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WA, EFHL, #i%, HLAESNH, LEFEHRFIRFTESEAEEE, FEMN
MAeEFE (ER. 2 RFAL, EEEEBEESERGFSEE. REH&EhFEP
EdFafERMBARIF_RmER. FZRER. BHRESER, LBTFTES
ForEEMPES LB EEREARMYE. RKARRT LBEREHKSE, ERNELETF
EHFESRA, URFTEAREBOIST A, LAEABEERAAMNFZEEFFIH
o EHE . LW AZLRHSMER. LW IEEZFTHITRAR LETHE R
By T E A Gl AF 5 —AF K BOBARAR K AL E M AME O T R R FARRIO0ORR; W
ST ERRZOET KR/ RPHER IR LT RS, MR 2 R AR R R
KRB RREARFEARRL, LBERFHEEL. FRFTEHFLABE. FELB
MR B RERE, GUEN “SBRTESFRFRAN BT 202044 LT EARFEREFRFZHAN; ZE5ER
ERLEH2, 25REFEHBFLXFTARNEM 2 (B EH), 2HELF 48 HWHRAFHLEI0 L,

MigeEre e ™ Fefisi—se - LR /PRl BE 4 0
Vi FH Bt = 2 Rkl 1~ P o

Wk, RID, W, B b
(b A 225 K 52 4 R 4 B, B 201203) Oliss ol

HE] BH WRIRE (XBIRX-—S =& &30, cis-dichlorodiamineplatinum, DDP) &)/ FEEEE M=
ERNIERRR, FURKSXEE (dehydroepiandrosterone, DHEA) BIFFM M. F5i% 60 RALLEICR
INERHEN S A3E: WEA. DDPEKEA. DHEAARFH, SH10 RHEMEM 10 REE/NF. DDPEZEH/NRIZ
25 mgkgd'FIEEEFF DODP AR, B3diFH R, H7X; EEEH, WRANRERIFESENEER
JK; M DEHAATH/NEEFLIDDPAEBHERS, %283 mgkg'd'HBL T DHEAES, &4 21d. BIl
B MAMNERELEMENRESERNESN, REEMALYAFNHERBEURE LR, ERS5IPEHLR
ST, CHAESRREEIERBRE S ZAUNRMBEREEYENESE, EAIHXNAEEPCRMEHR
EMB ARG TR, B, SER. EAMNPEALFEXERHIMRNATMERRIEKE. £ SWBA
tbik, DDPEBRAMEMSIEMNENAREURY HEMmE N EETH (P<005), RATIESHNROIMDINE
BEREEEETE (P<0.05); MDHEABRITANRN EREFIERIEEZHNE (P<0.05). DDPEBALE
MNRERARFSREBMBHIIZEI BEZNBEAKM, EENRIPERLFASRBIVBERE, DH00
BIELZ, IPEMNARELD; MDHEARTA/NBRERMPESRHEREYEIEELES. SWRBRAKER,
DDPEZEARMSH M/ NRIEENR. —SEMESYEERE (P<001), EENENBEREERNAE TR
MERMESEEEAS (P<005), BMHIFNBEERREAEEERMK (P<005); SDDPEBEALLLEK,
DHEARITEEMNENZGERSEMEEHNERN2HEENEEES (P<005), MEE/NENRGERS
ENMEHENBENZESENEERME (P<005). SWRALLK, DDPEEAHKEHESHEEHINRNSE LR
Cyp2lal. Cypllal EEM T EM Gnrh2EXREHEEZETIE (P<005); IEMH/NRS LR Hsd3b2 £E, HPE
Star. Cypllal. LhrER, TEM Crh. ER Pomcil LhbEAFXHMEZTAE (P<0.05); #EHE/NEEZR Star
HEERSIAREHIURER FshbFl L BERERRIIEZETIE (P<005), SDDPE&EALLE, 7 DHEATF,
HEHNRS LR Cypl7al EHFIE R Cypl7al. Lhr. FshrEEEXEXHEETAE (P<005); HHE/NES LR
CypNal BEEFRXEETIA (P<005), B LR Hsd3b2 ERFNGPE Star. Cypllal. Hsd3b2. LhrER, AR
ERLWhERFEI EE (P<0.05), £5i€ DDPARAD T LUDEI T EMM-E4- 8 IR RSERMINEE, 7
BEMSINHEREE; (I DHEAGHTRETAREREERBRKFNESRS.

[X$3] IRtH; RERER; 2h; PE; REEHE;, MR

[BE2HH] LBHRZFRAZRSMFITHIINE “RREHFERDSREEE EIE/)NRE R SIE R EERITMNERHF" (19140905000)
[E—1EE] BmE=R(1977—), 8 B %R, BLESN, ARS O hEEHEDMPREREYEREMAR. E-mail:pzq527@163.com. ORCID:
0000-0003-4143-2312
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Injurious Effect of Cisplatin on the Function of Hypothalamus-pituitary-
adrenal/gonadal Axis in Mice and the Intervention Effect of
Dehydroepiandrosterone

PAN Zhigiang, NONG Zixin, XIE Haina, PENG Peike
(School of Traditional Chinese Medicine, Shanghai University of Traditional Chinese Medicine, Shanghai 201203,
China)

Correspondence to: PAN Zhigiang (ORCID: 0000-0003-4143-2312), E-mail: pzg527@163.com

[ABSTRACT] Objective To study the pathway of cis-dichlorodiamineplatinum (DDP) inhibiting the
synthesis of steroid hormones in mice, and to observe the intervention effect of dehydroepiandrosterone
(DHEA). Methods Sixty adult ICR mice were randomly divided into three groups: control group, DDP
modeling group, and DHEA group, with 10 male and 10 female mice in each group. The DDP modeling group
mice were intraperitoneally injected with DDP solution at a dose of 2.5 mg-kg™d™, once every 3 days, a total
of 7 times. On the same day of modeling, the control group mice were injected with an equal amount of
physiological saline intraperitoneally. The DEHA treatment group mice were treated with DDP and given a
dose of 8.3 mg-kg'd' of DHEA by gavage for 21 consecutive days. The changes of fatigue indexes of mice
were observed by open field, grip and rod rotation tests. The morphology changes of adrenal gland,
testicular and ovarian tissue were observed by pathological section and HE staining. The levels of serum
steroid hormones were detected by high-performance liquid chromatography-tandem mass spectrometry
(HPLC-MS/MS). The mRNA and protein expression levels of the related genes of the hypothalamus,
hypophysis, adrenal, testis and ovary were tested by real-time fluorescent quantitative PCR (RT-gPCR)
and Western blotting. Results Compared with control group, both male and female mice in DDP modeling
group were significantly losing weight (P<0.05), their abilities in horizontal movement and vertical
movement decreased (all P<0.05), and the stay time and grip also significantly decreased (all P<0.05) in
female mice. Indexes of fatigue were improved after DHEA supplement (all P < 0.05). In the DDP modeling
group, the arrangement of spermatogenic cells at all levels in the testicular tissue was disordered and the
testicular interstitial edema was observed, and a large number of primordial follicles in the ovarian tissue
were activated, the number of atresia follicles increased, and the number of granulosa cells in the follicles
decreased; while in the DHEA group, the damaged phenotype of testicles and ovaries was significantly
improved. Compared with control group, the levels of serum testosterone and dihydrotestosterone in both
male and female DDP modeling mice significantly decreased (P < 0.01), the pregnenolone was down-
regulated but corticosterone was up-regulated significantly (P < 0.05) in male mice, the corticosterone was
down-regulated significantly (P<0.05) in female mice. Compared with the DDP group, after DHEA
supplement, the pregnenolone in male mice and the progesterone in female mice increased significantly
(P < 0.05), but the pregnenolone in female mice and the progesterone in male mice decreased significantly
(P < 0.05). Compared with control group, the expression levels of Cyp21al and Cypllal genes in the adrenal
gland and Gnrh gene in the hypothalamus of male and female mice in the DDP modeling group significantly
decreased (all P<0.05); the expression levels of Hsd3b2 gene in the adrenal gland, Star, Cypllal, and Lhr
genes in the ovaries, Crh, Pomc, and Lhb genes in the hypothalamus, pituitary, and pituitary of female mice
significantly decreased (all P < 0.05); the expression levels of Star gene and StAR protein in the testicles of
male mice, as well as Fshband Lhbgenes in the pituitary gland, were significantly down-regulated (all P<0.05).
After DHEA supplement, compared with the DDP modeling group, the mRNA expression levels of Cypl7al
in the adrenal gland of male mice and Cypl7al, Lhr and Fshr genes in testis were down-regulated
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significantly (P < 0.05); the expression level of Cypllal gene in the adrenal gland of female mice was also

decreased (P < 0.05); while the expression levels of Hsd3b2 gene in the adrenal gland, Star, Cypllal, Hsd3b2

and Lhr gene in the ovary, and Lhb gene in the pituitary gland were all up-regulated (P <0.05).

Conclusion The function of hypothalamus-pituitary-adrenal/gonadal axis was inhibited by DDP intermittent

injection, especially in female. Supplementation of DHEA can help regulate the homeostasis of steroid

hormone levels.

[Key words] Cisplatin; Dehydroepiandrosterone; Testis; Ovary; Steroid hormone; Mice

E (X &AM -—&E & &H. cis-
dichlorodiamineplatinum, DDP) 2 Il /K & F 89 5 i J&d
231, EXIOIEE. BiYIRE. SAUE. M. Sk
F R SRR 097 Y] . DDP J& T FHE W40 At = S Y
ERF IR, X e 2 B T 400 B YA T R A
T 5 [EEZ AR AL, B SHE. AR5
BipiE. BEEmi sk M, o, DDPA]E
RAETAR G, Brliif 7 G i DDP 2545 &
PR EEESIIEA 1, SR, HAT A1 DDPIEALE
TH R G RE IR R AN . AN A AT & R
DDP ZHIHI/INGR B R 2 il S R DI RE . 5 /)N
RZEVEIR S AL B, PEFARFINNEIESHE
NI E R AR EY) 0, BTk, ARFFFRiIR
T DDP A /NG B k- Fe A - 15T i/ 1 AR el D BE Y 52
M, PR S e/ NFRAT DDP BOBUSR M, FFIEEAN
MM EG R YRR A R R W
(dehydroepiandrosterone, DHEA) Xt DDP fiff 84 5E &
G TN o
1 #E5EE
11 SEEzY

SPFZLICR/NFR 60 L, HfERERE, 4~SEEE, &
H22~24 g, W RIEHEER LRSI A BRTTEAH]
[SCXK (¥7) 2017-0005]. sh#¥is:T g ERR
SESLAG S ALy SPF G 15 28 BRI [SYXK ()
2020-0009] H1, iR 22~25 °C, X EE 40% ~
70%, 12 hIHRERE, EMEAFRRE. RELETRE
T F i A R 2 K SIS S A0 PR B o DU o
({5 : PZSHUTCM200904017)

1.2 ¥t FIFNILEE

S A DDP (TR (FEHIZERAH)
DHEA (EZERMFEFIHERAR): RIPA Z4fR1K
BCA & H ik Bl & il 1l & . BRI & L P i
(horseradish peroxidase, HRP) #ric B L= 515/ B

IgG (H+L). Bk, —Pifmn (LiBEsREY
FARBIRAF ) & RNA £ B #] RNAiso Plus,
PrimeScript® R FiF & . SYBR® Premix Ex Taqw
(TliRNaseH Plus) Tik#l& [EEW IR (KE) &
FRAFE]; A5441-B-actin fifk (3£[EH Sigma—Aldrich 2
&) ) ; abl09497-TSPO #i & . ab96637-StAR #i 4 .
ab175408—-Cypl11A1 HTL K . ab232701-Cyp21A2 FT 14 |
ab2298821-Cyp11B1Fif&k (ZE[E Abcam AFH]) o

CP225D BU L 7 RS (£E[E] Sartorius A F] ), 7500
Fast B SEI ¢ 6 E & PCRAY (ZEE ABI'AH]), EIx800
RABEHRAY (S2[E Biotek AF] ), Alpha #8572 & SEALEEL
Big F# %8 (35 Protein-Simple AH] ),  YLS-4C RlfGH%
FIETS O YLS-13A /NI IR (LR B 7Rt
LR RUE) . UPLC-QQQ-MS U8 s 20 i B B
JRIEERAY (SEE Waters AF]) o
1.3 ERINMNKHCIETHERILE

INFRIE R FE LR FS . BENLAT 3 4 RHHRAE
DDP 254 . DHEAJRIT 4L, 420 H (KEME 10
). DDP &I : K DDP FHAHEEE K (F10.9%NaCl
TR FRER]0.3 meg/mlL, FEEREE VIR 2.5 mg kg ! +d”
A SIS DDP, &3 d 1R, H£7¥R. XA
1 DDP AR/ NRAR I E S DDP R [E H RS TG 5
EAEMEK, DHEAJRITA : 7E#% DDP B AH A 75
ZHT DDPZEZGREFRA [E]IN, A4 60 kg BATGTT &
SO0 mg/d [ 105, #FIAE /N 8.3 mg-kg - d™ 924
ZilE, BREESRE, EEAR21 do BRI,
f&. RARIRBRERE/NRINENG, BiSHEEL S
AN, R RN, TR, B RER. SEFURIOPERAH L
1.4 NMNRFESEZEEREET

BHEFS 30l R SA/INRIKRE, HAAELIHT
1 dE 7 . MR AR 55 1050, Al
INRIE 2 f8hR. B IAIRAEe: B/NRA I E THRE
4 emx4 em BIHBRMRIE 7 EF, FEIFGHT/NR
1 min NZKSERIEE ELZ SN HRE HG R sh iR 741
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WWHNAKFIZE), RikEEREGE N EEZES), Bl
WO B TSI UM [\ — AER/NRATD
BGHATIN, B H/NRIEFR 3R, BUFEMEME/INR
TR EE s Fetd o 5 . W& H1E N 30 r/min,
BRI AL RU/NRENL 8 B2t T 3 RIERIZR
B AR RIS E D 10 min, &85 10 min 154% 10 min
i, A/ NI
15 BSRAEEERKREZLNNEDBZPS
MEEBRYESE

ZHEEYIM 2 = MR R A RS H A 7T
TR, R FH v RO € B B JE i B PR A5G /N Bt
B ERBE [EF - AEZRWE (11-
deoxycorticosterone, DOC) F1JZ [Fifili] (corticosterone,
Cort) ] Z & s WA K H AR =8 [ 45 2 W
(progesterone, Prog). 17-3Z2M&EEHH (17-OH Preg)
FH17-%00 (17-OH Prog) 1. MEAER [EFHAEE
filil (androstenedione, Andro). 22fii] (testosterone, T)
T (dihydrotestosterone, DHT) | Z&FhEHE
MRS &,

F1 LHSREEEPCR3IMFS

1.6 MEBLR.ERSPEAANHRHERE
RGBS ERR. SBASONEAZH 10%
BAWEE R, FHAaSaE Sy R, BUIARIET
ARG, BHEE, BRI GR
Frxfbbge s, FRE: K. B BHAFRTE,
BTAFEMET, WRSHASHMMBES, I
FREEG,
1.7 SERFRESE PCRIENEXERRIXKFE
R H/NRO S AR S0, BRE. T
PRI AAR 42, Al A RNAiso Plus i %, #2551
RNA, % Primer3 (v.0.4.0) {EZ&R&HE1Y (5%
1), F &+ EHF Life Technologies A &l & Ao M A
PrimeSeript [ % 5% 15 7l & ] % cDNA, N AK RN
40 pL, RMZEMHEN37°C15min, 85°C5s, 4°CEX
1Eo R SYBR® Premix Ex Taq™ I 7% E ik 7 &t
fFPCRY MY, PCRIRZN20 pL, RRFEFH9S5 °CAE
M3 min, 95°CIBA30s, 60 °CZEMI30s, 40 MEHR,
BRI E I NELL, RA2YETESEER
FEKAY mRNA AN FRIA R

Table 1 Primer sequences in real-time fluorescent quantitative PCR

BEHEZMR ElkZ)E27 PR
Gene name Primer sequence Length/bp
B-actin F:5-TGTTACCAACTGGGACGACA-3'; R:5-GGGGTGTTGAAGGTCTCAAA-3' 165
Star F:5-TTGGGCATACTCAACAACCA-3'; R:5'-GAAACACCTTGCCCACATCT-3' 103
Cyplial F:5'-ACTTCCGGTACTTGGGCTTT-3"; R:5'-GCTTGAGAGGCTGGAAGTTG-3' 201
Cypl1b1 F:5-GTATCGAGAGCTGGCAGAGG-3'; R:5-GGGTTGATGTCGTGTCAGTG-3' 140
Cyp21al F:5-CTCCGGCTATGACATCCCTA-3'; R:5-ACAGCCAAAGGATGGTGTTC-3' 151
Cypl7al F:5-TGGTCATATGCATGCCAACT-3"; R:5-CCCTTCTTCACGAGCACTTC-3' 132
Hsd3b2 F:5-TCCAGCTCAGTTGATGTTGC-3'; R:5-TGCCTTCTCAGCCATCTTTT-3' 129
Cyp19al F:5-CTTTCAGCCTTTTGGCTTTG-3" R:5-ATTTCCACAAGGTGCCTGTC-3' 192
Hsdl17b1 F:5-GTTATGAGCAAGCCCTGAGC-3'; R:5'-AAGCGGTTCGTGGAGAAGTA-3' 12
Ar F:5-AAGCAGGTAGCTCTGGGACA-3'; R:5-GAGCCAGCGGAAAGTTGTAG-3' 17
Fshr F:5'-ATCACACATGCCATGCAACT-3"; R:5-GTACGAGGAGGGCCATAACA-3' 199
Lhr F:5-CAATGGGACGACGCTAATCT-3; R:5-CTGGAGGGCAGAGTTTTCAG-3' 204
Esn F:5-TTACGAAGTGGGCATGATGA-3"; R:5'-CCTGAAGCACCCATTTCATT-3' 17
Esr2 F:5-GAAGCTGGCTGACAAGGAAC-3"; R:5-AACGAGGTCTGGAGCAAAGA-3' 187
Gperl F:5-GTCAACCTTGCAGCCTTCTC-3"; R:5'-AGCACTGCTGAACCTGACCT-3' 198
Pomc F:5-CATTAGGCTTGGAGCAGGTC-3"; R:5-CTTCTCGGAGGTCATGAAGC-3' 128
Fshb F:5-TCAGCTTTCCCCAGAAGAGA-3"; R:5-CCGAGCTGGGTCCTTATACA-3' 249
Lhb F:5-CTCAGCCAGTGTGCACCTAC-3'; R:5'-GACCCCCACAGTCAGAGCTA-3' 150
GnRH F:5-AGCACTGGTCCTATGGGTTG-3"; R:5-GGGCCAGTGCATCTACATCT-3' 221
Crh F:5'-TCTCACCTTCCACCTTCTGC-3'; R:5-AAGCGCAACATTTCATTTCC-3' 18

E: FRE[SY; RARMBSI.

Note: F, Forward primer; R, Reverse primer.
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1.8 ERRKRENEEENEXERRIEKE

BB A /N RRBIER 2 B BAR. SBd. U
HAFHETEHE 1 mL RIPA ZERAEPEF, i
&, 4°C 14 000 r/min B> 15 min, B FiE#. BCA %
MEREAWRE, {20 pgEH EFE, #H1710%
SDS-SRAMEIE L EER Lk (R4ERL 80 V 30 min, 4355
2 120 V 90 min) o $f73 85 f5 A9 H LR (1HIR 250
mA 150 min) 28 PVDF [, A0AEAEE A 1.5 ho fI
ATBST AW, B TR ERG VR, B3k,
R 10 min, SIRNA—HL (B-actin FUAR B AFMRE
FEfl 2R 11 50 000, Al 444 B A FR 4% R B 451 22 O
1:2000), 4°CFEMR, WHUEE (FL), DA
HRP#ric B9 11 = fi 4/ /N BR 1gG (A B3R e L 5
A1 2000), FREFE 1.5 he VElRIEKIEBEBIE
NS EFGETERE, R Inage ] BGIIHEHE RGN
B IKEEHI T,
1.9 #HitFEHE

% H GraphPad Prism 7.0 8K E#E AT G022 43 A A
K. FaESTHNEHERARREFZST. 58
&5 225307, AR ELE R A Pillai’s Trace 1656 ;
JES BT % F Kruskal-Wallis K367, P<0.05 %R
EZRBTFE

2 #R

2.1 DDP#1DHEA 21233 /M B A EIZ K IN/NERE
SRR

EEEE 21 K, DDP EISAIA] DHEA VA T7 4k
/NSRRI B AR TRTREAE (P<0.05, E1A);
ISR ES 14 K%, DDPEELIA DHEA J& 7T /N
SRR B B B XS R (P<0.05, K] 1B);
ISR 21 K, DDPEASZHAIDHEA 16774 [RfEk/ NG
HYARER KT EZS (P>0.05), 455845, DDP A
HEUNRARERR, B M/ B R B A 5
FORIAE, 1 DHEA WIS/ BB B K15 BH 520

xR, DDP @Al it/ R IR S
A EBE R TR (P<0.05), mikkh SN
AKEFIEEIESRE I HEE TR (P<0.05); 5DDP
A LB, DHEA JAY7 A A EFT /N R AP AT
K2 B A HiZ 8068 ST AT 5E (P <0.05), H
B /N R B FE AR TR BB R (P <0.05), fHAfEM:
INERAEERRIT R I E AR (P>0.05) (EI1C~F),
PR, DDPCHEIA[ A /NEUESY . 47 DHEA R
{HA] UG R AR B DDP AR5 B G, i EL T e
/NSRS RS B/ I T RE B 5L

iE: CONAXIERLH, DDPyDDPZ&4H, DHEA MRS RIEMIATE. SIERANE, "P<0.05; 5DDPEEALK, *P<0.05.
Note:CON indicates control group, DDP indicates cis-dichlorodiamineplatinum (cisplatin) modeling group, DHEA indicates dehydroepian-
drosterone (DHEA) treatment after cisplatin modeling group. Compared with the control group, *P<0.05; Compared with the cisplatin

modeling group, *P<0.05.
E1 DDP#1DHEA &5/ R IAEME S EIRAIEMN

Figure 1 Changes of body weight and fatigue indexes in mice after DDP and DHEA treatment
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2.2 DDP#1DHEA B /MRS LR . ERFIH0
E-pis bt et s A

HE S5 R TR, *IRA/INR 'S ERRG SR,
BRI AR ETE, AR AMHE 24 RIR, Wk
wAAIENT (F2AFD); SXTHRAE:, DDP EE
H/NFRIV S I AR 23 AR sROTR A 4 R 45 B RHES RS 25 6L
(E2BFIE); Mi4N9E DHEAJGTY TG B (1&2C 0
F)o 455K DDP XS F IR 57 R 245 45 M B 52
BNe

xof FRA/INFR S AL S ESMTEN, SR AMHEY G
Fe, SAmmEERE (B2G); DDP /N HEE

MERERZ, SZRAEE, S BHEER (5
2H); TfAhsE DHEA GBI T 5GE dh40kS & M A= s 2,
FRE S SLE K (B21), 45548 R DDP 5
ML KR EANRETIEE, 17 DHEA 5 B T2% /% DDP %f 52
FEIHRTERT o
SxfHR4AREE, DDP L /NPT A AR b 5l
IRt BRI S IR IR 2, BRI A
TR AR s> (20 F0K) 5 Tikhse DHEA J&5 Hi 31
BB HIRATRRINEL, RGN 5 Uk A A B n
(El2L) . 5544 DDP =B IRIMES ., FHOR
HEABONER A, DU IER BEASIIE R >, T

SRS E LY, SAERMETL, EENERS  DHEAGBITHGE DDPABIE KA R,

iE: CONJXtE8ZH, DDPyDDP R4, DHEA MRS RMEEATH. B LIRAR (BA~F, WHAIRKNAS0um) F, BETELBEK
B, *FRELRER, *F2RERT,; EFTERRT,; VERMNKT. ERAEAR (BIG~|, tEAIRKNAS0 um) F, ORRHMMIBE;
BTRBTAR, ~RTBRAR,; | XRRBEAR,; | FORREEHENE; ERIISEE; “RTENLDRME. PEAR (BJ-L,
EEBIRKNI100 pm) 1, OFRRINEBHEE; ORFER, ARTININE, OFREK, —RRRBINE, >FTORIPE; T RORRI
8, NRRIPBERE; NRRBNAEE.

Note: CON indicates control group, DDP indicates cisplatin modeling group, DHEA indicates dehydroepiandrosterone (DHEA) treatment
after cisplatin modeling group. In Fig. A-F (scale bar size is 50 um), B indicates adrenal cortex, x indicates adrenal medulla, % indicates
zona glomerulosa, #indicates zona fasciculata, ¥ indicates zona reticularis. In Fig. G-I (scale bar size is 50 um), O indicates seminiferous
tubule, < indicate spermatocyte, — indicates spermatogonia, 1 indicates primary spermatocyte, | indicates secondary spermatocyte,
“«indicates sertoli cells, ™ indicates leydig cells. In Fig. J-L (scale bar size is 100 um), O indicates follicular cavity, [ indicates corpus
luteum, A indicates atresia follicles, @ indicates corpus albicans of ovary, < indicates primordial follicle, — indicates primary follicle, 1
indicates secondary follicle, “ indicates follicle, "\ indicates granulosa cells.

B2 MEE EBR(%200) . 23.(%200) . 5PE(=100) ARFEREF MR (HERE)

Figure 2 Pathological morphology of adrenal gland (x200), testis (x200) and ovary (*100) in mice (HE staining)
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2.3 DDP#1DHEAZIEI/INREEEREESRS

ya g ;oA
231 MBEREREESEREREZAMEXE
ERIXKFRIZ

RO AR B B B VARG T, X PR 2 e
/NERBY LTS B2 FiZE DOC (BI3A) FCort (E3B) &
B RESTHEMENR, SXTREHER, DDP#ELH

0.05, E3B); %72 DHEA J5, & ¥ /N5 & DoC
ﬁ%i%ﬁ%ﬂi& (P<0.05), /N5 I DOC
BLHEAZ (P>0.05, E3A), 15*’%'@%[1111&‘?

