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[ Abstract] Objective To investigate the characteristics of Chinese medicine syndromes and the possible
metabolic substance basis of spontaneously hypertensive rat (SHR). Methods 10-week-old SPF SHR and WKY of
the same strain were divided into SHR group and WKY group with 8 rats in each group. The general state,
temperament, peripheral vascular filling, tongue characteristics, diet, water intake, urine and feces volume and
characteristics, blood pressure, heart rate, respiratory rate, pain threshold, and open field behavior of SHR rats were
observed and tested comprehensively to identify the possible syndrome types of Chinese medicine. At the same time,
liquid chromatography tandem mass spectrometry was used to analyze non-targeted serum metabolites to preliminarily
reveal the material basis of blood pressure elevation and Chinese medicine syndrome manifestations. Results
Compared with WKY group, the scores of dark yellow hair color, irritable degree and peripheral capillary filling were
higher in SHR group (P < 0.0001). Red tongue color, dry tongue, little body fluid; 24 h diet and water intake,
urine volume and fecal volume were less (P < 0.05), fecal water content was lower (P < 0.001) ; systolic blood
pressure (SBP), diastolic blood pressure (DBP), mean arterial pressure (MAP) , heart rate (HR) and respiratory
rate (RR) were significantly higher (P < 0.05) ; Lower pain threshold (P < 0.0001) ; The open field experiment
shows that the moving distance and residence time of the edge are longer (P < 0.001). Serum non-targeted
metabolomics result showed that, compared with WKY group, the SHR group had 114 metabolites with significant
differences (P < 0.05). These differential metabolites were mainly lipids and lipid-like molecules ( 40.35%),
organic acids and derivatives (22.8%), and organoheterocyclic compounds (15.79%). A total of 25 metabolic
pathways were identified by KEGG enrichment analysis. Further differential abundance analysis showed that 16
pathways were activated, only 4 pathways were inhibited, and 5 pathways were not significantly changed. The
glutamatergic synapse and GABAergic synapse were activated, while the serotonergic synapse was inhibited.
Conclusions The symptoms of SHR include impatience and irritability, peripheral vascular dilation and collateral
circulation formation, bulbar conjunctival congestive swelling, red tongue coloration, a dry tongue, constipation, red-
yellow urine of low volume, and a rapid heart rate and high respiratory rate. All these suggest that SHR is a syndrome
of hypertension with hyperactivity of liver-yang. The material basis of SHR is not only related to lipid, amino acid,
and carbohydrate metabolism disorders, but also may be related to metabolic disorders of glutaminergic, GABAergic,
and serotonergic neural pathways.

[ Keywords]  hypertension; disease and syndrome combined with animal model; spontaneously hypertensive
rat; hyperactivity of liver yang;non-target metabolome
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APV RN, HETXE T SHR A9 UERURRAE i Bl = I8
ARG TE o N RN X — AL, AR BF 58 %
SHR F94T R R BN A: BUR S HEAT T 3h WS,
FE— BOIRZS PR R AL 58 0% B0 DL S 42
S WA, AW ik i T T IR (- £ 1B
(liquid chromatography tandem-mass spectrometry,
LC-MS/MS) H A % SHR KL i h i AR5 9 nk
OYEEAT T M I RE U, X BEAE ST 4 R AN
F& X SHR IEBAFAEAYIAGR 1 H o v R 245 78
15 ML HE VAT R Z (RS T BRI T SE 304830

1 MRS i

1.1 ##
1.1.1 SERshY)

10 1% SPF 2tk SHR K KL 8 2, Jz SPF
Sk [] 5 2 6] WKY (Wistar-Kyoto, WKY )
K8 H K&~ (200 + 20) g, 4> SHR 41 il
WKY 4, PP B T30 5 28 ) e 50 5
SYEAREBRTAL /A 7 [ SCXK ( 5L)2021-0006] ,
T FETH N B 25 R 22 RHF SL 56 ol SPF 4 3)
Yibs [ SYXK ( H)2020-0009] , 1H ik 25 °C, {617
(55 +£5)%, NTOCHBIRE A 12 h, H HIKE K
Ko BhILUEE 4 J, ARSI HN hBE 2K
SEIS S YE IR ZE B 2 H 4 (2021-018)

