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M E A RS KA EARG RS EAsRGAA AR ENG LR, FTE K AORKES AT OUAFH
HeBL & P AR 2 20(34.832,17.416 .8.708 mg/ke) , A4 10 R, B REF L 1R, E8AH AR, RREHE, FEEEXAN
—RRAT ARG R B IRAL LR IRILTS A R AR S RRAN €% § Bm A % (UPLC-MRM-MS) ik 4| &-20 K K o & A% %
& (L-Dopa) . L-B& &8 (L-Tyr) \L- & & BR (L-Trp) 49 &% . &3 51+ 4 &35 4 Waters Acquity UPLC BEH Cis, 31 48 4 TR 4K &
- TRE MR SRR, Ak 4y 0.3 mL/min, #EAAF 4 5 uL, AR A 30 C; MiEEMH AR ES TR, 5 FEX TN, L% 8 R
#3500V, ZEANAFKEA 650 Lh, FEMACEES 350 C, BT RBAEA 110 C, &R 5= aabs, ABRE A 24X R
BIAE . WL T A 94Ty s AL LR T JL K 0N B ) e B A o, MR G B JE B AR 2 U B U AR TS S RHL  JRR T
R I ECR  YIARER 3 A A dR AL R 3 Am (P<<0.05) . # 5249 UPLC-MRM-MS %+ /& # R4, L-Dopa ,L-Tyr ,L-Trp 9 #i0
TR KA 5 A A 31.25~32 000, 31.25~32 000, 15.625~16 000 ng/mL (r=0.999 1~0.999 9) , ¥ 7l F& % % 4 6.250 ,
5.625.3.125 ng/mL, & F R4 %] % 15.625,18.75,10.00 ng/mL , 45 %5 & | /E # & A2 € M (24 h) K5 RSD # /T 2.6% (n=6) , &
JRAER A 95.1%~100.1% (RSD 3 A #iL 3.25% ,n=3)., Y EHLERIE =, 5= G4, AMREF SH T4 L-Dopas TR
& (P<0.01); AMEAK P &A1 B4 L-Tyr 8 F B F5 5, L-Trp 4% B FHAK(P<0.05 % P<0.01). %t #MEaT K K49
ATASE I EA RIS A Y B Hoh, TAE T A &5 eiF P L-Dopa \L-Tyr 694 % , 4K L-Trp 4942 % vf1 K R 4% i 40 27
H ko

KEEIR BB BRI 5 AR B A B AR AR &% - 5 B A Rk AT

Effects of Juglone on Serum Biomarkers Related to Brain Tissue Injury in Rats
DONG Wenting, HUO Jinhai, SUN Guodong, WANG Weiming (Analysis Room, Institute of Traditional Chinese
Medicine, Heilongjiang Academy of Chinese Medical Sciences, Harbin 150036, China)

ABSTRACT OBJECTIVE: To investigate the effects of juglone on brain tissue of rats and its relationship with the biomarkers
related to brain tissue injury. METHODS: Totally 40 rats were divided into blank group, juglone high-dose, medium-dose and
low-dose groups (34.832,17.416,8.708 mg/kg) , with 10 rats in each group. They were given medicine intragastrically once a day,
for consecutive 4 weeks.After last administration, the general behavior, brain index and brain tissue morphology were investigated.
UPLC-MRM-MS method was used to determine the serum contents of L-dopa(ZL-Dopa) , L-tyrosine (L-Tyr)and L-tryptophan(L-Trp)
in rats. The chromatographic condition included Waters Acquity UPLC BEH C;s column, mobile phase consisted of ammonium
acetate aqueous solution-acetonitrile, gradient elution, at the flow rate of 0.3 mL/min, sample size of 5 pL, column temperature of
30 °C; MS condition include electrospray ion source, in positive ion mode, capillary voltage of 3 500 V, desolvent gas flow of 650
L/h, desolvent temperature of 350 °C,ion source temperature of 110 °C. RESULTS: Compared with blank group, the rats in each
dose group showed the behavior of tiredness and weakness of limbs. The brain tissue morphology showed pathological changes,
which contained blood vessel congestion in the cerebral and cerebellar cortex, partial cell nucleus pyknosis in the pyramidal cell
layer, deep staining of nuclei, irregular shape and unclear boundary and other pathological changes; the brain index of juglone
high-dose group increased significantly (P<<0.05). The established UPLC-MRM-MS method showed good specificity and the range
of L-Dopa, L-Tyr and L-Trp were 31.25-32 000, 31.25-32 000, 15.625-16 000 ng/mL (»=0.999 1-0.999 9), respectively. The limits
of detection were 6.250,5.625, 3.125 ng/mL, respectively. The limits of quantitation were 15.625, 18.75, 10.00 ng/mL, respectively.

