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Improvement Effects of Isopimpinelline on PCPA-induced Pineal Gland Injury Model Rats and Its Effects
on Expression of Biological Clock Gene

WANG Danni, YANG Qian, ZHONG Qiming, SONG Meiqing, TONG Liguo, JIA Lili, NIU Yanyan, FENG Mali
(Shanxi Academy of Traditional Chinese Medicine, Taiyuan 030012, China)

ABSTRACT OBIJECTIVE: To study the improvement effects of isopimpinelline on p-chlorophenylalanine (PCPA )-induced pineal
injury model rats and its effect on expression of biological clock gene. METHODS: Totally 60 rats were divided into blank control
group (2% polysorbate solution), model control group (2% polysorbate solution), positive control group (melatonin, 10 mg/kg)
and isopimpinelline high-dose, medium-dose and low-dose groups (3, 1.5, 0.75 mg/kg). Except for blank control group, rats in
other groups were given PCPA intraperitoneally (450 mg/kg) to establish pineal injury model. After modeling finished, they were
given relevant medicine intragastrically, once a day, for consecutive 7 d. On the 6th day of administration, the sleep latency and
sleep duration of rats in each group were investigated by pentobarbital sodium coordination sleep test; after last administration,
ELISA assay was used to determine the serum level of melatonin in rats. Fluorescence microscope and electron microscope were
used to observe the pathological tissue and cell ultrastructure changes of the pineal gland. RT-qPCR was used to detect the mRNA
expressions of biological clock gene Clock, Bmall, Perl, Per2, Per3, Cryl, Cry2 in pineal gland of rats. RESULTS: Compared
with blank control group, model control group had significantly longer sleep latency (P<<0.05) ; serum melatonin, mRNA
expressions of Bmall and Perl in pineal gland were significantly decreased (P<<0.05 or P<<0.01) while mRNA expression of Per3
was increased significantly (P<<0.05). The pineal gland cell arrangement disorder, nuclear pyknosis, vacuolar degeneration
increased and cell number decreased significantly; mitochondria swollen, cristae broken and pyknosis were observed. Compared
with model control group, the sleep latency of isopimpinelline high-dose group was shortened significantly (P<<0.05) , sleep
duration time was prolonged significantly (P<<0.05) ; the levels of melatonin in serum, mRNA expressions of Clock, Bmall,
Perl, Cryl and Cry2 in pineal gland of rats were increased significantly (P<<0.05 or P<<0.01). In isopimpinelline medium-dose
group, the sleep latency was shortened significantly (P<<0.05); the levels of melatonin in serum and mRNA expressions of Clock,
Bmall, Perl, Cryl, Cry2 in pineal gland were increased significantly (P<<0.05 or P<<0.01), while mRNA expression of Per3
was decreased significantly (P<<0.05). In isopimpinelline low-dose group, the levels of mRNA expressions of Clock, Bmall, Per?
and Cry2 were increased significantly (P<<0.05) , while mRNA expression of Per3 was decreased significantly (P<<0.05). Cell
arrangement disorder was improved and nuclear pyknosis vacuole degeneration was decreased to some extent in isopimpinelline
groups; mitochondria swelled, cristae fractured, and pyknosis decreased to some extent. CONCLUSIONS: Isopimpinelline can
improve PCPA-induced pineal gland injury in rats; it can up-regulate the expressions of positive regulators Clock, Bmall and
negative regulators Perl, Per2, Cryl, Cry2, while down-regulate the expression of negative regulator Per3.

KEYWORDS Isopimpinelline; Pineal gland; Biological clock gene; Rats

FASARK (Pineal gland )/ R 015 HEAE Ppd , 3 25
TG B A AR R R T T HLAR B R T A I i R
I HHAM AR R R IR B Al A5 e R |
U JEZE R 2R RIS & S EURE R
BB A3 AT G DEAUA SRR L. #MRG 4
P — 2B R R R R g i 1 8 Y ZE B, S 4R I
ERESE /R e (R Y 7 IOy S = s 13 N i B2 RIE 7/
B2 EE R 4394 Clock Bmall \Perl Per2 .Per3 .
Cryl .Cry2 35 , X B R HEAE Y LREA & Y,

PR H 2 5 R W, 0 R B TR AR A
HEZEHE R e R B 2 RN, s 5 R B
R RIRTF R T NBRES . ARSI AT E
WO TR, R E R R IR RS R
PR 22—, A HERR 48 5 i T R R ACE B E AT, I
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Cryl. Perl . Per2 B£H 2R 35, DT 18 17 B AR - or 18 )
O A R P 30 Ao A SR A 5 S R

