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Abstract: Objective To establish a quality marker research method of Rougui (Cinnamomum cassia) based on the spectrum-effect
relationship study on its improving kidney yang deficiency, so as to provide some basis for its pharmacodynamic material basis and
quality control. Methods HPLC was used to establish the fingerprints of water and methanol extract of different batches of C.
cassia. Kidney-yang deficiency mice model was established by intragastric administration of hydrocortisone, and the improving
effects of C. cassia on kidney-yang deficiency were evaluated by body weight growth rate, T3, T4, ACTH, kidney coefficient and
testis coefficient. The correlation between chromatographic peaks and pharmacodynamic indexes was constructed by grey correlation
analysis to screen quality markers. Results Cinnamic acid in the water extract of C. cassia was the component with high correlation
(r>0.74), and cinnamaldehyde and cinnamic acid in the methanol extract had the highest correlation (r>0.80) and o-methoxy

cinnamaldehyde had high correlation (r >0.72). It was preliminarily confirmed that the above-mentioned three components were the
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effective improving kidney-yang deficiency substances of C. cassia. Conclusion The results of this study can provide evidence for

the effective substance and quality markers study of C. cassia based on its improving kidney-yang deficiency eftect.

Key words: Cinnamomum cassia Presl; spectrum-effect relationship; grey correlation analysis; kidney-yang deficiency; quality

marker; cinnamaldehyde; cinnamic acid; o-methoxy cinnamaldehyde
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Fig. 4 HPLC chromatogram of mixed reference substance

of Cinnamomi Cortex methanol extract
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F2 PAREKRURX S HERENREREFN (x+5,n=10)

Table 2 Effect of Cinnamomi Cortex aqueous extracts on weight of kidney-yang deficiency mice (x+s,n=10)

A5 FE/(g kg™ YRR /g 21 d i/ PRI KE /%
X HE — 252+1.6 38.5+3.7 59.04+8.45
R — 25.6+2.1 35.5+1.7 34.034+5.32"
FH M2 6.8 25.6+1.4 35.6+2.6 41.28+5.58""
RIAE/K R PO1 32 257+1.3 34.8+3.1 40.57+£7.50"*
P02 3.2 255+13 35.0£3.7 40.51+£12.15"
P03 32 25.84+0.9 347422 37.69+5.47"
P04 32 2554+1.0 34.54+3.0 38.87+6.29"
P05 32 253413 344427 39.61+£5.79"
P06 32 25.6+1.5 34.6+2.5 38.47+7.28"
P07 32 258+1.4 353424 38.62+5.07"*
P08 32 254+15 34.74+2.6 39.77+8.58"
P09 32 255+1.2 353418 41.46+9.76"
P10 32 25.6+1.4 345423 36.41+6.96"
P11 32 25.6+1.3 347423 38.51+6.81"
P12 32 255+1.6 34.84+2.7 38.64+7.88"

SRBALLE: TP<0.05 TP<0.01; SERALLLE: P<0.05 "P<0.01
"P<0.05 "P<0.01vs control group; "P<0.05 "P<0.01 vs model group

*3 PERERRBRIN BHESERNRFRESM (x+5,1=10)

Table 3 Effect of Cinnamomi Cortex methanol extract on weight of kidney-yang deficiency mice (x+s,n=10)

2151 e/ (gkg ") W FR B/g 21 d ERfiE/g R B K/ %
i — 246+15 36.2+2.1 50.571+4.34
LAY - 24.6+1.5 33.6+2.8 32.47+6.85"
PH M2 6.8 252414 335433 3547+£5.43"
WIEE R EEEREXY) PO 32 25.0+1.5 33.5+3.5 39.04411.53"
P02 3.2 249+1.5 34.0+3.2 36.81+£8.17"
P03 3.2 248412 333+25 38.33£6.25"
P04 3.2 24.6+1.3 329+1.9 35.25+3.49"
P05 3.2 244412 33.443.0 37.61+7.79"
P06 3.2 24.4+1.5 33.6+£2.6 40.5647.53"%
P07 32 245+1.5 33.4+23 35.60+=4.88""
P08 3.2 244413 329426 34.11+4.83"
P09 32 2454+1.7 337422 40.96410.24"
P10 3.2 244413 32.4+2.6 35.83+£7.12"
P11 3.2 24.6+1.3 33.4+23 38.30+£6.64"
P12 3.2 24.8+1.7 32.7+22 34.66+6.38"

S5 BAE: "P<0.05 TP<0.01; SEBALLH: "P<0.05 #P<0.01
"P<0.05 ""P<0.01 vs control group; "P<0.05 "P<0.01 vs model group

