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Interactions between Cannabis Fructus and human gut microflora
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Abstract: Objective To explore the characteristics of the interactions between traditional laxative medicine Cannabis Fructus and
human gut microflora. Methods HPLC method was used to determine the content of the main unsaturated fatty acids linoleic acid and
linolenic acid in Cannabis Fructus Decoction. At the same time, solid culture and liquid culture in vitro anaerobic culture method were
combined with 16 S rRNA technology to analyze the interactions between Cannabis Fructus Decotion and human gut microflora.
Moreover, the metabolits of linoleic acid and linolenic acid in Cannabis Fructus Decoction by human intestinal microflora were
determined using HPLC method. At the same time, the possible conjugated linolenic acid and linoleic acid were determined. Results
Cannabis Fructus Decoction promoted the growth of Proteobacteria significantly, which showed that Escherichia-shigella was
significantly increased (P < 0.01), but the growth of Bacteroidetes was decreased (P < 0.01), and the content of unsaturated fatty acids
linoleic acid and linolenic acid in Cannabis Fructus Decoction were reduced after being incubated with human intestinal bacteria, and
the metabolites were conjugated linoleic acid and conjugated linolenic acid. Conclusion The interactions between Cannabis Fructus
Decoction and human intestinal microflora are obvious. The Chinese medicine can change the structure of the gut microflora, and the
gut microflora can metabolize the drug components. This analysis method partially restores the pharmacokinetics process of the oral
administration drug in the human intestinal tract. It could provide a new insight of the mechanism research of Cannabis Fructus.
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K WRA~ Cannabis Fructus N Z&FHHE Y K W
Cannabis sativa L. [P TEERGARS, (MRARZ)
HAC B “ AP R IBEEAE Y, ARGINIE T 2,
Rl AR HIa ST AR f i 2. BIAR 2 32
R RMEREAYR . gl B, #amidiz
JIEER, WEPRHE TR, Sk 1SRN %
REREEERE YR T Y RS AT BRI 90 I K RRA— K
FIVBORHE RIS AL K R 18 T B 4540 R B G DT R
(SCFAs) 7K J 45 g 98 R 350 — 5 I A B,
HEM KRS E ERA BAE R 5, —J7 e ik
NERAFH, SCEmEEERERA: 73t
L %0 e B 1 A QU e A T RS R HE 2 . R
KOBRA G e 5 W) gy T TR A S AL, il B R SO an el
X JRRAZ H (R R 53 1R AT AU A B

ARSI SR FH o T TR R AR A IR EE G R T, T
J& K BRAZ 7K RV 5 1 B R AH ELAE FH B4R ST 9T
9 B KR e AR 255, o — P4k
e K BRAZ B PR IT R LR 2K

1 ##
1.1 K

Wiz IR GIt'S HB0384-1). Fflgk (LS
01-023), 5 &y RHs Tl e i i AE M R A R A
A AT EIMER (S 116A023, RS =
98%, LM ZEEERHEARAFD; WKE (5
wkq16072204, JR =55 =98%, PUJII& 475k
MEEARAA Y L EHEKR (5
LAR-10-1823-90, Jii&E/%0=98%, iS4k}
HARAFD; HER (fuikal, Dikma A#]); HFEE (K
ATV ARG =M A R AT O CRETRES
RRAGZERFIH IR A RD; BAK (LI EHD.

1.2 &8

YQX-1T JRA T AR (B RERAN AR W& A BRA
Al BAAME. R D2012 R G R EHEE O
bR BRRHA R AFD; BS 1500 1K
(LR FRRARATD; 150T 2 IREMFHL (41
Wk T4 ); Easy Well ESM-1-30 [ h X0 B 4l /K 2% |
HBHEM AT D FiE [Xevo G2-XS
Q-TOF/UPLC Acquity™ %%t, & Waters A #],
fii & Lock-spray #% 1. ESI & FJ&. MassLynx v4.1
JFURE T AF 3 A1 Progenesis QI v2.1 (N #k Ezinfo v3.0)
BAF]; 7890A SAHEAHE( . HP-5 (30 m X 0.32 mm,
0.25 mm), Agilent A #]; Waters Acquity H-Class
E R A R (QSM DY FIE EE4S, SM-FTN