- 2082 - China Pharmacy 2020 Vol. 31 No. 17

FASRARA Y I R ek i AN . 48T AR ST
I F 1 55 X6 SR N SR (PCPA) BUK B AR B 5 )
WL S5 P2 H- B 20 SR MDY R B BB | 1L 355 At PR 2K
KA A SRAAZH S5 B2 | 20 B Gl AL A P ik )
FIKBIRAN , LU A B 5 52 BB R 1) vh 2 b At 4 24
PRAF R SRAA ) A P B ARERRATLAR , 22 71 A 1288 25 ) Al IR
ISEFH IR A DR PSR AEARCH

1
1.1 {4g8

H1 B Z I He AL L (3£ [E Bio-Tek 24 H] ) ; BX51
TS B (B A< Olympus 24 7)) ; JEM-1011 B33 5t
F B (H A JEOL 24 F]) 5 7500 BUSE 586 - A
fifi 4% = )2 1 (PCR) X . 9902 Veriti % 5 ¥ PCR Y (25 =
Applied Biosystems 2\ 7] ) ; HI %I 4> J) el AR A (58
Bio Tek A ] ) o
1.2 #m5iRH

St RN IR (R E A E 2R A IRA A,
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b5 : 150809, 4E B : >98% ) 5 1B HE 2% B b (b I 23k
TR AT R F LS. 917D021, 4 . =99.0% ) ;
PCPA J%E e 244 (34 Sigma /A 7, 41E5-: 10026000696
57-30-0, 41 i : 100% . >99.0% ) ; T 111 5LE 80 (ML 44
25N T IR L HE5 080308, Ak 24l ) 5 il BB 2 G fiE
W B (ELISA) 5 I 3 57 & (4% [&] IBL 24 A , fit 5 -
EME174) ; RNA 2 B0 & L S2 A9t e it -PCR AN
7 & (5 E Qiagen A ], #L*5 : 160052260, 163018617 ;
cDNA G RGAFH & (Fi - Roche A H] , #5-: 04379012001 ) ;
AR A i, K R 4lizk . PCR5 I3 2E T
AP TR ) e A3 PR BB Al
1.3 zh¥

SPF 2 fe B SD K L 60 H, M , {4 i £ 160~180
g, W T DUAR (A6 50 AE AR FR A | AP AT IE S
SCXK (3%)2016-0002, K FUIW A5 1R 5% F 1L 7G4 =
IS B PO SRR & IR R 22~24 C AHN B
H40% ~50% o AL ARG BEIERHER A 1 O T
TSI B W) 48 TR B L) TS S A B AT SR E HE
T4
2 FHik
2.1 HAL5EE

K BRIE N PRI TR 1R G MRS REALEC T R ik o s
P B2 RS XF RE 2 | P o) BE 2 D S 5 HE R R
o IR, A 10 H BRas I B AN, AR A
KIS SO I F A T ULAR S 2 TR SR AR s
. 0 B R 5 PCPA TR AR 450 mg/kg[45 3CHk 7 22900 A
%577 0.1 mol/L ke R 5 2% il (pH 10.1) ,80 “C /K A
30 min, HE 7 (IR 250 W, 4K . 25 kHz) kb # 5 min, il
A% 4.5% PCPA IR ER], FF K 1IR, #%ELk2 do a5 AR IRA]
RN s VR S 45 1 45 pH A9 0.1 mol/L BRR R 2% MR
2.2 %474

SRR IR R SRR H R T 2% R ILALEE 80 %
W (I 2 mL R ILAYEE 80 MMy 2 100 mL il 45) o, il i
R ER 2 VR A 1 mg/mL A PR R 4y
24 0.3.0.15.0.075 mg/mL B IR . 1E“2.17 T T 1 45
J , BT B ZH K B P AR AR 3R 10 mg/kg™, SR HE R
e AR R B A3 Sl R R HERE 2 3.1.5.0.75
mg/kg!™, 25 [0 B R0 X6 BE 2 K B i SRR 2 9%
RINFLER 80 IR, FERLG 2 1 IR GELELG 25T d.
2.3 IEFRIG
231 —MIEOOMES I8 S PCPA TR E )5
WEEA2H K B PR S S TG Sl O
2.3.2 REUGE L ZENEhRIEAR TS 4425556 K, 4%
20 R B4 I 1 B 3 2 L 22 4 38 mg/kg . HIERIR LA M IE
SRR AaAR s AR B 17 B35 R85 30 s DL B35
VT Ay R I S S AR o e SRS B 2 e K R

