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Effects of Citrus medica before and after being steamed on dryness indexes and blood metabolism in rats
NIE Qinxin', ZHANG Qiuxia’, WANG Jinyu', WU Peijun', HE Yali', LIN Hongbin' (1. School of Traditional
Chinese Medicine, Guangzhou University of Chinese Medicine, Guangzhou 510006, China;2. Drug and Vaccine
R&D Department, Guangzhou Laboratory, Guangzhou 510005, China)

ABSTRACT OBJECTIVE To explore the effects of Citrus medica before and after being steamed on blood metabolism and
dryness indexes in rats. METHODS Twenty-four SD rats were randomly divided into blank group, C. medica group (2.4 g/kg),
processed C. medica group (2.4 g/kg), Citrus aurantium group (positive control, 1.2 g/kg), with 6 rats in each group. After 5
weeks of continuous administration, the body weight, food intake, water intake and urine volume were observed dynamically. The
content of aquaporin 3 (AQP3) in serum was detected. The metabolic profile of rat serum samples was analyzed by liquid
chromatography-mass spectrometry. Principal component analysis (PCA) and orthogonal partial least squares-discriminant analysis
(OPLS-DA) were used to screen differential metabolites, and screened differential metabolites were mapped to the KEGG database
for pathway analysis. RESULTS The body weight of rats in each group increased slowly; the food intake and water intake of
processed C. medica group tended to be higher than those in C. medica group and C. aurantium group, but there was no significant
difference among those groups (P>0.05). On the 21st day of administration, compared with C. aurantium group, the urine volume
of processed C. medica group was significantly increased (P<<0.05), the serum AQP3 content of processed C. medica group was
significantly decreased (P<<0.05), and were close to those of blank group. According to the metabonomic study, C. medica mainly
affected the lipids metabolism, and processed C. medica mainly affected the amino acid metabolism. The differential metabolites
pathway between C. medica and processed C. medica involved the metabolism of cysteine and methionine, metabolism of glycine,

serine and threonine, and metabolism of taurine and hypotaurine. CONCLUSIONS Processed C. medica might relieve the dryness

of C. medica by affecting adenosine phosphate-protein kinase
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A. The content of AQP3 in serum can be used as the
evaluation index for the dryness of C. medica before and after
processing. The effects of C. medica and processed C. medica
on endogenous metabolites in rat serum are quite different,
especially in the aspect of lipid metabolism.
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35 F N 2= F R T Citrus medica L. var. sarco-
dactylis Swingle [T #2585 , HA BB FTE k9
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R Z R ZE ) JE B E T, O AR A 2 R R )
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X AILAA () R B — o 51 7 , D9 8 1B oK i (DR
B /K I8 25 1 3 (aquaporin 3, AQP3) 7 1 A A
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B JLZE U M ) 5 I 25 P B AR A LA™ 48 7 S5 0 I
il Y s ORIV FH A P AR R R e 2 X b T 253K
s, BT LLSEXT 25 220 T 25 i Fi e XL AR 4 1
S, EAUR IV 2 A A i 3, AnBe A% A g5
TR 200 B (B3 5 S50 2 22 B R g . AR5 LA
BT R BHE XS IR, S5 ARS8 G PR H8 A, SREE 4
AT R X R BB Ok R AQP3 A8k
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1.1 FENEE

AHIFFE T FH Y £ BB A TGL-16MS B &5 2 5
VR B DAL (T M S D LAY RS A FRZA A ) |, SB-
5200DT AU 7 I 15 VEAIL (T2 I 37 2 AR D BHEE 10 A B
/NH]) , ACQUITY UPLC [ -Class % i & i A (3% 12
VION IMS Q-TOF & 43 # i i ( 52 & Waters 241 ),
UPH # &5 1 4K AL () AR A R A D
1.2 FEHBSIEH