112 FE5H S5

Z. )i ( Fisher Chemical , 4L A955-4) . Z, I %%
(Sigma, 73594 ) . H ¥ ( Fisher, A456-4) . & /K
( Fisher, A470-500) . BP-98A #1zh4 Jo A il /& it
( HAR B BERR 2 41) IITC model33 ( series8) 41
AN 5 M 4R ( Artisan Technology Group) . WPB
PLT-UNR-RT-2 3} ¥ fifi ) & & Il R 48 ( EMKA
Beschlagteile) K SUCHEE (_F i EWPRL A {UAS AT
FRAT]) (OFT-100 AYFF373% sl SE R A0 0 Br R 48
(R 28 B A BR A 7)) | Agilent 1290 Infinity
LC #8755 5 A (235 4% ( Agilent) | AB Triple TOF
6600 Jii 1% {¥ ( AB SCIEX ) . {4 1% #F ( Waters,
ACQUITY UPLC BEH Amide 1.7 pm,2.1 mm x
100 mm column)

1.2 Ak
121 KBRS AR W B4

N g N SRR ERTA TR 5 A b

T H 15.00 WA HAELHRRAS T BB i

WSk, 2 BT I BR AR LT %) T4 1y
B AR S BV AR, T 1 4 K R
WERA S H 0 ~ T2, T 0 ~ 16 2T
VAT 3 (5 SULEHORHER A B 5 94T 4, IR
P RR) . 80T 4 8.

®1 KESMEREE TR

Table 1 Quantitative evaluation table of irritability

in rats

4 PERTRES W
Grades Temperament state Score

B B SRR AR R B AT

KAt H
Quiet, like to sleep; no resistance when
holding the neck or lifting the tail
SN EAUE SR B R R
kA7 W S

I Activity increased significantly, like to 5~8

catch the cage; obvious resistance when
holding the neck or lifting the tail

WAL A FGEFT 3 BLA JE 5 el
PR M 5k

I Restlessness, fighting with the rats of 9~ 12

same cage; screaming and jumping
when holding the neck or lifting the tail

FBkBR BE BT R A
170 RS B SR I Jem gtk e A

Jumping, biting cages, frequent fighting,
Iir .. ; . . 13 ~ 16
and even biting behavior; shriek, jump,

or bite when holding the neck or
lifting the tail

1.2.2 KBS B SE AR B B oy

FRBUE T T RS & b WAL
AR R AR BB Sk S0 K+ P55
A BB TERCRES M S AE R R, S
HR e BSOS R B ) I o 7 e 28 IR 2
SIFRIE A SR FELILAE SRR 0 ~ 8L, T 0
~ 16 Z[AIFEATIOY, WAk 2, BRIE SR 1R LR
4 JH,
1.2.3  REERBME R ATAG

FEERS 640 742 ] e 5 T R AR AR B, SE B
T R BRI, P BT i i % Sk, 2003
3 (A e R 22 6 A B TS U0 3 G AT WL T
i A, IEXE 2 HOR AT RER AT ST
Pro KEE LS P EEIT AR W3 3,
BEECS 1R, EE 4 1,
1.2.4 REEFR O Yok LIRE FEfih
P& Uy &SN

FARENR IR 3058 R R K BUCE T sh W 108
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Table 2 Observation and score of peripheral vascular

filling state in rats

o Je L LA FE 2 T 00 Wy

Grades Peripheral vascular filling state Score
XU FH- K Sk 9050 6 400 1.4 6 Fe et