FEAE LSS, PDA K I#%, Empower a1 T/Eu ).
Waters 2489 /= R0 (01543, SE[E Waters A ;
KJ.45-WZT-3 JeH M E T (b 51T RE AR
AF]D; GHG-9071A G XA (k72 se
W& ARATD,

1.3 Zh%t

KFRAZ LM B B N 2 i, St
NHTR, #E5 20151201, S E H 2E 25 K 2EHRBETE 2
P2 NZERIEY) KR Cannabis stativa L. BT
MRS, R (PEZE) 2015 SRR BRI IE .
2
2.1 KERIZKBLRRHI&

FREL 60.0 g KR~ CkrfiEE, 1 4 59D, A
10 {5 R 2KIZ I 30 min, IOPNE W, W5t
30 min, JERIFSUETR 1 FIPEHA 1. BUIEHE 1 A 6
fEEMAKE 20 min, JELAFUEW 2 FpEE 2. &
I 2 RPEW (1. 2D, H4i% 60 mL, 5 1.0 g/mL
KR KA . BT 70 CAMHAH 30 min, A
A 4 CUKFAH (BRKEZE, f5H.

2.2 ANRBAEREERAIH&ECS

2.2.1 0.1 molV/L FEMRERZZ PP (PBS) il & 2.00
g NaCl. 0.05 g KCl. 0.36 g Na,HPO4. 0.06 g
KHPO4, JIIA 200 mL #ii/K, FZhERH pH=74,
7K EAZE 250 mL, 121 ‘C K 20 min, {#7FT %
HE 4 C,

222 NEWERER MW & B3 AEESN
(21~22 %, ToHfl. W&, 3 MHWEMAD
ARG TE R 1 B S, T
REIAE MR EGY S/ &E 0.1g, A 10 mL f 0.1
mol/L PBS H1, JREFI5) a3 N8 w2 -

23 AR EHEEEFRENTERERLE

0 5.4 g Miz¥sFedk, M 5.4 g 35015, IO\ 300
mL 4K IS AR K A7 #E 7R 2E . BU 1S mL 1.0
g/mL KR KBS 35 mL HIRZ RS IR 38 51
3 0.300 g/mL & 2455577 4E: HL 20 mL 0.300 g/mL &
2GR 20 mL W5 TR AR TIR 2143 0.150 g/mL
(& 2555735 I 20 mL (1 0.150 g/mL & 2515775
5520 mL 7 $5 7R 3R 2111145 0.075 g/mL & 25155+
B, BAIFEH.

SOV B IR AR 3 AR 2G4, B 2 ASTAT
WK MR RIS TS TGN, fIADK
R & 2y R AL, RRRE IR AL 5 NN 100 uL
W, ARSI . R . PRERE T 5
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7t 48h, MELR, FIBEHER ARSI,
24 KRIZEHRAEFENSIZ

FREC 1.8 g WimksiR%s, 100 mL 46K, 7
121 CHHETKE 15 min J5, #&BE 1 #7041 5%
TR ] -
2.5 HREREMF 7 AR KBRS E R AR
A

5 AR T T PREESE TR AR LR 97 48 h
Jei, BORRZH 5L ERE S 1 & 3 ANPATEE 4 C.
3 000 r/min &0 10 min, 35 _L3EWR, RAADTESE

1716 S tRNA ZE:PRIN T 73 B s RE 45 0 0078 4K, itk
oy e St g2 AR MR AR A PR A F 58 e

2.6 HPLC-UV JUE X RRAZ7KBL& T A& B X 5150
ez 0Al

2.6.1 il F  Hypersil GOLD aQ Cig {oifitE
(250 mm X 4.6 mm, 5 um); JBIA RN L (AD-0.1%
BEIR/KVEI (B); AR E 1 mg/mL; HEFEARFL 10
ul; #Ei 30 °Cs AP K 203 nm; WIMER. TEH#R
BRI SE IR B AH EL B 75% (A -25% (B), FLHEE
HER IR A EL R 80% (A) -20% (B).