AMBTFRA (LS 171101) BFEIR A (JiE5 170505)
P AT N B E 20 A A IR R 2T N R 2R 2%
HR 2 Bt R B A 5 1 S L A R B S A R A 9
F C. medica L. var. sarcodactylis Swingle [ T 5L | 25
FRHEYI RS Citrus aurantium L. 8% 2% 35 728 b i) i
KBRS, AQP3 I & (A1t 201809) 4 A KK
HEWHEARL AT L-2-FR N &R A g E ] 2E )
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BHE AR A A G PR L5 A 1 E
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AHWFFE BT P30 %) ok SPF 9% SD KB, i, 14 i i
180~220 g, W F1 )M rh = 2 K22 S50 sl oy, s A
FEVFATE Sk SCXK (H)2013-0034, BT shi¥yia #;
T M B 24 K2 (R0 52 56 8l Hh 0> SPF 4 8h i)
5, SRS P4 AT IE S SYXK (#.)2013-0085,
2 Ak
2.1 HEFHFHE

FREUCAE TR R 1 ke, BRI 2818 K (GRIB/K s
TR B0 20% ) , Bk Z& ], RS 251 2.5 h,
ARG HI R IRBUL , T 50 °ClE i TR 4a 0T, B,
BT 2 Y
22 ZikHlE

A b F1K A 50 g, 43 LUBHA HE 1:20 #1115 )i
AZEIR/K R 2 YK, 55 11K 45 min, 55 2 1K 30 min, 53 2
YR BT, /KT IR 46 22 200 mL , 1542 b 253, 432
JE R HARAT o HIHTF AT 2 A i & k] L
2.3 AHh545HA

HR AR 2020 4F Rt E 25 40 ) , b TR e B H R
w10 g, RIEAN S Z 2P H B H LR, U
BN 60 kg MRl BT, KA H G250 529
1.2 glkg, BbTFPERESR M, 7E AT PUSL 46 3R T, AHFSE
WA R T B 12 24 500 2R O OE R R 1 2 A%
(2.4 g/kg) ARFEMRE H 525 1 W IEH i (1.2 g/ke) o

B 24 R BUBENL S K A4, 5390 Jyas 4l A F
2H T A e L Sl RS RS L 4
220 R B3 0N E B AR 25 9 (R S A6 2.4 g/kg il
HhF 2.4 g/kg MFE 1.2 g/kg) , a5 FAH KRR B SR FIZE
MK, ESE 35 do B Hid SR R & Yok a:, 509 F
ZREYEE 0.7 .14.21,28 35 Ric st— UM T I KR
PRIE . 2565 35 KRR 45 24 Je R, 16 3= sl Bk BB, ¥ 5k
S B2 M AT —80 °CH- H
24  KRIE AQP3 KI#:iN

K FH ELISA VEKG I, BU“2.37 300 F IfiL 3 KL &, LA
FRATF 450 nm P K A0 I i ALY 2 5 (OD O, H i1
I AQP3 WY it . AR AR AR 4% BRI G B
AE
25 RGHEZEST
2.5.1 fREIHZAEAT R BC2.37T0 F My RS, =il
AR JE 100 L L, A 10 pL P bR (L-2- 50K T
R, BT 4 0.3 mg/mL, HIEERCH]) , B HEdR% 10 s,
FEINA 300 wL B8R FAUTRE R BE-Z 6 (2: 1, V1Y), IRTiE
PR3 1 min, KKV H A5 $2HX 10 min, —20 °CF # &
30 min, 7F 4 °C &4 T L4 13 000 r/min 37 250> 15 min,
20, BV RE AR . s REA th T REAR Y
PRI IPGE 2 SRR A 25 1 A o

China Pharmacy 2022 Vol. 33 No. 23 £ 2927 -



252 @ik&M A% R ACQUITY UPLC BEH
Cis(100 mm X 2.1 mm, 1.7 wm) ; X 0.19% H RV R i 3
A, CHE-HEE2:3, VIV 0.1% IR ) R it shAH
B #E4T 46 PE M (0~1 min, 1%B—30%B; 1~2.5 min,
30%B—60%B;2.5~6.5 min,60%B—90%B;6.5~8.5 min,
90%B—100%B;8.5~10.7 min, 100%B; 10.7~10.8 min,
100%B—1%B;10.8~15 min, 1%B) ; Jii# & 0.4 mL/min;
FEURLN 45 °Cs #EAERE A 1 pl.
253 Uit RIS B TIRTEIE s TR
TEEAT ST . BAE LR 2.5 kv, SRR
F A0V, RFAEH RN 6 eV, B IRIR N 115 °C, AR
£ R 450 °C, A A 900 L/h, B3 4945 45 Bl 4 m/z
50~1 000 Da.,
2.6 HELESSHT