0 No filling of capillaries in the eyes, 0~4

ears, head and neck

XU U Ko Sk 508 B 40 ML 48 FE O 52
T
I Capillaries of both eyes, ears, head and 5~8
neck were full and the lateral branches
were formed obviously

e | FAERE B XUREZ & iR T8 B 40
A R

I Basis on the grade [ ,both eyes were 9~ 12
enlarged , the capillaries of the trunk

were filled

T 11 92T i U 3 =6 2 a5 7 e R
bR Ttk
Basis on the grade II ,the capillary 13 ~ 16
filling of the extremities was added,
the abdominal wall veins were

slightly dilated

F 3 EHRMEAG SRRE
Table 3 Observation indexes and characteristics of

tongue image

HH
S =y e
WA (0, Coated tongue
Observational T | - -
index ongue color &R &1
Coating nature Coating colour
WHE L TR ek HE A,
i A T
A Light white, . " White fur,
- Thin and thick, .
Characteristic red tongue, L yellow fur,
. moistening,
crimson tongue, drvness gray and
blue tongue R4 black fur

HO RS E R4 T RANE K, g R KR
24 h WIRE oK MR 2S5 [R] ISR IR
WA BB E PR A S RS Y
B, R T E R RCAE 1R, KRR 24 h
R RS MR R S B T E R TR 4R 65 C T
PR 12 h J5 BT 5 TR S KR 2
BKFR(%) = (FHIREH -FEE 1) /FeH R E
x 100% , HEJEICT 1R, IESE 4 F

1.2.5 KB RO A A &

BP-98A #Uzfi# o A1 i Hs 1 £ R BRI 4 He
(systolic blood pressure, SBP) | &7 7K J% ( diastolic
blood pressure, DBP ) | *F-3] 3fj ik F& ( mean arterial
pressure , MAP) .(>*8 (heart rate, HR) . Ifil &

YIF R4 B R AT 30 min B K RER ELK S
IR OR AR B R PR BT L DU I b K U A
FoRR 22 37 °C I A 3 ' 1 A, 15 R A
R, FH R MR &, 7 %l3d 5% SBP  DBP |
MAP F1 HR 4 H R BUE 520 4 i Tk S0 36 3 3K
BUOHSFE™ ) BRENESRE 1R, 5L 4 7,
1.2.6 B IR A 5 1% Al

I 2l i 2y R AGH I A 2 55 K BRI e 42
PR B IR 0 4 R ( respiratory rate, RR) , 19 B
5 min 3% 22 P F2 0 B Bt B R B 1
RR, B J81c 5% 1k, 14452 4 .,
12,7 KB B A A

FHZT A 2 9 o 00 3k A A T % 2 K BT o
[, K ATEE AT 30 min B KREBR 2R G L,
PRI R AR e KRBT 1/3 b E T
DA AR o B BOEAT T il sk KB TF IR 2
JR2 U S TR 1y bt 1) B KRR B, B R
FRE M 3 YR, [BI% 5 min, T4 & [ 2 B[R] 2 5%
1KLL 4 4
1.2.8 W"35L5; (open field test, OFT)

PR A e e AR R R A W
S X, N LT AN 5% 553 A R BRAE W 3534
Gk Y1z B R B A R s a) B R rid sk 5 min,
— RS 45 5 B 75% £ BRI 3 1
PREREA ARG A N — Ha, B R T
A R[] B R SR 1 IR 2L 4 5]
12,9 RBR i v A Qs iy 2 408 g 45 D0

KETHE 4 JERBREE, oA 28 FIUAL , 5325
MY o K IV AEA TV H B 0 /K (2
2:1) AL ARORAE A R GE o, B A
AT AT BEA BB H AR A QC B
FHT W 0 P 22 e A2 M B 52 9 B0 1 vl 5
PE o BRI 3 B A T BB A A 3
br E i B0 P8 % ( shanghai  applied protein
technology ) 18 ¢ , Xof 2= Wy A A v B AR i 40 14 47 245
M,
1.3 SFitESin

