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[Abstract] Objective: To compare the contents of adenosine, gastrodin, p-hydroxybenzyl alcohol,

p-hydroxybenzaldehyde, parisinin B and parisinin A in Chijian (the aerial part of Gastrodia elata) and
Gastrodiae Rhizoma, and compare their effects on immune function and intestinal microflora, evaluating
whether it is necessary to study and develop Chijian. Method: The contents of these six constituents were
determined by ultra performance liquid chromatography (UPLC) , the mobile phase was 0.1% formic acid
aqueous solution ( A)-acetonitrile (B) for gradient elution (0-4 min, 0.5%B; 4-5 min, 0.5%-2%B; 5-10 min,
2%-15%B; 10-12 min, 15%-20%B; 12-15 min, 20%-95%B; 15-17 min, 95%B; 17-17.5 min, 95%-0.5%B;
17.5-20 min, 0.5%B), the flow rate was 0.5 mL+min", the detection wavelength was 270 nm. The difference of
pharmacological activity of water extracts of Chijian and Gastrodiaec Rhizoma was compared, the clearance
index, corrected clearance index and peripheral blood were measured in mice model with low immune function
induced by cyclophosphamide, B lymphocyte proliferation was determined by lymphocyte transformation test in
vitro, intestinal microflora was analyzed by 16S rDNA technology and bioinformatics was conducted. Result:
The total contents of these six components in powder and ethanol extract of Chijian were higher than that of
Gastrodiae Rhizoma, but the total contents of these six components in their water extract were similar, and the
total contents of gastrodin and p-hydroxybenzyl alcohol met the requirements of the 2020 edition of Chinese
Pharmacopoeia. Compared with the blank group, the clearance index of immunocompromised mice was
significantly increased in the middle-dose (10 g-kg') group of Chijian water extract, middle- and low-dose (10,
5 g-kg') groups of Gastrodiae Rhizoma water extract (P<0.05) , the levels of erythrocyte and hematocrit in
peripheral blood were significantly increased in the high-dose (20 g-kg") groups of water extracts of Chijian and
Gastrodiae Rhizoma (P<0.05, P<0.01), water extract of Gastrodiae Rhizoma with concentration of 400 gL
and the water extract of Chijian with the concentration of 100 g-L"' could promote the proliferation of B
lymphocytes induced by lipopolysaccharide. Studies on intestinal microflora showed that compared with the
blank group, at the phylum level, the water extracts of Chijian and Gastrodiae Rhizoma increased the relative
abundance of Bacteroidetes and decreased the relative abundance of Firmicutes, at the genus level, they
increased the relative abundance of Prevotellaceae UCG-001 and Ruminococcaceae_UCG-005, and decreased
the relative abundance of Anaerotruncus, unclassified f Erysipelotrichaceae and Candidatus Stoquefichus.
These intestinal bacteria were related to the immune system, cell proliferation, and metabolism regulation.
Conclusion: The total contents of 6 components in the powder, the ethanol and the water extracts of Chijian are
higher than or close to those of the corresponding samples of Gastrodiae Rhizoma, the pharmacological activity
of Chijian water extract is similar to that of Gastrodiae Rhizoma water extract, indicating that Chijian is worthy
of further research and development.

[Key words] Gastrodiae Rhizoma; Chijian; lipopolysaccharide (LPS) ; ultra performance liquid

chromatography (UPLC); immune function; intestinal microflora; chemical composition

KR A Ko 25 05,2020 4F fz € Fh A8 R LI
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WA i, I 50% B B BE 1 mL % BT 13.00 g,
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3K MR (LOD) , SIN=10 112 % & R (LOQ) ,
W 1. S5 &P 6 B i A3 78 AH N BT £ TR R S L
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Fig. 1 UPLC chromatograms of Gastrodiae Rhizoma and

Chijian

N EIEH B X R B A AR BATA
I T AR B RSD 4y B N 2.4%, 1.2%, 2.6%, 3.2%,
0.6%,3.2% , Ut BN #8545 2 )8 R 4F .