K JH SPSS 20.0 B AT BARGE it o0 B, SEH 45
R ARSI DL x £ 5 TR, 2220 0] 22 55 LUK H FL A
B J5 2200, LA Y P AR T LSD-¢ K 4 (U7 22 55 1))
a¥ Dunnett’s 73 855 (J7 2570, K 38 7K #E =0.05,
TEPE R B LT AR AS SR HIVBORH (533 - B 3 05 H R A
G3HIT X G I AR AR (18 e 5 - U 11 R A T T HRAG ARG L
TR I i B s 2 A 2H ~ A BRAR R A T T A B, A5 38
B I (] /2 V0 5 R )8R R B OO R B A
SIMCA 14.0 &4 347 3 14343 1 (principal component
analysis, PCA) FI1EAS fdre/ )N —3fe2:-H1 511 741 (orthogonal
partial least squares-discrimiant analysis, OPLS-DA) . 1t
it ¥ FH Progenesis QI %X 4 % T HMDB (http://www.
hmdb.ca/) | Lipidmaps (https : /www. lipidmaps. org/) 73 3t
B e B R PE AT E M. AR P A AN ik
J 1) 2% A5 (fold change, FC) fifi 1% 22 QI3 , 46 07
VE 5 1) 22 S AR 5 1) KEGG (https : //www.kegg.jp/
kegg/pathway.html) Zifs 2 1 738 1% 317
3 &R
3.1 AYXARERE FEREEMRKENZM

25 0~35 K A R BUA R -2 FItH &2
] 22 ¥ TG 2F R L (P>0.05) o il b T 20 K B 33k
B POK YRR E TR H A T E S E
BRTG 2 E X (P>0.05), &K BUAR & e
AIPOK RS L 1,
3.2 ZHYIRRiRERMEAQP3 R EM M

RN T 14K SRR R 2 7 gt # B X
(P>0.05). Z255521 K, 525 FILH AL, BFe 4 IR =
B FEAK (P<0.05) ; SARFEA HLEL, il 06 T 2H IR
FEIHE (P<0.05), H¥EE = HH ., S5 4R, &%
220 1ML AQP3 % 4G N [RIFR BE A T AR e 21 N
AQP3 & i #45 A 1 % THis (P<<0.05) ; SR K,
il B TLH I AQP3 7 it W 2 PR (P<<0.05) , HAZIT S
H. 4P2RIER L,
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1 KERHERE BREMIKETUBEEE
®l BAXRRKEERMBAQPIRFEMNELE R

(x*ts,n=6)

R L 1035 AQP3 &/

BEEIK BERUK REENL BEEBL BAESK (nghl)

SAM 1675423 1352327 14581558 1595674 15755695 1630£3.99
BRI 4224503 1490564 9535304 1318357 12634458 27.50%640°
WA 10935300 10035145 117137 11302206 11374254 2247£119
BT 12155446 11932285 15982301 19531786 17484865  1731£304°

a: 525 (4L A, P<<0.05;b: SHI5E4 LLER, P<<0.05
3.3 KRMFRIFAEZDH
3.3.1 ARIEHACER AT R VA € 1% - B I FH AR X
FEARGEATR L 45007, REEIE 8 AU T A
AR B T SRR 2. R 2 ml g, RS AR s
WIS ) PN BE R AR A 43
3.3.2 PCA #R4E PCA TRy (& 3) a1, Ui e i
ARRAE— R, UL IREA B o Ao A A R e M R
BRI RTS8 | A5 22 S AR RE NS S LR A 22 ] 1) A= 2
Z5 o AN AT AU T I A 5 KA
T 20 255 e R AR A IEH AR 5, ELAI T
I R BUA YA G A S i 7 AR 22 57
3.3.3 OPLS-DA 341 OPLS-DA # % th #5410
JE S RY 43 5124 1.000,0.991,0.829 , T 1 i 241 O
34 0.928,0.947,0.256,, 45 HAH 54 M FH SHA
Sl FHE RY QB UE T 1, U BT RIAT 55 e 1) it e
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2H 0] 22 AR, DL P<<0.05 . FC>3 8§ FC<<1/3 E Ky i ik
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A8 10N EIERR 7T RZE 3AHABE A b FA-2 4l
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WA 34 A 2 RIS (1 MRS 45 R Wk 2,
2 2 A0, AR 45 25 T S R R N ZE R S 26, 1
il b 25 245 J R IR 2 A S R BRI, 1) S AL PR 2GRS
3.35 AREREMNT K2R TILE, S 2] A
A KEGG 57125 , i3 KEGG pathway mapper
DIRe A 730 B 5 4 b, ARAS A I i A A R . T
tH P<<0.05 938 %, AR Z A8 B A o B 25 7 . 45
SRR AT RN T2 52 e TS i IR A A H i
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1.118 491[1]
C. AT -Hil kT4