FEEE 020FEEIIFEITH

TE S 2R A B ) VR SR B VER AR 5 R ZR 90 SRR
Tl L S S 2 2 b P ), A Ay B R 5 52 i)
2.3.3  KRUMEPARBZKENE KRAZE2h
I, DA 10 9% 7K & URE I I TN T S R I OR B, SR 05 T =
BRI 2 mL. BFILAELL 3 000 r/min 5.0 10 min, Y4
M3 o SR ELISA R A Co v A6 0 1 375 Hh AR B R 7K
- B RGN S U B R T
2.3.4  REWMRAREIH AL BuUil )5, ALk
1E 3 HRERALFEIFUTRL B R ALTFFoL, B K ki N 4% 3
Fo4y R , v WA BT KR /N R SRR . 5 43 B
AR, BT 109% W P [ E 48 h, 6 FUBK A4
P ORBE 5 pm) ARG 1T 98 AKE -1 (HE) Je a7
WA T SRR L 2 A Ak
2.3.5  REMBMEMEAEEE  BuUl)s , FA kLg%
2 HRR, #°2.3.47 TN 7 i R S B SRR, T30 s Y
BT 2% )% " BEAROTE E 2 h, SR5 5 % 0.1 mol/L iR
ARG v (PBS, pH 7.2) v, B 1% SR [ o oK A
W YR R 70 nm) R FYE)E, BT T 2B T
NGRS FAR R IR EE R A2 A
2.3.6  REMRIAA Y BREE DRI IS , R 2 30
AR5 HIRE, #802.3.47 300 R J5 v Mt S IS SR A4, R
Trizol 1% 73 B HE B S RNA K 56 40 5 gk 1, #5 J
RNA j3i % 53ty cDNA, 3 L cDNA Jy 54 £ 47 PCR 4"
B ROWAKZ - cDNABHL 3 uL, b FiiF5 14045 2.5 uL,
2xQuantiFast SYBR Green PCR Master Mix 12.5 uL.JG
fiti K 4.5 pL, MR Z K 25 pl, JOwi 551 95 CHiAs i
30 5395 C7Z54E 5 min, 95 CiB & 10 5,60 CLEfH 35 s, 3k
40 MEF . LUH il wE-3- W 2 I =8 (GAPDH) h N 2,
K 2722 Y 3 Clock . Bmall | Perl . Per2  Per3 . Cryl
1 Cry2 B mRNA 3k 7K (b CtR R &4 S
BRI T 38 B BRI T 28 D5 IR AR 580 o
S H By B K EE L 1,

x1 S|YFSIRYIEFMKE

Tab 1 Primary sequence and length of amplification

product
AT FiiE(5'-3') TiiE(5'-3') TS by
Clock GCCGCAGAATAGCACCCAGAGT  ACTTGGCACCATGACGGCCC 136
Bmall ~ CCGATGACGAACTGAAACACC  TCTTCCCTCGGTCACATCCT 78
Perl AGCGCATCCACTCTGGTT GTCGGTCCTCAGGATGTA 183
Per? GACACCCTACCTGGTCAA CATCCTGGAACAGGCAGT 164

Per3 CCGGGATGTGTGTTTCTTGAAG ~ TGGTGTACTGCAACCATCAGAG 134

Ciyl AATGGAGCCCCTGGAGAT TGGTGTACTGCAACCATCAGAG 235
Ci2 GGCAGAAACCACCCCTTA CTAAGGAAGGCACGCCAT 159
GAPDH ~ ATGGGAAGCTGGTCATCAAC CCACAGTCTTCTGAGTGGCA 375

24 GFItEFZE

R FH SPSS 22.0 BAFIEATHEIAHT . T REVERHL
x+ s R AU HBOR PRI 3 )y 225007 4L R P
4 % I LSD-¢ K B . P<<0.05 F67) 25 5 B God 2
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3 #R
3.1 —fgiER

JE IS PCPA S22, 25 R IR R BRSO 0y A
HE, BB MO s AR RS AW IR R R A R
T SN, Sy T3k W Sk AT D22 Ak B Tk
RBARE H AL, IR TRY A il L)
32 KEKEZMihEERIKEER

525 PO RRAE P, B AR BE 2 K Bl P A B R 10
BFIER (P<<0.05) 5 BEARAFEE N ) A — & 4 i, H 22 5
RGeS (P>0.05) . SAERINS BEEH LA, B X
ML AN S e B 2K i L PR R SR ARV (R 2
F YR (P<<0.05) , FH X B2 S 1 H- e 2K g ) ek 41
KBRS B R 455 252 I 0] 2 2 G (P<<0.05 B P<
0.01). ALK UL e Z A bR EARSE 25 R W2 2,
F2 BHXRKEILZHMEMIRIEER (x 15,

n=10)