RSDs of precision, accuracy and stability (24 h) tests were all
AJERIH : FME A RFHF IS T AR F AR TIIUH (No. ower than 2.6% (n=6). Matrix effects were 95.1% -100.1%
81503348) 5 B ITAE A SRR 4T H (No.H2017044) ; By /R U T Jif
JHE ARG 5 IF & H (No.201 TRAQXJ224)
R B S e W 1 S 0 iy 1 P AT o5 @/ 1B S 1 P == N

(RSD are not more than 3.25% ,n=3). Compared with blank

group, the contents of L-Dopa were increased significantly in

0451-55653086. E-mail: 1776427432@qq.com juglone medium-dose and high-dose groups (P<<0.01). The
#EEE TS R Sl BFST I - P2 2R R R ] contents of L-Tyr were increased significantly in juglone
IR, HLE - 0451-55653086, E-mail : zyyjy@163.com lowdose, medium-dose and high-dose groups, while the
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contents of L-Trp were decreased significantly (P<<0.05 or P<<0.01). CONCLUSIONS: Juglone has an effect on the general

behavior, brain index and brain tissue morphology of rats. It may affect the brain function of rats by increasing the contents of

L-Dopa and L-Tyr in serum and decreasing the contents of L-Trp.

KEYWORDS Juglone; Brain tissue; Biomarker; UPLC-MRM-MS; Content determination

EIk Ak (Juglans mandshurica) 15— F B AW FE 245
FAME R R 25, #E 38 [ B IR) T F 3857 e A0 st i e
S RER , RN R LA i 2 0 . SRR 2 5Bk
B B AT PR LA, 4 -1, 4-ZR IR, AR
KT I BRER VR ST R O T 9 MOk 22 | TF 5T R R,
SAMKIR ELAT B 5 96 9 B i 8 55 22 i e 1 3 1, R
JE T HEA — @ i, HEE T, (52 ek
HT A2 B 5,

AR TR iy A [ AR A 2 5T, R Bk
i AT BH S 7 1 R BRIt i Hh A2 i€ 22 B (L-Dopa) | L-Ti%
SR (L-Tyr) /K-, [FBFREAR L- 824 R (L-Trp) /KF-, H.
X3 A bR S I A 2 A BRI R A DA 5
FETF I, AT RS A P T R RS FLG S 55
0 2H 2 B D) e AR A 5 SR T ) R v RO (3 - 22
J2 3 A6 BT (UPLC-MRM-MS ) 5, X b 3& 3 Ffi A= My
WA TE AT, B EARRER XT3 R A= WA R i 5
M), DAAE s i 2 T 0 D 5 O 1 i 25 1, A L
SRR T ) AP PE A B SR

1 #F
1.1 {88

ACQUITY R A 433 22 48 . XEVO TSQ I — & &
R PU g A MS A, Bt A Ha s 55 (EST) #8515 LA & Masslynx
Bl b PRER A (52 ] Waters 23 1] ) s DW-861.959 UG
UKFE (F S /R4 FRA F] ) s BSA224S-CW BT R
V(e Z RIS AU AT FR A R 5 ST16R I
O HL (3L EFEER A F]) s KD-BM B AR 20 240 3
BLC ARl R A A PR W) ) s RM2235 AL A ) 2 21
Yl B #L (78 [ Lecia 2>\ ) ; DP72 RIS 8 B 485 ( H A&
Olympus /A H] ) o
1.2 RF