B4 HKAHAKOPLS-DAERIE

4 it

AR e AR KR, L5 2535 d, KIR&T T
25 OV B R R R IR B TR SRR . AR
i oK R 3R PRI S ARG SR AT LA
BT d, A IR AL 3 AR ARES L EE T Ak s 4
2550 14K, WidH [l B & ROk =tk ok, It n o0k
IS . AR T AR T K BRIOK 32 AL
il 9 T 2ELAN , SR 1T 5 T AR FE M 19 SCHRRHGE R I, A AR
el K RPOK S S B3 T2 A4, SCIRR Ry
10 g/kg™ o ABFFEAR SR H &R 1.2 g/kg (IE &
i), 45 250 R A A] B R AR S TR AOK R AR 45 R T
EPER R F et A DAOK SR S R PR 4
PRIFANIE A A v 2 T2 AR FE 2 1) 1Y
PRI T 25505 21 RIBBUR E P25 7R ILAT G 22 571
TG4 o I35 AQP3 TENLIAR & AR 2 2 2 A
PR FEAN M N AP iz AR B /NS B E IR, A 5K
BSEE I AQP3 S/ /N 2 th R 2 FRAEAR" . AR
FEXT R BUALTE AQP3 7t A R 45 5 7, il 49 -4 i
5 AQP3 & it I AR T A F4H (P<<0.05) . AHN IR
SRS R R il TR R R A T4 . Rt
5, AQP3 & A8 AL AT LUIAT R0 e T e . 196
PR T Aol R ERMLAAR DY I Y7 AQP3 B B4 fin, RV k2>«
LR A5 I B A WS R A5 AR W L 5 1LV AQP3 1Y SG IR
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R2 ARMBFHERRGPMHLEELER

5 SR A AR BE gmin P FC
I B=R CoHOs  HIRFALSAE Rk 789 00199 018
) GERNEE TR ColNO, It FAL-ZA4 T8k 769 00353 027
3 LERAH R R CHNO,  #fhF4A-ZEH4 BE 227 00009 17731
4 LEESER0FEER  CHNO, HBTFAEAA KK 307 <00001 24979
5 oM CHO,  FIFA-SA4 R 278 00005 019
6 ISHAMEII0E, 122, 15Z-TA Clu0,  HIBFAERA MR 892 00005 029

W=hi
7 SRAERREER CHNOS HFASHM  BIFR  064 00406 8974
8§ Flim CHNO Itk F4l-mrd &K 063 00244 010
9 1,1-Zn CHNs IR AA  2ER 065 <0001 1691
10 N-ERA B CoHNOS FIBFAL-ZA4 2R 832 00040 028
I B CHNO, It FAZA4  FER 304 00063 016
12 48R4CMEE)-TRIE  CHNO, SBFA-ZR4 ZHR 797 00002 021
13 1E5E02,002,132,162- CHNOGP HIBFA-514 T 138 00152 008

2o IR Hrilh-3 R

R
14 WEAR-ERER-fHER CoHNOS HFAAA &R 84 <0001 030
15 EARRAER CoHNO, HBFAZEAA  HER 317 00023 623
16 2ETH CHO, T4z &M 33 00000 883
17 LRhERm CHNOS ifhFAZA4 AER 077 00157 2156
18 LR ER CHNOS It FA-Zrd 25 077 00049 4820
19 N-LEAER CHNO,  HFA=AE &R 064 <0001 5529
0 LEER CHNO, Il FAZA4  FHER 264 <00001 608.65
A 102,102, 32,162-—4 0 CHg0s  AWFAZEAA BE 160 00111 447

TIRSE)-0-(42,72,102,132,

162, 192-ZF Z B il o) -

Fri-3-Bmm
0 162,92, 12Z-FAB B CHGOs  EBTAERE BE 1L 0475 0

3)2-(52,82,112,142,172-~.