K1 RBEMFREHFHETIEIOEEXRER

22,6 HEMIRXE BRI K05 g, %2230 F
J7 AT 04 6 4 B S L i 2.2 1 TR SRR
FELTFRIRAT CRIRER 0 R R OR B X R R R
T R 2R AT B A S 2 & 4 $00 ih 0.155 3,
8.489 5,6.442 7,0.078 7,0.827 1,0.145 3 mg-g",
RSD ¥)<3.3%, KWz H ik EE R

227 REtERE BRI K 0.5 ¢, #2230
J7 15 il A& A S v, or N Tl &5 S 0,2,4,8, 12,
24 W% 220 W0 F 00 E o F SR AT R IBRER X
BEOR B O O R LR AR T B ORI A DA T ALY
RSD 4514 1.9%,2.3%,1.3%,3.0%,1.6%,2.4%, %
WA 1 WRTE 24 h INFRUE &

2.2.8 IR RIS AR RS R AR IOR RROR R 3
36 £, K5 %5 I 5 R b o3 R 2 8 ) R
VAW, 4% 2.2.3 T J7 ok il A A VU 4 2.2.1 30
T A &I E L TR R R A RO
M RS REA TP A AR B AT AR 24 0 R [l
FAE 96.43%~102.59%, RSD 4 <3.5%, 3£ W % J5 ¥k
[l W AR HL AT

2.2.9 FEMIIE  BR2.2.3 0 R oR 55 HR RR AO RS K |
KPR BV S, AL 3 00 2.2 TR A 4%
PRI E TR A T A5 B B B A, LR 2. 4
FER IR 2 R 2R H KRR 25 R0 X6 3 R R FH R ) L BT
AT AL 1.649% , K BR R H U P A R T B O3 8K
1.493% , £ 45 2020 4F j H [ 24 3L ) R PR " 300 1) 2
Ko ARFTR R CBESE W P B AR R BR R X R AR
R G FR LR M RIAR AT B MR AR A S
R AT TR R R BEAR W P 6 A Ay i
SLRT(P<0.01) , 7% i 7K $ WA KRR K B2 W Fir 0 6
B3 i B RUAR G

Table 1 Linear relationship of six components in Gastrodiae Rhizoma and Chijian

% =5 r Rk /mg- L LOD/mg-L"! LOQ/mg-L"!
M Y=4 111 470.652X+6 894.812 0.999 4 20~200 0.50 0.80
PN & Y=300 869.X+14 318 0.999 0 50~2 000 5.00 15.00
of 8 e O T e Y=1 156 425.072X-2 364.164 1.000 0 10~800 1.00 3.90
Xof ¥ HE R Y=12 649 025.650X-1 595.975 0.999 8 1~100 0.20 0.70
U AR B Y=237 173X+861.48 0.999 7 15~800 2.00 7.20
IR A Y=219 678X+845.28 0.999 0 4~800 1.50 4.00

2.3 SR IR B K B RO /)N B G 2 T RE Y 52 0

230 IR UM 80 H, & AT Bl AL 43 Al

25 FAL AR KSR W b AR R B (20, 10,5 g- kg,

A 2GR ) AL, RIMOK S AR SR (20, 10,
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F2 FHEMRXHEERPHRIHAIRESE (x£5,2=3)

Table 2 Contents of 6 components in Gastrodiae Rhizoma and Chijian samples (X+s,n=3) %

e et X E WRIE O EER e mAERA i
il R

KRR AR 0.016+0.000 09 0.849+0.004 0.644+0.001 9 0.008+0 0.083+0.000 8 0.015+0.000 2 1.614+0.007
KKK 0.004+£0.000 08 0.578+0.024 0.041+0.002 4 0.001=0 0.0720.002 7 - 0.696+0.025
KIRBERE 0.0060.000 01 0.137+0.003 0.201+0.000 9 0.001+0 0.039+0.000 5 0.008+0.000 2 0.393+0.003
IR A 0.055+£0.007 66" 0.268+0.006% 1.381+0.007 3% 0.045+0.008> 0.177+£0.026 8" 0.040+0.008 0" 1.966+0.035%
AREIKAE 0.011£0.000 37 0.509+0.007" 0.033+0.000 2" 0.002+0% 0.149+0.003 1 - 0.704+0.011
TRETEEHR 0.008+0.000 17 0.218+0.003% 0.042+0.001 9% 0.002+0% 0.135+0.000 2»  0.367+0.000 9% 0.772+0.0022

< 5 A RN R RRFE i HE 38 D P<0.05,2P<0.01.