BRI (R 5 25 B A R A BR A w] L it 5 < H-
075-131230, 4 Ji¥ : >98% ) ; L-Dopa (fit*5 : LRAA9068,
4l if . =99.5% ) . L-Tyr (It 5 : SLBNO617V, 4l J&F . =
99.5% ) .L-Trp(#tt5 : BCBR1025V , 4l i : =99.5% ) X} iR
an 408 A 351 Sigma 28w s B LG R e ali; K R
afivgoK .
1.3 zh¥

SPF 2% Wistar K U, HEME , /&5 5 (200 +20) g, b
S AEE R ARSI S E AR BRA vl BRI, s Az 1]
WE : SCXK (51)2016-0011, 3 F =ik 22~24 C W%
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J 40 % ~T0% 2 1F F i g% 98] A B oK
2 TEEER
2.1 4R R

H40 HORE, BERL Y s TR BERR = | b AR
121 (34.832,17.416,8.708 mg/kg, A TR 56 25 SR
B , THaf H BLREVEAE IR A4 550 48 D R, 7 LA 2
ey ARG ) B 10 2 RERHEE a2 1K, B B AR
N2 mL/100 g, =5 AL T SRRtk 1B 245 2y 4
Jilo g2 IR R A R oK.
22 BHXBITAHFENE

XA R R — AT R A T ML ) . B5R, 5
FIALHE L, WIBEBR A% 25 25 4R SRAT 0 I6 sh 24 W]t 22
S B W, RS B G s AN AR S
PG B 0, WM 5 | e o 2 O B i B R
A LR IR RS A R AR | DU IR . TC 7, [ P
A BE TSRS
2.3 BAHXRBRERERMEHHNE

RUHEE 25 25 , PR R A A BT s AR AE AR, B
2, AR BRER K DRI IR AR T 2 0K 58 i
i K5 Clii 5 %50 = Ml S5 /MR B i < 1009% ) o >R i SPSS
17.0 B X S B B A T BN 3R 5 28 0 W7 , BdE A x £ 5
FER LA FBCR K86, P<<0.05 268 22 54 G it
B ASERBUARTE KRB E SR R 1,
F1 BEAXRERERBEBHNELER (xts,n=

10)

Tabl Body weight and brain index of rats in each

group(x *s,n=10)

i) il mg/kg (g lifi s, g e

A4 3614£13.00 1.81£0.069 5.03+0.59
BRG] 4 8708 3200£19.76" 18240113 5.78£0.070
BRI 4 17416 31784847 1.80£0.047 5.60£0.389
Bl 34832 300.0£19.90° 183£0.121 6.03£0.794*

5 A, " P<0.05, " P<<0.01
Note: vs. blank group, *P<<0.05, “*P<<0.01

FHER 1 AT, 525 4L A, SRk = b IR
KR B B3 T R (P<<0.01) , B AR v 7] 2 2H B
i £ T (P<<0.05) .

24 BHKRMALRIEFZNE

2 2H K BRHEA T 4 F5 0 2 S8 e, o R BRI /)
22 F 10% ik B S (pH 7.2) [l 72 LB ) A b
AL H RV R AN - (HE ) Yo, THPRE A6 B B /K
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Fig 1 Pathology micrograph brain tissue of rats in
each group (x40)