323 PRI T4 SR 3RS s, SR F=Hh PR B R SR U 20 3 B A TR RE B2 T v ' R
EXTRRZAREL, BRI T4 SEHERE T  B/RIE T4 & E. Hd, P01, P04, P05 #Lik
P, R HEEALER ). SHEAHALL, WK ATRZLS P03, P05, POS. P10 Ly AIA: IS
FHPEZGZ. 12 SRR EE KRR 12 #ik $REUAL/N R T4 SEREZEF R (P<0.01);
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#* 4 AERBYSERENRIE T3 S2MEMN
(xts ,n=10)
Table 4 Effect of Cinnamomi Cortex extract on serum T3

of kidney-yang deficiency mice (x+s,n=10)

. -1 T3/(ng'mL ")

A ARk T qm
Papis - 22413 7.0£0.6
R — 1.840.9 5.9+0.7"
FF 25 6.8 27+1.1% 7.6+1.1%
WA PO1 3.2 29+15 8.24+1.2%

P02 3.2 25406 8.2+0.9%
P03 3.2 3.1%1.5 7.64+1.0%
P04 3.2 22406 7.6+1.0%
P05 32 25405 7.4+0.8"
P06 32 474 1.4%% 7.5+1.3"
P07 3.2 5.0+£23" 8.1+0.9"
P08 3.2 3.84+1.0% 7.54+0.9
P09 3.2 25407 7.94+1.7*
P10 3.2 3.140.5 7.441.4%
P11 3.2 22409 63+1.4
P12 3.2 1.940.5 62+1.2

SRR TP<0.05 TP<0.01; SR ELE: *P<0.05
#p<0.01
"P<0.05 P <0.0l vs control group; "P<0.05 "P<0.01 vs

model group
x5 NERNYNSHEENRMDE T4 2NN
(xts ,n=10)
Table 5 Effect of Cinnamomi Cortex extract on serum T4

of kidney-yang deficiency mice (x+s,n=10)

dR AR(eke) _T4/mgml )
KRR 3R
Xof i — 5247 64+17
LAY — 45+3 48+16"
FH 2 6.8 57+10" 64127
WHE PO1 32 56+ 6" 71+24"
P02 3.2 46+6 74424*
P03 32 61+12" 74+16"
P04 32 584 8" 61+13
P05 32 56+ 7" 86+17%
P06 32 58+9" 77429
P07 32 61+13" 79+ 34"
P08 32 53411 91 +26™
P09 32 49+9 66+13"
P10 3.2 537" 88420
P11 32 5148 58+16"
P12 3.2 54410* 69420"

SRR TP<<0.05 TP<0.01; SEIZHELE: *P<0.05
#p<0.01
P <0.05 "P<0.01 vs control group; "P < 0.05 "P<0.01 vs

model group

P03. P06. PO7. P10. P12 #LIXARE/KATEH 5 PO1.
P02. P06. P07. P09. P11. P12 i/ AIKE: FH i HEEYL
YIRS T4 S EEEF R (P<0.05).

3.2.4 PG ACTH &M k6
B, xR, AN R IIE ACTH & &
BIREE TGS, R HBEAMERER . 5
REARIAAA L, BHEZG4L. 12 SLRAS [F = b A R 7K A
TRZH 12 HERAS R F= b PR R B 5 B 20 35 BE AN 7]
FEFETH = B FH e /N RUMTE ACTH HI& & Hr,
PO1. P02. P04. P05. PO7~P10. P12 LIk AAEH
FE PR B/ RIS ACTH S EREE T e (P<
0.01); P03, P05. P07. P08. P10 #HtLyXAIFE/K R
4H 5 PO3 Hhx A F BB B 4H /) BRI ACTH &
HERETE (P<0.05).

3.2.5 PAIFEX/NERENE. SRS FEEGSZ 0
x 7R, SXTRRAALL, RS IR T
R, SEASREOAE TR, BWEA REER (P<0.05.
0.01). SHAIMLL, BHMEZL. 12 HRAFE
i A K BV ZE S 12 FHE KA [R] 77 A A FR R )

= 6 HHERIWMNSIEE/NRIE ACTH &=/50
(xts ,n=10)
Table 6 Effect of Cinnamomi Cortex extract on serum

ACTH of kidney-yang deficiency mice (x + s ,n=10)

ACTH/(ng-L ™"