N FROME M 1 S IR B R e (50 mg-kg!) . R Z A
1 h, FRE 7N BUMR G, 2 VK T S B B B 0 7 B
(0.01 mL-g™"), S5 1,5 min FH 3 58 6 40 0% 45 23 51
MR IE J5 % bk M\ BRI 20 pL, ¥ T 2 mL 89 0.1%
Na,CO, i W, $& 2) , 7€ 650 nm Ab ] %2 W 6 4.
K /I BRSO JBE Ak E 4 IBORT L, R . 40 )
it K=(1gA,~1g4,)/(t,~t,) , a=M Ji /(T 5T & + 9 i
) <K TR T (K SR IE BT P8 A (@), 5K
M4, 4,2 1,5 min B UL A M09 0 A, ¢, 714, R
TS B B B 5 09 B (8], £,=1 min, £,=5 min.

2.3.2 SMEMEME  HCICR /N 80 H, #e 4 JiT
BEAILZr 20, AL 46 25 VAL, SR A K 3R W e P AR
(20,10,5 g-kg" )4l , RIRAKH W = L AR 4 (20,
10,5 g-kg") ZH F0BH 4 245 20 ( h 2 A2 e Bk Wk -, 1) &
80 mg-kg'), AFL 10 2, M ME4S o 454l o i
LN, R S TR Aok (4 25 R
0.02mL-g"), B REAZG 1R, HLL 14d. H255 4,
7,10 K, 25 4 /0N B s v S BRIk e (50 mg-kg') o
KWL 2505 1 h, /NERARBERCm , 2 — il 2, g —
B (EDTA-K,) BT, I % 4= 1l v (1 40 i (WBC) , 21
4} (RBC) , £L 4H il < FX (HCT) , Il 21 2 1 (HGB)

K
2.3.3 B EE IR BUNES BB AL

FE , JCTE BUM , BT JCH Hank's Wb, FHER TR 006
JIE BB B B B B R . 22 200 H U I A 1
F Hank's & %8 2 ¥, B B0 10 min(1 000 r+ min™,
B AR 16.7 em, T [A] ), FF 8L 40 i & T RPMI-
1640 56 4> 55 F2 W, 14 8 20 J ok B2 o 3%10°4>/mL.
1 L 440 e B R A 96 FL AR i Al , & FL 100 L, A FL
T LPS ¥ W 20 L (£ 7t ¥ & 20 mg-L7) , JIn A
AN T) e B R PR 7K 2 9 (25,100,400 g+ L) 8l A i 7K
LW (12.5,25,100 g-L")80 wL, I i% & 25 H4H (A
JLPS 1 W A1 25 % ) A LPS 1% Ak 41 (Jin LPS ¥ W , A

25 ). 37 °CHEH 48 h, & fLIM A 5 g-L" MTT
20 WL, ZKZE0% 5 4 h, 50> 10 min(2 000 r+ min™, &
DR 16.7 em) W X BIE B AL Z T R
150 wL,5E % 10 min J5 T 570 nm &b 5E 4, DL B B
PP £ 240 M P 8 B R

2.3.4  XFERVE AR ECRSZ R o 2K 4R R KRR K
PV A5 30 Ak A1 35 AT AN [ R B b 3 G B AR /N B
F9 KAEL , H b 2R 87 7K 5 U v 5]k 2H R0 SR RROK SR P
IR 20 5 25 ALA T B 2 3 1 25 = (P<0.05) .
33,

R3 FREMREAKRBI/NREFIEENRME (T£5,2=10)
Table 3 Effect of Gastrodiae Rhizoma and Chijian water extracts

on clearance function of mice (x+s,n=10)

25 /g kg! K a

%5 0.046=0.012 5.720+0.750
PNV €73 20 0.055+0.015 6.193+0.729
10 0.059+0.011" 6.237+0.390

5 0.058+0.013" 6.145+0.524

DINC i€ 20 0.058+0.015 6.008+0.285
10 0.061+0.017" 6.188+0.369

5 0.054+0.013 5.968+0.577

B 13.4 0.052+0.015 5.702+0.479

W52 gl g 1 P<0.05.