P L L AT, 28 A R ORI 2 21 B 2 ME A 241 B TP
LR SEHE W% T , B 20 0048 A D B I 3 a5 /N i 2
S i 4 T DG 2 )2 A LT 25 i L 454 5 B RS
DUJ, B 24 00 7 A DL P S i Ak R 5 1) A R R i
ZH 2R BB IO PR /UM LS AL, A AR 200 L 22 3 8 [
a5 Gy B ASAREE  J FEAN UG U, JE IS Bk R =5 7
S ING BN B, W T F AR 2R 5 /NI R 5T
/NS TR, T4 53V 4 T X A4 A P 40 A S5 oA T DL A/ N2
6L MK, SRR R bR S R A A R AR )N,
BIFIRIH R
2.5 KRIMEH L-Dopa .L-Tyr L-Trp IS ENE
2.5.1 @IESFIEAMF  (D@ERM. AikFh Wa-
ters Acquity UPLC BEH Cs {4, 4+ (100 mmx 2.1 mm,
1.7 um) ; Ji sh A R 5 mmol/L £ FR &% /K KT (A) - Z i
(B) , B J&F & B (0~2 min, 5% B; 2~11 min, 5% B—
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35%B; 11~12.5 min, 35% B—100%B; 12.5~13 min,
100%B; 13~13.1 min, 100% B—5% B; 13.1~15 min,
5% B) ; PEFE LR 5 pL; i @R 0.3 mL/min; £ A
30 °C. (2) ik 464 . R ESIE T, 1E 8 TR TG
W, B4 RN 3 500 V, 2512 650 L/, 25
AR 350 °C, B IR IE B 110 °C, MRM 4948
€. L-Dopa.,L-Tyr L-Trp i MRM £5F L35 2.,
%2 L-Dopa.L-Tyr L-Trp B MRM £
Tab 2 MRM condition of L-Dopa, L-Tyr and L-Trp

BO DREMELmin BETRAL FEFREE ARV ARV
L-Dopa 0.7 198.07 15206 3 17 Ik
LTy 113 18218 136.20 23 16 Ik
LT 174 205.09 11806 30 2 I

2.5.2  MIEFEAEE  KRECKIRGZ G, B ES 10%
IR FEREHATRR B, 7 F S KA, 3 000 t/min 2.0 10
min, BEVEIIA 2 55, IR BETR A, 4 °C .13 000 r/min
B0 10 min, B E VS, 28 0.45 mm AFLIENR I I8 fm o as
PSR, —80 CAIRIR PR A7 5 B4 A K R M v
4200 L, Ji A 800 wL H B, i JE 2 min, 4 °C 13 000
r/min &0 10 min, £ 7 H800 uL 1Y iR AT, i
200 pL W UE TR SIAHE %, 4 °C 13 000 r/min 0> 10 min,
BB

2.5.3 X RESH W A WA 4 RS % AR L-Dopa
L-Tyr L-Trp X B S i, B F 10 mL &, H E il
BT VR N 1 mg/mL MIFRERE AT, 4 CARIR PR A7 T
o Kt B L-Dopa , L-Tyr . L-Trp X B8 5 il 2 7008 &
JH H B ) B L-Dopa , L-Tyr JFi & #& B 43 51 4 64 000,
16 000.4 000.1 000,250 ,62.5 ng/mL, L-Trp Jit & e JiF 43
32432 000.8 0002 000,500, 125,31.25 ng/mL F4 & 41|
Xof B A VT

254 TEMERAE RIS A S A g R A
Xof B Jib AW (5 L-Dopa  L-Tyr . L-Trp 4 %5 B G 75 0 f
BA) ARUGE S 4255 R IE RS 325,27
DAL BRRE SRR PR 2.5 17 T (058 5 S A Rt
FES BT e S B 1 o S5 FRIH , 25 11 M3 528 5% il
PR 3 T RG0S 7 A S ), 4% 15 -3 1 ) B AR R A
I S ) TR, R UHE 15 25 2 5 DR R LT A i v
BAFIN) WA B AN A I 38 TR A5 X6 i %) S e o
B30 U INZ O IE L R AT o R B I TR I
E 2,

255 ZRPEXRER KR e R B (s
200 pL, fimA 800 uL H i, 15 75€ 2 min, 4 “C 13 000 t/min
5.0 10 min, E - HL800 uL AY FIH W W& A “2.5.3”
TR 2400 i B e B 18 L-Dopa , L-Tyr . L-Trp X} B8 5 V4 &
100 L, L [F A& ST )5, 1 200 wL 4046 3 sh A 2 %
I J5 il 5% L-Dopa (31.25 . 125,500, 2 000, 8 00032 000
ng/mL) | L-Tyr (31.25, 125,500, 2 000, 8 000, 32 000