Tab 2 Results of pentobarbital sodium coordination

sleep test in rats in each group(x *s,n=10)

45 i, mg/kg NI, min IR FFEET ], min
ZEN R 71432 802+15.0
HR R 126169" 784+233
PR R 10 6.1£27 13594258%
SRERZ R 3 58+01° 103.623.7°
SRERZ R 15 6.1429° 84.0+284
SHEHRZEA 075 108+3.1 632£115

W 528 A B ZH LA, * P<<0.05; SRR IR 4H HL 4, "P<<0.05,
"P<0.01

Note: vs. blank control group, “P<<0.05; vs. model control group,
“P<<0.05,"P<<0.01

33 XARMEBEPBERKFUNEER

523 P B e , B S H Z A FL o 375 v 4 SR 2R
KPR FERRAR (P<0.01) o SHEAI XS BREH L5, R X
HEZH AN 5 P H B3R 0 bR R Ry A K
BETHR (P<0.01) . &2H K BUMTE HA# R R K- E
RIS,
#3 BAXRBRMBEPRERAKFEMNEER (xts,n=

10)
Tab 3 Levels of serum melatonin of rats in each group
(xxs,n=10)

413 it mg/kg TR pg/mL
7 FN R 1866+ 18.1

HR R 11214256
PR R 10 368.1 48,3
SRERZ R 3 2254308
SRERZ R 15 244747
SHEHRZEA 075 14774502

Vi 2 P AL LA, P<0.015 S BUR IAZ HL A, “P<0.01

Note: vs. blank control group, “P<<0.05; vs. model control group,
#P<<0.01
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34 ABRMREBEBARFURER

23 0] B A RS SR A 0 0 e 222 5 T 240 M 571
SR IO AT UL o AR R 2 O B SR AR A
JEHESZETL K H B8, 25 ARV 22, AR A 1o 4
li) A SRS B, 20 S BRASANT o BT IR 2 A A SR AR 4
JEHESIZETEL B H B, 25 Ve A RE , 4
196 20 1 JE T A2 B, A M SR BRASERT o SR RO IR 2 H AR
S PR H R R AR R SRR A HES 3 2 T
WA AT UL, 5 H W 22 2 YA T AR AR T 4 1) SR 10 ¥
01 D0 B /0 , A BRI, L LA v ) e AR
BT 5 7 PR H R 3 IR i 2 B SR AR A A HES R
o) B AW 2 2 1 AR AR A R 4 1) SR A RS B Y
T OUE IR, 2 SR BRI T o 25 2H R A SR A B
AT (LN

E.5 R H SRR R 41 F7 R E R R AR i 4l
VI« BT Sk B S RS A 9325 1
Note: the arrow in the figure refers to the damaged vacuole of

pineal gland

Bl FEXRMRREFEAAZRHE(HE &, x400)

Fig 1 Micrographs of pathological tissue in the pineal
gland of rats in each group (HE staining, x400)

3.5 ARMREBHEMURER

23 FUN BRALR B SRR A RRABER , A U AZ AR
BOR, I RA N, et A e A M, W e
FiZ S @ A B S AR LR IR A
A CRLTED P 5 0 e 2R A B X SRR AR E R
o BB LR B SRAR A I AR, A A AR
BOR, MU AR A I, S0 DG 2 MG, W g
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JRZ S @5 A R UL A B AR, H R
KPR Z2 I i U TR 1140 , T B A AR LT PAL R Y o
IRFEMR R Z AT BRI o P X B ZH R A
SRAA LI VA b U5 DT 2R T 40 17 L IS i . TR
X R PR, S B | R R 2K R SRR I R
AN SRV R Rl LTSN G R R e
- 2R AR 2 A R A ) SRR AR i ik g s A% s
24 AR L 25 2H R A SR A AR A Y el

oL . 00 0L

ESHRH AR RS
E2 BAKXRRREMAEBRMEIDESETEE (<30 000)
Fig 2 Projection electron micrographs of ultrastructure
of pineal gland of rats in each group (x30 000)

3.6 ABRMREEVHERRENELR

1528 PN BEAL B, A5 TR R R 2 KRR SR A
Bmall , Perl mRNA %% /K- i 3 Ik (P<<0.05) , Per3
mMRNA # 57K 2 & T (P<0.05) . SRR B ZH He
B, BHAE X BE LK RS SR AR Clock  Perl . Per3 . Cryl .
Cry2 mRNA ik K- i 2 FEAIL (P<<0.05 B¢ P<<0.01) ,