2.3.5 XPAME M 5a HA A, 2R K
Ft Y v ) A 2R R JRR K HRE VR R R A 2 AT )
Ifi. " RBC Ml HCT % & (P<0.05, P<0.01) , K kK #
TR e 7R 4 T 0l HGB & R (P<0.01) , K
JR K BV LR AR o 2 T W Gl WBC R
7 (P<0.05), W4,

2.3.6 XfLPSi5F Bilk 4l sy svm %5
H,LPSTHALAL , RIFKK AW = o AR S 4, o
KRV L AR BT MR R AL A 4 i) R 1.428+
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x4 FEKRRMRFARERN ERINERTNMRIMEAMKEIRME (X£5,2=10)

Table 4 Effect of Gastrodiae Rhizoma and Chijian water extracts on peripheral blood of immunocompromised mice (x+s,n=10)

20 51 H /g kg! RBC(x10"2)/14~/L HCT/% HGB/g-L" WBC(x10°)//~/L
2 H 7.41+0.54 41.43+3.02 120.63+7.80 1.14+0.33
KRR $E 20 8.48+0.90% 46.95+4.592 137.50+12.96% 2.14+1.00"
10 7.88+0.95 44.00+5.59 135.00+17.56 1.81+0.80"
5 8.02+0.89 44.72+4.38 131.67+15.81 1.62+0.39"
DIV 20 8.16+0.62" 45.06+3.09" 129.44+12.36 1.42+0.62
10 8.01+1.08 43.61+5.33 129.44+17.22 1.500.49
5 7.39+0.78 41.00+3.64 122.22+10.93 1.14+0.32
E TR 72 JE i e 0.08 7.42+0.72 40.44+3 .84 122.22+12.77 1.34+0.31

W5 A AL Y P<0.05,2P<0.01(F 5 ) .

0.233, 1.645+0.259, 1.564+0.311, 1.488+0.154, 3.152+
0.303, 1.473+0.347, 1.603+0.275, 2.476+1.033, H
H,400 g- L7 R K B2 AT 100 g- L™ 7% #if 7K $12 W %
LPS 755 1 B bk [ 40 it 46 i ELA £ 4 (P<0.01) .
2.4 R KR IR KRR K R R G0 5 D BE AR /D
B T8 TR A 1Y) B )

2.4.1 JHiEMN Y DNASRE PCRY 1 K AEYE B
ST TN REAR T /N BRI e a5 E AL AR AT K 4R T
H(10 g-kg" ) FRIFRAKIEMEAL (10 g-kg) , EBLFN 45
2y [) 2.3.0 300, 56 v 1 56 45 AROAT 1 d, G B U/ B2
8 W 2O %5 B T -80 °CHEAF , K JH 16S rDNA 7
AR HEAT I 38 RS AT o FIIFH DNA $2 B ) & 42 B
/NERZEE S DNA, IE XS T S HU DNA 168 V4 X 4T
PCR 4" 3 , §" 4 5| ¥ & 338F-806R , H: ' 338F J¥ 4l
4 5'-ACTCCTACGGGAGGCAGCAG-3', 806R J¥ %
9 5'-GGACTACHVGGGTWTCTAAT-3', #"1#4 J5 #Y
7 AE 2% Bt B W 8 I L UK R T, 22 Rk kI s 4
M, 1% NaOH ¥ Wi DNA 28 i B85 | 58 il 3C
PEA A H Tlumina MiSeq V- £ X 3C 2 #E 47 & i
O F . 6T AR BB AT B 4 2R BT (OTU)
RE W EREADE RS 00 121 8Kk
X ) b = BE AT S AT