R 1 AR EHRIEFENTE

Table 1 Preparation of liquid medium containing Cannabis Fructus
4l KIBRAZ /K B /mL IR M/mL N VR B B /mL KR IR/ (gmL ™)

X i 0 2.80 0.20 0

KBRAZ KRR 1 0.50 2.50 0 0.17
KFRAZIKFIR 2 0.25 275 0 0.08
KFRAZIK BT 3 0.10 2.90 0 0.03
FLIEE R 1 0.50 2.30 0.20 0.17
LI H AL 2 0.25 2.55 0.20 0.08
ILHEF A 3 0.10 2.70 0.20 0.03

2.6.2 LA DO KEDR 1~3 5
HEEEN 1~3 (K D, B4 2447, BT SmL
MZERILP, —80 CH#RAF 24 h, AUHETENTE.
53 A & A IR E A A 2 mL, 1300 r/min £
£ 10 min, B3GR 0.22 um FEFLIERE 5,
HPLC {03 k30 5E K BRA 7K BT 55 Rl i S50 & iy
J& B B4R K AT RE AR =
2.6.3 O RE SV A RS PR EORS R
fR. WHRRIG &, WRRE ARG, 5318 MR
2.855 mg/mL FIVEJFRER 3.045 mg/mL FI7R & %) i
W, ARIR 2 f5FRE, 45 8 ANANIA] i B FE R
B0 R SR RSB PR LB i R R i
D E A RER, 193] 8.077 5 mg/mL FIILHEIE
TN R A, 2 R, AR 8 MR
JE (0 06F B S TR VR
2.6.4 JjREEER

(D) REERE: o5& ERIOE MR . K
R, NP EEIA AARAS IV R 44.6 pg/mL. VKRR 47.7
pg/mL FRTR 50 RS VAT, TR]INERG 35 R BRIV JjR
FRIG &, INE VAR 2.019 4 mg/mL FI3LHE D I
P 0 B SV, R R SR 6 . M
WETRIAR, 15 RSD {A.

(2) EEMRL: K ILR LS N iE

B 5 KRR KRR AR BFE AR 6 4, AH R 2644 I
EFLVETAR, TP IR . RS . SLHE R
()& &I RSD fH.

(3) FREMRE: BNJFAIE S KRA/KAT
WA =PRSS 1 20 BI7E 05 24 4. 8. 12, 24h
TIE, HEILWHER. WARER. JLYEMER RS
M RSD 18

(4) InREEIR RS I 1) N5 3
5 KR KB A P85 1 (166.7 mg/mL)
6 1, WEEMEE, HHRBENMA—ER HXT
eS8 B . W RRRR . SLHE Y i o 1
f, FEIR €2.6.17 TR il AR RN IRE FTCR
JHit+# RSD .

27 BEAHRGITEE

TR V& 45 F4 22 FE PR IR 22 R R 1 B i el i
AW R AR A A I-Sanger = ¥ &
(www.i-sanger.com) 5Eff. PHZLAI BTG T77%
RAMSIFEAR ¢ 156 .

3 #R
3.1 AR SEBERBEEFRES

MNTE A B 77 45 B T DAAS H KRR A K R
0.075~0.300 g/mL 7] B R ALt i i AR, TS
BRI, o AERHE (B Do
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X K FR1Z 0.300 grmL™!

2N o 3 ~‘ "

KJFA~ 0.150 gmL™! KERAZ 0.075 gmL™!