Per2 mRNA F ik /K 3% T+ (P<0.01) ; H R H R
e 79 2 R RS SR AR Clock . Bmall  Perl  Cryl . Cry2
mRNA 257K i 2 71 (P<<0.05 8 P<<0.01) ; S & H-
F R PR 2H R B SR A R Clock . Bmall \Perl . Cryl |
Cry2 mRNA ik K- i 3 F+ 5 (P<<0.05 5 P<<0.01) ,
Per3 mRNA FRiE7KF i 2 B (P<<0.05) ; F R HEL R
5 i 20 K AR AR Clock .Bmall Per2 ,Cry2 mRNA
TR KO- BT (P<0.05) , Per3 mRNA ik /K F &
FHEAL(P<0.05) o 45 21 R BUAS SR 44 v A 1 b JE 1A
mRNA Fh AP 45 R W 4,

4 itig

PSR R S SR 28 B, 32 PR b S U 4 e A 2 i
o 240 i K B, A R A 0 i RS 4 i, G v B 40
90% LA 11 s SRR AILAAR A 4y b1 R A B L2 B
gy, BEA B I RER R AR RA R HAEET
Fs SRR A H 7T Ak T s 38 ] R I 9 AT o,
TR R B T TT DAV B s SRAA B B L o TR PR R
IRE I,

AT, B PN ML X A SR A4 B 405 1A BIF T 24 420
PCPA 2 F Tl #5 S HRAR Y | 3 ok 41 i A ik
i3 IR 5-F2 Caftle A B, DA TTT S S50 M o R ) 9 25
BLUY . AR 2 76 T 4R FH PCPA i 1 S 85 4 IR A 77
T H & L, PCPA X Fis SR 44 21 295 1L KRR T 25 4 A 4
i, H 2 FAR I3 HP 8 B 2K, AT 5 | s T ok
A I AL i AT A . ANIEMEE A TR R R T
2 AR SR 2 A0, R LR A G R R E , AR T 98 36
PRARSRZ A PR X B2 A 25 L R, B S 2] 4
PCPA FUH A5 145 78 K LA A B TR AR | B 4K L p
IR s [ 44 v L I 375 4 P 2K, (LR PR 2K P IR
PREEAEA5 5 i AN I 0 5 57 P HE 38 ] i 2 4 K LY
B TR AR ST | S K B IR R 2 ki), A7 280k 3 HL 2 by
TR RS ZE AL B E DD s AR R R A K |
U IRT 2L | 1 45 A O

FENEFLsh Wy BT B AL A0 [ 325 -
BRI S A5t 1] B 2 i, 76 A S mClock F1mBmall ()7
WE R S R VEHF mPer #lmCry J& 871
E-box X, J7 8l mPer Fll mCry B9%% 3 F2 , R 1F S5 B4

F4 FEHRBRREEVHERE mRNARZKFUEL R (xts,n=5)

Tab4 mRNA expression levels of biologic block gene in pineal gland of rats in each group(x+s,n=5)

41 it mg/kg Clock Bmall Perl Per) Per’ Ciyl Cry2
7S PRI 1.12£0.09 1.84£0.09 1.54£0.04 0.77+0.01 049+0.02 0.96:+0.06 094£0.13
HOR R 1.00£0.01 1.00£0.04° 1.00£0.02° 1.00£0.02 1.00£0.03° 1.00£0.10 1.00£0.03
PR AR 10 0.23+0.00°% 0.84+0.02 0274001 470+0.06" 0.13+001% 027+0.02° 039+0.02%
FIRHEE AR 3 1.95£0.02% 330£0.05 153£0.04 0.83£0.01 0.95£0.09 2.09£0.02° 157001
SREEE A R4 15 1.87+0.00° 29340047 1.78+0.06° 1224004 0.55+0.01° 1824003 143+0.02°
FIEHFENEA 0.75 1342003 221011 0.74£0.00 1.840.03° 051£0.01° 129£0.07 127£0.02°

W 52 O IR HER, " P<<0.05; SR IR HA:, "P<<0.05,7P<<0.01

Note: vs. blank control group, *P<<0.05; vs. model control group, "P<<0.05,"P<<0.01
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4% ; Bi#5 PER I CRY & 134 2 , &8k (b5 B 2 41

¥, AT 5 ZE s | CLOCK : BMALL 5 Rk &

() s, TR B B 5%, R R RO R B, R 25 A

AL HR SR, Hdr, Clock 2E R e ik

AN, AR IR IR AR s Bmall JE [ 2%

SRR ) = -, TS BRI A Y B S R

KUY Perl SR ) 22 745 1 -5 AL AR AR ot A 182 fld 6 AH 515
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