242 /NEIENBEY RS TETTKE B,
AFRT == 82 A5 8 % T8 R R #UUFT 147 1] ( Bacteroidetes ) , J5
BE TR '] (Firmicutes) FE 1 B4 ] ( Verrucomicrobia) ,
L BURF B T RS BE BT o . i K R R A
R JBR 7K B V8 20 1 U0 TR 1D R R 3 R AR S A gy
S 1 5.76% ,0.80% , JE BE TR ] AH X = B 4 45 (1 4 4%
S BEAR 5.95%,2.96%, WL Il 2, 7€ J& K &, ZLAF 1A
J& (Lactobacillus) # norank f Muribaculaceae ¥ %}
P BE b A ek s oAy R R B A BT R
(Bacteroides) , ¥ 3% & Ik W J& (Alloprevotella) , & 12

<122 -

B Bl NK4A136 4 (Lachnospiraceae NK4A136_
group) , B I & Bl RCO 1% i Bf (Rikenellaceae RCY
gut_group) , ;= | MR & J& (Alistipes) , X 72 H &
(Akkermansia) , Prevotellaceae UCG-001, % [ &
J& (Roseburia)% . WK 3,

W Bacteroidetes

IFimicuw§ .
mx : ‘Yﬁll;umcomlcmbla
= jg
b
tm
0.0 0.2 0.4 0.6 0.8 1.0
X

mx. 55 14 5 jg. AR AT K SR A 5 om. KPR K 2 T 4 (181 3~5 [l )
B2 BAMNRBEEBRETKENOHIE
Fig. 2 Species distribution of intestinal flora of mice in each

group at phylum level
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Fig. 3

Species distribution of intestinal flora of mice in each

group at genus level
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E—EzES. WHA4, 11 X & (Klebsiella) , BARH B} Tyzzerella J& , T R

15- I J& (Butyricimonas) , ™ B B ¥ 5 ( Eubacterium
10- %, :;-;X ventriosum_group) , WLIK 5. 525 HA M L, 78 IR 6F
s 7 * . ¢ m K B T AR R JRR K 2 T A v AR A B — 35 HL AR X
I IECST T S 1 >0.01%, BB A o o B 25 92 5 40 KT, I
%; Akt A 5. Hoh R HF K B OB 4L R R RR K 4R T 4L
Prevotellaceae UCG-001, Ruminococcaceae_ UCG-
; : 005 Ay = J& g T2 H 41, RAAMRR T |, unclassified
121086420546 81012141618 f Erysipelotrichaceae, Candidatus_Stoquefichus ) £
1R531(6.91%) JEAR T2 .

B4 SANMRBEREHELRSH

Fig. 4 Principal coordinate analysis of intestinal microflora in ificd_f Er f",ae'vtfu"m_ :Ex

mice from each group

244 FEREZRIINICHE KM LEfSeTs
B AE JB 7K V- U o R 25 S 0 A R, 2 Ml
BT (LDA) 154 43 >2 1Y Jijy 18 A3 46 R A R 6 )8
(Anaerotruncus) , ¥ %% EK W F} unclassified f~
Erysipelotrichaceae J& , Wit 8k ¥ B B} Mucispirillum
J& , 98 8 W B} Ruminococcaceae UCG-005 J& , 7 75

£S5 BRIERZZRYMESETHBENEE (5+5,n=8)

]
Mucispirillum |~
Ruminococcaceae UCG-005 NN
Klebsiella I
Tzzerella

Butyricimonas

Eubacterium_ventriosum_group =
0.'0 0.'5 1'.0 1.|5 Z.b 2|.5 3.'0
LDA7§4¥(Ig 10)
B5 BAFFEZRBEHEMNLDARFS
Fig. §

LDA scores of intestinal microflora with difference in

abundance at genus level

Table 5 Relative abundances of significant difference species in each group at genus level (x+s,n=8) %
Wb =AU PNV AR K P i 20
Prevotellaceae_UCG-001 0.387+0.361 1.510+1.216" 0.670+0.390
Ruminococcaceae_UCG-005 0.001+0.002 0.012+0.009" 0.012+0.007%
Anaerotruncus 0.156+0.157 0.128+0.086 0.032+0.024"
Candidatus_Stoquefichus 0.095+0.125 0.078+0.038 0.033+0.028
unclassified_f” Erysipelotrichaceae 0.013+0.019 0.001+0.002 0+0.001