2GS 2020 4F55 3185 3



100

AR, %

0

04 08 12 16 20 24 28
A, min
AZS L
100 7

L-Dopa L-Trp

-

8 12 16 20 24 28
Fif ], min

B.ZS LML R A0 B i

AR, %

04 0

100

L-Dopa L-Trp
MNA
04 08 12 16 20
Hif A1), min
CARYHE M 2R 245 R ML R
B2 HmEAEFiRE
Fig2 TIC of samples

AAXFEE , %

0
24 28

ng/mL) | L-Trp (15.625,62.5,250, 1 000,4 000, 16 000

ng/mL) BRI, 442,517 0 N (% 5 Bl At A

3H7. Lk L-Dopa . L-Tyr L-Trp F i 2 e B A AR AR (x)

W T AR AR AR () BEATERAE 11U 5 53 J“2.5.37 I 4%

Xof B St VA B A, DAY A U R I, AR I Ly

3:1,10: LIFEAGIIER g fHFR, 25 2R L2 3.

%3 L-Dopa.L-Tyr L-Trp Bkt B . 48 BR & &

=1

Tab 3 Linear range, detection limit and quantitation

limits of L-Dopa, L-Tyr and L-Trp

%) EEpE r IR ng/mL BB ng/mL R, ng/mL
L-Dopa y=0.292 Tx+13.329 09999 31.25~32000 6250 15.625
LTy y=1921 5x+24347 0999 1 31.25~32000 5.625 1875
LTp  y=18963x+11.931 09997 15.625~16 000 3125 10.00

2.5.6 FEEALIAE A FAE 200 pl, AA 800 pL H
B IR E 2 min, 4 °C 13 000 t/min & 0> 10 min, & B
800 pL 1Y 3 W , ¥6 %6 in AN [R] 5 £ € B2 1 L-Dopa
L-Tyr . L-Trp % B A 5K 100 pL, H[A) Z ST, 200 pL
W1 HA T Bh AR 1, 43 9 i B L-Dopa , L-Tyr . L-Trp F &
rb ARGV B (4 000,2 000, 1 000 ng/mL) 4 ILI5 K i
VW, DA2.5.17 T (3% 5 il 25 A 34 SR A 6 U, 10 i
W AR, T H RS %5 B, LA L-Dopa , L-Tyr , L-Trp I [fij
FRHGARE I o 2k B, G5 S o i v 32 ) b T

HHEEZG 2020455 31 3

BARE . &55R W v RS ik B A 6 B9 L-Dopa
L-Tyr . L-Trp B H PIK5 %5 2 RSD YR #E 1t 2.51% , MR &
TE93% ~100% Z 6] (n=6) , FF 3 LE WIRE i 2 1 70 BT )
FHOREER . KSR R LS R LR 4,
R4 BEE EHERERINMNESER
Tab 4 Results of precision, accuracy and matrix ef-
fects tests
o JURE ng/ml  HERERSD, % HEWIE, %

R0, % RSD, %

L-Dopa 1000 167 98.8 95.6 225
2000 172 99.2 96.1 2.05
4000 251 99.0 100.1 229
LTy 1000 1.56 93.0 952 1.66
2000 173 983 96.4 265
4000 221 100.0 99.6 299
L-Trp 1000 205 915 96.3 325
2000 1.99 99.1 97.6 226
4000 171 98.0 95.1 1.94