Bl EFEFESR KRR B EE RS H R0

Fig. 1 Effect of Cannabis Fructus Decoction on growth of gut microflora in solid medium

32 KR X ANRBERE RS ERENEEE
M

#aE 2570 (operational taxonomic units,
OTU) RN [Tt itismve e, HrE
— AN REITT R E NE AR EP . KRR KBRS
NGB w L F R E 5, MFEAEAT i~ J5 34T OTU
R e FORE AR L o 40 A7 I e AR ALK
97%H) OUT, &5RFIEHHHILT N 6 4 OTU,
£ OTU /K-F L, Wi EHER 7 REMKE EF) o
SRR 2 PR, WHR I i TE WA
LR CHIBZL: K H_1~3) 5 KRR BTG
B CGLm B 14 H H_1~3) JEZ AT

¢ KRG AT, 2 R AR PR A TR A A
ZE5R (P<0.01, E2).

X T TR R RE 45 A B T T 2E R e R LA
W HEKTEHBEEHN D TARELRRET]
Proteobacteria , %5 65% , IR & AT ]
Bacteroidetes, 2115 33%, EEHR/DHIEERERE]]
Firmicutes, {5 2%. KFRAZ7K B 18 o L7
Hla, ZRETIPNG R E TR, B3] 99.28%,
T JE B B [ T RZR B4 1] Acitinobacteria 1X 15 0.72%.
HHUC AT AT, KRR K R R 2 i T AR TR 1] i AR
K, ) THMFETTAER (B3).

Beta 2 FEIE IR 2 T AE DR E VA AL B LB,

®2 CKRRSKRURM NIFREEETERR o SRR

Table 2 Diversity index of regulation effect of Cannabis Fructus Decoction on human gut microflora

2 51 FATE S Sobs fEEL Shannon &% Simpson %0  ace §§%{  chao #6§%t  coverage 54X
oy K H 1 4 0.973 251 0.479 987 0 4 1
K H2 4 0.985 278 0.472 352 0 4 1
K H3 4 0.718 700 0.525 698 0 4 1
LT E R 1 HH3 2 0.042 606 0.985 740 0 2 1
HH?2 2 0.035 501 0.988 525 0 2 1
HH1 3 0.138 157 0.940 696 4 4 1

4.0-
3.5+
3.0
2.5+

ok
2.0+
1.5
1.0+
0.5+
0 -

FEEERMS 1 MR

Sobs 5 ¥

2 KRERMZIKRURS NIRRAE R T ERAY ¢« 438 534
Fig. 2 T test analysis of regulatory effect of Cannabis

Fructus Decoction on human gut microflora

PEASE IR VE I 2 5. BRI S A S o — A
PR AR IR, RORBEVE TR 2 ANREAR R Y 2 S 4E OTU
Kb, KRR K R S 38 L0 & S o RS
B, SAHBANIE SN 2 2%, WK 4. A
— E P FE R NIRRT 5 LU I K, R ik
17 heatmap FEA AT AT 1, % B AH 5 L0 B R
1 Z I8 ) 22 AR W, 2R 2 28, B 45 Alpha
M8, WE S,

RIS B RIS £ L s, B ™ Gt 5
JIERS 2 HEEAR AR E PRI M EEER
(R Ak AT 2L R) 22 e Sl 3 VR AL B, £E T DK
TR LU, RORAT KRR AT A 1 18 B 3 R AR T
BT WAFE T TA B AL (P<0.01); &
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Fig. 3 Community structure analysis of regulatory effect of Cannabis Fructus Decoction on human gut microflora

|/ HHI
L|: HH?2
HH3

S I

TR

K H 3

K H 1
JREETE ]

K H?2
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Fig. 4 Cluster analysis of flora structure of Cannabis

Fructus Decoction on regulation of human gut microflora

BERE TR R T T B E R . fEEKFE L, 5%
MR ELA,  KORRAZ 7K BV AT A fip o B e b oK 76
FFE&§ Escherichia shigella 1235 % (P<0.01).

NES5 AT B Bacteroides #2358/ (P<<0.01), T
UM Bacillus. RUSAT# Bifidobacterium JGW]
©ER, WK 6.