AR FEAgkg

KT F R HE )
X HE - 239440 165+30
R — 198+44 122+35"
PH M2 6.8 238+30 189439*
A PO1 32 226433 177+47%
P02 32 226446 2184617
P03 32 263 +27 157433"
P04 32 234430 185+43%
P05 32 250428" 2474437
P06 32 261+43 174+47
P07 32 2714+32% 2364377
P08 32 237437" 227448
P09 32 228435 219452
P10 32 241436" 2154327
P11 32 238+36 15742
P12 32 227434 170+45%

SR TP<0.05 TP<0.01; SHEMAHLE: *P<0.05
#p<0.01
"P<0.05 P <0.01 vs control group; "P < 0.05 P <0.01 vs

model group
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SH I BN [ P R B BE R /N BV IO S 2 AL IR 2%
Z¥. HrR, PO2. POS. P08. P09. PI1. P12 it
UK B 45 PO1. PO3~P05. P07, P08, P10~
P12 ki PRI SR B 4 /)N B i b 5 2 7
= (P<<0.01); PO1. P10 #LXAEE/K R4S P02
P06 P09 I PRI Y B L) 4 /)N BRI V7S 55 48 4
BETFE(P<0.05).PO7 fit Ik EE K B4 S PO3.
P09 P10 #t PRI H RS EUI 4 /)N BRI 52 ML HR 2L
BE T (P<0.05).
4 EBYXERESH
4.1 ERDDHH

R EK R, i T3, T4, ACTH &, &
JUk 8 H5ORD 2 FUARHUVE S B ' B R R P PR AR

*7

AE—ERIFHCHE, Rk, w3 B i idk T
FEdeibs, G REETERRRE AR 6
fRRRE,

KH SPSS 21.0 #AFBEAT TR 04T, I3 4
REY, TEREEKBGRAS /8 1. 2. 3 5TEk
ROIEF] 90.90%, ATFHERD 1. 2. 31ENHAE
REEAR 6 MeiE; 78R RS 3 pl
g5 15 24 3 DTk ZE Ik 3 82.75%, TR ERS 1.
2. 3E N EREBEAT 6 MEE. HAHEAKM
SR U ) 06 TR - fmr E B2 B (3% 8L 9) 1]
Al AEPEE KRR AL R ERS 1. 24 3 iR
55N IE ACTH & &, SEAIRE. R EEK
%, RIfyE ACTH & &, MBI HREGKE

PRI B HE R B BE. BTN (x+5,n=10)

Table 7 Effect of Cinnamomi Cortex extract on organ coefficient of kidney and testis coefficient of kidney-yang deficiency

mice (x+s,n=10)

- B JKHIR i SR B
45 HlE/ (g ke ™) — — — —
I %% 2 ALFRB% B EFE 50 % 2 RIEH%

paglisl — 1.29+0.13 0.54+0.06 1.2140.05 0.50+0.06
A — 1.034+0.06™ 0.674+0.09" 1.0440.06™ 0.654+0.04"
FH 24 6.8 1.0940.08™ 0.64+0.10" 1.3240.07"# 0.65+0.08"
A POL 3.2 1.114£0.05™ 0.6740.06" 1.1840.05" 0.5940.08

P02 32 1.16£0.07"# 0.66+0.06" 1.2340.20* 0.62+0.05"

P03 32 1.0840.08" 0.63+0.09" 1.2340.09% 0.56+0.08"

P04 32 1.10£0.08™ 0.59+0.13 1.1940.05% 0.60£0.05"

P05 32 1.12£0.07"# 0.57+0.18 1.17£0.06% 0.60£0.09"

P06 32 1.06£0.08™ 0.64+0.05" 1.2240.09* 0.64+0.04"™

P07 32 1.06+0.08™ 0.60+0.05% 1.2440.12% 0.64+0.04"™

P08 32 1.15£0.09" 0.70+0.08" 1.2440.08% 0.65+0.07"

P09 32 1.13£0.07"# 0.62+0.07" 1.1440.04™ 0.58+0.06™

P10 32 1.13£0.07% 0.62+0.07" 1.21£0.09% 0.58+0.06"

P11 3.2 1.15£0.07"% 0.64+0.08" 1.174+0.07% 0.5840.09

P12 3.2 1.17£0.06™ 0.62+0.06" 1.334£0.19% 0.63+£0.04"™

EREANE: "P<0.05 TP<0.01:; HSRIMANE: “P<0.05 *P<0.01
"P<0.05 "P<0.01 vs control group; "P<0.05 "P<0.01 vs model group
F= 8 MMEKRLRVIGETEHRIEME
Table 8 Initial factor loading matrix of Cinnamomi Cortex aqueous extracts
fbi WU R T3 A
EN %l E Ry 2 E R 3