TR -3 -BR e,
B (52,82,12,142,17- =18 CHNOS AHFA-SA4A ek 408 00157 026

LI )-2-(42,72,102, 132,

162,192-~F Z A ) -Sn-

H-3-Bm e
U TR CHO,  AHFA-HITFA 7% 334 00008 007
35 LBHER CHNOS AGhFA-HAFL 28R 077 00161 2156
26 DL CHNOS, ERFA-MBTFA 2R 064 00014 330.04

*x3 FTHAE £HBFAEMNHGBFAARNERKREDH
1518 2%

S il P

HfFA A4 HihmE IR 001590
ERFA-SHE AL 003650
HFA-= A4 NERBERERRAE A R 000027
HHFA-= A4 AR ZRRNS RN DA 000103
HEFA- A4 RS & (s 000172
T2 A4 REZER 000420
HHF4-ZR4 K 0.00581
HHFA-= A4 LR 000955
HEFA-Z A4 ST 001460
T A4 PRAmAEERL 001778
Az A4 R 002020
HFA-7 A4 I MFEZ KA E R 0.03420
HEFA-z A4 ANARA 004380
T HE HihwE IR 004380
HFA-= A4 S MARAER 004630
EWFA-HBFA AR AE R 0.00693
EWFA-HBTFA &R LERMAS AR 004710
AT A AR 0.13400
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PR HED BT T AR, 2 25 IR DL 21 d BB
EERE RN PN SRR O 6 PSS Y AN NP YU 2 9% alll S O AU
ST HA RIS RAE , BARTE PR E A T s i 81
i [ 7 1 2 A AN [R) L (R AN 52 0 AR FEAE S 045
PR S5 0 BHPE XS iR ZY

FRUFZH 245 5 R il 52 el 7 38 00 AN
Jig W R ARG L IR 5 ARG AR AN = i R AR 4
Jo i 2 A K WA A5 2 AR b S R R i
(cyclic adenosine monophosphate, cAMP) 41X, it #) 11 5%
M, Bl cAMP-ZE [ i A (protein kinase A, PKA )i 3%
FFm . cAMPEAIIE N RS —[Filiz—, Hild
B UE BT AT LA S 45 P 4 A , 91 A 4t Ay 14 8
TR 35 % . cAMP-PKA {5 5 18 534 7] LA &
AQPs [z [ 145 S /AT, B — R A i R A
ARBEVE ] F A i cAMP, cAMP 3 — 4580 PKA 5 25 1
W C, BRI AL TG AL AQPs , DA TTT 3 i £ i 5 XeT 7K (1) 3 175
PE, WFFEIESE cAMP-PKA {5538 #6193 Al fiff AQP3
FeIR AL E AR A AL 25 25 A — 20 BRI
1 AQP3 T /E N ﬂ%’l\ TR IR Z —

A Al T2 - A T 2 V0 R 1 2 e = R RN B R AT
SFNE N B B AR DIAROG . SRR N4 R , g
PR IEBERR AR AL A %, B R IR = 25 %) 5 30k s
P LR s 2D, e OB ARG %5 B2 TR 28 11 85 B 3 A UL
D e R B AT e g 3, DTS — gk H v A -2 i
rhOR R HERR, S EUH A0 A g D5 A8 1 U hs D I 2R
WhTF1-25 TR T2 -2 VAL 25 A 2500
H VB RE A, ELA AT H Y i A A Qs 4 5 i oK ]
Wb BFFEERI, HMBER A SRS 5 | A 1
FLI i 10 A8 VAN A AE AR O™, BRI IA Sy A A T A i ok T
VRS SR P B A QA A AT e AEAE 25 5% Je T sd it
T 1 MR ILAE BP0 A 56 U 9 M 1 T I 2455028 i
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