA+LA(0.05mg) ASA+LA(0.Img)
@5A+LQ(025mg)  SA+LQ (0.5mg) @SA+LA(0.2mg) © SA+LA(0.4mg)

Fig. 4. Accelerating Effects of Glycyrrhiza (A), Glycyrrhizin (B), Liquilitin (C) and Liquilitin
apioside (D) on Metabolism of Sennoside A (SA)
Each column represents the mean + S.D. of 3 samples. *p<0.05, significant difference from sennoside A
(Dunnett’s test).
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Fig. 5. Effects of Glycyrrhiza (A), Glycyrrhizin (B), Liquilitin (C) and Liquilitin apioside (D)
on Purgative Action of Sennoside A
Each column represents the mean + S.D. of 10 — 12 mice. *p<0.05, **p<0.01, significant difference
from control (0 mg) (Steel’s test).

Dl EDOKERD L, REHEGO TANEMEIZ. £/ ¥ F A NHEIC X o THPRH ML
ENDBZLITEIVHET DI LWL EL ST, T2, FOMREREBIZHED 7 IR 4
FRATHZYVIZANVFYREVZAVFUTEFY RBHELTWS 2 & 2L, K
HEGICE T 2 HEORAREZ L L T2,

REICEHLTIEE T 24 O OFIEMIEL MBS TH Y, RITKREIZTEEN
LA MOMEERIZOWTIEeYy )Y FA ECOMEDRALDST : 3DLESIZEREFR
OB L LT TR LT EE L2 WO RIS RESATw3 2 72, K



BiTdey /¥ FAMSMI TR FAENZRIROML S EENT0En D vy
7Y R ADOBNRHLTHIEEIZS 2 2 REIZEZN MR OB L Tlk#HiE s T
W, Z ZTRIFETIE, ¥/ ¥ F A OBNRENGMEL & I ARG IR 3 RIEK
Ly DEBIZ OWTIHET LTz,

1001
£ 807 b
2
=
s
= 601
2
Z 407
= Z
E
2 20
0
SA Rhubarb
(02mM) extract

Fig. 6. Effect of Rhubarb constituents on Metabolism of Sennoside A (SA)
Each value represents the mean + S.D. of 3 samples. ***p<0.001, significant difference from SA
(Student’s z-test).
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Fig. 8. Effect of Rhein 8-0-f-D-glucopyranoside (RG) and Rhein on Metabolism of Sennoside A (SA)
Each value represents the mean + S.D. of 3 samples. ***p<0.001, significant difference from SA (Dunnett’s test).
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Fig. 9. Effect of Emodin, Aloe-emodin and Rhein on Metabolism of Sennoside A (SA)
Each value represents the mean + S.D. of 3 samples. ***p<0.001, significant difference from SA (Dunnett’s test).
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Fig. 10. Effect of Rhein 8-0-f-D-glucopyranoside (RG) and Rhein on Purgative Action of Sennoside A (SA)
Each column represents the mean + S.D. of 12 mice. *p<0.05, **p<0.01, ***p<0.001, significant difference
from SA (Steel’s test).
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Tab. 1. Combination Use of Kampo medicine and Antibiotics

Peni Ceph Amin Macr Pyri Tetr  Fosf Pene

Sennoside-drugs O O O O O O O
Daiokanzoto @) O O
Tokakujokito O O O O
Bofutsushosan O
Other daio-drugs O O O O O

Peni: penicillins, Ceph: oral cephems, Amin: aminoglycosides, Macr: macrolides,
Pyri: pyridone carboxylic acids, Tetr: tetracyclines, Fosf: fosfomycins (other antibiotics),
Pene: penems (other antibiotics).
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Fig. 11. Influence of Co-administered Antibiotics on Metabolism of Sennoside A
ABPC: ampicillin, CFPN-PI: cefcapene pivoxil, KM: kanamycin, CAM: clarithromycin, LVFX:
levofloxacin, FOM: fosfomycin, MINO: minocycline, FRPM: faropenem. Data are expressed as the +
S.D.*p<0.05, significant vs. control (non-antibiotics) by Dunnett’s test (n = 3-6)
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Fig. 12. Influence of Co-administered Antibiotics on Purgative Action of Daiokanzoto and Sennoside A
ABPC: ampicillin, CFPN-PI: cefcapene pivoxil, KM: kanamycin, CAM: clarithromycin, LVFX:
levofloxacin, FOM: fosfomycin, MINO: minocycline, FRPM: faropenem. Data are expressed as the +
S.D.. ¥p<0.05, significant vs. control (non-antibiotics) by Steel’s test (n = 6-14).
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Fig. 13. Activating Effect of Rhein 8-0-f-D-Glucopyranoside (RG) on Metabolism of
Sennoside A Inhibited by Ampicillin
(A) Sennoside A ; (B) Daiokanzoto ; (C) Sennoside A + Liquiritin ; (D) Sennoside A + Rhein 8-0-f-D-
Glucopyranoside. Each point represents the mean + S.D. of 3 samples with ( ® ) or without ( O ) Ampicillin.
Statistical significance (*#*p<0.001) was examined by Student’s #-test. minocycline, FRPM: faropenem. Data
are expressed as the + S.D.. #p<0.05, significant vs. control (non-antibiotics) by Steel’s test (n = 6-14).
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Fig. 15. Analysis of Intestinal Microbiota treated with Ampicillin
The letters correspond to the following phylogenetic bacterial groups: (A) Bifidobacterium ; (B)
Bacteroides ; (C) Clostridium cluster 1V ; (D) Clostridium cluster IX ; (E) Clostridium subcluster
XIVa ; (F) Others. Statistical significance (*p<0.05) were examined by Steel-Dwass test ( n =10).
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Tab. 2. Composition of the Diets
Product High-Carbohydrate High-Fat High-Fiber
(Control, D12450H) (D12451) (D14053101)
em%  kcal% em%  kcal% em%  kcal%
Carbohydrate
Corn Starch 452.2 1809 72.8 291 452.2 1809
Maltodextrin 10 75 300 100 400 75 300
Sucrose 172.8 691 172.8 691 172.8 691
Protein
Casein 200 800 200 800 200 800
L-Cystine 3 12 3 12 3 12
Fat
Soybean Oil 25 225 25 225 25 225
Lard 20 180 177.5 1598 20 180
Fiber
Cellulose, BW200 50 0 50 0 50 0
Inulin 0 0 0 0 117 117

% All diets were purchased from Research Diets, Inc. (New Brunswick, NJ, USA).
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Fig. 17. Influence of Diets on Metabolic Activity of SennosideA (SA)
Each point represents the mean + S.D. of 3 samples. Statistical significance (*p<0.05, ***p<0.001) was
examined by Student’s 7-test.
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Fig. 18. Influence of Diets on Purgative Action of SennosideA (SA)
HC : High-Carbohydrate Diet, HFa : High-Fat Diet, HFi : High- Fiber Diet. Each column represents the
mean + S.D. of 5 mice. Post hoc multiple comparisons were made by using Steel-Dwass test between
the same drug treatment (*p<0.05)..
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