/J\ FRUMMLYE Cort & AR Z FRK (P<0.05, K[3B),
REER, S/ NRAN DOCE Cort H943 M7J<$
FEZSYE, HDDPXf Cort I3 WIS EERA T, MR
DHEA A B FHIHITTAT A Cort 730

SEH R RE & PCR AR I JRENIB G5 SRR, 55X
FRAHLVES, DDP AL AfEME S /N B A I RR A 21
Fhgw b 21- R AL EE B9 Cyp2lal FEEFRIEKERBE T

et AR /N FR B L7 DOC & 2GRk (P >
0.05, E3A), TikfEtt/NRILE Cont S REZ A (P<
0.05) , {E MM /N ILTE Cort & ® AN T ZHFBEK (P<

E: A~-B, BRREEIERKRIEKBAMRN/NRMBER 1-BRAKREE (DOC) MKERE (Cort) 22H%R,; C~D, XHK¥NEEPCR
NGRS BSR40 Cyp21al F1 Cypl1b1 mRNAKE; E~G, BEHRKRENITERNE FIRELH CYPIIBI S CYPIA2 EEARXA R EENFIX
E9%; H-I, TRAEEPCRIGENNE TENALRRRES LRREMERKHYE (Crh) MEAARPRE LRREREE (Pome)
mMRNAZKF, CONAIHERLE, DDP}yDDP#&EE, DHEA AEXRERATH. SWRALLE, "P<0.05, "P<0.01; 5DDPEEALLLE,
"P<0.05; SEAEHEENEE, “P<0.05,
Note: A-B, The contents of 11-deoxycorticosterone (DOC) and corticosterone (Cort) in mouse serum were determined by high-
performance liquid chromatography-tandem mass spectrometry (HPLC-MS/MS) ; C-D, The expression levels of Cyp2lal and Cypl1bl
mRNA in adrenal tissue were determined by real-time fluorescent quantitative PCR (RT-qPCR) ; E-G, The expression levels of CYP11B1 and
CYP21A2 protein in adrenal tissue were determined by Western blotting; H-I, The expression levels of corticotropin releasing hormone
(Crh) mRNA in hypothalamus and pro-opiomelanocortin-alph ( Pomc) mRNA in pituitary were determined by RT-gPCR. CON indicates
control group, DDP indicates cisplatin modeling group, DHEA indicates dehydroepiandrosterone (DHEA) treatment after cisplatin
modeling group. Compared with control group, "P<0.05, “P<0.01; Compared with the DDP group, *P<0.05; Compared with male mice in
the same group, “P<0.05.
B3 MENERFEYEEERSE LR TERMEFARPRERESHBXEERRIAKE
Figure 3 The content of serum corticosteroid and the expression levels of corticosteroid synthesis-related genes in
adrenal, hypothalamic, and pituitary tissues of mice
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I (P <0.05), JLEDUEME/NEENEE (E3C),
SXT CYP21A2 2 HFRIATEMENE S/ N AT B _EIREH
L ER TG EE L (P>0.05, E3F); M
it 13- ALEEHT Cyp11b1 B DR K H B [ A K K
A ERB IS FEE L (P>0.05, E3D
F1G)o

xR, DDP A HENE/ N Eefid b
BB R B R BT R (corticotropin releasing
hormone, Crh) EERSGE|AFIET LIREZFRIME (X
A BEMEEFRME)R, pro—opiomelanocortin—

DHEA J5 Crh 5 Pome BRIZRIAKFER I E AR (P>
0.05, E3H~1),
232 MBEREERES
IKFERIZ

R SORAR 0 FR R PO AR T . SXTRRZHAE
Fb, DDP s A /N FR B M 2l & ST
& (P<0.05); #h7EDHEA J5, KM/ G 2080
fifl &= & W (P<0.05), (EMEM: /NS IS 2206 1
fil 7K S 41 B AR (P<0.05, B 4A) . &5 HR4IER
DHEA X/]NER A N A I BE B & BT W a1 B A

ENRHAGRBEXERRIA

alpha, Pomc) B[R f)3RIXKFSH G ZFH Tl (P< A S A A = S
0.05), TMEM/NRILIHEZI (P>0.05), #% SEI RS E B PCRANER H RETES R B R, Xt

E: A BRRESIERKRIEKAMMEN/NRIERIFEEE (Preg) 88M%ER; B~C, ZHCESPCRIEN/NRE LRARFELEE
MESUATES (Star) #1P450scc HMRESRIBERE Cypllal B9 MRNARERKE; D~E, LN ESBPCREN/NRERN SINEAR
Starfll Cypllal mRNA K ; F~L, ERREEGN/NEE LR ENSIPRALF18kuiEER (TSPO). StARSCYPIIATERKHER
MWRIXED . CONAIHRLA, DDP R DDPEEH, DHEA A RMEIATH. SIWRBALLR, 'P<0.05, “P<0.01; 5DDPEIRALLLE,
*P<0.05, **P<0.01,
Note: A, The contents of pregnenolone (Preg) in mouse serum was determined by high-performance liquid chromatography-tandem mass
spectrometry (HPLC-MS/MS) ; B-C, The expression levels of steroidogenic acute regulatory protein (Star) and Cypllal mRNA in adrenal
tissue were determined by real-time fluorescent quantitative PCR (RT-gPCR) ; D-E, The expression levels of Star and Cypllal mRNA in
testis and ovary were determined by RT-gPCR; F-L, The expression levels of translocatorprotein (TSPO), StAR and CYP11A1 proteins in
adrenal, testis and ovary tissues were determined by Western blotting. CON indicates control group, DDP indicates cisplatin modeling
group, DHEA indicates dehydroepiandrosterone (DHEA) treatment after cisplatin modeling group. Compared with control group, "P<0.05,
“P<0.01; Compared with the DDP group, *P<0.05, **P<0.01.
E4 MEMBERGERSERE LR ENSPEARPRIGEETSMIBXERREKFE
Figure 4 The content of serum pregnenolone and the expression levels of pregnenolone-synthesis-related genes in

adrenal, testis and ovary tissues of mice
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HRALELES, DDP s 2H AR AT /N R B R EH 2
FEE B RS2 EH T E B (steroidogenic acute
regulatory protein, Star) FE[R (& 4B) K StAR & H
(El4F, H) FRIXKEEFTIHTZMH (P>0.05), i
P450sce 2R amtS 5L A Cypllal (E4C) MHEH
CYP1IAL (B 4F, 1) REKFHEETRE (P<
0.05); #NFDHEA f5, KM/ Cypllal BE KK
FEEMBHACEREER (P>0.05), HEEME/NE
Cypllal ERFXRAKEEERK (P<0.05, E4C),
oL /NER 18ku 580 EE H (translocatorprotein, TSPO)
FHRTERE (P<0.05, E4F. G).

ExTRRZHAHEL, DDP @5 aH A /N RS2 AL 21
Star EH (E4D) 5SIARZEH (E4K) PIZCYPLIAL
HH (E4L) REKPEEE TR (P<0.05); M
/INERON LA ZA Star BER] (E14D) . Cypllal B (&
4E) KCYPLIALZEH (E4L) FREACEHITE M (P<
0.05), *NFEDHEA J&, /INRONERA L Star BA (]
4D) FCypllal BH (K4E) FXDIL SAREH (K

4K) FXKHEE R (P<0.05),
233 MEZRBEHRAE~MKEREGREX
HERERFREXKENZTHL

e RO B ER AR R . SRR
PRt , ot HE L N s ) I 7 2747 P X8 22420 Prog
KR ZERE (P<0.05, E5A), ifi17-0H Preg /KF
THERK (P<0.05, E5B), {H17-0H Prog /K- i
Fx5 (P>0.05, E5C); SXiEAMEL, DDP
ZH B P AT 1 /N SRUAY L7 Prog.  17—-OH Preg #11 17-OH
Prog ACEEIEBH R AR L (P>0.05, ESA~C); ZRifikh
78 DHEA J5, BN INTE Prog 7K E 3 FRAE (P<
0.05, FES5A), T/ NG Prog KB EE - (P<
0.05, E5A), {H17-OH Preg #117-OH Prog K- TEHH
B (P>0.05, BI5B~C), 4554 R4NE DHEA fE
RN/ N AR A Prog B & S 73

SEN R E R PCRES R E/R, GX ALK,
DDP Z 520 /N B S8 AL 2 R 17— 2 KOG 2 A 5 1A
Cyp17al FiEKFETBHEAEM (P>0.05), (i DHEA A

F: A~C, SREEERBRREKAMQN/NRMEZIE (Prog). 17-2Z22)&EEE (17-OH Preg) #117-¥2Z288 (17-OH Prog) &E/9%E
D~E, SESRNEE PCRIGI/NREZAMIPELR R 170-EUEBERIDER Cypl7al M 3P-EHEERIMEEE2 (Hsd3b2) mRNAKE; F~G,
SERP SRS EE PCRAGINER B L BREBR T Cypl7al Fl Hsd3b2 mRNA K, CON7xJ884H, DDPJyDDP &4, DHEA RS RMEIIGTH.
S53BALLE, 'P<0.05; 5DDPERALLE, “P<0.05; SEAHEMENREILEK, “P<0.050

Note: A-C, The contents of progesterone (Prog) , 17-hydroxypregnenolone (17-OH Preg) and 17-hydroxyprogesterone (17-OH Prog) in
D-E, The
expression levels of Cypl7al and 3-beta-hydroxysteroid dehydrogenase type 2 ( Hsd3b2) mRNA in testis and ovary were determined by

mouse serum were determined by high-performance liquid chromatography-tandem mass spectrometry (HPLC-MS/MS) ;
real-time fluorescent quantitative PCR (RT-gPCR) ; F-G, The expression levels of Cypl7al and Hsd3b2 mRNA in adrenal tissue were

determined by RT-gPCR. CON indicates the control group, DDP indicates cisplatin modeling group, DHEA indicates dehydroepian-
drosterone (DHEA) treatment after cisplatin modeling group. Compared with the control group, "P<0.05; Compared with the DDP group,

*P<0.05; Compared with male mice in the same group, P<0.05.

E5 NEMEZRE.17-ZR2GERMN17-22Ra s8R E LR EASPEAAPERBXERRIX

Figure 5 The content of serum progesterone, 17-hydroxypregnenolone and 17-hydroxyprogesterone as well as the
expression levels of their synthesis-related genes in adrenal, testis and ovary tissues of mice
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I7H/INR SR FLH L Cyp17al FEKFRIER K T FRK
(P<0.05); DDPZBLHA DHEA {&77 4H/NFRIP HE2H 41
H Cypl7al BRI FRIX KR G ER & (P<0.05,
5D). GXTHRZHEEE:, DDP EEAH /NREALH L F 3B
7’ AR I e & B 2 (3-beta—hydroxysteroid
dehydrogenase type 2, Hsd3b2) FRiX/K-JohiH EAFfk
(P>0.05), i DHEA AT 4/NRNELH LA Hsd3b2 5
HFRIEAF L B (P<0.05, E5E),

BT VERRON, B LR A 4 1
Fo SXHAMDDP @A LE, DHEA VAT A A
INFRA S _ERRAE LT CyplTal HNFRETE T (P<
0.05), ifMErE/NRICHH B2 (P>0.05, E5F). 5
IR A EL, DDP @A 4 i /N BR Y 1B R 24X
Hsd3b2 K FRE T T (P<0.05), Mith% DHEA
RE T HE Hsd3b2 FERAIFRL (P <0.05, E56),
234 [MBEHEMFRKFERT ELN-EK-14ERE
KERERKKFRIZN

(= O v FR B SO AR ST, 0 B ZH i
M/ INFRAY IS Andro. THI DHT K2 S 2K T 5] 41 Af
TN (P<0.01); SXTHRZEAHEL, DDP GRS A
/NER AT IMTE Andro. THIDHT KEE B E TR (P<
0.05), MfEME/NER IS TAI DHT KSR 2 R (P<
0.05), {HAndro/ZKEIGRHEAS L (P>0.05); 5DDPEE
B ECEL, DHEA VST AR/ NERIMTE Androy T
FIDHT KR BEZESR (P>0.05, E6A~C),

SERF G E B PCRES R B R, SXTRALLE,
DDP FASZH AP 5 WM/ INER T e e PR RR I R
B E (gonadotropin—releasing hormone, Gnrh) Xt
RFRIAAKEE EZE TR (P<0.05), #N7E DHEA J5H
B Gnrh BRI FIA K DDP B A et/ R
FERHAFFEIIEAFEE B I (folicular stimulating
hormone beta subunit, Fshb) 1 K &£ 5k &= B I FE
(luteinizing hormone subunit beta, Lhb) E:FEFTELH T
FwAmE (P<0.05), MM/ NRERARE L Lhb BRI
RIEAFWEZE T (P<0.05); #h7E DHEA & —
SRR /N BRER A T Fshd I LhG BRI 9381 (P <
0.05), {HEE T Z e ok i/ FR Ee i rp Lhb B FRIA
(P<0.05, El6D~F). &554&7RDDP A REES T4
Feff-E k- 1R A Th6E, #0%] GnRH, FSHAILH By &
E5 43, T DHEA AJBEXS LH & s 5 73 E —E )
HBEEER

SERPOEE R PCRIEA I, SxHHRAEE:, DDP

AR /N R SR AL S (R I R R 32 4k (folicular
stimulating hormone receptor, Fshr). 254 ZEZ K
(luteinizing hormone receptor, Lhr) FERFRRKFELL
YRR Fshr BRFRIAACFEITEIH B2E (P>0.05), H
YU ER Lhr BERIFRIK K3 R (P<0.05), 1fi DHEA
18 77 2 52 L Fshr F Lhr 15 5 3238 K 7 &3 T 1
(P <0.05), BUE Lhr FEPRFRIKKFE DDP AR R
v (P <0.05), EYNE Fshr 2R FRA KT
B (P>0.05), BN, SHHRAMEL, DDP R
HFIDHEA JRY7 4/NFREEZE 2R (androgen receptor,
Ar). BEEESZK (estrogen receptor, Esr) 1. Esr2f1G
B H MM EZIAE 1 (G-protein coupled estrogen
receptor 1, Gperl ) 3 [K 323K K% JoHE & 45 f
(P >0.05); DDP@A5ZH/NGR BN ER 20 2 5 2 AL S
FEEA Cyp19al. 17R— R EKEREER 1 (17-beta—
hydroxysteroid dehydrogenase type 1, Hsd17b1) DL K
DHEA {657 2H/NER ISR A Hsd 1701 KRB K-
HIREHTAZ/L (P>0.05), {HDHEATGITHL Cypl19al
HNFAKPEE T (P<0.05, E6G~1),
3 itig

DDPENZ M iR (2258, F el & =
ftbfeyy 25908 Bon th RAFRODUIMR 728, AR H ik
FAAS RS R BRI T ARG BRI R A o DA A SR
&, DOPHIFEE/NERRI R/ NEMREER
[EER AP TEIRTE, SR B i g B B0 B A AN 7
ke, 15T AR 55 A& B e N, AT
BREFTAANAR, WA B AR T e
EFERENZE, DDPEAEFEEERFEREELKE
HEMARRMN, /MRERE; HBY, DDPX)LHE
B E N, FEEISINN, EENFEE
BHEEE, LEERHAE, BAEESNERET
DDP B 7175 & B 2G5 VE B A #1%F DDP B
RRL, H A SR ARG SR LR/ N, tha]
RHfURAFIE AR . 43R C. 4
= E E ol f AT AE YA 51 DDP 5 [ Y B a5k 7,
B R b ZE R AA IR HS DDP S B &M . it
Ah, REERRORE T 2B —E RS, i =
FCRERLE DDP R BUNRRIRE . FREAIED DL R
R MALEF. M{E N- 20 -B- 2 A A R e & R A0
Y S EOKRRE SCE ALEF . JREHE . JR-B2
HEREH . IRMHEBREATEEARIE, UG5 DDPES
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i A~C, BRUREEIESEERIEBBMEN/NRIBEERE " (Andro). £88 (T) fIZSEE (DHT) B2WER; D~F, LHIRKTE
SPCRAGM/NE T EMBRPRMERMERME (Gnrh) LUREFRBLPEIPBRMERLE (Fshb). EREMZLTE (Lhb) mMRNA
FIKKE; G-I, EMRIEES PCRIGINREZNMIPERARF(RINVERIHEZA (Fshr). BEREMEZE (Lhr). BHERZAE (An). I
MERZIK (Esrl. Esr2) MIGERBMBEIEMERZAT (Gperl) mRNARIKKFE; J, RN EEPCRIGI/NERIPEARTEEHERBER
Cyp19al #173-REXE RS 1 (Hsd17b1) mRNAZRIKKF . CON IR, DDPyDDP#EH, DHEA MRS REGTH. SR
ALk, "P<0.05, “P<0.01; 5DDPEZEALLEK, “P<0.05; SEAMEHENRILE, “P<0.01,
Note: A-C, The contents of androstenedione (Andro), testosterone (T) and dihydrotestosterone (DHT) in mouse serum were determined
by high-performance liquid chromatography-tandem mass spectrometry (HPLC-MS/MS) ; D-F, The expression levels of gonadotropin-
releasing hormone (Gnrh) mRNA in hypothalamus tissue, folicular stimulating hormone beta subunit (Fshb) and luteinizing hormone
subunit beta (Lhb) mRNA in pituitary were determined by real-time fluorescent quantitative PCR (RT-gPCR) ; G-I, The expression levels of
folicular stimulating hormone receptor (Fshr) , luteinizing hormone receptor (Lhr), androgen receptor (Ar), estrogen receptor (Esr)1/2
and G-protein coupled estrogen receptor 1 (Gperl) mRNA in testis and ovary were determined by RT-qPCR; L, The expression levels of
Cyp19al and 17-beta-hydroxysteroid dehydrogenase type 1 (Hsd7b1) mRNA in mouse ovarian tissue by RT-gPCR. CON indicates control
group, DDP indicates cisplatin modeling group, DHEA indicates dehydroepiandrosterone (DHEA) treatment after cisplatin modeling
group. Compared with control group, “P<0.05, *P<0.01; Compared with the DDP group, *P<0.05; Compared with male mice in the same
group, “4P<0.01.
El 6 /R MiEMRERKFR T LhN-E -1 BRI X B B RIAKFE
Figure 6 The content of serum androgen and the expression levels of hypothalamus-pituitary-adrenal/gonadal axis-related
genes in adrenal, testis and ovary tissues of mice

5105 15 PSR HIRE DDOP A5 ARDDP S8 NI AE IR DDP SBIEIEH , SRl K a Rl
PR RERDEARRA M. ik, ERR KR,

DDP J7 3 H [F] I Gl LB R, REARSRAER ARBEFEHL 2.5 mg-kg - d”' SR BUIE = TR 5 DDP &K
IR S, ET I, AFEENEN 21d (B3 diESF 1R, $£73R), RBIRTCUE] N R A&
SUETERZ DDP X R E AR A RS A Wa g, BN BIRRS U RIE 3~ 4 mg-kg'-d7 DDP J£4E
PLRAMZOU =, BT b EEEEEme 4255 das/NRREE . XD R
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7, DDPRGHAESE R H R M5 2555 AR BT
AN, DDP X Z AR HATE A AR, X5)E )
% H 20 mg/kg DDP G 15 1 — IR VEZ5 265 AT F BUN R B
INE- TR A RS . & AT DY SR A 2 mg/kg DDP
1677 H22 faf i /NER 14 d, R EE DDP AT 2 /N S A T4
MARFRE R, R, DAIXIEAE SRR,
JER AR, AR SERAS A12E, I EL AR 2 6
FRAE, MR/ MEARZHA, HE Pk B2 3 15
Gt BRI o FSAWTEE R 2.5 mg/kg DDP 4L
JEWETESS 3 d, RIIAREEEALERS b2 4R HEFZEEL
ARG > . BRRER I, T ELBEE DDP i &
BER, SBAASURBKAE E A G, 5, SREERA 10
~20 mg/kg DDP IR IEMERER 5~ 10 d, KILIHIEELH
B E5REGE. AEGRRREA R, RIIBZ K
PRI S 52 2 DDP RS2 ;. BES F 25 [R] (Y
IR, ARNDRE B IEE/NMEE R AT, KON
FIFR NI Tk /D, M R SRR (folicular
stimulating hormone, FSH) A 5. B _EHHEHE T
B U7, ASEIF I SR HE YR @G 1 4T WAL 4R,
iR ER: DDP AL MMM E LT, SFARE
i EEEL, BRSNS RS SRR,
SEALIER H KA DDP AR ] S 20N FR R AR oK B i
GONEIRE , PABINER 2, R AR BRI RN
HD, IR, RTERBTR AR D ZATT DDP Xf
& _ERRE AR SR N e B RS R SEALE
NRIERLHER & AN 7 A4, DDP B F R B2 Jri A
Nz Ne 68 5 W L i B R A M. & R HO B B2 i = 2
SREESR, B RN A B TR B B 2 41 o
Ieah, BEriReE 12 IRIE DDPIESEAZ S d Al 5 (/R
RN EEA S, MERESENRNRREE
TSR RN, IFEARRBCRR, AN
AR 2 DDP A Hag e RO mTREA L. DA LAt
FESREER DDP MU IRALIEALE M, mEE5(E
FHRZEH 2R R AR AR D) D RE = o

ZN TR IRCES T & g dinall N E ST
INERAA PN 2 [ 2 328 A 17-OH Preg F Cort & B i 55 ,
3£ 500 nmol/L BL_F7K:, EHRE Andro 34 100 nmol/L P
KA, AR & & A 20 nmol/L LKA,
Prog. DOCFAT & &Y 10 nmol/L_F-'F, 17-OH Prog 1
DHT &N | nmol/L, {EFFTERRIZ, DHEA, 7]
HORR. Rl 21-Mi SR Joams . 1= s ol . e
Wil HETEE . ME=REEYISORRER M. A SCEIR &

CSTBL/6 /NERFHIMERR . %, =R ST Y, th
A5 LIRS T ARSI 5 AR MR AR &
HuikP &8, KBNS KEE DHEA &8k
AR, thAh, IEHE RN R Andro, T
DHT /K B 32 = F /N, M Prog. Cort#1DOC K
SEMMERT M N DA ERFFRES RN, Mk E R
RS BEARFYMEISI 2 [AMFER R ZE R
ARHFFEERAA, DDP AR 7 2 M il A 1 5 e /N
SRR Andro, THIDHT 7398, tHANHIHENE /N B A 22
JESEEEF Cort 736 5 #A1H DDP X [ B3 2R & B )
R, W Prog. 17-OH Prog. 17-OH Preg #1 DOC
B3I TC I B500 . &5 SRR DDP fE IR AR i fE
oM A B R 2 P ) B R B ER B 3 b
AT — 2B 500 25 IR MBI R S A ARt —
ARG [E R & A, & DDP T2 151 T A
/NS EIREZ R CYPLIALEH . Cypllal §
Cyp2lal FEPEIFRIK, A2 AL 5 UM LT Srar £
T2 SIAR B HFEIA, PIRIIE Cypllal. Hsd3b2 HEFE
Ko F5REER DDP 2 i SR [ B 2R A B 3ok
SR EL R s, AR & . DDP iR
M S e /INBR R B Gnrk 5 EE4K Lhb BERIFRGE, [F]
IF et/ INER N Fefidd Crh 5 EE R Pome BEIRIZRIA DLR MM
/INEREEA Fshb BERIZRA SIS, $27R DDP AIHIAER
RS EE NN T k- - IR AR A k.
FHN, AT REL, R IR ER AR
AL S, DDPXAEHER IR B3 o X Tt/
R, MR AERER 95% SKIF T2 AL AN, Dtk
SE= M ARG 2t R SR N s iR e U B
TORE Y BB R R AN 455 52R DDP BE iR
AR /NER 2L B AR H T K T AR R & L
FIFE A BB s o AR A AR B R Y &
I, IRz A DDP iR it fE A EOTEN A
R, 1SN, DDP R -k B
B ) BhRe SERIE G, MR/ N R R SR RY
IR, &5 A M/ N KO- S i N R, FE
DDP SEGEME/ NS PERR I DIREIR T, ArRES EHE b
R BE SRR R R, BRBHPI B S 2 R R B
i 2 i S P2 15 TR T B8 5 DDP X 15 iR R foioed B 97 %
EZ SIS LR AL FRAH SR A, FE R ess
R IERETEST 6 mg/kgDDP 5 d, KREEAREET
[ 5 E N FE kA 2 & Ghrelin £ Orexin 351X N EA X,
PRI, DDP i 2 S AH G R B e I A6 77 BE R
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AHIRRZT

B &R DDP R/ NRZ NERS OB EVEIAE , AT
K FMESER AR Y5 DHEA [A] 23R 77 DDP Z /N,
CERRI: HEME/NE Corty DOC. Prog 73 WA FEAK
TG S AL, RPN RRAS Z AR T
BF#K, Prog AKEFH . DHEA HE BT B FAREL R
WARTFAIAE. SEALIRDBRANA . B SR ORIE IR AN i S Tk
M S R EE M ERATAYIR, R SHERERZ AR
g, FRIHARISHIMERERETE, HRith sk
N DHEA &2 (E, K, #hsefMNEMEDHEA = 5200
PRI N 73 A 2R [E BRI R & AR A T R Rl
D=8

gi b, ZRERTTR I DDP A4 25 2 T Fe k-
FER-TERA S _EIR S REISRE, #he DHEA GBI T
PATTARP R AR K H B,
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Wk, %, MEASH, FEHRFEESEAVIBEMALERERK. BRiEHHPEHK
oL, BIREK, WERESFRA LN, WA 90553 M 7 Ak BRG] 7 R ek i L
K, HlE LW AT LRRFOCEE, BEEFERAAFLS, HEHRRLI0 T,
RHMERBEHES SR, Z5R47, HHGEHBESY 5%, Z5X5T, EHHK
MBFERFRTE, 25198 RERFRBXITR, HoSCIIEX33MH. 15Kk i 5t A £+
WL H G E TARETINER “H g LW WAT LB AR C”, HRBUTHOER “H iS85
M7 HCR RN H G B, RERA “AEAAFLEF AT A EES LB AHENS N
FRERS