RFEE KR -0.547 0.371 0.744

T3 0.737 0.607 -0.021

T4 0.883 -0.113 0.067

ACTH 0.942 0.048 -0.029

Bk R 2 -0.907 -0.131 -0.285

EIRE -0.375 0.823 -0.354
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Table 9 Initial factor loading matrix of Cinnamomi Cortex methanol extract
. WG -8k Af
FEHI 1 F ) 2 F RSy 3

P E KA —0.748 0.353 0.333
T3 0.066 0.816 0.372
T4 0.720 0.419 -0.238
ACTH 0.578 0.700 -0.208
Bk R 4L 0.634 —0.654 0.188
E 0.781 -0.104 0.507

AT DL P sz Bk DAY A 7K RIS 435 B R VI 1) 52
555 TERVEE SRV P R 1L 24 3 5
BRI AN ISR, g T3 & &, RIEAE
. MIE T3 F & n] DURCORRE FE i sz i A A PR I 42
) 50 B BH R AE P R 555 o
42 XEESH

PL 12 SR A K B AL AN 12 vk R RE FE
U2 i o 3 K2R, IfyE T3, T4 ACTH & &,
B EfEE 2 RAREUE NS HE A, DARREKEIR
TP R H B SR U HPLC PR3 AT 06 0 T A 5 EURE
BN LB T8 . SR PP H A
B, WRYE IR I R 5 A RPN L
B IS IR GR R REE R . KRR
B A BRI N ORI, TS5 R AR 104 11,
YRR T 0.6 B, RO REEACER K165 B
2B brA R ORI KT 0.8 I, K H
T I AR SR I b 5 oy 5 245 BB FR A ROK IR S Ik
PE; MOCHREERT 0.9 B, RIAEIEIGRERNILE
J% 535 2 ER AR R R KB,

gE R BN, WHEDKRDR 8 NMEF g F R ST3 41,
HAR OISR T 0.6; WEEHFEEIREY 9

MILF W ER CTS 4b, HAp kg B KT
0.6 PRI ZK I F 568 B BH R /0 BRUAR o7 B 3 2R DT ik
BUOR B 15 55 107y ST2>ST5>ST7>ST1>
ST8>ST6>ST4; Xf T3 BT A ML A I 5% 55 I
2N ST5>ST2>ST7>ST6>ST1>ST8>ST4; *f
T4 DTHEREBCK A WSS Ty ST2>ST5>ST7>
ST1>ST8>ST4>ST6; Xt ACTH TiikE KA
U 5 55 I FE )y ST2 > ST5> > ST7>ST8>ST1 >
ST6>ST4; X B M+ £ e o1 kK (1) 3 A 0 i 55
JIi 9 ST2>ST5>ST7>ST8>ST1>ST6>ST4;
X 52 R FE H 5 ) o7 sk O IR 3R A U 5 55 I R
ST2>ST5>ST7>ST1>ST8>ST6>ST4. WAH:H
i 45 E 4 Hh 6] B BE RS /IS B o B A K B DT R AR K
) 3L g 58 59 I 7 v CT8>CT2>CT7>CT3>
CT1>CT9>CT4; Xf T3 DTmkie K I FEA W5 55
N CT8>CT2>CT7>CT3>CT1>CT9>CT4;
X T4 TTRRBCK LA ISR 57y CT7>CT2>
CT8>CT9>CT3>CT1>CT4; X} ACTH Ttk K
(3L 1§ 58 55 I v CT7>CT8>CT9>CT2>
CT3>CT1>CT6; X B JI 45 %55 il o ik R 1 3
A ISR 55 Iy CT8 >CT2>CT7>CT3>CT9>

F 10 FRE~HAEEKRLR &K S ARIEIRE KERKE

Table 10 Correlation between chromatographic peaks and pharmacodynamic indexes of Cinnamomi Cortex aqueous

extracts from different areas

e KELE
e T3 T4 ACTH ' Wi 5L EKicE

ST1 0.685 8 0.693 3 0.691 8 0.688 6 0.696 5 0.702 1
ST2 0.816 4 0.747 9 0.800 4 0.811 1 0.8224 0.838 0
ST3 0.461 8 0.460 1 0.451 1 0.460 1 0.464 7 0.467 3
ST4 0.634 2 0.638 5 0.636 0 0.641 8 0.645 0 0.650 3
ST5 0.791 0 0.790 0 0.779 8 0.792 1 0.794 4 0.789 8
ST6 0.657 6 0.701 3 0.634 2 0.6453 0.657 6 0.675 8
ST7 0.719 6 0.733 3 0.732 1 0.7325 0.720 8 0.7229
ST8 0.6813 0.688 1 0.691 1 0.703 3 0.704 3 0.690 5
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Table 11 Correlation between chromatographic peaks and pharmacodynamic indexes of Cinnamomi Cortex methanol