A5 BE 4 i B TR, WA GraphPad
9.0 HATHEIE 7 S IR, B X g i AT
IES AR, X 45 A 1E 2850 A 0 B 31
+ PRIEZE (2 + ) R, I Z [8) B9 b 38R LA
R 2511 (Two way ANOVA) , A AR M IEZS
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G3AT BB 4 T A IE S A A, DAL
585 = XPEUE B PR E 227 RO, 63 J5 B0 a1
SN 0 o I P =Tzt 52 O Gl R VA G U1 s VA
[BIEE(M = Q)" ZRsw, 4118 #Y He 5 R FHAE S 50k
5, P<0.05 WEAGIEE L,

2 #R

2.1 AHEAXRSBERENUERSES

WKY 41K BB &I A G5 2 e 5%
PRI AR ol 4 R A 3L AR TC ) B AT M ifi SHR 41
KRB AR E 3G B B L AIR%E
IS4, SRS s ot R it 2 s emy fyigk
2 I AAT R, AR YE KRR e B4y,
SHR 41 K BUIF 7r 2 80  & F WKY 41 (P <
0.0001) ,{H 2 A B4 H W PF 53 BE T [a] 345K
PR ASE(P > 0.05) 455 LK 1,

-~ WKYZi -m SHR#A
20 WKY group SHR group

15 sk ok ok okeokok

Sy BERL W oy
Score of irritability

IR Time/week
.5 WKY 4UMH, ™ P < 0.0001, ( FEIH)
Bl 1 SHR 45 WKY 4K R0 B i b
Note. Compared with WKY group, ™™ P < 0.0001.

('The same in the following figures)
Figure 1 Comparison of the degree of irritability of
rats between SHR and WKY groups

2.2 MAKXKRABRMERBRENUESESS
WKY 2H K BROBUIR OB Sk 20 K1 PU A
AP T A0 LA 5L P G IR 2T, R DL FE IR S e Sz
PEFRIE I ; SHR 20K [ DL B 3B A9 B 40 1L 4 52 A
ERE RSB R REA  -FAR A X &2 X E 432
B, IR LOBHR B 5o B R, 384 SHR 41K R
IRERIZ BB &, 2 45 5 Bon, SHR 41K R
HIET WKY 4(P < 0.0001) ,45 R WK 2,
2.3 MAXRESHMNE
Wi 4 FEREL, KB WKY 20K BTG ik
21 BRI, & R K /NGE 1 SHR 41k U, K

-~ WKY4 -m SHR#A
WKY group SHR group

ok ok ok
EEE S EE R R

JE LU 78 TR AS VT 43
Score of peripheral vascular
filling state

B E)/F - Time/week
B2 SHR 415 WKY 41K RUH LA Fe s R 1Y H s
Figure 2 Comparison of peripheral vascular filling
state of rats between SHR and WKY groups
ZR(T5%) T RRMA T QAL &+ D
W2 H(25%) HIH R MO, 4R ILK 3,

WKYZH WKY group SHRZ1  SHR group

2 # f —
N . S
\~ -

B3 SHR 415 WKY 241K RS G455 1 i g2
Figure 3 Observation of the tongue image characteristics of

rats in SHR and WKY groups

2.4 MAXRERE. KRB RKEREEE
EREFESKEHILR

5 WKY ZHAH e, SHR 41 K BUK & koK & &
PR A IR PRI IR B, 350 T
AT, WU/ HL 53 B 00 & /K 3801 8 A1k (P
< 0.001) , 4558 WK 4,
2.5 MWAKXRAMEROZEREEE

HESE 4 R 25K WKY  SHR 41 K i SBP
DBP  MAP  HR, SHR 41 K Il | 0 R ¥ 5 F
WKY 20, Two-way ANOVA 434 i, 4% i ) 5 40
4 BA G (P < 0.05) 45 R0 5,
2.6 WHAKXRFFRITERN L

SIYIATIRE I A AR e A 25 R BN 7R T R
R, SHR 41 K BRUAY IF  031 %6 BH I i35 F WKY
HAREL(P < 0.0001) , 255 LK 6,
2.7 MAKXKBREENILE