MR, B, #x, MLERH. HMEZEERERY (RFEHNEEKRST) S8
ML EAE, R G SR E PR AN PO B RAEERFHBETALE. ENFA
R EH LI ELFFAA K, REFPEZBRINFSESIHE, 2ELRIY %
VEReREEEZR. RAELRIMEPBAERK, TENFENFEM AR GFRN, &
BB G AR i . RSP AR B SR TR, LS, MERE I Rl
1EAEE % £ SCIiE X 10 45 %% , T T Cancer Cell, Biomaterials #1 Nano Research %3 7). %)
AFEESR “8637 L. ENME T RAALBE 1045, RIE"GABES SR kR
BHFRPE—FERELIT,

Nz i Rg 1 AL/ b G000 P v s 8 52 v A

gt B W, EHAES 0 W, B M2 SRIERY, EARE, MKE?
(1 HifiPEHRELZMESL, 2N 730030, 2. £EFEEKRZ LM O, 1% 710032; 3. H 4 L8637
HAR AU, 2 730030)

[HE] BM RITASEERGEMBMMIRM (traumatic brain injury, TBI) /NG EY AN BFFE . 42 R0E
TRAZNREFENER. AiE TRD2HMH. B 21E 27 ASPFREM BALB/c/NRENS A=EAH. &
FARE, TBIERA, BHIR,; TBIREAFMERAZTIEREFE (controlled cortical impact, CCl) BRiE
B, BFERERAMAETITE, THEAFLFTOLE; FRAEHITEBIRIFMN. ETBO 2B 40 RiEMH
BALB/c/NEREM D ABFAREA. 3PMFENASEEFRgAFAMAF DMSOXIRAE, BHSR/NF. RgliairA
ETBIZEMINE6 hIERESFES A 10, 20. 40 mg/kg A S 2E Rgl, MDMSO M EBELTFEEM 1%
DMSO, 44 751[F, BXR2K. TERGT. 3. 7. 4dH3HTHRERNHZIRGTERETS (modified
neurological severity scores, mNSS); BUSEEE IR/ NRMALR, RABBRINTERULNFEESRER;
F14. 6 XDBRABRTFHRELN. KEXSIHEN/NRBETHING, F28XME. BIENM, REX
HEREMNB/NREME. EXRRBRBUERERNE. ER ASEBHRgUATHNMMNEEREY MMP-9 &
BERD (P<001), NERMIE (Iba-1PEMERIE) MEFREME (GFAPHEMRIX) HEWBEE D (P<
0.05), RTHEXFEBEIME, BLL20 mg/kgFEBRRETF (P<0.01). ASE2H RgIAFH/NRAI MNSSITES
EZEFBFIDMSOIHRLE (P<0.01), BAFHE R LHIZESF DMSOXEE (P<0.05); HAEKKXSLR
FPEFRFESBRHRELRFHTEREINEES T DMSOEEAE (P<0.05), BLL20 mg/kgRIEMRHE.
it AEERTBINBREEFATASETRINRGEEMRR. ASEH Re 82H 2E LS TBIEE/) R M AW EF
&, BBEMERE, RENSHETHENIER, BU20mg/kgHIEERARRENES
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Repairing Effects of Ginsenoside Rg1 on Traumatic Brain Injury in Mice
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[ABSTRACT] Objective To explore the effects of ginsenoside Rgl on blood-brain barrier,
neuroinflammation and behavioral function of traumatic brain injury (TBI) mouse model. Methods The
experiment was divided into two parts. In the first part, 27 SPF male BALB/c mice were randomly divided
into blank group, sham operation group and TBI model group, with 9 mice in each group. TBI model group
was made by controlled cortical impact (CCl) after craniotomy, while sham operation group was only
performed craniotomy without any treatment, and the blank group was not treated at all. The effect of
modeling was evaluated after operation. In the second part, 50 male BALB/c mice were randomly divided
into sham operation group, three different drug dosage groups and solvent (DMSO) control group, with 8
mice in each group. The drug treatment groups were injected with ginsenoside Rg1 at the doses of 10, 20
and 40 mg/kg respectively 6 hours after TBI model had been successfully established, while the DMSO
control group was given the same amount of 1% DMSO for one week, twice a day. Modified neurological
severity scores (mMNSS) were performed on the 1st, 3rd, 7th and 14th day after modeling, and the blood-brain
barrier leakage was detected by Western blotting on the 3rd day after modeling. On the 14th and 16th day,
the elevated cross maze test and water maze test were used to detect the neurobehavioral function. On
the 28th day after anesthesia and perfusion, the brains were taken out, and the neuroinflammation such as
activation of microglia and astrocytes was observed by immunofluorescence staining. Results The
expression level of MMP-9, a marker of blood-brain barrier, decreased in ginsenoside Rg1 treatment group
(P<0.01). The number of microglia (lba-1 positive) and astrocyte (GFAP positive) cells decreased
significantly (P<0.05), which indicated that neuroinflammation was inhibited, and the best effect was
achieved at the dosage of 20 mg/kg (P<0.01). The mNSS of mice in ginsenoside Rgl treatment group were
significantly lower than those in DMSO control group (P < 0.01), and the proportion of times they entered
the open arm was significantly higher than that in DMSO control group (P < 0.05). The time ratio in the
quadrant where the water maze experimental platform was located and the times of crossing the platform
were significantly higherthanthose in control group (P< 0.05), and the dosage of 20 mg/kg had the best effect.
Conclusion The TBI mouse model was successfully constructed and applied to the study of ginsenoside
Rgl repair of mouse traumatic brain injury. Ginsenoside Rgl can significantly improve blood-brain barrier,
alleviate neuroinflammation and improve neurobehavioral function in TBI model mice, and the effect is the
most significant at the dose of 20 mg/kg.

[Key words] Traumatic brain injury; Ginsenoside Rg1; Mice; Nervoinflammation; Ethology
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Note: A, Observation of brain tissue injury (the white arrow refers to damaged brain region by TBI); B, Neurological function score (mNSS is

the improved nerve injury severity score); C, Elevated cross maze experiment; D-E, Water maze experiment. Control is the blank group without

any treatment; Sham is the sham operation group; TBI is TBI modeling group by controlled cortical impact method, with 9 mice in each
group. Compared with the sham group, *P<0.05, P < 0.01, **P < 0.001; Compared with control group, *P<0.05, **P<0.01.
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Figure 1 Establishment and evaluation of traumatic brain injury (TBI) model in mice
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Note: MMP-9, matrix metalloprotein-9. Sham is the sham operation
group; DMSO is the solvent control group after TBI modeling by
controlled corticalimpact method; 10 mg/kg, 20 mg/kg, and 40 mg/kg
Rgl are 10, 20, 40 mg/kg of ginsenoside Rg1 treatment groups after
TBI modeling by controlled cortical impact method, with 8 mice in
each group. Compared with DMSO group, **P < 0.01.
2 A2 EHRgI /MR EMBHERIRA S MK FIERI R0
Figure 2 Effect of ginsenoside Rg1 on blood-brain barrier
after traumatic brain injury (TBI) in mice
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F: A~BARERNREERNVSHNRMARF ba-1EAFRE (REVNRRMARIENR), URERERAABHINSEITE,; C~DARER
FKEEEONSHNRMALPCGFAPERRIE (RMEFRRAEN), UREBAMREABHORITE. AMCES, SELHPTINE
FRAERIRNEMARPEMUEZE3 MR Sham BMEFARE,; DMSOBIRAZERR AL EZEZ/NR TBIEEFENARIRA;
10. 20. 40 mg/kg BIRBE R RIS H A /NE TBIEEFAY10. 20, 40 mg/kg ASEHRgIEBRITA, B8H8R/INE. 5DMSOH
#8tL, *P<0.05, “P<0.010

Note: A-B show ionized calcium binding adapter molecule 1 (Iba-1) protein expression (reflecting microglia activity) and the number of Iba-1
positive cells in brain tissues of mice in each group detected by immunofluorescence staining. C-D show glial fibrillary acidic protein
(GFAP) expression (reflecting the activity of astrocytes) and the number of GFAP positive cells in the brain tissue of mice in each group
detected by immunofluorescence staining. In Figures A and C, the top, middle, and bottom three photos in each group show three slices of
similar layers in the brain tissue of three mice. Sham is the sham operation group; DMSO is the solvent control group after TBI modeling by
controlled cortical impact method; 10 mg/kg, 20 mg/kg, 40 mg/kg Rgl are 10, 20, 40 mg/kg of ginsenoside Rgl treatment groups after TBI
modeling by controlled cortical impact method, with 8 mice in each group. Compared with DMSO group, *P<0.05, *P<0.01.

E3 ASEE R X/E MG MR 28 d 5 /N BE 40 i K 2 72 R R 40 R 9 52 1

Figure 3 Effect of ginsenoside Rg1on microglia and astrocytes 28 d after traumatic brain injury (TBI) in mice
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E: A, mNSSHEZINEETFS; B, BRTFHREXR; C~D, KEXEXLW. ShamBMRFARE,; DMSOBIRBZIEKEMNEHTFIEEIL/NETBI
REFRARINIERA,; 10, 20, 40 mg/kgBIRAZEREPELEEZ/NR TBIREFRI10. 20, 40 mg/kg ASBERgIEBIRITH, S4HS
R/NR. 5ShaméBLbE, “P<0.05, **P<0.01; 5DMSOALLE, *P<0.05, “P<0.01,

Note: A, mNSS neurological function score; B, Elevated cross maze experiment; C-D, water maze experiment. Sham is the sham operation

group; DMSO is the solvent control group after TBI modeling by controlled cortical impact method; 10 mg/kg, 20 mg/kg, 40 mg/kg Rgl are

10, 20, 40 mg/kg of ginsenoside Rgl treatment groups after TBI modeling by controlled cortical impact method, with 8 mice in each group.
Compared with Sham group, *P<0.05, #*P<0.01; compared with DMSO group, “P < 0.05, P < 0.01.

4 N\ BT RgI M eIHMERRGEINRITHZINERNRIE

Figure 4 Effect of ginsenoside Rg1 on behavioral performance in mice after traumatic brain injury (TBI)
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[ABSTRACT]
study the effects of Pogostemon cablin on serum metabolism of Guizhou miniature pigs, and to explore its

Objective Based on the liquid chromatography-tandem mass spectormetry (LC-MS/MS), to

pharmacological mechanism. Methods Nine healthy Guizhou miniature pigs were divided into two groups,
namely Pogostemon cablin drug group (n=5) and control group (n=4). The pigs in Pogostemon cablin drug
group were orally fed with traditional Chinese medicine formula granules, each 0.5 g per day, for
consecutive 8 days, while those in control group were given normal feeding without additional treatment.
After the feeding experiment, serum samples were collected and analyzed using the LC-MS/MS
technology. The metabolomics data was annotated and compared with KEGG, HMDB and Lipidmaps
databases. Bioinformatics analysis methods including partial least squares discriminant analysis (PLS-DA),
intergroup clustering, differential metabolite analysis and functional enrichment were used to screen
differential metabolic biomarkers and their possible metabolic pathways. Results Forty-four differential
metabolites (P<0.05) were screened out from the 443 metabolites, eight differential metabolites were
significantly up-regulated (P<0.01), namely cinnamoylglycine, N-benzyl-N-isopropyl-N'-[4-(trifluoromethoxy)
phenyllurea, hypotaurine, D-glucose 6-phosphate, cis-2-decenoic acid, 11(Z), 14(Z) -eicosadienoic acid,
prostaglandin A2 and 10-hydroxydecanoic acid, and three differential metabolites were significantly down-
regulated (P<0.01), namely lysophosphatidyl choline 22:5, lysophosphatidic acid 22:6 and lysophosphatidic
acid 22:5. The differential metabolites were mainly enriched in the metabolic pathways of alanine, aspartate
and glutamate metabolism (MaplD: map00250) and taurine and hypotaurine metabolism (MaplID:
map00430). Conclusion Pogostemon cablin can significantly affect the metabolism of lysophosphatidic
acids in porcine, and relieve the disorder of amino acids metabolism and regulate the occurrence of
inflammation by affecting the metabolic pathways of alanine, aspartate and glutamate metabolism and
taurine and hypotaurine metabolism.

[Key words] Serum metabolomics; Pogostemon cablin; Guizhou miniature pig; Pharmacology of

traditional Chinese medicine; Action mechanism
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Note: A, LC-MS/MS negative mode scanning total ion flow diagram; B, Partial least squares discriminant analysis (PLS-DA) score map for

metabolite data. GHX, Pogostemon cablin drug group given 0.5 g/head of traditional Chinese medicine formula granules per day by mixing

materials through oral feeding for consecutive 8 days; CT, The control group given normal feeding without additional treatment; RT,

Treatment time.

2 NESRBBERNOLBEREILC-MS/MS BB FiRE (A) % PLS-DASSE(B)
Figure 2 The results of LC-MS/MS negative mode scanning total ion flow diagram (A) and PLS-DA score map (B) of serum

metabolites of pigs after administration of Pogostemon cablin
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Table1 The basic information of the main differential metabolites of pigs after administration of Pogostemon cablin

fRE B [E)/min

i B SR o log, P&
] o ) Retention time/

Metabolites Metabolites in Chinese i (FC)  Pvalue
Cinnamoylglycine RiEBH S8 8.378 3.670  0.001
N-benzyl-N-isopropyl-N'-[4-(trifluoromethoxy)phenyl] urea N-EE-N-BRE-N-G-=F B E)FKRE 4541 2217 0.005
Hypotaurine RIS 14.485 1703 0.008
D-Glucose 6-phosphate D-#E1&HE-6-B 1.158 1595  0.003
cis-2-Decenoic acid JIFR-2- 38 i s 12.057 1536  0.002
11(2),14(2)-Eicosadienoic acid IR TIBER(IR-11,14) 14.820 1.349  0.007
Prostaglandin A2 BIFARE A2 12.727 1289  0.008
10-Hydroxydecanoic acid 10-BERIEER 11.707 1261 0.004
Lysophosphatidyl choline 22:5 VA M B AE BEAB AR, 22:5 14.673 -2190  0.002
Lysophosphatidyl acid 22:6 B M EBEAEER 22:6 14.010 -2.201  <0.001
Lysophosphatidyl acid 22:5 B M BEAEER 22:5 14.139 -2.361  0.003
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E: A~Co3/8HMDB (Human Metabolome Database) #(#E&E. KEGG (Kyoto Encyclopedia of Genes and Genomes) #(#&Z#1 LIPID

Maps #4E RIS L IE R4S SR

Note: A to C are the comparative annotation results of HMDB (Human Metabolome Database) database, KEGG (Kyoto Encyclopedia of

Genes and Genomes) database, and LIPID Maps database, respectively.
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Figure 3 Annotation results of serum metabolites of pigs after administration of Pogostemon cablin

ZJHFLPC 22:5. LPA 22:6f1LPA 22 55 2R
T, AR HER. N-FSE-N-FRE-N- (4-
ZHEEE) RIRE. WARER. D- %M -6-BiR |
i-2-Z$ MR —Hax—Jwmme (i-11,14). BIFIERER
A2FI10-FEBIERES BT . HXESES
RiEn, BEMETENZESKH >~ (LPC 22:5,
LPA 22:6. LPA 22:5) Z[RIZIEMER, 5 EREZ
T B ZERAEE 20EK, FAETEE LR
Z 2 B2 1EHER (E4C),
233 EBEREEDST

FIF KEGG BH8 e 44 4> 22 AR I A DS £ 08
HATHERE. TIREREFMEZEEST, SRER, WA
fig. RAFEBRMARZMRGIER (MaplD: map00250,
P=0.031) « 4~ fig A1 I 4 5% iR 1% 4 38 2% (MaplD:
map00430, P=0.031) 2R F&EEMNARGERE (P<
0.05), HH, L-RITEZZABRM o-Fk ]2
map00250 JE#% 1) E B ZFAUWY), oK ZBRANLA

TR /2 map00430 JE % Y 3 22 J AR
3 Wig

ME R A AR R B RN AR ERT G
MEH AR, 2 AR R0 44
A, BT ATLE B BRI B AR AR B R &
IR BHKIE . XN TR ERN T ELRY), R SEHS
ToS790E A 77 IR 0 R HE A RO I Al R ML B
BRI, 0 1Y IS WA I
THAEYMLFERIADICIR A D EIRES, X5FHE
R ORI B B TR EARIEERN
W RELAL R AR ZE 1, i R 2GR S &
BB AT, HREEE Y, R 2SR
WEAEMHFRIZEFRR, FA H IR EL
KAEVE P RER AL, AR —FE B
g e

TREENINRRIEIA F, ARVUAER PAS[E



Jun. 2023, 43(3)

SIS SELIRES Laboratory Animal and Comparative Medicine 259

i GHXATEBSLHE, CTARNME. ERERNXNEA; FC, ZREH.
Note: GHX, Pogostemon cablin drug group given 0.5 g/head of traditional Chinese medicine formula granules per day by mixing materials

through oral feeding for consecutive 8 days; CT, The control group given normal feeding without additional treatment; FC, Fold change.
El4 I"E&FA(GHX) I ERA (CT)EMBEZRA BRI ILE (A) BREHRE (B) MIEXESFE(C)

Figure 4 Volcanic map (A), clustering heat map (B) and correlation analysis diagram (C) of differential serum

metabolites of pigs after administration of Pogostemon cablin
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BEXNFERFITERANKIE (gene ontology, GO) Mg EBHIMMEREATR £H (Kyoto encyclopedia of
genes and gnomes, KEGG) BREEESITIUKREBREE (protein-protein interaction, PPl) MEDHE, Tk
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Whole-brain Transcriptomic Analysis of Weight Gain Mice induced by
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[ABSTRACT] Obijective The transcriptome sequencing results of brain tissues of olanzapine-treated mice
were analyzed to screen out differentially-expressed genes and explore potential targets of atypical
antipsychotics leading to body weight gain. Methods Twenty female C57BL/6 mice were randomly divided
into control group (Ctrl) and Olanzapine administration group (Olz), which were given saline and Olanzapine
solution by gavage, respectively. The whole brain tissues were collected 8 weeks later for Transcriptome
sequencing (RNA-Seq). The possible targets of olanzapine-induced body weight gain were identified by the
Gene Ontology (GO) functional annotation analysis, the Kyoto Encyclopedia of Genes and Gnomes (KEGG)
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pathway enrichment analysis, and protein-protein interaction (PPI) network analysis. Differential expression
levels of mRNAs were further verified by real-time quantitative fluorescence PCR (RT-gPCR). Results
Compared with Ctrl group, 591 differentially expressed genes were screened in Olz group, including 251 up-
regulated genes and 340 down-regulated genes. GO analysis showed that differential genes were widely
involved in transcriptional process, among which the expression of genes related to the regulation of
digestive system and cold-induced thermogenesis were significantly enriched. KEGG analysis showed that
differential genes were widely involved in the interaction between neuroactive ligands and receptors, and the
differential genes were significantly enriched in oxytocin signaling, fat digestion and absorption, and
cholesterol metabolism pathways. RT-gPCR were performed to verify the expression levels of genes enriched
in feeding regulation, gastric kinesis, thermogenesis, fat metabolism and other processes (Oxt, Trpvl, Adipog,
Phox2b, Abcgb, Mogat?2, Dbh, Plac8 and Neurogl) as well as hub genes in PPI network (Fos, Duspl and Egr2),
and the results were consistent with the trend of RNA-Seq. Conclusion Olanzapine administration resulted
in changes in central feeding regulation, gastrointestinal motility, thermogenesis and other physiological

processes in mice, which might be involved in body weight gain induced by olanzapine.

[Key words] Olanzapine; Body weight gain; Whole brain; RNA-Seq; Mice
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B NI, ZREFER] SR 2 I 1 AR AR B 42 P
S AR E I /N SR AR SR 45 250 BRZH 72 42 i /KT

HZEREER, FHxZRERNESEEET oI,
DU S 52 APs 5 SR B N BUAR R 73 F AL 7R 2
HEEHEIRIE

1 #HE5RE

1.1 SEREHY

SPF 4% 8 JEl ¢ C57BL/6 Bt /NER 20 H, SEEJfAE
20 g, HH LV HTSE 52 LU0 Sh W BR 5L A |l 2 4
[SCXK () 2017-0005], & R RKEHTEMRHL
HIRAE LG Eh P FEbE e [SYXK(7)2018-0007]
N, FMIZESJES (individually ventilated cages,
IVC) MR, =g (23x1) °C, MHXEE 40% ~70%,
12 W BIEASEERR, /N AT B BB s fIiOK e /N
BHE B b 5% s AR R G BR A E (IS0 9001:
2015) . BSEIRERIE T RE LIBE RS EYRIEE
PR &) SEAG AW 5 B & 51 2% (SHRTMOBIO-
TACUC-PRO1-20211115) A1_F 6 3 45 3 XS pebt AR
i CMEEEZE 512 (PDIWLL2020036) e,
1.2 AR RS

A (132539-06-1) 14 H 32 [# Sigma A & o
TRIzol I H Z£[E Invitrogen Al o Ribo—Zero B &
I RNA #MNJJHE (RNase R) 4 B 2 [ Epicenter A & o
TruSeq™ RNA S il # 13 # &A1 HiSeq 2500 Ml J5F &5
JIZEE Mumina A ] 7o Nanodrop2000 52 7M7Y 6 EE
T 9 3E[E Thermo F= i o SER2E 5 7 7 PCR AN E[H
Thermo Fisher AT P=5h, SYBR Premix Ex Taq FIPCR [
N HZS TaKaRa A E] P i o
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13 MERSKFESHAEERMNNEBERREH
Z.N g3

INRIERVERRTR LG, BN 28 RETFS
KHERET 6 mLkg (FREHE) AYREEARERKIER
(FTEIREZ 0.5 mg/mL) HEH, XA ERE T FEF K
R AEREKES, G4 10H, SEI0ESA/NRY
REMRER, BL8JE. LIS R R bk
ANTERIR/NER, SZEDRRS IO 2, B TR IR R
(EEN
14 S RNA{ZEUR cDNA X B35

fi# F TRIzol ¥ 73 51 572 HUR 2L /)N B, 22 ik 41 23
RNA, 7] FH B 5 18 45 15 FEL UK AG: T RNA 56 B ﬁﬁ
Nanodrop 525053 6 56 BE - A5 R S A4 S . H
Ribo—Zero i 14 i 7] & #1 RNase R 25 B rRNA F14& 1%
RNA, #fifk /58 RNA ff F TruSeq™ RNA &8 71
& 2 B mRNA iﬂJFﬁZV »RE SO W) AE Tllumina
HiSeq 2500 77 & Edtfriest il [ Hmseedm
AR (Bi) BIRAFER.
15 HREAZESN
151 HIERERLGE

{1 Fastp A ISR T I8 50, F2E
L s & NFYL RREFIIE, Rigs
JFEFS . FEE#EF Hisat2 46 & R E 5 BiE 5
ZAAFLNA LT, R EExT 2 9 80E I StringTie 3K 14
BTG SR AR BRI AT, A1 featureCounts
BT8R, 315 mRNA HUZRIA(E
152 EZRERERFRKDT

FIFH limma BRARFEAS AR AR AH 2 [R] 07 28 22 /e Rk
B EVAIEELR, DA I P<0.05 F1>2 £ 22 Sk E Bk b
W 2 R ZE 2 EF . Sk A BH (Benjamini
& Hochberg) % B I0 AR IETE, 18T 555 & M 2
(false discovery rate, FDR) {ER] AR E|EDEE P E

*ﬁ_éIE):E{_](] {Eo
153 EZEREEIEEESH
BT HEOEEEISE, KA TopGO BR1F1EAT GO ZhRE ST

WA KEGG pathway HIBEIHT . GO ThaE T2 5% 5
AR ZR IR, FealzrER. LER
B, MEERERSSWENERERELE, #1760
BEE R, HEANRT IR R BRI RN RY13R,
HHIEL A SR NS SR i i R O e 51135
FIF Fisher e 46 1 FA0FE GO ThERELR1E H R K151

RHRATESTENPE, HXPEABH yﬁ%@éﬂ
/G, 158]FDR, KEGG pathway HIBE/3 M2 5 A X 4t

FL AT KEGG £ ¥ ZE  Pathway (DI BEVEREFIIT 2L,
K KOBAS B AT E SR
154 ZEBRREMED

B b P A B R I FOAH EL/E A, fEFH STRING
Bl Xt 72 e B A g & H AT EA/E A (protein—
protein interaction, PPI) 43#7. #IH Cytoscape L@ aay 4|
HPPINES, fEPPIMZEH, BT AAREAR, 71
R AR ELARAEY T F 2RI EAER .
1.6 SERIREEE PCRIZHITIEIE

IRHE GO KEEGFIPPIAITESSR, FH & A cDNA
PEJURSAR, i 2e 2 O R B G ANAE DR BRI A T S N 7R
JERE R PCRIGIE, MHOREERITS W8 3R 1o

x1 ZREHENZIREES PCREIMFSI
Table1 Primer sequences of differential genes used in
real-time quantitative fluorescence PCR

ERAR 519551 (5'—38')
B-Actin F: GTGCTATGTTGCTCTAGACTTCG
R: ATGCCACAGGATTCCATACC
Oxt F: TTGACCAGATGAACGGAGTG
R: AGCTACTCGGATACGGGAGA
Trpvi F: GGGCGAGACTGTCAACAAGA
R: CGGCTCTATTGCTCCCTGAG
Adipog F: TGCCCTGTAACTTCTACCCCA
R: GGCAAGTGTCCTCAACTGTGTC
Phox2b F: TACGCCGCAGTTCCATACAAACTC

R: TCTTTGAGCTGCGCGCTTGTGAAG
Abcgb F: GTTCCAAGACTGCTTCTC
R: ATGACTGCCTCTACCTTC

Mogat?2 F: CCAGGTTGAGAACACCCCTG
R: CTCGATGGGCTTCCCCACTAT
Dbh F: AATCTGCAGCCTTTGCCTAA
R: TTCAGCATCTGCCTCTGTTG
Plac8 F: TGGACTACAAAGACGATGACGA
R: ACAAAAGGTCCCACAGAGGC
Neurogl F: CGATCCCCTTTTCTCCTTTC
R: TGCAGCAACCTAACAAGTGG
Fos F: TTTCAACGCGGACTACGAGG
R: GCGCAAAAGTCCTGTGTGTT
Dusp1 F: TGTGAAGCAGAGGAGGAGC
R: ACGCACGGCATGTTGGTC
Egr? F: TTGACCAGATGAACGGAGTG

R: AGCTACTCGGATACGGGAGA
F:B-Actin IPCRRESEE. FAEM[SIY;RARMES4.