extract from different areas

i RIKSE

PR R R T3 T4 ACTH PR SRR
CTI 0.7252 0.757 6 0.739 6 0.7215 0.7317 0.723 7
CT2 0.790 8 0.806 6 0.791 6 0.7612 0.7911 0.781 0
CT3 0.7512 0.768 2 0.757 4 0.757 6 0.7553 0.758 2
CT4 0.622 6 0.6318 0.600 8 0.595 7 0.618 7 0.602 8
CT5 0.458 1 0.4612 0.4417 04705 0.466 9 0.463 3
CT6 0.584 8 0.599 7 0.5853 0.628 2 0.600 4 0.602 3
CT7 0.767 9 0.789 0 0.827 4 0.8375 0.790 4 0.778 4
CT8 0.8277 0.8373 0.788 2 0.798 0 0.8143 0.8321
CT9 0.707 0 0.7520 0.763 0 0.778 7 0.7470 0.7273

CT1>CT4>CT6; X 52 ALFRERZ W o Bk BOK (1) 3L
SR E5 55N CT8>CT2>CT7>CT3>CT9>
CT1>CT4>CT6.
5 g

WHEAE N Z B RIIRM & b2y, B2 N HAE
AR A . DB Fe R, WL T
W2z BAA T ZAEYENE, SBIRERS. P
RY. MARY. WILRGSAAHBERS, B
FELEJoT B35 07 T A LI A 78 5y, T 254 5
A 2, BB EAMTES EATE, (THE
2 ) 2020 4R H AN DA AR 1) & B A D T 2 A |
(1) L —FR bR AN e A TH AR I PR 25 07 (1) B8 A T =
BARBF TR, h2iptidnt 2 sy 2dE. 28
R FE RIS IR, N T IR AR 25 1 22 Ak
Al RA R, W R E U A A ROE R N
FebR LRIV N TE & . Rk, A TIRFT RS
RO, AT AT IR B BH AR, LG
BAFE AR M B ER 2R, Sia TR
HAT IO R M, e th P RE 5 2 1 FH AR
R R B AT BeIE L 5) o

AR FOR I, 12 LR RIEE A0 25 48 8
BARE AR, (HMEE S HEEHZRECR,
ot PO1. PO7. PO8. P10 PUAEZGM I % B FH
EFET, P11, P12 PIAEZGM 20808 2%, A
[7] 7= b PRUEE 6 5 B R /DS SR AN R s E A . A
I, AW ST IR I K B ORI B2 7 43 i HPLC #8240
55 50 B BE R A IR opE oo . S5 IRER M,
FEZKRIVR R 7 AN EH TGRS IR H IR
By 8 A A b BT AR 3R 1 R 23 5 o4 B BH R4
FIFHRPEII R T 0.6, U B PRI 7K AT Y B S YD 1)

o0 B BH R AE F O “ Ao B SRREIE S
SRS Horb, PR K D PR IR N SR IR R
IRy (r>0.77); PRIRE R EE SR AR . A
FERR IR fe s (r>0.76), Al F AR 36 P A i o6
BREER R (r=>0.70), A BRI o5 B BH R A H
AHIFFE K AR 254 (1 4% G A8 5 R IR BUE
I S A% 2 FhPIRESREY), I A8 R A HTRIE T
RILPIREAR GUK BT S RS U R 3 2 ROR
2RO PORERE . PORERR . A1 FF SR AR 5 B
' BH 2 1E F 1O AH SSME S8, DRI R (O [ 24 )
2020 A RR S5 I E K F R I B AT RASHS PR R 32
B2 FURAT A B . AHIF FE 3 BEOCEER
AN RE T RRE ZKORH B B B A H 5 1 A3 o X
FHEEAE F M DTRR AR RS, WP AN T POEERS . AR
A1 R AU PO RE I S R RE ) 245 30 ot Bl

AT 5T R F 48 S0P B 45 A K £ S B BE 43 AT 1)
TSR R AT, VIBHIN T R SGE S H AR
M2k at, IER Q-Marker 5 AE4iE 14 1)
YK, AR T IHIES 48R
Q-Marker, {RIFZiM BRI, AR AN
FEZG A R AR UE I SE 38 BTG A BE AL DA R 2 3%
VI )3k — 0 ) B LR AR B E T ARl

FBAR AL ENRAEA TR

S E Ak
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