25.7 RUEMEREE R “2.5.67 50 F ik EUAS (i v
------ 200 pL WA SN % ", 4351 i L-Dopa \ L-Tyr |
L-Trp {95 . rp G H 36 2 (4 000, 2 000, 1 000 ng/mL)
(4 IV A A VA, o0 ) T A R i 0.2.4.8.12.24 h
J& 2.5 17 UF A3 S Bk AR AT . AR
H AT SR BE A BV WY L-Dopa  L-Tyr  L-Trp W 1 F2
(1 RSD ¥I/NF 2.5% (n=6) , 2 W25 Bl i 43 24 hfa e
P R AT
2.5.8 BEEFTAN [A]“2.5.67HUT Jy ik A LI e
200 LB AN AL , 73 i A L-Dopa  L-Tyr . L-Trp
v RBTRER B (4 000,2 000, 1 000 ng/mL) 1 IfiL i
FEGR VR, 4% 2.6, 17 WU (3% 5 ik 2% AR HERE 23T, i
SRWET AR A5 3 IR0 A6 T S AR AR 25 1 I3 75 T A 1)
JRE R FRRE AR IR, 752,517 TR €6 1% 5 RS S Ak ok
FEAHT 0 T AL B, 4 8 B L BTN : A/Bx
100% . 45 %, L-Dopa. L-Tyr., L-Trp [ %& J§i % N 78
95.1% ~100.1% 2 [i] ,RSD ¥J A 11 3.25% (n=6) , 7F
G A IRE S E R TR AR OCEOR 25 R LR 4,
259 HEME KKRGHE, P& H KB, %
“2.5.2" WU N IR BRI 4 2.5.17 N Ak 5 ik Ak
HERES AT, 1A 4K BRI 7 L-Dopa \L-Tyr . L-Trp 1Y
T, AR AR5,
F*5 HHEXRMBEERSTLER(x+s5,n=10,ng/mL)
Tab 5 Analytical results of serum samples in rats of
each group(x+s,n=10,ng/mL)

A3 L-Dopa L-Tyr L-Trp
SH4 3580221 68245146807 13810.5+2 082.04
BIBKEACAI A 38894396 7232.6%401.74° 12030.8£89047°
DIBE RS 45.091401" 78203432560 9936.8+63027°
Bk AIRL 50874387 83932450169 7994.1 +484.23°

0 52 A A, *P<<0.05, " P<<0.01
Note: vs. blank group, *P<<0.05, " *P<<0.01
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H1 3% 5 AT, 5525 LA be A, BBk b L R i 2
L-Dopa & 1 i3 TF i (P<<0.01) ; BABKERAL . rp v 7 i
A L-Tyr &5 324 2 THE , L-Trp & 539 B R (P<
0.058% P<<0.01),

3 g

L-Dopa f2 A= YA i N — 8 2 1 AR s M I,
M L-Tyr B LS By el R (0 R B9 AR AU iR A e p B
{4 Hh 1) 72 9, L-Dopa 38 32 1M fisi 5 B8 5 2 A5 il 2 B i
(DA) ; B BE L-Dopa 1 DA Rl ) H B4k, A A
R AL TE o, i SR S A A R R A
H LSS, o 26 5 B B HH LR S A Bl BT g
il S 2R L Y 2 AN AR IR , 7™ A i it
ALY, 175 K IR 2 2 R A BECIR S | (o PR
FREE I BETE I SO R B A K R e,
A TR A M e ARSI SR BN, S AL
B, WMk A% 5] £ 2H K BRUALYG Hh L-Dopa & L-Trp 75 5t ]
3G, b A R AR IT N I, S Ik 2 2
FWEEAE IR SN IR AT AEIE 1 520 Trp-Dopa (Uit
T I P MR AR

L-Trp RHUARL TG R Z — , LW i 2 Trp il od
LG B ARG , 7 A b 22 3R Gt v 22 (B A IR R AL il
VER AL L 5-F2 6k (5-HT) | JG#  5ATR &4 BEIR
FONAVE T Z2 A BT Sh a3 UIAR S, AP 4 R e
71N, 5578 T HORE, WM 2% 7R) i 4R LU v L-Trep 257
A AR, HBGR RO e, S s W BRI AT T
EH R BULA Trp 1038

25 LR, AT ST R BB X R SR AT o ik
TREC N ZH OB 2539 W R a2, D0 HERT AR E A T s
R A L-Dopa L-Tyr % 4, FEAR L-Trp (955 572
Jini ZH 2L RE , T Ay AT 4 1 DR P 24 2 3t 22 A T
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