3.3 BBEEEX AFKELR P I HER. T RERK
5 B9S2 M K A6 A= 40 E

3.3.1 ARdEMIZ KRR MR ER 2R
Y=9X10°X—59 010 (+*=0.999 7), 7E 0.047 7~
1.525 0 mg/mL £t RUf; WHKERbrifEth 2k Y=
2X 107 X+487 087 (#=0.998 0), 7 0.044 6~1.427 5
mg/mL 2 K4 FEAET I EARHE T 260 Y=7X 10°
X+62 145 (##=0.999 6), 7E 0.063 1~2.019 4

3.

B !
0

HHIHH2 HH3 KH3KHIKH?2

5 KBRIEEKRLRX ARBER BTG IERANREESEN
heatmap &

Fig. 5 Heatmap diagram of flora structure of Cannabis

Fructus Decoction on regulation of human gut microflora

mg/mL APt RAEF, XS HPLC (il B L& 7.
332 ik

(D BEERK: 6 YRR MR, T
JRIR ~ SLHE I R 1) & B 1 RSD A 4K
3.28%- 1.35%. 0.87%, FHMUIKEEE RLT.

(2) EEMHRE: 6 5P HER . TR
FLHE I RSD B 7518 2.82% 2.39%+ 0.11%,
FEAFE S E S M R AT
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SRR % “EIMS R E S
95% E 15 X I
KIGEBATHE ——I HH  0.000006 423 Clstsmases 1
e S50 B I e 0.000 155 4 % W 5
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Pyisza I | e 03739
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SEXIART EE % SERAR N R R
6 NERMZ/KRLRN NBEBEEETSIER N ZYMHESKIE

Fig. 6 Multi-species difference test of regulation of Cannabis Fructus Decoction on human gut microflora

I JB 2
A
TR
0 2.00 4.00 6.00 8.00 10.00 12.00 14.00
B ST R
0 200 4.00 6.00 800 10.00 12.00 14.00 16.00 18.00
t/min
7 MERRLHES. WHEE (A) It HEE (B) HPLC

EikE
Fig. 7 HPLC chromatogram of reference product linoleic

acid, linolenic acid (A), and conjugated linoleic acid (B)

(3) FEtREe: WlRR. WHRER. L5
2 RSD {87 AN 1.78%- 1.04%. 1.07%, FHIFEH
1E 0~24 h WM RIF.

(4) IFEEICRRE: B TWRER . 5
AERER RSD 1.5 514 3.08%- 2.38%. 3.24%.
3.3.3 KRR WIMER. KR IO S R e & 5 i
T P A IR 9 S SRR R B AR £ SRR
B, KBRAZKHE 1 A& I RRER 1.093 7 mg/mL. TF
IR 3.604 3 mg/mL; KIBRAZ/KFIE 2 & T RR IR

0.611 3 mg/mL. WJHER 2.226 9 mg/mL; KHR1-/K
FIVR 3 W& WRREZ 0.191 1 mg/mL. AR 0.741 2
mg/mL;  KFRAZ KBTI H 38 A I HE SR R
LK 8 FIER 3.

HNERERILEE G, lEILmEess 1
(0.166 7 g/mL) 5 W FKER 0.003 8 mg/mL, iR
0.070 5 mg/mL. MM EFES 2. 3 HFTRKER K& ¥
MER S B B RC, R TR AR TS &, W
3 FIE 9. TEILIFEFES 1 ARl IR0 R 1
JREIREN 0.092 1 mg/mL, JLMFEFEM 2. 3 R
K, Wk 3 FE 10,

3.3.4  KOWRA- S i T TR R AR 0 S L0 I JRR IR (1 9
LI EE I R RSN TN et (A SN A BAR T PRI

R AR R 2, Wi T UM NIRZS 5 8 A AR
JRTHME LA, AHFFRZE 200~400 nm 4% K34
R, KA KBRS N5 b R 0 () 55 7R e
220 nm PHEAFAERYE (B 1D, 53CHkfkiE!
JLHEY FRERE 220~230 nm Kb BRAE i R ik —
B, WAHEN KRR S R il o LR S A
SO RER =2, ARt — DA
4 Tig