2.5 GiitsEartr fdH SPSS 21.0 X #1748 it
SEOHT T R DL dks Fon 4R 2 R AT R
R R 20001, 45 6 /D B 3 1k 22 5+ 1% (LSD)
ZH T, P<0.05 %R E A G783
3 itig

AR R E | AR A AR A R OR R B R
B25,H HRABMIIR, RERIEAR A A Wik
R AR LLE AR 8 ARAEZGH o A58 AL 24 1k
Oy HPETIRE VA R R AR X R A R R R EAT T
XFHCAFST o B 2 LUK R 2 A0 B 2R T 4R B R
R R DF A 8 b 5 A A2 5 50% HY B 75 42
B 60 min 2 47 KRR AL 2K &l 75 VM 45 5 FH 580745
R R AR 2 M pH R, 5 KR E
AV X AN RN RPN S i
i, O R AR I KR R AT LR B VM R R
BAREXM . RS H T 1k SOk R RS 5

il # J7 E AN 7 75 S IR R BRER X R AR
F st X e DR Y | M) 2R BT AT 6 ol A o 2E
7o s E . UPLC N E 25 4 o , 2R #if M oK L 4
W 6 b R A 5 R R 23 3 T R R R
T 38 W, % 5 7 B 80 R SR JRR K B2 98 FT 6 b i o %
B IR AL o SCRRE 8 JBIF 5T A B K JRR Ml b 38 70 KRR
R R L R e EAR SR I T B 6 Ak
ST, IR TN 6 A g i AR T RRR , O R i
e W ik 58 Bt — A I B e T ARl

2 I8 VKA R B R R 22 B T L% gk B R T
X /IN B VR S 93 T e A A AR . R AR Y
% ] A W T Y 6 P KRR 22 B v 7 Bl Tt g oF Rt 4
B e AR RO WBC T B B W AR . & R
S5FHOUR B OR RR T T 1 5 HTIRR YL R T, U AR /DN B
e B DI RE . ULWT R E A $2 i SR e I RE RO
7 AR SCWF5E A 30 A0 1 7K 4 TR0 KRR VK 32 7T 42 e
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B AR /N B KA, 25 57 2 26 AT 5 i o RBC
FIHCT, xF LPS 5 5 1Y B ik I 46 i 38 58 B A7 fie 2 £F:
JH P 35 B A AL Y 3 5 fe 2 4 T, 42 78 o i A) RE
5 RBREA LM 25 B .

A v — SRR 5 3 B R PR K B R TT 4R
TEH /N B 38 R Y 25 2R T s 9T IR A KRR AT A
/N B T R o AR SCHF SR T AR ORI OR R K 4
WO S 2 T REAR T /N B 18 T R A 52 e, 45 SR k0
TE YA AR TR S AT R ) R B R R BE
W B 78 K F E 8 Prevotellaceae UCG-
001 F1 Ruminococcaceae UCG-005 By #H XF + B , B
IR S K2 IR 1 J& | unclassified f Erysipelotrichaceae
1 Candidatus_Stoquefichus WA X & o #UFF &[]
VRS — e UL g5 2R TR, X fE M R A EAE T,
QAR TR TS T 48 A Y A3k AR R PR B R e 1
B E RGN . M K K B (Prevotellaceae ) B
AN 5 0 BE IR 15 R (SCFAs) F & R A &, SCFAs
PR 5 1 AR | R R G R A B 1 A T H A R
SEAE N, I 18 B4R W7 A B9 SCFAs T g BE 470 1K 2
N, VT R R SR, SR AR E R R R R
KA S 2 A0 AR BAR AR S i K B A i Ak
PRAEARAR TR 5 A G, BR AR 5 o i 23 | ke
&1 T 5™ Ruminococcaceae A e HIF 97 26 1 £ B |
B 25 ) 0T 4 T LAY % o AE B 3B B AR X
JE'2' ) Erysipelotrichaceae i A X} = B 5 4 4 K
FAB B LA, I 5 1 Eom L HF R 5 A
E AL Y . R, B AT X T Candidatus_
Stoquefichus Ml Mucispirillum WHGER V> . B2, 77
i 1A o 25 AR S R BRE AR AL, 4 7R Ak
T AE A 1 — 25 1Y A ST %
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