Note: B-Actin is a reference gene in PCR. F is the forward primer;

R is the reverse primer.
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17 #itFE

LA SPSS 23 FR A A T Bl AT AL B o AS[R] R TR] A
HIH N EERCR IR R EE MR 75234, AN[E
(] SO PR R ELRCR F LSD— i e, 5 RDL X+ R/R,
P <0.05 NERBRITFE

2 #§

21 HERFEEFSMEAFEZM

SIS EIM R A, WA /N FRAS[E] B[R] 25
FBEFEGHTFREN (Fyy=24.04, P<0.05), FA/N
FEAREN SRR ZR B G FE N (F,,4=8.01,
P<0.05, E1). SXTIRAMEL, BAHMIEENES
JETF a2 58 8 A KIH g (55 5 /& 1=-2.265, P=
0.036; %6 JE 1 =-27, P=0.015; %7 & =-2.41, P=
0.027; %5 8J&:1=-2.33, P=0.032),

WA/ NRAFER ] SRR RN ER A PR X
(Fwin=7.79, P<0.05), W4/NRIEHEEEMRELE
EREGEIER YL (F,,=7337, P<0.05, E1). 5
STHEAHAMHEL, B2G4/ NS R R NG 3 SRR 228 8 &
KT8 % (53 & =-232, P=0.032; %4 &=
-2.79, P=0.012; %558 1=-2.64, P=0.017; %568 =
-4.12, P=0.001; %578 =-2.82, P=0.011; %58 J& =
-2.56, P=0.02),

22 BRRFFESSIBPHEREEHFIE

T ERREER S, HiEks] 591 DEFE

K, Hrep BRI 2511, AR 3401 A

Z IR B AR R A S A A (E24), H
th BRI ZEREEABAFR, MARNZERERHR
RN, ERAHTNERAKEARR, EPRRET
P {EFARFIFERT 10 A2 A BT AR, 451 ExR, b
R SHRE N SEESES. BREm. £
AN R EEIRER, VRERSHELT. N
PRI R =l fE S5k, ZAEEE. BT EERE
M. R FERA R,
23 EREBERNMEEESH

GO Z AR RIhRE M ZR SRR, I s+
16E (molecular function, MF). 4004 L (cellular
component, CC) FIAEMITFE (biological process, BP)
3DRE, SEMR T ER YRR TR 1 IBE
FRCRI ARG, DLZ 5EYZER ., SR
B, HENGCOWHELE 2623, H k£l
215955, HMILAR 157 W, 73FHIRE307 i, M ik
SITEE R, Gl B3 D REF G LR T ER
HI30DIH . AWsdfed, EENEYEERM
TEMERE . BB ETT . B RZIET .
PRIRIBL, 5 S E T T . AN A, EER
BAES . AN HRETE &Y. SNBSS
JITH; 43 FIIRETTIH, EEEFEI DNA 85 &5 R i
GV RNASREEG I Rt B I mEiE e, e
BT RiE e HEE 2SS . PSS
RuiAZRERN 22 53 dR (K2B).

HTEREREHEMAERZAT (Ou. Tpol.

E: A, REFRASIENNRAERN; B, REAFAHSIENNERERERN. 84En=10. Ctrl, WRA (LEHKES); Oz, BEF

B (REFES). SHBAMLL, "P<0.05, “P<0.01,

Note : A, Changes in body weight induced by olanzapine administration; B, Changes in food intake induced by olanzapine administration.

n=10 in each group. Ctrl, control group (intragastric injection with saline); Olz, olanzapine group (intragastric injection with olanzapine).

Compared with control group, "P<0.05, “P<0.01.
E1 BRFRASIENAENERSTLER

Figure 1 Changes of body weight and food intake induced by olanzapine administration
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F: A, ERRZXERSHACKLE (X YAARMYEEESHENTHER . BPE8MafRINMERREAER, BeALAER, e AR

H, XEBAXHEZHHER). B, ZRFXEFNCOSENNER (EFFXERFYRIRETEND FIRE. FICHBEIEURSSHNENF

H12). C, ZRFRAEREGOMEHHT-

Note: A, Volcano map of differentially-expressed genes (logarithmic form of screening condition values were taken for the X and Y axes. Each

point in the figure represents a differentially expressed gene. Orange, blue and gray indicate the up-regulated, down-regulated and

unchanged genes, respectively). B, GO analysis of differentially expressed genes (differentially-expressed genes-involved molecular

functions, cellular environments and biological processes). C, GO-net analysis of differentially expressed genes.

El2 BRFERGRERFXERNERABZSH(XILE GO 317)

Figure 2 Transcriptomic analysis of differentially expressed genes after olanzapine administration (Volcano map and GO
analysis)
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Neumgl), BESFEH (Phox2b. Dbh. Plac8), N
. ek RS (Adipog. Abeg5. Mogar2) EFidFe
E, X SR E R ECEAS,  RIHE A
GO It H HYR R N E5 Rt — 22 S A B R [ O A LA
FIFEIER R, QI 2C AR,

KEGG @& THERREA . WFMAZIEEEEH
Beia e, T Z R AR A B A S AT A
ATCAHS B 78 T M — DM B AR R 5. 45
KRR, RECFHES/NRAEGING, ZRERE
RF[143 % KEGG Rt R . 2L, P T RE =
SR EEE, FFEAREMWER KR53 T AR
B (EI3A), B RRXEEH 2Z 5MAEEY
52 A ZAMHEEER . £ KEGG 53] A&
A ERERERE~ZES . IBURHEMAMREK. H
[l B AR I o T AR, RN IX LR [ RE S 5 ]
RS AR ER I,

24 BEAHEMBES T

e J PR 1R FH D 4% ke 00 281 — 2H A B P RO B (R
i, HEs s EE (E3B). ARHEER MR
XN T ES SMAZR-IAMHEER. (5%
T FesomEELR, e e E R A SN R
BN AEEEIER, Hf Fos. Duspl. Egr2 B:[A

W SRR, SR TNSRHRIRANE. b, 25
B E FIs s Oxe Trpvl R A& 78 N 2%
2,
25 ERERRIEREES PCRIEIE

YF GOFKEEG 731~ R R EH R S
T RIBSRG WEEES . RIS IR,
a2 A E s E RS, X 5 A=t
%, EHXHXEEEEE (Oxty Trpol. Adipog. Phox2b.
Abcg5. Mogat2. Dbh. Plac8, Neurogl) #47 PCR %
o HT PPIMNZEHER Fos. Duspl. Egr2 {0 W45 X
AAIE, thxtEPETT PCREGAE, £55REKH, SERE
E RS R S5 R AN 45 RRIA A2 (E4),
H o Oxe (1=3.836, P=0.001) . Trpvl (:=2.11, P=
0.049). Adipog (1=2.16, P=0.045). Phox2b (1=2.369,
P=0.029) . Dbh (1=2.606, P=0.018) F1 Duspl (1=
2.177, P=0.043) ¥J N, i Plac8 (:=-2.169, P=
0.044) i, HERTHE, BY, Abcg5 (1=0.837, P=
0.414) . Mogar2 (1=1.946, P=0.067). Fos (1=1.984,
P=0.063) . Egr2 (1=1.745, P=0.098) = T ij§i#a#,
Neurogl (1=-1.502, P=0.15) 2 Fi§#%, 5RNA
JFEE RSB —3, BEREGOEEN, H#H—DHE
SET B N A5 R A T SR

E: A, ERFEEFKEGCEESHT (FRANMEAERT TENBIREHERMNERE). B, EAEF (PPI) MESH (ZREERIRENEAZR,
BeATMEER, TN bEER. BRlARREREINS, REAERERAFEETHER).

Note: A, KEEG analysis of differentially expressed genes (different colors represent different path groups or network clusters). B, protein-

protein interaction (PPI) network analysis (each connection point is labeled with the name of the proteins. Blue indicates the down-

regulated genes, and red shows the up-regulated gene. The larger the dot, the more connections there are. The black line represents the

regulatory effect between the two genes).

3 HRTFRBFERREAERANEREZ S (KEGG S 471 PPI N3 Hr)

Figure 3 Transcriptomic analysis of differentially expressed genes after olanzapine administration (KEEG analysis and PPI
network analysis)
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i Ctrl, MBI (£EBEHKES); Oz, BEFE (RAFES).
B|ANn=10, 5XIB@AMLL, "P<0.05, "P<0.01.
Note: Ctrl, control group (intragastric injection with saline) ; Olz,
olanzapine group (intragastric injection with olanzapine). n= 10 in
each group. Compared with the control group, "P<0.05, "P<0.01.
E4 BEFEBRASMRA/NELMARDEREFAIH
WKIEEEPCRIIELE R
Figured4 Real-time quantitative fluorescence RCR
verification results of differentially expressed genes
in the whole brain tissues of mice in the olanzapine
infusion group and control group

3 iWie

fr7E (SRR Oxt) ZART 23 A FHEHEIN
FRURTAR B RE ST A Y IXIk BT i P= RIm 2 A
HRZIEFEBAT, XFERE T = R A e
SN IS TERE AL, X LR S -
BEM. BERBHAR SR, T R IEH IR
FERHH, XA = RERRRA R KL & PR ERR K AL
AR B R AOT IR B . R E R
TRBHEM X RFEEAIEERIMUA A, I
DT A SRS AR, XS AT DU = R
SZARFE TR AT AL BRI, , i 2R SRR/
PRSI I A BRI RS VA I ) o R ER AL A
BYHFRRE, BRNEHETURER RS & R
A, RIMEFREZFRD TERIOBAR, THZ
o TR AR T 25% . BHNE, R
SRRV B T T R DU A S5 2 o il B RO TR SR A48 B
5 o Mathews 5 ) {iff I RERGIAR B GAOII T 45T
BRAECF YRR MR RIS S, REIEXT BRI
JREH, SRR 9 A 5 B R0 X ek O 8 B 4
o, (HZ 5 HERAT] B RN X o B IE 2 A SN T
B, MM RREGS5 7 AP B SR HIKS RS
P T TR AR o

W I RS2 2R AL A B IR 2 # 1 (transient receptor

potential vanilloid type 1, TRPV1) XFRERMZEZA1
(ZRAGERN Trpol) FEFAXAIANGT . AR, T~ FeARA]
BERGREEREL, HZ25TRERE, HHaY
EAIRERSAE 0 PR KRR R U2 TRPV L A PR
PERCAR, TERGIG KRBT, INTEIE KRR EGIERABE
R T EEi. IRFEARZACE R R AL 1, Al
2, RIRRARGAIRES 5 RE TSI RFKEN,
i B FEaR LG AL DU A% 2 B i AR 5 AT PN JE A R R
R, FAIRERAS M RUE BE IR R EE S~
BT EIRER R R AINE A bR EY) e TPRVIIE
SEMOATTMEMEER . #E SR, TRPVI
TG REAR T M o ghrelin 7K, #9007 B AR EME
Bz s % B8 2 2 R A o0 FR A % Ay P S filt FRLIR
AR, 1 T] BEAE A HE PR e TR AR -1 b Hp R
ER ™, HEINE, BREMFER APs A S5
ghrelin } 5. FEERFE(R. R M RAER-1 R, R
BERATEE—H, Wi B2 A G IRy
ZURE B EHEE I, S EG I ", (2
TRPV1 242 APs Xf B #OR TR F= A szl ey b
PN i a3 vi s 2 T T

FEERE (RASE RN Adipog) F B2 HEARHT IR
Ao, FEIRIENT M Ra& A, i TishiE
it U, B R [ IR AE 2B (paired like homeobox 2B,
PHOX2B) {EGEE NI B8 SRR TR 5T S N H ke
TERL, Phox2b™ /INER 4/ FEAE T FRBE rh SR B RAIR
RS R, SR PR R R D IR PR U 2 B -
BALEE (g EEKN Dbh) BERIRRTS, SBUNRA
REAERSE EIREREE FIRE, XE/NEAMT L,
Toik B RSB E A AR AR SR, RER
RE YRR ARG N, B R A R F N R =
i SBEOFARL LR 1, fRRERETUR S (JRfidkk
KN Plac8) 1E H € F0 R (5 i 4 21 B8 3Rk
Plac8” /Nl = IR R VERERE, #REIE =5,
FERRBE SRR AR f e R e DU 8 FE AR X+ IEH AY
e SR TR MR Y BRI, BRERE R EDT
JR 8 FEHIXHRIATE A RE M AN e 6 . ATPES &
BAEEEACS (MIERENAbgS) BTZ57F
EREREH, HG55GIEEE R —RIK,
Tt R Y S RS IR s R AR/
N Abcg5 Bl = S EREVIEIFE I PR,
TG AN ASRRERE LAY & A 1) Bk H B
G2 (S IEDIN Mogar2) BEMBAEML =B ENmAN&
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B, X2 iE R T 475 B o Mogar2™ /INERZRIA
tHRERVHFERG N, DUR e &5 AR A RS
75 M Mogar2 BRI /N BR R B H HE A W HACRE IR |
WA R, F B T RS IR 7 N R
B AT EE (neuregulin 1, NRG-1) &5
HCRZIET, fEINAMERGhEREMAM S
JEaR, EHRMARGHEESHAEREER,
Fext Rl IR E AR 2,

TEIG, %] b AR BRI AR AT E 72 A RO RL R — V3 40
(3R2), AILLIRIR, BRI EEIME AR EE A RN A L
A% BN ErERITE, Oxty Trpvl. Phox2b. Dbh3
BN SEGEHRGED T Plac8 ik FA S804
s EREFEAOAET /5T, Adipog FH1 Abeg5 7215 N3
HEZE IR IR & BREGIN, 17 Mogar2 ik RS2 HE I
WHEIR . 45 5R5E/R, PIRE R 2 AL RO B N i
BT ARER, XETW R EiRdENERERLT
WRE, HEN AR RAE AR AR,
HETTEMARGES) . PR TERAR UK E R S5
HIfE Sk,

x2 BATSIREREENT R HE = ERXBER R
Table 2 Differential genes changes inced by olanzapine
and possible metabolic effects

2R BRAFHEANEN B BERI R KL

Oxt ! EHEREESRS . ZRUEHE
10, PR

EHERAESHY EREHE

Trpvi ! N
1@, PR

Adipog ! BER & AL N PR

Phox2b ! FERURL D

Abcg5 ! EEJUTe=hil

Mogat2 ! BE AL IR UL AIRE IR

Dbh ! PR

Plac8 1 FERRAE N

Neurogl 1 ARF0

AN, Fos. Duspl. Egr2 BjI:[E A2 =&EET
FNZ SRR TR, X2 A A M AR A T i
BUER — 2 BRI, 2R R A A A 5 A e 2 %F
R R R N ). Horhr, e=Fos 2R MH
2R Z R IERE — ZHHF7ERH, ~FE
I AT DAE S c—Fos LA FIE 2, FURHHRZY)
BSEAESAAR RS Esom T Bz B EE R Ok, SR
ERRAA—E, mEEN@MERMIEMTT, HFiRFdk

IXECER T RPERIALH] 2 AR BLEEE LIRTEN
S HZI R R AR A AL G T, (X
HRRIA N BE S 5 A SRR ER I, (HE
Al RE 2 — MR M A ISR fE AR, XthS
BRRPERN Z 2 AR B R 2B 2R AR

L bRk, ARG AT KT B S A
Fr, RIMBREVAZERE R Bigssh. 4.
HER RSN A S Ak A B, ARG 22 e
PRS2 SO E B PCR #ET THRIE. M Tl ER:
L RH P2 i R R R HURLRE, R Al BE R 22 e dit
DRI PSR 8 B B 2 A T PR EEAIN,  1f0 Ot #11 Trpwd
£ APs 175 S YR B AK BT RO S B8 IR ], (B
PSR
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B M, B, R A ST, 1988—1999 4 BEER T A [ A} 5 B b i 40 2 4 5 AT S0
2000—2007 47 5t 38 F o B AL 4 BE b 78 & A BL 52 A 50 6 A M Ak 5 5 40 i AR A 5 BT 2007
FEARBIRT R R LR LG HRER. 2000410 EBEL2 5 F & TEHMNEANEXRE T
e BAF R fn KB 545 F & i A O A A A BB R A R F] (i O AR R
G L) o EBAF LT A R A S A AR B MR B, B o AT SX B AR AR D BURY R AL
T, KA AR S 58 2 3L R B I fe A5 B, R4 Bk 1A T A6 L35 fw R AT 56 BE M T R LA T A X
B R R 25 M A R R R T AR R R BLET R IR TAZZG M B SE B Ak . E RS E KA K
LT AR B 10 435, R R AR S 200 A5 RAF AL E F] 10 45,

hil-1 3% DAL 5 3 5 £ K 5 5 113 35 0 B2 FF 28 11
73

RCEL TP AR BER MR, SRERL B R, B R
(I FIF RS A b 5 HOR % B, b1 2000825 2. kB2 Wy TAZBCAR 5040, 5 201309)

[HE] Br BrHEEFHAEBRERE (H1linker histone gene, hilll) MEEZINEE, UREBREREHHN
DFNH. Bk LISWRALERIEXEY, RERNATIRERE. hiF(gk229) REREIRMMIARIIFRILR
IR RGE S RARKRE . BRUREEREHAER, RAENREZRFEESRTIIER, BIRMSLR. 5EH
PSRN E S B Cro RUMEL I TN hil-1(gk229) REBRAIIIE M, FFESSAREE S PCR LI AR IEWN R TR
HRF—LRE NN BEEGARKNESBEIERER. FR SBHEIN2LRIEL, RNATIRENERE
A LAR hil-1(gk229) RTKGZREGPEGRERE (P<0.001), MhiH2BHITREAEEREGERK (P<0.05). 5%
HRIN2ZHRBEL, hiF(gk229) REAREZRIHENINEMENNMZ HEBEREME (P<0.001, P<0.05), MTE
SENMZRENTES (P-005). HH, HELTHFEEN2E&R, hi-l(gk229) RERLBRNABSEEERE (P<
0.001), F=9P#ERT (P<0.001), EF-IRERBEEEZMN (P>0.05). %4 eat-2(addbb) TE{RLRIRE hil-1 RNATF
WHEE, hiMREXTRAARFIN eat-2(add6s) REFRERNE (P>0.05). HRFHFEEN2EZLR, hi-(gk229)
RTRELRP daF6 RIXKFEBEETIE (P<0001), HTHER mtH M et FixtTE (P<005,
P<0.001) 5 daf2(e1370) =3RHBLL, daf2(e1370); hil-1(gk229) WMEZRELHNEDTHEEEWL (P-0.05);
M5 daf16(mu 86) RIF(RIALYL, daf16(mu86); hil-1(gk229) WMERLEHENEHBEELEE (P<0.001), SIIEAE
1Btt, EERRMFEFRNA TN BERREREEREGHEERFE (P<0.001), &ie hiNERREBEFHFRER
a5, BEIELBRGREDMENEINOMSZHEE. hil EETE TR EREESERBRFMETLRNE
i, BZERFEEREMBE. :
[%i3] EmEFER; HMERFEERER; TE; F&%; RAREIEE
[FES25] Q95-33; R-332 [XEkinEEIA [XEHS]1674-5817(2023)03-0271-11
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[ABSTRACT]
molecular mechanism for regulating the lifespan in Caenorhabditis elegans (C. elegans). Methods C.

Objective To reveal the physiological function of H1 linker histone gene (hil-) and its

elegans was used as a model organism and hiF1 gene was knock-down, knock-out and over-expressed via
RNA interference technology, hiF1(gk229) mutants backcross purification and microinjection technology.
Then the survival and oviposition of C. elegans were observed. Physiological tests including heat shock
test, paraquat stress test and heavy metal Cr®* stress test were conducted to evaluate the stress resistance
of hiF1 mutants. After constructing a dual mutant nematode, real-time fluorescence quantitative PCR
(RT-gPCR) was used to further identify the signaling pathways and target sites associated with hil1 gene
regulatory lifespan. Results Compared with wild-type N2 worms, the lifespan of C. elegans of RNA
interference and hil-1(gk229) mutants were significantly shortened (P<0.001), while overexpression of hil-1in
the whole body increased lifespan (P<0.05). The tolerance of hil-1(gk229) mutants to heat stress and
oxidative stress was significantly decreased (P<0.001, P<0.05), but the tolerance to heavy metals was not
different compared to wild-type N2 worms (P>0.05). In addition, the developmental cycle of hil-1(gk229)
mutants was shortened and the time of oviposition was advanced (P<0.001), but there was no significant
change in total number of oviposition (P>0.05). After feeding hil- RNA interference bacteria to eat-2
(ad465) mutants, the down-regulation of hil-l expression did not affect the lifespan of eat-2(ad465)
mutants (P>0.05). Compared with wild-type N2 worms, the expression level of daf-16 in hil-1(gk229) mutants
was significantly down-regulated (P<0.001), and the expressions of downstream genes, mt/-1 and ct/,
were also down-regulated (P<0.05, P<0.001). Compared with daf-2(e1370) mutants, the lifespan of daf-2
(e1370); hil-1(gk229) mutants did not shortened (P>0.05). Compared with daf-16(mu86) mutants, the lifespan
of daf-16(mu86); hil-1(gk229) mutants was significantly shortened (P<0.001). The knockdown of hil-1 via RNA
interference technology, specifically in epidermis and intestine, was sufficient for lifespan reduction (P<
0.001). Conclusion The deletion of hil-1 gene significantly shortened the lifespan of C. elegans and
decreased the tolerance to heat and oxidative stress. The hil-1 gene regulates the lifespan of C. elegans via
dietary restriction pathway and acts mostly in epidermis and intestine.