A SE256 R FH HPLC YRS R K RRA— /K BT Hr
TA MR RRER, HATHE N 0-6 2 ANHAl
NEWIRR, YEFRERA o-3 ZAMAIRITTER, A AEEH
HEEWAEFIIGE, WREAEK . Yo m i om0,
BF 7235 B R LA PRI AR T . SR A iy . TR
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A |
KIBRAZIK R 1 b\ EERTS ]

I
T RER

KIFRAZIK R 2

AV R

—
KBFRAZ K B 3
0 200 400 600 800 1000  12.00
t/min
B ( ||
N ‘ |
Ik ‘ |
UL KRR AR 1
/\ W WN L A

| |

. \ JL VL

KIFRAZ K T 2

JKRAZIKHL 3

0 2 4 6 8 10 12 14 16 18
t/min

8 NRIZ/KRURP I MBS, TRER (A) MR hER
(B) HJ HPLC &iZ[E

Fig. 8 HPLC chromatogram of linoleic acid, linolenic acid
(A), and conjugated linoleic acid (B) in Cannabis Fructus

Decoction

®3 ANRICKRURS NREERFE G WAL, IHRER
STVt B O e

Table 3 Content of linoleic acid, linolenic acid, conjugated
linoleic acid in Cannabis Fructus Decoction after metabolism

by human gut microflora

R FE/(mg- mL™)

>

i Wil WRRER LRl
KBRAZIKBI 1 3.604 3 1.093 7 —
KIBRAZIKEIH 2 22269 0.6113 —
KBRAJKFI 3 0.7412 0.191 1 —
LHEF M 1 0.070 5 0.003 8 0.092 1

SERETTRER 2 - - —
SO B 3 — — —

R E L 1
TERREE 3 g
FIEE R 2
TERRER AR
- J
L E R 3
DI AT
0 2 4 6 8 10 12 14
t/min

B9 ZAARTIERMAFEER 1~3 hITHER. THREE
HPLC
Fig. 9 HPLC chromatogram of blank solvent peak and

linoleic acid and linolenic acid in samples 1—3

SO 1

H_

FEHEE R

UK%NWHJ\ SR R 2
Rk
‘V\ " JER R 3
AV, ,
;N UJ
J e
0 2 4 6 8 10 12 14 16 18

t/min

E 10 #& 1~3 hERIHER HPLC &
Fig. 10 HPLC chromatogram of conjugated linoleic acid in

samples 1—3

FERE B0 A R ATHUA S IS B B RS
AR VBIE FE e BV e R T DA B AR AL 35 o 3 40 A
-1 AR IRSE 7 KT, B0 KSR RS RO
Wy SARBAH AT LR 2, a- WAL F
AR FUshBRFERELL . TEHE R UL
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3 4 H'l.l_
@ AV
< 9. .

200 ) 2I40 I 280 ) 32rO. 360 400
A/nm

11 KEM=5 ANRREEE LR AT RER R 255 K

AR

Fig. 11

acid after incubation of Cannabis Fructus Decoction with

Full-wavelength scanning of conjugated linolenic

human gut microflora

FE AR E D RE), sk SR FEIIBE UK I o- T RRIR e
i TAHRCHHEE CYPTAT mRNA FlIEE [ [ FRIA K&
T Uy R R BRI 7 M B R (A R AR
R PR R AN L HE R, BE 25 5 LA RS,
MR AR 1 24 3 o Druart 250151 C57BL/6J
ANBR v IR ER AR R, ) e R R FR K
V-, SRJE ig 45 T IR S B A I A AR Tl A I R
R B s BRI, AR 9T Bl B A0 IR 7 TR
IVER, 45 R ERWENEAR =Y b K E L 5E
P IHT R AN L T Y PRI

AR S B0 a8 ok [ A 3 577 1 77 ORI K RRAZ 7K B
0.075~0.300 g/mL A EARHEFER LK. BL0.3
g/mL K BRAZ 7K B 5 N U5 1 B R FH A S
B 177 R 48 h, L HPLC £ € Mg id v AT
Ja A A4k, AT DR AR PR ()RR R
TR & 21 I B PR, AR S KRR = i R
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