KEJERER BRI A R PR, 5 WKY 4K
UFH Eb, SHR 41 K B A9 9 1 2 & BRI (P <
0.0001) , 455K WL 7,
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30+ 50 4 25 —
s . * % s
i =) 40 4 Ey 20 P Hhk wexx o WKYH
&0 504 0 E y WKY group
= M E g 304 2 E 15 SHR#H
E Eﬁ £ [ i 2 SHR group
X2 101 T 207 ®E 105
=5 104 i s g = 5 I
T Z 104 5
0 T T T T | 0 T T T 0 . . . r .
0 1 2 3 4 5 0 2 3 4 0 1 2 3 4 5
I [)/1 Time/week I [7)/F Time/week I )/ Time/week
10 N 320 .
g I 300 S
L0 * e =
a8 2 = 280 T % 2
B 6 £z s
, ¥ 5 2604 & 2
= 8 2
E Lo G—
4 240 " S
1 2
2 T T T ! 220 T T T
0 1 2 3 4 5 0 2 3 4 5

I [)/1 Time/week

I 1A)/5 Time/week

5 WKY Ak, "P < 0.05, " P <0.01," P <0.001, (FKIFE)
ORE POKE FREE AR EE 5 KR UL
Note. Compared with WKY group, “P < 0.05, ™ P < 0.01, ™ P < 0.001. (The same in the following figures)

B4 SHR 45 WKY 40Kk FAERE

IS )/ 14 Time/week

Figure 4 Comparison of the body mass, food intake, water intake, urine, fecal and fecal water content

of rats between SHR and WKY groups

18]/ Time/week

Bl5 SHR 45 WKY 2K R H AL A
Figure 5 Comparison of blood pressure and heart rate of rats between SHR and WKY groups

200
o WKYZ
WKY group
0 o SHRZ
:é :ED E :ED SHR group
g E £ E
= g > E
H B =
€ 3 e
= 7 g A
1 50 T T T T 1
5 0 1 2 3 4 5
IS 1/ Time/week I )/F Time/week
600 —
kkk
20
:g 50 E 500___ kK Fkkk EXT T
£ Z g &
= £ ¢
- B oc 4004
& = 2 g
):\ T '
300
1 T T T T 1
5 0 1 2 3 4 5

i 1)/ Time/week

0.001) , 45K WK 8,
2.9 FAXRIMFER GBI

MY R FEAR I 21 2 2 B B, 7E 1E T 25 A
AN, % B 1318 A, 5 WKY 41K
AR LG, R T A 56 0 5 /> — 3 #3143 B ( PLS-

2.8 WAXRIBEIZEBNBZIEIAER
bk

W7 s 45 R, 5 WKY 41 K b,
SHR I Kz hiE g K, HZ2 W 5ih %, il
iz g M B A3 32 St [ 5 B E (P <
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-~ WKYZ4l -= SHRA

150 WKY group SHR group

EEE 2 kK k kkkk EEE 2

A)/f Time/week

6 SHR 415 WKY 24K R IR Y Ho gz
Figure 6 Comparison of respiratory rate of rats
between SHR and WKY groups

-~ WKY#i - SHR#A
100 WKY group SHR group

ko *kkk
Kok

sk

80

60

40

LG IEZ) /s
Edge movement time/s

0 1 2 3 4 5

I 1H)/F4 Time/week

-~ WKY#4 -m SHR#A
WKY group SHR group

EEE 23
Ea AR wkk

/s
Threshold of pain/s

0 1 2 3 4 5
HH0]//E Time/week
B 7 SHR 4145 WKY 41K BUR B L
Figure 7 Comparison of pain threshold of rats
between SHR and WKY groups