[Key words] Caenorhabditis elegans; H1 linker histone gene (hil-1); Aging; Lifespan; Dietary restriction

pathway
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FAELR RARAT | mm, 7 MEMERE AR

TREREEIR, RAZEAE. FEIROE . /OB A
ZIRfTHBREMEENGEIER N, U5 A0E
WeferE, SREMRENAKERZE EIF, MY
sl E S, thHmINEET ARt = i, 3
Aiftiiin, BEEETH, AM7E—ERE g
EZERHER . I, RRRENARR, ML
WERNS], ST TEaiR. EERERISESR
HEEN

%ﬁﬂﬁ¢ FEEEENE SR
SAEAN/N R SF IRIA T E AR R R (5 S B A 73 WL
Hrh, BURREATZE (Caenorhabditis elegans, C.elegans)
R E R —MEAEY, 2 D5
BN ZHMEY, B 60% ~80% HIFEEE 5 A

HERRPUAIIER, FEIEHER A T T 2 DAMEAE ] A /Y
TEARE, HREGH205%, HAEFLER, /£
20 CHYSEARAFME TN, IWZBINABEIRRMNFE3 4, &
RN 3 ~ 48 o — HIEMER] A Ze R — A R] A= B
2930042, 19745, BIEERNTALHNEA LY HIG
FREEEMRIMRE LIE, T2 RERENGMR
B A SRS R g e, AR R

RHEAREF 1ESER. FRERZAREHENIR R
BREE S DY, FEREESERERL EeE

RF 1,

H1iEREFAHEH (HI linker histone, H1) &—3&
Z: 51 i 8 /IR Gy 1 5 & B A5 49 B9 DNA 25 & &R
B U BRI A 1R HL A Y, A K
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H1.0 f1 194 MEIEERRFE A AL, HrhIoHFa N e &
23EREL, TP Cumd 5 97 okEE, HhlEBRIRES AL
B2 74D EREE . BRIRESHEGE H1 h EE AT 5
/A ERIDNA Z5 & 8 Xk 1, H1 2 5= EERIXR
W, BEFEARHLOFEAN HI AL, B {2
S5 7R ERFRAHE] U AR FEIRE E
PRSI FR AR EL T T IR — b A TR 2L ] AR L
FEET H1 AYERI AL, HIOEAZE. BIERE. /M.
EEWFLA PR RARSFI 1, IR R TR
TRIHLGARY, H hil-1 ~6 0 his—24 B K29 o

HT AR N T i R R E i R A SR R =
KAk, EEEELSR (10 ) 5445 (2H
1) BT T ERERIASR T, RIS S R R Y
K, hil-1ERRIA B, EWEAESE T &R0
(TS . ET BRI AR hil-1 FEE AT S ISR
R, RIS IR HRNA FHEEAR. RABRLE
HRFAL LU BARE R i TR R AR, TR T hil-1 5
RIFRIA B AR B B 2o A an RO sER i i BRER
ZSLHG X hil-1(gk229) S8 A HLS AT IR, A
H T R hal-1 B[R B h6E K 5 AR

1 MRS5EE

11 ZRRR EHRRER

B A RIS AT R Bristol (N2), DAKRAEFHZR
hil-1 (gk229) . daf-2 (e1370) . daf-16 (mu86) . eat—2
(ad465) FIZHZUREFER 2 NR350, TU3311, NR222 7/
VP303 #  B 3% E B J8 75 1K K 5 2 B L o
(Caenorhabditis Genetics Center, CGC). {EFFEH ML
W2 HiT L R hil-1(gh229) 5375 R 585 AR Y N2 2 H [A] 52
61K, ZGRBAE I hil-1 EARL R £ Ik
Wi, SEAG 2t B B PRI IE 2 TR B A K i
T 0PSO (JWH CGC) o HT115 A2 A PRI H RAR
AR (AbE) BIRAF . BRI L4440, pPD95_75
F0Pmyo—3: :mCherry: :unc—54 3'UTR 3T Addgene
iR, WEIEHEEREVRHERAF .
12 iHSINEE

FE 2R H ik (tryptone, 72 [F Oxoid A F], LP0042),
B HE ¥ (Agar Powder, £ Sangon Bitec A & ,
A505255) , SN EAEILEEE (isopropyl B-D-
thiogalactoside, IPTG) ( 32 [E Sangon Bitec 2 A ,
A600168), 5-@mEERE (5—ﬂu0r0—2'—deoxyuridine,
FUDR) (3E[E Sangon Bitec AH], A600080), S5+

71 &% PrimeScript™ RT reagent Kit with gDNA Eraser (H
ZxTaKaRa/AH], RRO47A), SERFZEEE & PCRIAFI&
TB Green® Premix Fx TaqTM I (Tli RNaseH Plus) (H
7N Takara A 7], RR820A), NaCl. CaClo. MgSOs 1
KH.PO FA A (REEZERAFRAF), [
TRIzol (RAREMEHE (AbmT) BIRAF), 48fLE57%
M (E[E Axygen AH]) . AMEEFRF (HZK Sanyo &
&l , MIR254) , ARG M EE (H 7K Olympus A &l |
S761) , PCR 1 (f& [ Eppendorf 2 & , Eppendorf
Mastercycler pro) o
1.3 ZHRLELIESE
131 &% H 4 K15 7 E (C elegans growth
medium,NGM) B9 %l

PREX3 g NaCl\ 2.5 gfREEEIAR. 17 g BillER, VAT
970 mL ddH.0 H1, KEJEIRENIZR 60 ‘CLAL, HIKAA
1 mL 5 mg/mLAEEEE. 1 mL 1 mol/L. CaCly 1 mL 1 mol/L
MgS04F125 mL 1 mol/L KH2POs, TCEVRESHMR, =i
7. 2 dEIR LiESEH RN KIFGIRA E 0P50,
EIRE 2 d, BRI NGM B 7L ([, —mfEE
i, DABSAETS %), Al T2z,
132 ZHERSURIER

PREL 8 ~ 10 £ E 1B 2 ~3IFE20 CTIER
TAFER IR HA R L, FeR% R IRA HfE OP50 B Y 60 mm
NGM 55775, KB 1 ho WERRIE LR RINE,
KRk REER 7R A, SRS BIINIRAL S BN AR
S—HMFEPE R, A &R 2 R SL 5 /i 3
(PG LA
1.3.3 5 RNAFHLR

e B hil-1 F£ A () ¢DNA & %1 (hil-1 IE [f] 514
N 5'-GGACTAGTATGACCACTTCGCTCATC-3"; Jx [
50 %1 % 5 H 5'-GGGAAGCTTACAATAGCTCTTT-
CTGGTT-3"), DA L4440 RN B ZEM AR hil-1 B
RIEG RNA THUBRL, 55 AHT1S RS2 S ER GX2—
Ffi RNase Il BRFEEIR AR A EMR, ATRAA IPTG 5 53R
EMBERNA, FTRNAFHE), &7 Y& k&
AR A 5 FE R, R E RS AT (100 mg/mL
Amp 2 12.5 mg/ml. Tet) [ LB FREH, 37 C#2
IREEFRIIR o IR H R hil-1 RNA FHREEFELLT ¢ 100 Y
RFRLLRE RN 2 LB AR RS 2 B rh, AR R RIREN
50 mg/mL ) Amp, 37 CHEREEFFEUING 5 R S50 3%
R E FEVRIKES . FF Acoonn TELT 1 7545 BN 458 11 5%
F2, TMAZIREEN 1 mmol/LEIPTG, #%— & P



274 LIS S L E S Laboratory Animal and Comparative Medicine

Jun. 2023, 43(3)

TRINZESH 1 mmol/L IPTG (Y NGM 5725 F, T4
kEgE, EE AT ARIN2, ear—2(add65) S84
YH A S ME RNA T2kt (NR350. TU3311. NR222
FIVP303) MEEIXFRNA THANE, 15 nT BRI R
LA hil-1 FHX A RNA FHRZEH . SC9erh DU £ L4440
23 SRR 2 RO HEA
134 ERUESIENBERIAER

LLpPD95_75 RN EZE, 14 Pdpy-30: :GFP: :
T2A: :hil-1 SRR JFRL (Hrp T2A e 251 04:) , )
Fi 2 G FRK 1 dpy-30 Z: R 1 E 80 PR shEk (e e i
HEE GFP (A& IEE ) FIEAREER hil-1 H5
o Bt KRS Pmyo-3 imCherry: unc—54 3'UTR
JERL (FH mCherry NZL RS EARIC, RIVER TARESS
FHPER R iR Arid) RS, e & REIRE 351N
100 ng/mLA150 ng/mL ISR . A EAIESHERAES
JEREE SR AR A R (RN INEAE JLENAEY)
(2 AFE e . RSN Ze R EUES 7%, 3 dJSTE
PG PR BER AN RS TRk R, 5
FE]35 mm NGM A I s 7306, A HERRER
FRAEAE 50% A E, WA Rk & @ ash, aiih
hil-1 OE £%H1
135 R EWEWNRTHREHR

hil—1(gh229) 2375 R 2% H 5 7 A 7 N2 R A fE HRL 3
i, K75 hil-1(gk229) BKER, F5EFA7Y N2 (AR
FIARZE R T 2 R A2, s i H 2R LRI PCR VA
U AL 5 1 S AL Y hil-1 (gh229) B PR 2R 25 (1Y i
MR R . {6 FH daf~16 (mu86 ) IEAE Rl A 2% ch AN By A
RIN2 HE R T2, 58] daf~16(mus6) (IEER, X5
5 hil-1(gk229) BERFE R R 2 AL, 18I B H 2ot
FERIZH PCRVESSE QB 5 RO AE & R Rl 3115
daf-16 (mu86) ; hil-1 (gh229) IR H o {HH daf-2
(e1370) Mfekfe [F] A2 HRANEF AR N2 AfE T2 BL, 15
F daf-2(e1370) IR, RFGFES hil-1(gk229) HERFE[H]
R AR Hd, It L 2% AL PRI ZH PCR AR Ak %
E H R L B A PR AR A, 3RS daf~2(e1370) ;
hil-1(gk229) WIRAF R R 10,
1.4 MBRIFEMEE
141 HHREGNE

B RNA TR, T RIRZEL R hil-1(gh229) R
ARZR FRFIEF A N2 ZR FRAE 20 'C R IERTAZE, FREU>
PUHA B R 30 450 R EAN1E R B IRE HifE OPS0 1
100 mm NGM 5557580, il 2 h WBEE1] 200 ~ 300 P H

UUfE , R ARSIk . R B R R)E,
¥ 2% i fk 2 44 OP50 B H &4 12.5 mg/mL FUDR K]
60 mm NGM £577 5, G DREFRE: FIRUE 35 54l
Bt FEoh P PREH R R Rl 2R HLEE, nSRE & E
HERRAL, NEMEEr, e i, &
MR E 3N EE, DARRPkHRERE NS —
K (Dayl), PARJG—&Z&HSUr ALtk a v, &
2 ISR HIE T BTSSR, DUAHI& R E
HiZk.
142 A=K
hil—1(gk229) 5825 (A 2% HURIEF AR A N2 28 ERTE 20 °C
TIEFEEZE, BRERE - ROFASMERRERE
OP50 [ [ 60 mm NGM B2 725, GBS FRELH0E 30
ek, BMEREL 3R, BEBE R LS
FREEIRN 35 CEE A RIS FE . B3 hid R HET S
ARG . LRABAET bR R OE SN, SREHR
a g ikAsh 1,
143 BEMMNHELR
hil-1(ghk229) 58745 AR 2% HURTEF A= N2 2% HUFE 20 °C
TIEERFE, B EE - REFEDP L RRAI T
90 WL M9 &g ) 48 FLEGFRIR AL, B L 30 F 4k
R RES 3L, AFLIIA 30 pl 200 mmol/L HYEH
EEAETAE (ZRURFE R 50 mmol/L) , XTHRZLANA 30 wL
MO ZE . HHLHET 20 CAREEREFE, B 12hid%
RHFET B AIEE SR . RS AR RSN
SRR S SAAEh 1Y,
144 BEEECr NI
hil—1(gk229) ZE A5 (A 2% HURIEF AR A N2 28 ERTE 20 °C
TEERFE, KRS —REFEDP L RPRAI T
270 wL MO B i 48 FLES R LA, Bl 30 SR K.
M HREE 3L, BFFLIIA 30 pL 100 mmol/L (]
KoCroO7 788 (2R 10 mmol/L) , XFREZHANA 30 pl
MO B, #SHHLRHE T 20 CAREEREFE, 912 hidR
PR E R AITEE SR . RS AR RSN
SESCHEST IS SR 1Y
145 ZHERKRFIPRILT
hil-1(gk229) SR A PR 2% AN EF A2 U N2 Z8 FR £ 20 °C
TIEEWEFE, 0 R& RN B BE] = N — oy
FORTE], WSS L4 BARIARRY . AEFE YA JoAZon,
EHAK, B 14 BFEB L RPREIRE 0PSO 1F 1 60
mm NGM 5725k, B PR E S &% AR
BEINEREIRLF S . BE24 DR RP ER
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R 5 BT R A OPS0 ) 60 mm NGM K572k, id
SRJFCREEAE PN AR, H RGPS R,
146 LHXMNTEEPCRIENEHEXSESEIR
MBS EERIX

{8 FH TR1zol 12 NBF A=Y N2 2l DA Kz hil-1 (gk229)
AR R BUS RNA, B 1 pg #655A cDNA, RV
FHSER 2 % 8 B PCRAGI hil-1 DL JFR 5 5 S 8% tE
KB daf-16 B FHREEL R mil—1 F ctl-1 B mRNA 7K,
Plact-4ENNZ:. 5IPIFFIRFE 1. PCRRRBARL
1% PowerUp™ SYBR® Green Master Mix (2x) 10 pL, IF
IAF[#) (10 wmol/L) % 0.8 wL, ROX Reference Dye
(50x) 0.4 pL, cDNA KR 2 pl, ddH.0 6 pL. PCR
RREZAER 50 °C 2 min, 95 °C2min; 95 °C 15s, 60°C
1 min, 40 MER. JafREIZRRNEF: 95°C 155, 60 °C
I min, 95°C 15 s, Z5HRPL274E T H YRR AR
X FRIKE

%1 PCR3|¥IFE%

Table1 Prime sequences for PCR
2H 513

Gene Sequences of primers
Forward: 5'-AATGGAACCGGAAGCAGCAA-3’

ik Reverse: 5'-TCCGCGAGTCTGTTCAATGT-3’
Forward: 5’- GCTCCCTTCACTCGACACTT-3’
daf16 Reverse: 5’ - TTCGATTGAGTTCGGGGACG-3’
Forward: 5'- GCTTGCAAGTGTGACTGCAA-3’
i Reverse: 5'- TTGATGGGTCTTGTCTCCGC-3’
Forward: 5’- TACCGAGGAGGGTAACTGGG-3’
ot Reverse: 5'- AGTCTGTGGATTGCGCTTCA-3’
actd Forward: 5’- GCCACCGCTGCCTCCTCATC-3’

Reverse: 5'- CCGGCAGACTCCATACCCAAGAAG-3’

15 HELEBMRTZESR

LR PELE 3R, BIRED3IDPHITRME,
SEICHEPEEI A X £ s RIR o {# F GraphPad Prism version
10T EIR M R BT ER . e a R A
log-rank (Mantel-Cox) 255 7347, P<0.05FRRZFE
BEHHEE

2 FR

21 hiMBESS5REZES®

B SEFIF RNA FHERR, 48P A A N2 2% U
hil-1 RNA FHLE R, 45RERERGFmIAZA4E, 5
WA SR, 5255k 14440 o FEZHAHEL . RNA F4#i

2 R B T 23.53% (P<0.001, E1A),

N i — IR hil—1 BE PRI B SR 0 2 B i B 520
FIF hil-1(gk229) 35 ARUGHE T hil-1 RNA FHE 55
R 45 R hil-1(gk229 ) 3745 K 2% t (1) S 1) 75 iy
2 18d, HAERN2 LR FHEME22d, hi-1
(gh229) 582 AR B2 A anAH EL T 2P AR BY N2 2R U
Fird (P<0.001, E1B),

BN, R BARESR I FRE R A 77 1R hil-1 42
BMEiERIRG, hil-1 OF ZE R SE 8 B arfH b T B 2R
RIN2 A ATIER (P<0.05, E1C), XUEss R,
hil-1 B[R 2 5igin kiAo, LG amSLini 2aAE
T AR 2,

2.2 hiFRRESHEZBEMN KRN ZeEDEE

X hil-1(ghk229) 5877 PR 2% HUFTET A2 Y N2 2% 73 1)
HAT T 35 CIAMY AZ SL98 . H B NOSL IR AN E B R
Cr* ROsess, DA eI 2 #80E /1. Sk TFE
BEBENMENER . ERER, 35 CHRET,
hil-1(gk229) 4% PR AH Bt 55 A2 BY N2 2% UG #AE
FROTIR 52 BE 7712 & P& (P<0.001, KE2A),

78 1 50 mmol/L A HAELLER 12 hiNf, BFAHI N2
LR TEE R 70% , 1T hil—1(gh229 ) FRATREZE Hi
TEEBLINA45%, 720 hil-1(gk229) S8R AHEL T 87 4=
AU N2 2 RO S AL TR i 52 B4 (P<0.05, [B]2B),
{HAE 10 mmol/L KoCro0- 4 R, hil-1(gk229) ZZAF AAH
FEFHAERM N RN ESENMZ O LEEES
(P>0.05, E2C),

IXEELE R, hil-1 B S B ER HOHE IR0
ST 52 RE T IR
2.3 hilMBREZWEZBOERNER

SERO AR, hil-1(gh229) SAZ R RIER T
R, LT B AR N2 2% Rk Ak R A I AR
il LAARS, hil-1(gk229) 28R ELETAE Y N2 28 A
RKER, HIEAESP WG, e
N2 Ze R AT B R AR A LI BE, (B Rk R R
RHICIHEZES (K3A),

Givt T hil-1(gh229) 58 ARFNEF A2 8 N2 25 H A BT
KB BEE N E N R ], &I hil-1(gk229)
GRS R B Z 65 h, HiSF AR N2 &t
R ERAZ69h (B 3B), R hil-1 RAEZ
SHEREBERBESE (P<0.001), HHREMEK
H AR,

[ERF, MLAHATFGA, R 24 h it hil-1(gh229)
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E A, BFERN2ZRIRE hiF RNATFH (RNAI) BREFRLZ [SYREAE (IREL4440) 48EL, P<0.001]; B, AR N2Z& RS hi-
(gk229) REARERNEFME (SN2&REL, P<0001); C, BFERN2&RS hiN2BMIRAER (hil1 OF) MERFME (5N2&
HRIELL, P<0.05),

Note : A, Survival curves of wild-type N2 worms fed hi-1 RNA interference (RNAI) bacteria [compared with control group (fed L4440), P<
0.001]; B, Survival curves of wild-type N2 worms and hil-1(gk229) mutants (compared with N2, P<0.001); C, Survival curves between wild-
type N2 nematode and hil-1 systemic overexpression worms (compared with N2 nematode, P<0.05).

El1 hins5%BhEmpiEE

Figure 1 hil-1is involved in regulation of the lifespan in C. elegans

F A, BERIN2ZRS hil-1(gk229) /R L HM 20 CHBZE 35 CIREBFRINEFHLZ, P<0.001; B, BFERIN2L& RS hi-1(ghk229) =3
50 mmol/L BB MW IR R EFME, "P<0.05; C, BFERN2 KRS hi-1(gk229) RERTE10 mmol/L K.CrO, MBI EFIL, P>
0.050

Note : A, Survival curves of wild-type N2 worms and hil-1(gk229) mutant worms transferred from 20 °C to 35 °C, P<0.001; B, Survival
curves of wild-type N2 worms and hil-1(gk229) mutant worms exposed to 50 mmol/L paraquat, "P<0.05; C, Survival curves of wild-type N2
worms and hil-1(gk229) mutant worms exposed to 10 mmol/L K,Cr,O,, P>0.05.

B2 hil1 REBERT LR AREDNEMENRIMZ 1T

Figure 2 The deletion of hil-1 reduces the tolerance to heat shock and oxidative stress of C. elegans

S PR B AR Y N2 Ze OB =BG . &5 SRR hil-1
(gk229) 57 PR 2% HU (K 7= B w5 1 3 72 BN A4 J 80 h,
i B AR A N2 2k R 2 B v I B AR R AL /S 116 h,
PR ORI AR AT (P<0.001, E3C), {HLEFZHNA

24 hiMEBIXBIREIESERFEES

DA R A LRSS SV, &
BEHE A HIL-1 ERIAKE EJE 1, miE HLX R 5
FELR R EL D S AN 2R3E 200, hil-1(gk229) 2 —

7 1 hil-1(gk229) RAF R 5 EF AR N2 2[RI T
F£5% (P>0.05, E3D),

DL S5 SRR A hil-1 f k2= S8k UK B BA 4
B, PEONEAIEERT . HIEARRE ML RN AL

Mrear—2 TR A A T0 ORI R LR, H T 584
A TEILERF, ER T EAT-2 EHBREATA 1k,
hil-1(gh229) SRAZRIHER L BE MR T IER &k, @l
IR/ DTE IR EN X EE PR AR, IAZN X Ce PR H Y,
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F A DRIERARBEEShFI72h ESMETURIFER N2 LRI hil-1(gk229) REBFRL R (MARBEEI00X); B, BEEN2LRS hil
(gk229) R ERMNIP A BRI TE—RUPFRARE, SASI0KER, P<0.001; C, BERN2LRS hil-1(gk229) BETHMNIP LB FHA
B12hFHERE, SANROTFI0EER; D, FEBN2ELRS hi-(ghk229) BERFHF=NLE, FEYIAFADFI0RER, P-0.05.

Note: A, Observing the morphology of eggs of wild-type N2 worms and hil-1(gk229) mutant worms at 65 h and 72 h of development under
microscope, with magnification of 100X; B, The duration of wild-type N2 worms and hil-1(gk229) mutant worms from egg to the laying of the
first egg, n =10 in each group, " P<0.001; C, The average number of eggs production every 12 h from egg development in wild-type N2 worms

and hil-1(gk229) mutant worms, n > 10 in each group; D, The total number of eggs in wild-type N2 worms and hil-1(gk229) mutant worms.

n>10in each group, "P>0.05.
B3 hiMRREENERLEE

Figure 3 The deletion of hil-1 affects the development of C. elegans

HuERKg a2, N THEF hil-1 2EBET K AR
BB T R R GG, AEFIREA hil-1(gh229) RASK
Ze IR A hil-1 RNA TR, IR ERFINERT,
FIFH RNAL A AR B hil-1 B9FK, @8R 5T hil-1
P RFGR R ERNE SRR, SRIAM Ril-1 5182
[EAIR R

AR AL, SR A S AL L4440 A9 %] RR
AL, hil-1 RIE N VEHTFAFN eat—2 (ad465 ) 5372 1

E: eat-2(ad465) R TAKIBE hil-1 RNA Tt (RNAI) HE R4 77

%o S3IRA (B8 L4440) #8tL, P-0.05.

Note: Survival curves of eat-2 (ad465) mutants fed hil-l RNA

interference (RNAI) bacteria. Compared with control group (fed

L4440), P>0.05.

B4 hil1 BPE 200 eat-2(add65) RIKE®D

Figure 4 The knockdown of hil-1 has no significant effect
on the lifespan of eat-2(ad465)

gl Ea (P>0.05, K4), XFERHA-1 A EEIT Y
MR BRI T & R A . LA LRNE
EEE AT R 2,
25 hiIMAZR2EKBEDERESBIRRESSD

TR, daf-2 iSRRG SIEIEZIR, daf-16
BIERNT, Ydy-2 KERTG, SEE5EEBT
W, 15 DAF-16 KBEERI, Z A7 AR AL TR 2%
FHIEFMERE, Mg LR EGIER 22, %
hil-1(gk229) #1daf-2(e1370) RAAKRLL R TI452, 15
B & AR S R A R AR AR 2R R daf-2(e1370) ; hil-
1(gk229), HfTHMmINT. FRER, RE hil-1 L
RAERTHAPRAR T daf-2(e1370) RAMRLHRAEFR, H
AT Fdaf-2(e1370) ;hil-1(gk229) ZAME 5 daf-2
(e1370) XA MRFHEL, WiEHMEHEZESR (P>0.05)
(E5A), XVHA hil-1(gk229) 58725 4556 5 o B RLRLAK
#hT daf-2.

NT =PRI hil-1 5 daf~2 FIFEEER daf~16 2
[ EOFE M, B SER 2 E & PCR ISR AE A T4
AETIN2 28 HL, hil-1(gk229) ZRAFRER A daf-16 1A
A NAREIE—ELE (P<0.001, EI5B), H A
mil-1Fletl-1 FRIABEE TE (P<0.05, P<0.001,
5C), XHE/RN hil-1 A REELT daf-16 FEMMZE G dr . £
Tk, MET daf~16 FThil-1 B W R A 2 H daf-16
(mu86) ; hil-1(gk229) , MEERIULE hil-1 GRS, daf-
16 (mu86) ZAFMREL A an it — P45k (P<0.001,
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5D), IXFHA hil-1 58748 SR A 4a A e KT
daf-16, 2% HUFE i SLEe i) EAREEE 7347 R 2.
2.6 hiM{EBRFERENMFZEREESD

NT BE— A E hil-1 W% Ze HE wy BO/E FHERAL
FIFHH 208 7 M RNA 428 B (HLA 2H 24 NR350.
2 5T TU3311. 3R B2 4 4 NR222. 7 i 4 21
VP303), %5 HWRE hil-1 RNA THUE R, #1175
WEE, 45 REKHH, SxtmAMEL, ELRMMEET
HHRNA T4 hil-1 B[RRI f5, LGB &2
(El6A ~B, P>0.05), ififEsREA7EH RNA T3
hil-1 BFRIA G, RAEMIALSE (E6C~D, P<
0.001), 2k arSLge i) BEARKHE T R 2, XLk
25 HLFRH hal-1 Y875 7 a9 4 F BB AL 32 B R AN 7
BH,

iE: A, daf-2(e1370) R (K daf-2(e1370) ; hil-1(gk229) NERB KL RAVEFHLZ, P-0.05; B, FFEBIN2L RN hil-(ghk229) RE

3 e

75 0 BT 2% U2 A L A B F B 2 i SR
RAEIZ — 2, RIEEH TSR A5 R R, hil-1
e B FRZKTEEE B, hil-1 5330
PIH1.0 B FAHEHRE, HLOEREFHEH A
I G RS AT T R A bl B EEEA 2,
H NGRSO FarGIREER . A7 hil-1
25 7&REmIAE. GMARIAHLOER FHE
HZ 5lILEhIR & B iSRS L P, Ry
H1 AZ & dBigH1 /2 R ERHN 5§ rh AR JH T4 (germ line
stem cell, GSC) WTIFTAFE, RIS GSC 57
LA F bam, SELGSCIT RS, FHlE R 27,
fEZ i, AREFFRAI hil-1 SR A SEZINE =

R R

P daf16 FIFRIRE (SN248tE, ""P<0.001); C, BFAERIN2L RN hil-1(gk229) 5835 (R & AP daf16 T BE R mti-1# ct- IR (5 N2
kb, "P<0.05, "'P<0.001); D, daf-16 (mu86)se3{AFN daf-16(mu86) ; hil-1(gk229) WA A LLRIVAETFHIZ, P<0.001,

Note: A, Survival curves of daf-2(e1370) mutant worms and daf-2(e1370); hil-1(gk229) mutant worms , P>0.05; B, Analysis of the expression
levels of daf-16 gene in wild-type N2 worms and hil-1(gk229) mutant worms (Compared with wild-type N2 worms, ""P<0.001); C, Analysis of
the expression levels of daf-16 target genes mt/-1 and ct/-1 in wild-type N2 and hil-1(gk229) mutant worms (compared with wild-type N2
worms “P<0.05,"P<0.001); D, Survival curves of daf-16(mu86) mutant worms and daf-16 (mu86); hil-1(gk229) mutant worms, P<0.001.

ES5 hinFAREKBEDSRESBRIBIEERED

Figure 5 hil-1is not completely dependent on insulin signaling pathway to regulate lifespan of C. elegans

E: A-DOBIRAMA (A). #E (B). £K (C) MAE (D) BRFEMERNATFH (RNAI) ZLRIEIR A RNAFIEKENEFHRE.
NEXRESEBHELERER NN ERREASEEREERED

Note: A-D, Survival curves of worms with tissue-specific knockdown of hil-1in muscle (A), neuron(B), hypodermis(C) and intestine (D),
respectively. Lifespan is shortened only in hypodermis-specific RNA interference (RNAI) or intestine-specific RNAi worms.