-o- WKY4 -m SHR4A
10 WKY group SHR group

EEE LS

Hok kR
sk kK ok

NSIE ) BE E/m
Edge movement distance/m

I 1H)/F4 Time/week

B 8 SHR 415 WKY 4K il iz sl & Ml 2532 sl [a] i Hegss

Figure 8 Comparison of edge movement distance and edge movement time of rats between SHR and WKY groups

B Lipids and lipid-like molecules

B Organic acids and derivatives

M Organoheterocyclic compounds

E= Organic oxygen compounds

Ml Benzenoids

B Organic nitrogen compounds

B Phenylpropanoids and polyketides

B Nucleosides, nucleotides, and analogues
M Organometallic compounds

B Steroids and steroid derivatives

9 SHR Z15 WKY 41K Rl 22 57 A Qi 7 26
Figure 9 Classification of plasma differential metabolites
of rats in SHR and WKY groups

DA)2 Fgeit 25 s, o3t 50 P BT VIP fH
(variable important in projection, VIP) , 3Lk P <
0.05 Hl VIP = 1.00 S Hr i 1% Hh 22 5 A )
114 i, xb22 S QY 202 IR B A IR
431 (40.35%) A LR KILATAEY (22.8%) A1
LA A (15.79%) Z5 5 WL 9,
iE—2P I H] KEGG 18 i w45 22 s AR, 3t
3 25 25 AT REp AR IE B, 25 S R A O
(differential abundance score, DAS) PEAL T 1%k 284X,

a1 A 25 AR S R ] A 5 1R
AR AR L a3 DAS < 0, 16 AR5 B 9k ] fig
s DAS = 0, U B A5 5 0 BH A8 fh s 3
DAS > 0, Ud W 1R 1 30 6 mT BE gt s, 25 R
TN A E R RE S M, D-75 E WE e A D-5 IR AR,
RACHSE 16 45ACUHE PG (DAS > 0) , M
i F A IR I, 1 2R 2 M e A, T A
RS 4 SR B (DAS < 0) , Hip A 3
ZRARIE 5 P 28 R e AR AR OG . A 2 R e 58 fi
(DAS > 0) L7 FE % fil(DAS < 0) .GABA HER
fill(DAS < 0), 45 ILIE 10,

3 iFig

AT AP A S R S R FIE I 36 ) AR T
BT 5 B IS 2 AN TR) A9 DA TR s ) IR R LA, X
— A 5 R [ B LA R 5 UE T R RRAE
PR, — A ) Bsf 2L I A 0 0 R AF 1Y) 3 4 8
TR v S 2 A DN I 9 O R G B AR R
SHR /2 1963 4F H A 2£# OKAMOTO %5 F 2k
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Serotonergic synapse -

Pyruvate metabolism -

Pyrimidine metabolism

Proximal tubule bicarbonate reclamation -
Protein digestion and absorption -
Phenylalanine metabolism -

Pantothenate and CoA biosynthesis
Nitrogen metabolism

Nicotinate and nicotinamide metabolism |-
Glyoxylate and dicarboxylate metabolism
Glycine, serine and threonine metabolism
Glycerophospholipid metabolism -
Glutamatergic synapse [~

Glucagon signaling pathway [

B Pathway

GABAergic synapse |-

D-Glutamine and D-glutamate metabolism -
Citrate cycle (TCA cycle) |-

Choline metabolism in cancer - ®

Central carbon metabolism in cancer -
Carbon metabolism |-

Biosynthesis of amino acids |-

beta-Alanine metabolism -

Arginine biosynthesis [

Aminoacyl-tRNA biosynthesis -

Alanine, aspartate and glutamate metabolism

ZRr -+
Differential
abundance score

. 1.0
0.5
' 05
-1.0
o | EEFHEHIF N

Size of pathway
2

0.0

@]oJeJoReoNe

-0.5

0.0
EEEBDS

Differential abundance score

10 SHR 215 WKY 2Rl it i 22 54 Qi i 2 5 = 245 70
Figure 10 Differential abundance scores of plasma differential metabolic pathways of rats in SHR and WKY groups
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