El6 hi-{ERFEREMFERIREZRED

Figure 6 hil-1acts in the hypodermis or intestine to regulate lifespan
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®2 HREGHLEHHIES R

Table 2 Analysis of experimental data of lifespan in C.

elegans
LML LRy E Fi9E
C. elegans strains Number Mean lifespan /d

N2 94 22:0.23
hil1(gk229) 95 18+0.67""
Whole body hil-1 OE 101 22+0.22
daf-2(e1370) 101 47+0.46
daf-2(e1370);hil-1(gk229) 97 47+0.57
daf-16(mu86) 98 15+0.24
daf-16(mu86); hil-1(gk229) 82 14+0.26444
N2-14440 85 17+0.23
N2-hil-1 RNAI 95 13£0.60%44
eat-2(ad465)-L4440 91 26+0.41
eat-2(ad465)-hil-1 RNAI 103 26+0.42
NR350-L4440 90 1620.56
NR350-hi-1 RNAi 95 16+0.57
TU3311-L4440 101 13+0.28
TU3311-hik1 RNAI 105 13+0.33
NR222-14440 105 22+0.27
NR222-hil-1 RNAi 91 1720.34%
VP303-L4440 91 18+0.62
VP303-hil-1 RNAI 96 13+0.44P°0°
AMJ345-14440 99 15+0.21
AMJ345-hil-1 RNAI 99 15+0.23%

E: SN2&HMEE, "P<0.05, TP<0.001; 5daf16 (mu86) ZHR
L, 444P<0.001; 5 N2-L4440 & R4BLL, 244P<0.001; 5
NR222-1L4440 £ #8LL, **2P<0.001; 5 VP303-L4440 f8LL, Pbp<
0.001; 5AMJI345-1L4440, “P<0.01.

Note: Compared with wild-type N2 worms, "P<0.05, ~"P<0.001;
Compared with daf16 (mu86) mutant worms, 444pP<0.001;
Compared with N2-L4440 worms, ““%P<0.001; Compared with
NR222-L4440 worms, ***P<0.001; Compared with VP303-L4440
worms, ®°°P<0.001; Compared with AMJ345-14440 worms, “P<0.01.

W, (HRESECEINN AT,

PUEMRN 2R = EME RS ENEES
B 28, AHRFR AIE I PN A2 AT A . BB SE e R
PHSEEG A IR, hil-1 BRAR S 2 O AR ST E A T
TR 52 A6 F N B, (EXT 2B 4 B 4R RO it 52 B8 1 TG B2
FEARMF LI, hil-1 BSRREK T mil-1F crl-1 5
Al mRNA ZKSEIFRIR . DUERRRER, mi-1Zis <)
mEA A DIE R &R Hd P EREET, mil-11£
RERAAAE A SA B -1 gafidid AL ERE, AT DAFS
Bhek IR A AR B, XU SRR S S AR 7T
hil—1(gk229 ) SAFRX R T IFN A AL R I BTN 52 RE 1 R
RAOEE A —2 . RIHEN, hil-1(gh229) SRAZRZE H
A a4 il AE 2 B T B R R ST A T BT A2 RE
TIRRFT S8

EARFRDME, REREIEEE RS, EKEm
BRAERNFEZ —. MNEHGHTHESMES &, HEaH
A DUEK: 50% DL B B, s 2R R A b L ik b B
JG, HIL-1AYRIEKSE i U, AREFFTERL, TERE
PRI, 8 RNA TR hil-1 381K, *FZRH
FHin o mEME . CAMRENE, HLXEZ RIS
KRR K, H1.X B RNA F-H S:30HEER
K 2, SEE N hil-1 15 0] REE I B2 A ER AL A
)& B PR 28 RS %, ki s R B BRI E S
T2 R

BYN, REBRE S SEEOKCEEAR LD, A
M FARIR S R G5 ES B AR E I hil-1 Hk
2% R4 56 75 i B USAR TR T daf-2, hil-1 BRSFRIK T
daf-16 JZRIE . B Xk daf—16 X 2% & ay At 125
FEEATE P, ARG BL hil-1 X 28 R 5 d
szt 32 Bk B H R AN E B, ERR
hil-1 5 2% R4 6 75 o RN AT BB daf~16 FIZ 5
ERARFFRIERI, daf~16(mu86) ; hil-1(gh229) 5
ARRER R dp it — 2040, UiRA hil-1 TR SE 2K
[RB RGBT &R R A,

eah, EETRRRE, RE RGBSR T A]
DI 2 HE A0S0, Fla, R R A DL s &
8 2 S6 IS (5 S amig B, JH X — i A AT DARH
WK &R H T SRR B dGER 7 [N SR/
PREZFEERET L ESEE iR EENRE GG
(% S TR - skn— 1 RIS HIHT IR & IR 5 [RE AR R 5
e B JRIL, ZEE M hil-1 X R A
A[REW I 2 (5 S imes . TREH— PR,

LE LR, AERSSIER T hil-1 B IGE, W)
R T hil-1 AR GG T, IR REE
HURIERAE T SEAG BRI AR

[EZ{CI2 7= HH Medical Ethics Statement]
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in China related to experimental animals.
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MBI, iR, BeR, RIEAEY
(1. fEs8 KRR, B538 226001, 2. @ K5 90430 # .0, f538 226001)

[HE] BN ZRRHUISEKRKBEBEHRAESIED MicalRaBBWEAER, URZEENHIGEMNELEHEIN,.
BiE FERTg (fli:GFP) REFNEZE (AKX CEARCIE) MBERMEE (AB), XRBERREMRER
BAENERHRBAREBM BRI MicalRaBRREKFE., BEESMEFBMRE X EZEERTE MicalladR,
HRAZLMRHNEEPCREACNZERNEHMIERBEAEEEME MRNARIZAKFE . REMAERESHAR
BAR, MBHDF MicalRaBR T EENSENMERET K. £R ZHE24h (24 hours post-fertilization,
24 hpf). 36 hpfiN48 hpf (UBI D& RHARRBARORK. (OB, MERFKFIE MicalRaBEEE X, BECTSBMR L E
BEBRE MicalRaZ R A mRNAKEIZN, MHENISEKBNNELAS, SHHMIETENELSHG. it
MicalRaBER TR AT AT LNHNIEMENAS. :

[X#id] MicalRaBR; FEMF3%; KiskE; NERS; M3&; MEXRHBEERRE
[FREZES] R-332; Q95-33 [MHkiREBIA [XEHS]1674-5817(2023)03-0282-06

Downregulation of MicalRa Gene Expression Inhibited Vascular
Development in Zebrafish

YANG Jinxian'?, WANG Shujuan’, ZHAI Jinyun', ZHU Shunxing'?
(1. Xinglin College of Nantong University, Nantong 226001, China; 2. Laboratory Animal Center of Nantong
University, Nantong 226001, China)

Correspondence to: ZHU Shunxing (ORCID: 0000-0001-8011-4099), E-mail: zsx@ntu.edu.cn

[ABSTRACT] Objective To explore the expression pattern of Micall2a gene during the early development
of zebrafish embryos and the effect of this gene on zebrafish vascular development. Methods Whole
embryo in situ hybridization was used to detect MicallRa expression levels at different stages of early
embryo development of Tg (fli: GFP) transgenic (labeled with green fluorescent protein) and wild type
zebrafish (AB). Micall2a gene expression was downregulated by microinjection of a morpholine antisense
oligonucleotide, and real-time fluorescent quantitative PCR was used to detect mRNA expression of the
gene at different developmental stages of zebrafish embryos. Laser confocal microscopy was used to
observe and analyze vascular phenotypic changes in zebrafish after the downregulation of Micall2a.
Results Micall2a was expressed in the brain, heart, and vascular system of zebrafish embryos at the
24th, 36th, and 48th hours post fertilization. The mRNA level of Micall2a increased after microinjection
of morpholine antisense oligonucleotides, inhibiting vascular development in zebrafish embryos,
resulting in internode angiogenesis defects in zebrafish. Conclusion Downregulation of Micall2a
expression inhibits the development of blood vessels in zebrafish.

[Key words] Micall2a gene; In situ hybridization; Vascular development; Embryonic development;

Zebrafish; Vascular dependent diseases

Mical (molecule interacting with CasL) B—RK4ji HREE R (=31 2S5 NIE, AREC AN DA
JRIN 2 G538 AR SF SRR, SAAEZEs [ S/ (Danio rerio) RNZIAR] 8 N Mical FIEFRIJRER, F
23, AMERNER. EaNE, DIEAMER HARZEHIE DA Mical RIGERIEHE R ZAINLA R

[BE2HE]  IHE S FRAARFEMRME EE “LncRNA SLC25A34-ASTEEH B & 532 Bk 9 L AN EI T 5T 7 (20KUB310028) ; Bad@ i fHiL
ITRITE “F A D & EEAR miR-22a FENEF £ S @A Hl" (JC2020104) ; BB AZ B HRZRAZECIF eI LI Zit R INE
“MicalRa EEEAENZEFIBNE LB " (201813993021x!)
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GirhFGA Y, Micall2a ZAEBE S TR 54
R — 0, (HEAEPE D fL O S & B R R
TER M AR S . HAT, Mical KIEHIRERFIE
TEEPETBHESIMAG . iR H A LR B HESIPIRY
RO FRAN R, EREX T AR B R EERY)
BEATAATERE 7

OIME ZR S EIRGR B H R FIE S TELhRE
MARBREZ—. HRSEOIEEE RS N ILD
g (1) 5 FT2HKES5h (5 hours post-
fertilization, 5 hpf), HIAZBTSMIUAR H B E # Hi &
M (2) 15 hptZefs, CERTRARAEIA ARG Hh 2l
BRULHE, ARG RRTEME &R OE; (3) 422
hpf, (CNBEFFOAHIBIHAE; (4) 28 hpf 245, /LS AL
ZIUEG (5) 48 hpffidy, HRAEFEAR, Lops LS AlYE
IR RIS A s —FE, B 0 i R A
WSRIETHIRE, 14~ 16 hpfiBBERKTHZ&HAL,
TERIME R 205, M AN 53 LT s & 20 i AN
EMAN, M — 2 O R s . &
EFBIFTE LRk, 224 hpf FF 4R H IR ILRAE A 7
HTRSEENEXFWHAGHEENS, BTy (i
GFP) %55 [RI B By 1 i I A s A s a1 e R
frid, ARSI EOC R EEMSR S AN E R T
TH, He R AR AR s s 1,

AR ME A B2 EHHR LT SLE R,
i LA BRI R P I — B 51 I AR BRI s v, %
P IS AR BOR FEOBEE R o 1970 SE4R4]) Folkman £2
e A= AR T I T B 1Y, IR R AT
WERA IR M AR R S R AR RN TR 2
DIRHOG, BEmHEsh 7 e I A2 By s B 2 A2
RIS F R R DR S Tg (fli : GFP) FIEFARIDE S,
fi (AB) WIFFRNR, RASMIGFEAILZEAR, &
W Micall2a B RLEDE S (IR BN R & B B Be AU ERIA
B, JF o TR TE B MR R OHE R
(morpholinoantisense oligos, Mo) V£ T8 Micall2a 3:H
Rk, WRZERER S EIEIRMNE & TR FRE
A, IRRINE & BRI RELGkE, 2
N MEHIAERHIURTG T TR AR B o

1 ¥HEREE

11 sEREHY

ARSI HE ) T (fli:GFP) FRH: R B f AT
AR f (AB) U2 5k B il R LI S 0
[SCXK (F5%) 2019-0001], & Fbrie BB o 1 F75H 2

gt (AR ZAERMARAR M) H#TEFE, A%
EMHDAERFRZ. BIKRZEFEIREF T IE
225 [SYXK (7R) 2020-0029], ¥ hfh FEhE KR ™4%
EHlfE 285 C, HELDER/ER 14 h (81 00—22:
00) /10h (22 : 00—08 : 00), 30 H & I BT = £ [ L
R EFE R, RFRMAR T RS [12] #
7, MBS S~ N E XS Z BN . 311
SEIR 7T RE P K SL S0 PR R s o B o
(45 S20210911-1001) , Fif LA/ EFL IR g 1A K 7
SEAR AN R R E R T o
1.2 sEEIKF

FEREE — ZBE (diethyl pyrocarbonate, DEPC) A
ETAEPTRE (RE) BRBERAFE &R (585
B501005) o #th ¢ i i R AL 24 2 R %F (Anti-Dig—
AP, $8511093274910) FI%E HES K HZEE Roche AF]
e BRREME AL B BAEMEARBIRAE 5 (57
5162135). & RPM (555 A9518) . F7ER (FR5
C2404) FIEZEERNA (£S5 R362920) H93E[E Sigma 24
A7 e 10X EREL S AR B 2R K (10xPBS) MALE
ZAMRHEEIRAF =i (575 21235297) 0 20xEE 1R
12 18 89 (saline sodium citrate, SSC) N E
Invitrogen NEIFEE (185 AM9770) » DNA Marker. #8
B IR G a5 (85 GR501-01). PCRY Y =R H
Jiff 2xphanta Flash Master Mix (£%5 P520-01). /& R
T G4k k E & PCR A& i 71 & ChamQ SYBR qPCR
Master Mix (£85 Q341-02) F1%6 = (ULt e & &
PCR TR & (HiScript M RT SuperMix for gPCR, ve
R323-01) Jrgnii MR AEMIRE IR A BR A E] P2 i
FmERZ (75 R21111-500 mL) J9_E iR H-AE R
HIRAF . IFE (585 542858) NALEH R AR
FERATE =M. kR (£35 M0375) JNZEE Sigma
N, SP6 RNARGHG (175 P1085) NEEE
(b)) EFARGRAF i TRIzol A& (F25
10296010) A ZEE Invitrogen A E] = fo Tween—20 AL,
HEEERARAA & (1745 822L0410) . BM-
purple-AP (55 11442074001) HNEE L Roche A F] 7=
o £ Micall2a 31K [ L RNA $R%E () PCR 5141 Hi R
Rl EYRR RN ERAT &K, LTS F
HIA 5" ~-GATTTGAAGAGACGCCGCAT-3'F15'~ACCAT-
ATCCTCCGCATCCAG-3',
1.3 AR

SOXE3 BE72E LT : FREXNaCl 14.6 g KC1 0.65 g\
CaCl, 1.81 g. MgSO, &1k 4.05 g, fIA ddH,0 7855 7R



284 LIS S L E S Laboratory Animal and Comparative Medicine

Jun. 2023, 43(3)

JG, EEZ1L, A0.22 pm JERETIE, IXE3ESFRRAD
il: BE20 mL A 50xE3 B5FRIAT 10 mL AL FREEEE, 0
Fl1oL#aiKF, RTES. 0.003% A i fik
(phenylthiourea, PTU) BZzeugiicd] . FRENO0.3 g PTU ¥
K, FIXE3 BT EM, YMIN10 mL AT H AL
ANE| 10 L&k, FREEL] MS-222 fid il : FREX2 g
MS-222 ¥ oK, 300 mL B4l /KIS AR, ARG ER
% 500 mL, FF 1 mol/L Tris—HC1 &5 pH 2 7.0, 1x
PBST IAVE L] . % 5 mL 10xPBS 1% 45 mL DEPC 7K
HF, FFAN50 pL Tween—20, FRZYSRMRACH] : UREN 25 mL
B B . 12.5 mL 20xSSC. 460 pL#7E (1 mol/L,
pH 6.0) F150 wL Tween—20, A DEPC ZKAN2E 50 mLo
ZeRZ MR B . B 25 mL HBEAZ . 12.5 mL 20xSSC.
460 pLAFHE R (1 mol/L, pH 6.0). 250 pLf#EF RNA
(20 mg/mL) « 50 pL fF Z 4 (50 mg/mL) F1 50 pL
Tween—20, A DEPC ZK#N% 50 mL. 4% % 5% HH ]
TERACH]: FREN4 g ZRFER R, FH IXPBS 4315 iR
&, ERZE 100 mL,
14 HMES&EZEE

SZRE TSR BT — R, R A= R B o
P 1 2mFR Al (R PR ) . IRHE
JREEAT IR AR, FREEREZEIN. K2R
AR BHERGRS 7R (1xE3) o, B T28.5 ‘ClHIE
BEFRM RS 7REAL, 24 hpf FFEA1E H 0.003% PTU 1A¥R
ReFE, DARG IR R EE AR, 53 5I7E 24 hpf. 36 hpf
48 hpf, FHL20 ZBED ARG, JCH 4% 25 FEATR
FEEMH FEE2 h, 2RfEHE Tween—20 A 1XPBST
TEVE, HEEOK, —20 CiEfE.
1.5 ZRRRFEMFTERT MicalRaBERIX

HU—20 CigfFIIRFEAZEMBE (24, 367148 hpf)
HIEFAERIBE L ARG, & 105%, IXPBSTIATRIETEE
B KEMN, = N RERRARE LB BRI %S
G K BN AL ] - 24 36 F148 hpf FRRA 7 A4 [A]
3R 2. 5H110 mine ANATIZEERMK, F70 ‘CAKIAH
HATTZRR 4 hPAE, RGN Micall2a BETRI Y e
RNA#&%F (1 ng/pl), 70 CKIBREM R4S K . fif
FH 2 Tween—20 8 0.2xSSC iAW e S . T anti-Dig-
APIREMIFE 4 CibrR, SRJS{HFH PBSTVAWEE, A
BM-Purple—AP VA48 37 ‘CHEG A, HFF1 h FIEER
HNIEMEE (Motic, SMZ168) NMZEEREMAER, 4
HEREEHEHAEIHEE S, HNIMT G 10
min/2 RZ 1L BL, F PBSTAEWRGERR . F 70% L B2
WA, IAHT, R ALE SIS, ICRRN.

DI R I A g 1
1.6 RREHIBMRXEREETE MicalRa®
ExRix

1 Genetools 2 F] & Al BE 7 7 MEHI ] Micall2a 5
DRI B % A TR (morpholino, Mo) & SCEMZFRR s
Micall2a-Mo Jz 3 #% & R J& %1 N 5'-GCGCTTT-
AATAGCCGCCATTCTCTC-3, ¥ 3 ng Micall2a~Mo &
TS 2 1 JH A AR Te (Ml GFP) FERIRBE S iR

G, MBS Micall2a REREZ ;X FRAL T ARE 5 [A] % 44

TR 1XPBS . B S AHMAIRE T 285 CHEMF T AR
24 hpf #1148 hpf, SAGEHZE4S MRRG, SRR
S 7E & PCRIEKI Micall2a FATE N . R & TR
777 24 hpf #1150 hpf, AREEHSEI0 DRG, A
WO R B G R AN E KB B,
1.7 SERFSREYESE PCRIEN MicalRaEE &k

LB 24 hpf #1148 hpf & B BB Micall2a BEREZHFT
TR DE S AR 7 15 45, FREUS RNA J e s Bk
cDNA, 5FXTNZELE YEF1a F Micall2a BRI E &
PCR 5[ ¥ : Micall2a B5 R 89 IE [0 5 9 7 %1] 9 5'-
GTGCGCTCATCCACAAGTTC-3', RIASIHIFEHIH 5 -
GGAGCGGCCATGGAAGTAAT-3"; YEF1a E:K A E 7]
5[¥F51 8 5 -TGATCTACAAATGCGGTGGA-3', ]
315518 5'~-CAATGGTGATACCACGCTCA-3', PCR
RINARZAIFE: 2xChamQ SYBR qPCR Master Mix 10 L,
F. RS04 pl, cDNA 200 ngiR5], HEMA
ddH0 R RN T 20 pLo SERTEE PCRFEF: 95 CTR
A5 [ 10 min; 95 ‘CAEME15 s, 59 “CIRA/GEMH 1 min,
2R ETER 401K . ISfRIIZRFE: 95 °C15s, 60 C
155, 95°C 155, RNETRGHIIANZ N E & PCR Y
HhZRFIA MR ZE, 17 PCR @ BN HIEFR T £
HE43HT Micall2a BEEIZEIA K
1.8 HAHREEMKEMNBOELRS

B 7 BA SRS 1Y Micall2a B A A% B 4H 24 hpt A1
50 hpf BESh F IR AR 7% 10 4%, FH BRI 25 MS-222 JRR i
JG . FH0.7% 8N s B IE b [ g 1) e A1 A 35 5 I
o FFEHE Nikon AR HD25 0 H R A B A BT W22 pE
gaEaTRMERNLEER: EERHAE T, AlEs
BeEH  MABOEERAET M 20 5 L&, I
HTEIGEHE,
1.9 HitHth

BSLUGEEE 3R, #F GraphPad Prism {417
Gt . MAMZEF TN R k5%, PLP<0.05
NESEEZT R L
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) zm . Micall2a B R ¥ H KK (B 1). {E 36 hpf B
- FR) BXE =5 £ I A ARG H ] AE RE R T B PR R A A
21 Micall2ZaBREEM D EEIEPERIX B nHEHLYKDE KT H 48 hpf I BE .
SIRPRIR NI 23S A5 R T R, 7E 24, 36 F1148 hpf ) Micall2a 55 PR 175 DE 55 81 (00 I AR &8 3R 15 (5 = 5
MDA MT Eslk. FEEKULTRMLE  ~NHEE.

i A~CoORIAZHEE24. 36F 0148 he ISVATEME, PCVAEGEEEK, DARNE £k, BriakKik, He AU (LIBELIERNUE).
Note: A-C, Micall2a expression levels at the 24th, 36th, and 48th hours post fertilization in the zebrafish. ISV, intersegmental vessel; DA,
dorsal aorta; PCV, posterior cardinal vein; Br, brain; He, heart. Red arrow indicates the location.

El1 MicalRaEREEB D& IR M E RFEHAIFRIX

Figure 1 Expression of the Micall2a gene in the vascular system of zebrafish embryos

2.2 MicalRaBEFRETRHSHMIEKBME AEREEHIINAVEIME, Hod84.29% g4 K E i
ABTRME LR ; 7650 hpf (RZ)E 48 hpf BE S 715 6] 8 &

¥ Micall2a—Mo {3 5 2] 1 20 i s 340 ) 5 B A B BEa), A125.71% M5 EIME ERKEETN Y
1 Tg (fli: GFP) FRRGH, 45 BIK% 7 & 24 hpf #1150 B, B, T MicdRe ERERXGEHERS
hpf, FAROEHERE MR GREARME B S 250 hpf, Micall2a B DE S BRI E30IKE
PRGBS RIMAE S, SRWE 2R, Micall2a®, — FESXTAMEZHN, JHAEKTT W22 HEZ
FELH BT 1 IRBR1E 24 hpf, A 4] 2.86% HY 71 [H] 1L M (F&2) 0

FARNEMTEBMENERER TRAEERMD & Tg(fli: GFP) MicalRaEBE (MicalRa-MofB) it sTHHEAKIRPBSHERN D&
(Control ), HIFEFESZHEF24h (24hpf) F50h (50 hpf), HSEEEABEMERSHEALREEMENGER; SNHEMEO
ME (DLAV) HABXEERR, KENDRAHEERELERT. BASENSERBFTEME (ISV) £KNHRE S (ABINEEKEY
MhamenNng, BerZFINREE, EERRXERRE, SeRNRET). BE10MEE, B8MRIB&EIT71ISV.

Note : (A) Laser confocal microscope image of internode vascular morphology in zebrafish embryos with microinjection of morpholine
antisense oligonucleotide knockdown of the expression of MicallRa in Tg (fli:GFP) transgenic lines (Micall2a-Mo group) and injection of the
same volume of PBS in transgenic zebrafish (control group) cultured to 24 and 50 hpf. The dorsal longitudinal anastomosis vessel (DLAV) is
indicated by a solid red line and the horizontal septum by a yellow dashed line. (B) Phenotypic proportion of internodal vascular (ISV) growth
in zebrafish embryos (red indicates blood vessel growth to the dorsal longitudinal anastomotic blood vessel, orange indicates growth
through the myseptum, yellow indicates growth to the transverse myodiam, and green indicates submyspheric growth). 10 embryos per
group and 7 ISVs per embryo were counted.

B2 T MicalRaBRFREF 24 50 hpf B EREIEFHEANENRERER

Figure 2 Morphology of zebrafish embryos larval internodal vascular after the knock-down of Micall2agene at 24 and 50 hpf
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2.3 MicalRaEE TifEE mRNAKFIZEM

N T RFE Micall2a FERIRFERA R SN2
7E & PCR B 77 1AL Micall2a mRNA #5528 K5, £5 5
ZRHA ;. T£ 24 hpf, Micall2a—Mo 7 5T f5 Micall2a mRNA
K #E s T XA (P=0.000 5) ; fE 48 hpf,
Micall2a—Mo 13-4 f5 Micall2a mRNA 7K i 3% =5 %o f8
4 (P=0.001 7) (&3). 524 hpf L#, 48 hpf [
Micall2a—Mo ZH mRNA 7K {5 3 /=5 T 24 hpf ] Micall2a~
Mo 4 (P=0.0013),

E: MicalRa-MoHARHIERBMR X ERZER TAXERKRS &
Tg(fli: GFP) A MicalRa E R HIZEFEZHE 24 h (24 hpf) F150
hpf; XFBRANESHERARPBSHEERNRDE., SHBALLE,
“P<0.01, **P<0.001; 524 hpfttk, **P<0.01. BHISPKH,
IRWES 3R
Note: The Micall2a-Mo group was microinjected with morpholine
antisense oligonucleotide and the expression of Micall2a in Tg (fli:
GFP) transgenic lines and cultured to 24 and 50 hpf. The control
group was injected with an equal volume of PBS. Compared
with the control group, *P<0.01, **P<0.001. Compared with 24
hpf, **P<0.01. The experiment was repeated three times for each
group of 15 embryos.
3 SERYSRHEREE PCR A MTiE S Micall2a-Mo [E Bt S & R BA
A MicalRa B R FTXZTk
Figure 3 Real-time PCR analysis of Micall2a gene
expression changes in zebrafish embryos after
injection of Micall2a-Mo

3 g

MR B 3 i B o ¥ oa PEAS SR, H AT A IR,
A 8 Mical RIGEA, 15 Mical2, Mical3 1
Micall2 IS EATTHRR 55 RIAITEEE A . e, SR
o Mical N EBERIA THAERZGMIIAHLL, R
S, WVZZHSR A AR S, 3 FELsh
YIRIIRRG &, BRI T 230 8 Mical TSR

AR, JEHENFEATHERS 7, MfE R
FLANHLRA T, Mical FKIGER EEFRIA TN, BH6.
TN SN = N 7S INRRTIRY N 7] 7N SN =S AR Y S
20 B AN R S A A 1. Xue U BFRAE R B R,
MicalRa T AT SAEME ., ARGFFHEN Ze8 4551 [H]
FEAESE, Micall2a BERIFRIATDE S ARG HA R I 2
gi, W5 OERARE, FERRRIGHEI LA
A ) 73 A

A 4 B B I 2 B A SN P (A PA D Jo58  f) BAl
BHESIYI I E & B AT LA AW BB IS R4
(vasculogenesis) FIIME#H 4 (angiogenesis) o2t A
R A e, R AR I 73 U 2 A IR
BESNRANEL, i SEIELEER. mERK
WA KRR R EE R, S
ARG RIIEN, B T ARG R M E RN R
SR, RIS IS PN B AU R e = RO i
MG ELNBE S0 Tg (fli: GFP) '), ¥Rt Micall2a 5
EIFEMR RIS & B HIZheEE . 7RI Micall2a FE A
RIKG, A 24 hpf FBE S AES 7375 8] M A e
KEEHARAYEINE, FELRTEH (50 hpffF),
I AR TS TH) 32 Z B 520 o [ S A 578 5k FH SR 22
J6E & PCR 2 ARG M B Micall2a BRI, R EIAE
A Micall2a—Mo BIBE S E ARG H Micall2a FE R FRIK =
TXPHEEH, X AlEE 2 BT Micall2a—Mo SEZEE R AN
FIRZ R, MW~ EREER, BREZH
RNA Bt AR =, AR [G 8- — IR AR
AL o

LR bRk, (EPE S ARG & B IR T Micall2a 1
HeE Mg &k E, HhkifarilsafE—
BT ARBFEEE RN I — PR Micall2a 5 K )1
PR I A A A F A T ER AR AR

[EZ{CI2 7= Medical Ethics Statement]

KRR ROFABY LR S REMBRAFIRNCE
ZRETEAE (H5S20210911-1001), A SLIRIRIENIZ
RBREBAFZLLHY P ORERERERT, ERPEIE
IEYLEPSERESFSIES -3

All animal experiments involved in this study have been
reviewed and approved by the Experimental Animal Ethics
Committee of Nantong University (Approval Letter No.
S20210911-1001). All experimental operations are carried
out in accordance with the standard operating procedures
of the Laboratory Animal Center of Nantong University and
in accordance with the relevant laws, regulations and
regulations of Chinese laboratory animals.
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Model Animals and Animal Models

iz BE Al R S P BRI 58t g S

WL 0RO RER Y, B, &P, AW, RS, sk
(1L T ARFEINF R ALYz 0, EY 518055, 2. FEL AR FNA 2 ERELTBLE, K
518055; 3. ML A8 AR S R, k1L 528200)

[WE] WESHEE (neuroblastoma, NB) B/ILERERNIAETMEME, BRE/IEMBRBESENMG, &
JLEMBRT AN 1%, SREEFEEXRM[. B FNBRABRAYAFIEIMZE D, NBEIEETT A%
ENBREHHE, R2ARMPBIMATNBNEETE, AMERE MBI LEMARNBRIFIBST. AX
NBTHEARBRESN/LHNBMER (NEER., BREEREEELNNIEER), FXSMHNBHYER
M. WREEE. . ARESRARHEMTFHEAR, ANSINBINASERBISHTHIE, LAEHNB
YR EFNB AT SR B IS KR

[X§iE) wEBHRE; DYWER,; MEB; BREGEREE; 38

[FE5£S] R-332; Q95-33 [XHkinEMBIA [XEHS]1674-5817(2023)03-0288-09

Advances and Applications in Animal Models of Neuroblastoma

TAN Zhigang'?, LIU Jinxin'?, ZHENG Chuya'?, LIAO Wenfeng"?, FENG Luping'?, PENG Hongli'? YAN Xiu?,
ZHUO Zhenjian'?

(1. Laboratory Animal Center, Peking University Shenzhen Graduate School, Shenzhen 518055, China; 2. State
Key Laboratory of Chemical Oncogenomics, Shenzhen 518055, China; 3. Foshan University, Foshan 528200,
China)

Correspondence to: ZHUO Zhenjian (ORCID: 0000-0003-0142-4086), E-mail: zhenjianzhuo@163.com

[ABSTRACT] Neuroblastoma (NB) is one of the most common malignant solid tumors in children, ranks
fourth in the incidence of pediatric tumors, and accounts for 15% of pediatric tumor deaths in children in
China. Despite the development of new treatment options, the prognosis for high-risk patients is still poor.
An animal model that can replicate the tumorigenesis of NB is an important tool for the prevention and
treatment of NB. However, there are currently no animal models that can simulate all features of human
NB. To provide a reference for the construction of animal models and treatment of NB, this article
introduced several animal models of NB that have been extensively researched: the mouse, chick embryo
chorioallantoic membrane, and zebrafish models. At the same time, it elaborated on the species,
construction methods, characteristics, advantages and disadvantages, and research progress in NB.

[Key words] Neuroblastoma; Animal model; Mice; Chick embryo chorioallantoic-membrane; Zebrafish

FZELAAIRE (neuroblastoma, NB) j2—7#)[ 7
RIEME RGN, 2 LERE WRSAR, St
TR A LEMR 15%, W0 THEL, F3
EREfRE . SR, BRI XETIRE Y, £
B, PaENBEEREFANMTREEAZER, 5

[BEEWEH] EREARZFEENE " EETRIEE ALKBHS EEFRIX

BEETTHIR, MimfaEamuys. %Gy, T4
MR, BRETIEELAARTR, SEEFRMRTE]
50%, ELAE KRR P, e, MAERREIRITIIR
B, BRTHEZME (autologous stem cell transplant,
ASCT) BRAHICD2 HUAIBT mfENB &G, AfFR

e 46 42 B 4 IR YRR E RS 1R R A E AL BB R (82002636) 5 iR YNl TH B 74

NEEEME N - RERHEHERSHESMIB™mIEE S BOTEIHR" (JCYJ20220531093213030)
[E—1EE] 1BERI(1989—), B, M+, EEIH, FENELRDMBHEEE . TRDMEFBMHFRE. E-mail: 18819267200@163.com
[BEFE] SRE(1990—), B . B8L BHRR, TENFMHEREEEE LRNMEE B EIHFR. E-mail: zhenjianzhuo@163.com,

ORCID: 0000-0003-0142-4086
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AN 70% o SRT,  HETAMIXS NB B0 K& H 25
TRHLEINZ &, BY)REEHEITIRAM ST, DU
G NB HUA AN, R iR 25 RO A S AR
B

FERFFENB BURHLHIE RS, SRR BA
BHEEM. mTsiesh. BiEw kB EE
RS, BMOEIZGIE T IR PRAT NB sh#) 58 i 52
NB AL S R P25 R, BRI HlE &L
HIZY7 75 SRUATRBIAN B AT NB I AE . ZRSON B
HHINB SR U R RHIE R LBk T 2R R
DU NB BRI 7R S5 Ik .

1 NB@I{iEs

NB ZhIHERLU 2658 A NB b E . KR, &
BS5EEEHREREAMR. 125 B NB L3117
TR 2 A /N R | YIRS B fR B AR FIBE
o,

1.1 MRIER

TR SHEM . RIEM 5. B T S5,
INERREIAENB S R A R . B V2R T NB Y
KIRNUEI R SHET %, BB AR A AN
DR T/ N
111 MR ERERE

/NSRRI A AT LA IR B A KRR, =2
HETAE NB RUE B FEE, EFRfM%EEFE. BEY
MBESMERE, DUMEE S5 ARERIFERN —2
Mo RUE RN R A B, R TR0
EEve, EERTEE. MBI F A I

F1 ERAINB M FE R KRR IGRBISLIE MR EER

FERE, FRAREHEZT NSRRI,
5R i,

1975 4, Lawrence ' A NB Ziffl (SK-N-SH 5
SK-N-MC Zifif1) B TH/NRBE T, EIREIIE
NB Rz N misal 4, ths i em s, BoEsg
., ESEZER . 1979, Bogden 2 ) IR
SN T NB B EAE N R AR AR NS, i e
E ETEIEGFFEAT (National Cancer Institute, NCI) 41
NIRRT YN EE A —,. HfG,. Khanna
% ORI, AR b RASE RS R A T B R e NB 4
iz (SK-N-ASFISMS-KCNR), AJ5[{& NB JFE AR
Ko MR ETES LIREEIH, MERAE
ERRRZ R, SRR R R E S A . T A B
HIOZEE, HEOATARE EREFUN, ENFE
HELIIE K] o Rowe % 7 Sz iR ME AT OAL, #R e TiE
OPRBHERE, TRRIR T RoRESR, TESHARAAT =K 100 wl
(1x10°/~2 i), tHEE Flickinger % (8] 5 Khanna 2 [©)
FERSZIS TG 10 Wl (5x10°NHHE) FI50 wl. CREEM
YHMIEL) PHEWIZ . B5RIIESE, [BTRIGE B G Hh AR
NIEPER IR AL ZRHE, & —FiaE nl 5209 NB R A7
AR ) iz Do) 3@t 43 il SCID-Beige /N FREZ
AN R R RS B T ST 50 wL SK-N-BE2
(BE2) ZHAfL, ARMIEESL T AR HEREN S
BRIEADRRBAL, 25 RE RS LR R R
AR AR S R, RIS BERF & IR NB A KA E . It
A s B = NG N s DN [ NE M ol iR B E
&, AR 1,

B 7S AR A R R A 2N = /e NB A

EAMT I

Table 1 Frequently used preclinical laboratory mouse models derived from NB cell lines

EVTIEN UNEERER MYCNE RIS ALKERH R PS3BEFERE  SENM

Cellline Mouse stain MYCN status ALK mutation P53 mutation  Reference
KELLY BALB/c-nude /& g et e tit) (1
CHP-212 NSG /MR g et FFER [12]
SKNAS BALB/c-nude /NE, e 18 5 dasit) H168R [13]
SH-SY-5Y FoxnTnu/Nju /N, ICR /NS .BALB/c-nude /NE§, ey 18 F1174L 4R [14-16]
IMR-32 NSG /N, g o et o de i) [17]
IMR-05 SHC/NE, g [oda i) e it [18]
LA-N-5 BALB/c-nude /& g R1275Q [ota il [19]
NB-1 BALB/c-nude /N, i BT IS FFER [20-21]
SK-N-BE(2) SCID-Beige /&, g 4R C135F [10]
SK-N-BE(2)-C BALB/c- nude /\§&, . Foxn1nu/Nju /N g Fra Ay C135F m, 22
CHP-134 NOD-SCID /N, 18 o de i) et [23]
SK-N-DZ BALB/c-nude /\E& g [oda it R110L [24]
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JR B Jfd 5 A0 B2 A (patient derived tumor xenograft,
PDX) #5AY, 455G REEAE NB &2 A& B A g 2 4
SR PDX R B Th R i v, 1o R AE FL R N Ek AL
RSB, X fE PDX AL A R [A 2R
FEARFAE T ), Byme % 0 i@ 2O KB HRIC
() NB A AR BRI RI A g Y
AR BEFERRIENR &R NRANB R R R,
MRRRME T EE TR, A SR P R T — R
RUAG S RSN NB SR, Ef s NB AL, @[
C57BL/6J /N B M 5 77 1R 5 2x10° /N B NB 41 g
9464D, FRINEENL T HARAE NB iR, Hor, JNER
NB i1 9464D ZFEELRAHML AR . SRIFT C57BL/6 15 =
() Th-MYCN R EER/INR (BB MLRE) SR, =
AERFREMYCN B E R, &8 AEMYCNHBER,
M S B2 5 31 3RIBIMEME MYCN, 1458 B
P, GIOPREPE, [FIN A 1E SRR T RE IE 5 sh i
NS, Al AR H LR R AR R TE L, N
(¥ HF e I 2R R B AR ) A RN A SR 22 = R 4 T Sk
ELhr, RN G B TR R TR T T R T
HFB
112 EEIE/NEER
1.1.2.1  MYCNH 38 2k A T /) B

1997 £, Weiss % 2 FN7 7 4FXF NB 95 — 5
Rl T/ NSRS BT Th-MYCN /NEEBEAL, X 2 NBAF
FAR R 12 BREFEME R TAR/ NS, 4l
B THIMYCN FEEER/NR AT B R TERUNB, B A AR
ZON IR NB B9 40 554 F 20, 78 129X 1/Sv) HH 7 5
N, 457 Th-MYCN /NG AR B R BRI,
4~TJ, WIEYMNE EFET BSOS d B0,

ERIAZEOE-B-FME (dopamine beta—
hydroxylase, dph) ZHHLH, F Cre & {4 15 5 7] #4
MYCN 4 B B BL A T2 /N FRAE S (LSL-MYCN; dBh-

*2 ERMNBEREIRE/NRER

Table 2 The common genetically engineered mouse models

iCre /NFR) BV I RAL SO T2 A T RN L iR aE
i, BRI Th-M Y CN /N B Bk, L[]
B (F¥I80 d), AR H BRI i H A s il 2 BN
AR R
1.1.2.2 ALK RAZAFHE PR AR/ R Y

7RI ALK & — 5 5805 M NB AHIC AU SZ AR 2
BRI, 2 850N NB i (il e DRI Z] ALK B[R
WIERAE, ENBH R AR ER ), ALK R3S
BRI T /N RS B B A R LR 5848 - ALK
(5 43%) 5 ALK™* (530%) ), dBh-iCre; CAG-
LSL-ALK"""/NER A Th-IRES—Cre ; CAG-LSL-ALK"7"
A3 BI7E dBh 5 Th FHEMIZ B H 2 3RIA ALK 5342
i, FEAEMRT 50% SMEHEKINB, Pivid A KRB HESS 1
G R, S/ N e TR DY, 4
dBh-iCre; CAG-LSL-ALK"'7*"/\Ei 5 Th-MYCN /N5
Ze i, FARUNRBI R A R T E , BREE
FHEE P B — Fl ALK™ N R R (H Th-
ALK™'™Y) RE KRR P, Z4H 5 Th-MYCN /N R 24
i, AR E RS MR = T Th-MYCN/NSAEEL,
PR A R RO N, VBRI EE G B, AR, 7E 129
B6 G == N, ALK™ PO /NS S Th-MYCN /)N
MR, FAVNRBIMREESNE, R =R
EBRG [ & A B
1.1.2.3  LIN28B 3K/ fR AR A

RNA 454 25 H LIN28B 12 let—7 siRNA 58 14 171 4
PR, 1@ R MYCN & R g A= A 7
R U2, TERZ 40 fa NB H ] W42 21 LIN28B i 3%
KL WAEDER ST R R B LIN28B 18 BN, Sk
PEFRIA LIN28B O EL AN, (dBh-iCre; CAG-LSL-
LIN28B/INR) A 25% BIBER B R B8, B4, BRELE
FEER TA/NRIN, BRIk S iR A HAh— L2
MR, Bk IER 2,

NERREE e BRRME 2E Nk
Mouse model Advantage Limitation Reference
Th-MYCN HESENBE HEBEES BRER AR, #e s > (39-40]
LSL-MYCN;dBh-iCre EETh-MYCN EBRHRIEEBAN , KFEES HBER (31]
Th-MYCN/CASP8(KO) FHRER  WBEXS SIRERAMEMEINEREDRINE [41]
Th-MYCN/Trp53(K) FEEMPS3EL Po3RTZ R FERMES NENFEERR (42]
ALK(F1174) MENBERE Il PR 5 DA (33]
Th-MYCN/ALK(F1174) BBES, EERR HERMEAR 35]
SV40 Tag SNBRE—H MEAFES, FREER BB /NETE 28 B RIZE T 43]
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1.2 BRGEREBEER

X IR 45 E R %R (chick embryo chorioallantoic
membrane) 5L B LA SRS A IR > — 14, ok
AR R R G RTERE, HIRRBLHMAREL,
Rl bR A= R BAA R 561 AMZARILLE NB A5 H
EEERE, ATEEMERK. 1998 €, Ribaui 5 ) Bk
TEXG R 5% 6 PR 28 B =2 56 H ik F T AT NB 40 g & 1Y
A0 M B rT R AR IMAE AR A, [RIRY, S 2 b
iR EoR, NBA 2R HE T I R B K N .
Mangieri % ¢ B0 R BN, FEELFRIBEIS RS 7REL
KI5 B NB AEEREL 220 5 AR BORURIRHE, a0
MEEEES ANENRZERKETF-A. KREHEFHE
T2a FIAE R P2 M RN EEOR, RIAZ LA AT
FAF NZERded it Rt 78 K i i A il s+ A ik o

Herrmann %5 1“7 JIESE NB 20 AT 75X A 45 6 R e 5
R R . A, BRI AT NB 4R
AL (R AR B HAMRE, R EEHE A T
ARG TT 29I 5T . Swadi ) i — RIS IR,
EIREERE LTEREINB 3B TE L, A5 SRR IATE R
3dH, KA RTES B RN, AT DA
MYC 4 #4( NB Zififs 2 HG5H
1.3 HSZ&EEE

TR, S BRI ER TR E S B
7R T T H, BEE A EA I3, AR
K. GTFMEFERL, B—MRIFHNEHEINPE
Y91 1965 4E, Stanton P R L ZEE MRS 5 S BT
PR AR RAY , X B IR e R 7 77 T (Y
RLFFFE. 2003 5, HEEIT Rag2 HaIF IR
KMYCEJEEER, AN TSR — S T A
MRERA BV, S 4Esde, AR AR HiE F
FARMRIUEAFEE MR &, AR
FERSUILPIIR . PR R 524

PRy NB AL BRI & T 2012 4F, b 5T s
it I B S K dBh 5 31 3K 3 B 3 588 4 £ 5 B
(enhanced green fluorescent protein, EGFP) B & 7|
MYCN Az B AR b, G 250 B K] MYCN AIELIE 58328
AIALK (IX 25 % NB e i WY S B A S e ARy
e 3t ]) RPN 21, 2017 6, Tao %k 5% X5 A
BRLHEAT 7okt SRAEESHEME T —Miia E I BE
Db A (TgMYCN_TT), %75 G RN R &
2[70%. FETHK, NTIRFTALKLENBHAIER, Zhu
2tz 1560 44 ABh il & B B A= AU ALK B ALK (F1174L) #4

TR S, 5T RTEEE) ALK fEE S R
BERRPEE T MYCN 7 A 2 i 5 b IRAE 4R
T RRL, ERERAIM R B IR Z H. 2017 4,
Zhang % 7 FIIF MYCN i A M BE 1 NB AT, £
KT E AN RBERIBIEZ AL 11 (protein tyrosine
phosphatase nonreceptor 11, PTPN11) 875 5 [K7E NB
AR . Z5EREH, MYCNFEELRBE S fi i PTPN1 L
HIZGAIEHE T NBRJERL, [EREGI0T Msh e, X
A PTPN11 B & RAS-MAPK 15 5 18 #% 5 MYCN 3
R BENB AR ML T E R . B 1A T N DS
AT NB AT AR AR AR o

PE o fi1 PDX #5%Y (zebrafish Patient—derived tumor
xenograft, zPDX) AJ FF W AR A& f . O 5 07 )
FVAIT 7115 Costa®E PY 5 Fior 5 ) @57 TS5 E
JE2PDX BRL, NIRIRIGT T 75 AR i i 7 Hdie.
Almstedt 55 1) 5 1 v/ BLE ) f NB SRR, 45
FHREEZIR2 (cannabinoid receptor 2, CNR2) f#z
S B R H B 8 (mitogen—activated protein kinase
8, MAPK8) HUIBITRUR. 23T KM, GW405833
1 AS601245 J2 55 F ROMIIMN 32 14 R U i) CNR2 R MAPKS
FEREEY), RIARENHIE S SRR A K

DS e R AERF ST NB AW AT S AR N 259 i 26 v
FERHm B, HRE R A EREEE RIOA
VR PRI 240 L % A R A B B B B S L Ayt B
hEA A ETESERALAY ST, ARSI B AR OV
[EIRg . BRESRIAGERAE B8 ) IR A 5T &K NB
Y MRS S R R e s TR,
Hhi e LR ERER G FNAM IR ER SR, SR
PREEFTIR AR S5 15 AR BV AR TR s

5Nk, A RDES AR A EE T MYCN £
Hmaik, HIL, HEYIFHFEKRRAEMKBMYCN fSED
AL, DIATFIEMYCNY # EBE 1677 .

2 NBzp¥EERI RN A

21 MEENZEISERNMEIHS
IfvRg R I AR . LA 2SR E A, T
XERTE EAE NS RAR T o Tharra 5 ) 4 NB
Y S AR R B S PRGN D S AR A A
SRR IE N BUGRN A A RS T B M A\ 2 NB 4R AE AR
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Note: Zebrafish tumor model can be mainly used for the developmental genetics research, studies on tumor mechanisms, and

antineoplastic drug evaluation.
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Figure 1 Process diagram of zebrafish model for NB research

S RRKREAS T RAITR, SEENY R
ARG, FEPE S NB AR, LIM 254 Sl A 55t
B+ LMO1 G 5 MYCN G B EIFER, Al fEit
NB & A REFNT 12 5% 5 Dong % 1) FI| BT
S AN FRIRAAR S AR (R B[R] GAST Bf-JAF MYCN
PG H) NB A B RS RO, 45 IR B EDE S A
Ao, GAST BRI B Rt iR BT B & N, T
GAST BRARAETFL SN AL R 401 NB # R BO1EH o

TERPRALHIRR TS T, A AT HA R 7 & BILAE
/INERNB R RS AR A A, BRIR R A 1
(thyroid transeription factor—1, TTF1) -TrkA-miR-204/
TrkB Hii3t NB 4K K HAPA R S (L A AR R B
T ESS SK-N-SH AT/ NR & LRIk, A2
FENT NB SN SR, i — P50 IR
MREEEEH4 (fatty acid—binding protein 4, FABP4) ©]
REST S ELREAN A B 12 227K ATPB fd NF-«B-1L10 S
ORI, TR NB i RS ATERS
22 BB E RSN EIR

2 R ST NB 411 fifd SK-N-BE2 F- NOD-SCID /N Fi 4

HEER, LR TR S T2 PG, AT DAER
REBRIT LSRR EER, 8558 RSB 548
Hi R AN Rk & 58 A AT B Infey 7 25 RO AR 22 1k
SRVATT AR 7. WA IENE  (sulfasalazine, SSZ)
& FDA i A TR YT RXIE IR TT R K 59 TS I R
(259, B R BH A I 05 0% 38 JE B (sepiapterin
reductase, SPR) EHIEM ", i SPR 2Rk &
RUEERG L (NADPH) fKiEG, AT~z NB 8958 i #2E pfr
B EREHEBIAF 7 Mooney 25 1) g 37 /NR FAhRS
MRS JE ifF 72 SSZ AT NB FOHIRIRUR . 45 R 7R SSZ
Bl el 5% BB A 4 R (sodium carboxymethyl
cellulose, CMC) BX&LAZTEMRN AT DLUE R OTR1E
F. ATHTGTT NB 20 E U A LA R 57 o
FEMIUET Y NB/NR PDXARAL, FRFHEH
—FLCOJECHIIGTT % (. K9, ERmERZ |
IRFEIHE A BB 5 T 25 5B 45 25) . AT
M NBYGTT HARIFNE AN H AR R A 728 DA
HR7R NB RO 25HLH], &5 BRI T2 5 it
ZHEMERRIR RIS 7 Zhang 5 ) j@ I /1N



Jun. 2023, 43(3)

SIS SELIRES Laboratory Animal and Comparative Medicine 293

RO TR R, IR AERKBMEZAE (gowh
hormone receptor, GHR) XfTHKFEIHEHINB IR S
PR A TR 52, 255500 GHR R A] 5 [ R
IHE IR E R g, R R BURFEIE N 25 2 B
MEK/ERK {5 S @ &G54, M GHR Rk EiE AT
REZIRFETHE M 2454 L 2 — o
23 SHEHNBTERNETEE

W58 & B, B B R I8 R B L B M2
(ribonucleotide reductase regulatory subunit M2, RRM2)
AR NB KA KB EER 72—, 1E
MYCN IXZHIBE i NB AR AL, RRM2 JE R IA AT s
NBFERG, HEMPEINE AR, FuEHGr R BAmEy
K Rad3 #H = &= H (ataxia telangiectasia and Rad3-—
related protein, ATR) — 40 ffd J& Hi /& M £ ¥ 6§
(checkpoint kinase 1, CHK1) {55i@i%, AR, RRM2
FITCHK 1 AHIIFI7E = f NB 241 i 22 F1 2R 2R R A A
FEE AL TR ) B REFRU PR R, R R AR
NB#rififa R E FHZ B HEER

BT A 7% % 5% F Th-MYCN %5 £ K] /N 5 ifr g A
AR, B AR RNA U RN RR AR ST
HFB, RN T NBRGAEIH RS, NASKRAINB
AT HRAE TR T U7 MM LI AR T8 FENSG /N
R T R AR EARICHI NBEB (NBEB-Luc) 4
ff R AR AR, DA O R LS 2R E T 6L
&3 (cardiac troponin T 3, CT3) SEJRAIHRE PR ZA
THHAE (chimeric antigen receptor T—cell, CAR-T) Hy#T
IRaiE e, G55SR BRFTA TS CT3 CAR-T 40167 HY
MM, MREATTHRERDN, BEREEENIR, X4
SRFHH CT3 CAR-T YA Yy AI V5 5 NBRFEEIHIR, 2
A F RNA-SEQ £faRial 5 R AR o< RO S I SN .
+ . DN Oy B YR Y SR AR IR 1R B A ORI .
Theruvath 5 ) £ MYCN " 34 (1) NB AR ES A /N RS
HRIRZON R R 1T E S (disialoganglioside, GD2)
HEESFMREN CDAT HURLHIERE ST, K
JERTEHERIEIR, RR/ IR, B AR
I A XS ARG E PR FERSASTALAFE 5T T CDK #1755 NB 48
Mgyt HTEE SRRSO, 5 RERH CDK1 5]
{2 fiff SK-N-AS F1 SK-N-BE2 41 S 5 i fift S 71 b PR AKX
B BRITERS I T 60%, RIJCDK1 A T NB f 4 55
BT
3 BESRE

REBRTIIREREET A MR 1

e, JLHEEW i EshYIt, ATEBAREME
RN . NI RS & AT NB A=
PIPERME AR AR ERTIARD, 2RiT NB /NS EToiEE
RIGHK, XAE—ERERE EIRH] T NB & ANUHIEIRF T,
SPRAENB R A RIR. S FHERIG 7T
HEREENEM. NRAZEA SRS, 7]
DU NB & RN ERHME . BE Sy A EE I AR
W SEs S AREE LR, SERkE. BA
RS NI R, IR O T s isitl
FAR AP R EEEAEY, AT TG
FRER Fr B R AR IR Y7 315 PRI, BE5S
1 SIHFLRSM G R GAREL, YRTFE—EZE o
P A FLAY R R G EER Sy, W E AN
Bk LA ARAN TR 4TRSS, (RIS AR AZR
GALEN M RR R G R, TMARBRRGE RN
S, WERBRNBAENER ™, K TFBIHEANB
NSRBI S VR, WIEYTE, AT ISR
R K28, (B R AR RS, T ELAZS
P iR 5 IR IR R AL FT BEAR — 8 JRAIESAERT NB
/INERABRL ] S NB SRR A B RS HUARFAE, T EE 2R
e B IRN AR/ NARAY, 2 TP R S e 2
o FEPRTAR/ING AT FT-PR5E NBAHSCEE AIES0 &
RIETFHINGEIER, AT (sileesy
%) FRTE TP AL SRS, (ERErIRRGH) NB EERHGE
BURTER USRI E & A, X5 AENBRIKRILE
DXl o WERLKE PR FE MY SRS LS5 AE T I [ 2%
B BN RERGKEERE, AolEfRHF
JRRL, fET AL (ARME) RS, Hix
TRBLTCTEAI R S A Z R B e L, thIGiEF
T feveg 5 e AR < TR HOAR ELAE o

ARIFFAE RS PIEAL A H TR H BRI SRR 7T,
LR EBEHEYRAUNEE, [N, AEZHPE
HEAHMANA R . AT/ AR BN B
HIRIA S &R SRR R B T fe (it 7 ORI AR E)
TeH 2R sk I VI F ORI KA IR/ N AR
RPN, NS AR DR R 52 B3 0E T kAl
Nt — BB & A S AL R Ty SR TR
WE R R R, EIRE TN ARE — MR AL
NB 5528 R G aL Gk AN, HRTAFE AR
FERTER IR S NI 75 T S A PR o 25 1P
W, NBEIEAUAASE NB FEAE T — & A LA Al A
REAAE o



294

LR S LR E S Laboratory Animal and Comparative Medicine

Jun. 2023, 43(3)

[{E& =ik Author Contribution]
BENREXERI, B5 BITXE;
NIBENXERREEEEN, WNEERRASIER TS

*BIE

5 ;

EMXEOMRAERSERITFESERR, AL TFESNH

X

EXIEREENEN IRAS;

BEF SAMRERBD R HEE;
= FHENERIEX;

SIRBIER, HIEICIESR, HRRIET,

[##575 B8 Declaration of Interest]
FrBEERBRANAFEN PR,
[&% 32k References]

(1

2]

3]

(4]

(5]

(6]

(7]

(8]

(9]

(a1

(1]

ZAFAR A, WANG W, LIU G, et al. Molecular targeting
therapies for neuroblastoma: progress and challenges[J].
Med Res Rev, 2021, 41(2):961-1021. DOI: 10.1002/med.21750.
CHUNG C, BOTERBERG T, LUCAS J, et al. NeuroblastomalJ].
Pediatr Blood Cancer, 2021, 68: e28473. DOI: 10.1002/pbc.
28473.

SUN X F, ZHEN Z J, GUO Y, et al. Oral metronomic
maintenance therapy can improve survival in high-risk
neuroblastoma patients not treated with ASCT or anti-GD2
antibodies[J]. Cancers, 2021, 13(14): 3494. DOI: 10.3390/
cancers13143494.

HELSON L, DAS S K, HAJDU S I. Human neuroblastoma in
nude micelJ]. Cancer Res, 1975, 35(9): 2594-2599.

BOGDEN A E, COBB W R, LEPAGE D J, et al. Chemotherapy
responsiveness of human tumors as first transplant
generation xenografts in the normal mouse: six-day subrenal
capsule assay[J]. Cancer, 1981, 48(1):10-20. DOI: 10.1002/1097-
0142(19810701)48:1<10: AID-CNCR2820480105>3.0.CO;2-1.
KHANNA C, JABOIN J J, DRAKOS E, et al. Biologically
relevant orthotopic neuroblastoma xenograft models:
primary adrenal tumor growth and spontaneous distant
metastasis[J]. In Vivo, 2002, 16(2):77-85.

ROWE D H, HUANG J Z, LI J, et al. Suppression of primary
tumor growth in a mouse model of human neuroblastomalJ].
J Pediatr Surg, 2000, 35(6): 977-981. DOI: 10.1053/jpsu.
2000.6946.

FLICKINGER K S, JUDWARE R, LECHNER R, et al. Integrin
expression in human neuroblastoma cells with or without N-
myc amplification and in ectopic/orthotopic nude mouse
tumors[J]. Exp Cell Res, 1994, 213(1): 156-163. DOI: 10.1006/
excr.1994.1185.

KANG J, ISHOLA T A, BAREGAMIAN N, et al. Bombesin
induces angiogenesis and neuroblastoma growth([J]. Cancer
Lett, 2007, 253(2):273-281. DOI: 10.1016/j.canlet.2007.02.007.
XK, EET, SkKETEE, £ . WE SRS LIRFEUBEEDY
BRMNEIV]. REERESZRE, 2021, 31(12):1-6. DOI: 10.
3969/j.issn.1671-7856.2021.12.001.

LIU B, MIAO J N, ZHANG S M, et al. Establishment of an
orthotopic xenografted animal model of neuroblastomalJ].
Chin J Comp Med, 2021, 31(12):1-6. DOI: 10.3969/].issn.1671-
7856.2021.12.001.

SENEVIRATNE J A, CARTER D R, MITTRA R, et al. Inhibition of
mitochondrial ~ translocase ~ SLC25A5 and  histone
deacetylation is an effective combination therapy in

[12]

(3]

(14]

(18]

[16]

(17]

(18]

(19

(20]

(21]

(22]

(23]

[24]

[25]

neuroblastomalJ]. Int J Cancer, 2023, 152(7):1399-1413. DOI:
10.1002/ijc.34349.

MISSIOS P, DA ROCHA E L, PEARSON D S, et al. LIN28B
alters ribosomal dynamics to promote metastasis in MYCN-
driven malignancy[J]. J Clin Invest, 2021, 131(22):e145142. DOI:
10.1172/JC1145142.

CANDIDO M F, MEDEIROS M, VERONEZ L C, et al. Drugging
hijacked kinase pathways in pediatric oncology:
opportunities and current scenario[J]. Pharmaceutics, 2023,
15(2):664. DOI: 10.3390/pharmaceutics15020664.

GU Y Y, ZHONG K, PENG L Z, et al. TRAF4 silencing induces
cell apoptosis and improves retinoic acid sensitivity in
human neuroblastomalJ]. Neurochem Res, 2023, 48(7): 2116-
2128. DOI: 10.1007/511064-023-03882-3.

CONDURAT A L, AMINZADEH-GOHARI S, MALNAR M, et al.
Verteporfin-induced proteotoxicity impairs cell homeostasis
and survival in neuroblastoma subtypes independent of YAP/
TAZ expression[J]. Sci Rep, 2023, 13(1): 3760. DOI: 10.1038/
s41598-023-29796-2.

HEY, LUO M H, LEI'S, et al. Luteoloside induces GO/G1 phase
arrest of neuroblastoma cells by targeting p38 MAPK[J].
Molecules, 2023, 28(4):1748. DOI: 10.3390/molecules28041748.
GAO Y, VOLEGOVA M, NASHOLM N, et al. Synergistic anti-
tumor effect of combining selective CDK7 and BRD4
inhibition in neuroblastomalJ]. Front Oncol, 2022, 11: 773186.
DOI: 10.3389/fonc.2021.773186.

MAKVANDI M, SAMANTA M, MARTORANO P, et al. Pre-
clinical investigation of astatine-211-parthanatine for high-
risk neuroblastomalJ]. Commun Biol, 2022, 5(1): 1260. DOI:
10.1038/s42003-022-04209-8.

ZHU Q Q, FENG C, LIAO W W, et al. Target delivery of MYCN
siRNA by folate-nanoliposomes delivery system
metastatic neuroblastoma model[J]. Cancer Cell Int, 2013, 13
(1):65. DOI: 10.1186/1475-2867-13-65.

RYU S, HAYASHI M, AIKAWA H, et al. Heterogeneous
distribution of alectinib in neuroblastoma xenografts
revealed by matrix-assisted laser desorption ionization mass
spectrometry imaging: a pilot study[J]. Br J Pharmacol, 2018,
175(1):29-37. DOI: 10.1111/bph.14067.

NOMURA M, SHIMBO T, MIYAMOTO Y, et al. 13-Cis retinoic
acid can enhance the antitumor activity of non-replicating
Sendai virus particle against neuroblastomalJ]. Cancer Sci,
2013, 104(2):238-244. DOI: 10.1111/cas.12063.

SEPPORTA M V, PRAZ V, BALMAS BOURLOUD K, et al.
TWIST1  expression s with  high-risk
neuroblastoma and promotes primary and metastatic tumor
growth[J]. Commun Biol, 2022, 5(1): 42. DOI: 10.1038/s42003-
021-02958-6.

LAMPIS S, RAIELI' S, MONTEMURRO L, et al. The MYCN
inhibitor BGAOO2 restores the retinoic acid response leading
to differentiation or apoptosis by the mTOR block in MYCN-
amplified neuroblastomalJ]. J Exp Clin Cancer Res, 2022, 41(1):
160. DOI: 10.1186/s13046-022-02367-5.

XIAO H L, LI'Y H, ZHANG Y, et al. Long noncoding RNA
LINCO1296 regulates the cell proliferation, migration and
invasion in neuroblastomalJ]. Metab Brain Dis, 2022, 37(4):
1247-1258. DOI: 10.1007/s11011-022-00935-4.

KAMILI A, GIFFORD A J, LI N, Accelerating
development of high-risk neuroblastoma patient-derived
xenograft models for preclinical testing and personalised

in a

associated

et al



Jun. 2023, 43(3) LIRS EZ Laboratory Animal and Comparative Medicine 295
therapy[J]. Br J Cancer, 2020, 122(5): 680-691. DOI: 10.1038/ stem cells for a neuroblastoma mouse model[J]. Pediatr Surg
s41416-019-0682-4. Int, 2022, 39(1):43. DOI: 10.1007/s00383-022-05310-z.

[26] BYRNE F L, MCCARROLL J A, KAVALLARIS M. Analyses of [41] TEITZT, INOUE M, VALENTINE M B, et al. Th-MYCN mice with
tumor burden in vivo and metastasis ex vivo using luciferase- caspase-8 deficiency develop advanced neuroblastoma with
expressing cancer cells in an orthotopic mouse model of bone marrow metastasis[J]. Cancer Res, 2013, 73(13): 4086-
neuroblastomalJ]. Methods Mol Biol, 2016, 1372: 61-77. DOI: 4097. DOI: 10.1158/0008-5472.CAN-12-268].
10.1007/978-1-4939-3148-4_5. [42] YOGEV O, BARKER K, SIKKA A, et al. p53 loss in MYC-driven

[27] GRANT C N, WILLS C A, LIU X M, et al. Thoracic neuroblastoma leads to metabolic adaptations supporting
neuroblastoma: a novel surgical model for the study of extra- radioresistance[J]. Cancer Res, 2016, 76(10): 3025-3035. DOI:
adrenal neuroblastomalJ]. In Vivo, 2022, 36(1): 49-56. DOI: 10.1158/0008-5472.CAN-15-1939.
10.21873/invivo.12675. [43] EIBL R H, SCHNEEMANN M. Medulloblastoma: from TP53

[28] WEISS W A, ALDAPE K, MOHAPATRA G, et al. Targeted mutations to molecular classification and liquid biopsy[J].
expression of MYCN causes neuroblastoma in transgenic Biology, 2023, 12(2):267. DOI: 10.3390/biology12020267.
micelJ]. EMBO J, 1997, 16(11):2985-2995. DOI: 10.1093/emboj/ [44] MITREVSKA K, MERLOS RODRIGO M A, CERNEI N, et al.
16.11.2985. Chick chorioallantoic membrane (CAM) assay for the

[29] MARSHALL G M, CARTER D R, CHEUNG B B, et al. The evaluation of the antitumor and antimetastatic activity of
prenatal origins of cancer[J]. Nat Rev Cancer, 2014, 14(4):277- platinum-based drugs in association with the impact on the
289. DOI: 10.1038/nrc3679. amino acid metabolism[J]. Mater Today Bio, 2023, 19:100570.

[30] Rasmuson A, Segerstrom L, Nethander M, et al. Tumor DOI:10.1016/j.mtbi0.2023.100570.
development, growth characteristics and spectrum of [45] RIBATTI D, ALESSANDRI G, VACCA A, et al. Human
genetic aberrations in the TH-MYCN mouse model of neuroblastoma cells produce extracellular matrix-degrading
neuroblastomalJ]. PLoS One, 2012, 7(12):e51297. enzymes, induce endothelial cell proliferation and are

[31 ALTHOFF K, BECKERS A, BELL E, et al. A Cre-conditional angiogenic in vivolJ]. Int J Cancer, 1998, 77(3):449-454. DOI:
MYCN-driven neuroblastoma mouse model as an improved 10.1002/(sici)1097-0215(19980729)77:3449: aid-ijc22>3.0.co;2-1.
tool for preclinical studies[J]. Oncogene, 2015, 34(26): 3357- [46] MANGIERI D, NICO B, COLUCCIA A M L, at al. An alternative
3368. DOI: 10.1038/0nc.2014.269. in vivo system for testing angiogenic potential of human

[32] ROSSWOG C, FASSUNKE J, ERNST A, et al. Genomic ALK neuroblastoma cells[J]. Cancer Lett, 2009, 277(2): 199-204.
alterations in primary and relapsed neuroblastomalJ]. Br J DOI:10.1016/j.canlet.2008.12.014.

Cancer, 2023, 128(8): 1559-1571. DOI: 10.1038/s41416-023- [47) HERRMANN A, RICE M, LEVY R, et al. Cellular memory of
02208-y. hypoxia elicits neuroblastoma metastasis and enables

[33] BRESLER S C, WEISER D A, HUWE P J, et al. ALK mutations invasion by  non-aggressive  neighbouring  cells[J].
confer differential oncogenic activation and sensitivity to Oncogenesis, 2015, 4(2): €138. DOI: 10.1038/oncsis.2014.52.
ALK inhibition therapy in neuroblastomalJ]. Cancer Cell, [48] SWADI R, MATHER G, PIZER B L, et al. Optimising the chick
2014, 26(5): 682-694. DOI: 10.1016/j.ccell.2014.09.019. chorioallantoic membrane xenograft model of

[34] HEUKAMP L C, THOR T, SCHRAMM A, et al. Targeted neuroblastoma for drug delivery[J]. BMC Cancer, 2018, 18(1):
expression of mutated ALK induces neuroblastoma in 28. DOI:10.1186/s12885-017-3978-x.
transgenic mice[J]. Sci Transl Med, 2012, 4(141):141ra91. DOI: [49] LIS, YEOKS, LEVEET M, et al. Zebrafish as a neuroblastoma
10.1126/scitranslmed.3003967. model: progress made, promise for the future[J]. Cells, 2021,

[35] BERRY T, LUTHER W, BHATNAGAR N, et al. The ALK(F1174L) 10(3):580. DOI: 10.3390/cells10030580.
mutation potentiates the oncogenic activity of MYCN in [50] STANTON M F. Diethylnitrosamine-induced hepatic
neuroblastomalJ]. Cancer Cell, 2012, 22(1): 117-130. DOI: degeneration and neoplasia in the aquarium fish,
10.1016/j.ccr.2012.06.001. brachydanio rerio[J]. J Natl Cancer Inst, 1965, 34:117-130. DOI:

[36] UEDA T, NAKATA Y, YAMASAKI N, et al. ALK(R1275Q) 10.1093/jnci/34.1.117.
perturbs extracellular matrix, enhances cell invasion and [51] LANGENAU D M, TRAVER D, FERRANDO A A, et al. Myc-
leads to the development of neuroblastoma in cooperation induced T cell leukemia in transgenic zebrafish[J]. Science,
with  MYCN[J]. Oncogene, 2016, 35(34): 4447-4458. DOI: 2003, 299(5608):887-890. DOI: 10.1126/science.1080280.
10.1038/0n¢.2015.519. [52] ETCHIN J, KANKI J P, LOOK A T. Zebrafish as a model for the

[37] LIN Z H, RADAEVA M, CHERKASOV A, et al. Lin28 regulates study of human cancer[J]. Methods Cell Biol, 2011, 105: 309-
cancer cell stemness for tumour progression[J]. Cancers, 337.DOI:10.1016/B978-0-12-381320-6.00013-8.

2022, 14(19):4640. DOI: 10.3390/cancers14194640. [53] FEITSMA H, CUPPEN E. Zebrafish as a cancer model[J]. Mol

[38] MOLENAAR J J, DOMINGO-FERNANDEZ R, EBUS M E, et al. Cancer Res, 2008, 6(5):685-694. DOI: 10.1158/1541-7786. MCR-
LIN28B induces neuroblastoma and enhances MYCN levels 07-2167.
via let-7 suppression[J]. Nat Genet, 2012, 44(11): 1199-1206. [54] BENJAMIN D C, HYNES R O. Intravital imaging of metastasis
DOI:10.1038/ng.2436. in adult Zebrafish[J]. BMC Cancer, 2017, 17(1): 660. DOI:

[39] MASSUDI H, LUO J S, HOLIEN J K, et al. Inhibitors of the 10.1186/s12885-017-3647-0.
oncogenic  PA2G4-MYCN  protein-protein  interface[J]. [55] TAO T, SONDALLE S B, SHI H, et al. The pre-rRNA processing
Cancers, 2023, 15(6):1822. DOI: 10.3390/cancers15061822. factor DEF is rate limiting for the pathogenesis of MYCN-

[40] KAMBE K, IGUCHI M, HIGASHI M, et al. Development of driven neuroblastomalJ]. Oncogene, 2017, 36(27): 3852-3867.
minimally invasive cancer immunotherapy using anti- DOI:10.1038/0nc.2016.527.
disialoganglioside GD2 antibody-producing mesenchymal [56] ZHU S Z, LEE J S, GUO F, et al. Activated ALK collaborates



296

LR S LR E S Laboratory Animal and Comparative Medicine

Jun. 2023, 43(3)

[57]

[58]

[59]

[60]

[61]

[62]

(63]

(64]

(65]

[66]

[67]

(68]

[69]

[70]

with MYCN in neuroblastoma pathogenesis[J]. Cancer Cell,
2012, 21(3):362-373. DOI: 10.1016/j.ccr.2012.02.010.

ZHANG X L, DONG Z W, ZHANG C, et al. Critical role for
GAB2 in neuroblastoma pathogenesis through the
promotion of SHP2/MYCN cooperation[J]. Cell Rep, 2017, 18
(12):2932-2942. DOI: 10.1016/j.celrep.2017.02.065.

COSTA B, ESTRADA M F, MENDES R V, et al. Zebrafish
avatars towards personalized medicine-a comparative review
between avatar models[J]. Cells, 2020, 9(2):293. DOI: 10.3390/
cells9020293.

FIOR R, POVOA V, MENDES RV, et al. Single-cell functional
and chemosensitive profiling of combinatorial colorectal
therapy in zebrafish xenografts[J]. Proc Natl Acad Sci USA,
2017,114(39):E8234-E8243. DOI: 10.1073/pnas.1618389114.
ALMSTEDT E, ELGENDY R, HEKMATI N, et al. Integrative
discovery of treatments for high-risk neuroblastomalJ]. Nat
Commun, 2020, 11(1):71. DOI: 10.1038/s41467-019-13817-8.
VEINOTTE C J, DELLAIRE G, BERMAN J N. Hooking the big
one: the potential of zebrafish xenotransplantation to reform
cancer drug screening in the genomic eralJ]. Dis Model
Mech, 2014, 7(7):745-754. DOI: 10.1242/dmm.015784.

HANEY M G, MOORE L H, BLACKBURN J S. Drug screening
of primary patient derived tumor xenografts in zebrafish[J]. J
Vis Exp, 2020(158):10.3791/60996. DOI: 10.3791/60996.
CABEZAS-SAINZ P, PENSADO-LOPEZ A, SAINZ B Jr, et al.
Modeling cancer using zebrafish xenografts: drawbacks for
mimicking the human microenvironment[J]. Cells, 2020, 9(9):
1978. DOI: 10.3390/cells9091978.

IBARRA B A, JIANG X H, TREFFY R W, et al. Injection of
human neuroblastoma cells into neural crest streams in live
zebrafish embryos[J]. STAR Protoc, 2022, 3(2): 101380. DOI:
10.1016/j.xpro.2022.101380.

DELLOYE-BOURGEOIS C, BERTIN L, THOINET K, et al.
Microenvironment-driven  shift of cohesion/detachment
balance within tumors induces a switch toward metastasis in
neuroblastomalJ]. Cancer Cell, 2017, 32(4): 427-443. e8. DOI:
10.1016/j.ccell.2017.09.006.

ZHU S Z, ZHANG X L, WEICHERT-LEAHEY N, et al. LMO1
synergizes with MYCN to promote neuroblastoma initiation
and metastasis[J]. Cancer Cell, 2017, 32(3): 310-323. e5. DOI:
10.1016/j.ccell.2017.08.002.

DONG Z W, YEO K S, LOPEZ G, et al. GAS7 deficiency
promotes metastasis in MYCN-Driven neuroblastomalJ].
Cancer Res, 2021, 81(11): 2995-3007. DOI: 10.1158/0008-5472.
CAN-20-1890.

YANG T VY, LI J H, ZHUO Z J, et al. TTFi suppresses
neuroblastoma growth and induces neuroblastoma
differentiation by targeting TrkA and the miR-204/TrkB axis
[J]. iScience, 2022, 25(7): 104655. DOI: 10.1016/j. isci. 2022.
104655.

MIAO L, ZHUO Z J, TANG J, et al. FABP4 deactivates NF-kB-
LT pathway by ubiquitinating ATPB in tumor-associated
macrophages and promotes neuroblastoma progression[J].
Clin Transl Med, 2021, 11(4): e395. DOI: 10.1002/ctm2.395.
GARBATI P, BARBIERI R, CALDERONI M, et al. Efficacy of a
three drug-based therapy for neuroblastoma in mice[J]. Int J
Mol Sci, 2021, 22(13):6753. DOI: 10.3390/ijms22136753.

(71]

[72]

[73]

(74]

(73]

(76]

(77

(78]

[79]

(801

[81]

HARUKI H, PEDERSEN M G, GORSKA K 1, et al
Tetrahydrobiopterin biosynthesis as an off-target of sulfa
drugs[J]. Science, 2013, 340(6135): 987-991. DOI: 10.1126/
science.1232972.
SHANG T S, KOTAMRAJU S, ZHAO H T, et al. Sepiapterin
attenuates 1-methyl-4-phenylpyridinium-induced apoptosis
in neuroblastoma cells transfected with neuronal NOS: role
of tetrahydrobiopterin, nitric oxide, and proteasome
activation[J]. Free Radic Biol Med, 2005, 39(8):1059-1074. DOI:
10.1016/j.freeradbiomed.2005.05.022.
MOONEY M R, GEERTS D, KORT E J, et al. Anti-tumor effect
of sulfasalazine in neuroblastomalJ]. Biochem Pharmacol,
2019, 162:237-249. DOI: 10.1016/j.bcp.2019.01.007.
MANAS A, AALTONEN K, ANDERSSON N, et al. Clinically
relevant treatment of PDX models reveals patterns of
neuroblastoma chemoresistance[J]. Sci Adv, 2022, 8(43):
eabqg4617. DOI: 10.1126/sciadv.abg4617.
ZHANG H M, XIA H F, CHEN H, et al. The inhibition of GHR
enhanced cytotoxic effects of etoposide on neuroblastoma
[JI. Cell Signal, 2021, 86: 110081. DOI: 10.1016/j. cellsig.
2021.110081.
NUNES C, DEPESTEL L, MUS L, et al. RRM2 enhances MYCN-
driven neuroblastoma formation and acts as a synergistic
target with CHK; inhibition[J]. Sci Adv, 2022, 8(28): eabn1382.
DOI: 10.1126/sciadv.abn1382.
COSTA A, THIRANT C, KRAMDI A, et al. Single-cell
transcriptomics shared  immunosuppressive
landscapes of mouse and human neuroblastomalJ]. J
Immunother Cancer, 2022, 10(8): €004807. DOI: 10.1136/jitc-
2022-004807.
LI' N, TORRES M B, SPETZ M R, et al. CAR T cells targeting
tumor-associated exons of glypican 2 regress neuroblastoma
in micelJ]. Cell Rep Med, 2021, 2(6): 100297. DOI: 10.1016/j.
xcrm.2021.100297.
THERUVATH J, MENARD M, SMITH B A H, et al. Anti-GD2
synergizes with CD47 blockade to mediate tumor eradication
[J. Nat Med, 2022, 28(2): 333-344. DOI: 10.1038/s41591-021-
01625-x.
SWADI R R, SAMPAT K, HERRMANN A, et al. CDK inhibitors
reduce cell proliferation and reverse hypoxia-induced
metastasis of neuroblastoma tumours in a chick embryo
model[J]. Sci Rep, 2019, 9(1): 9136. DOI: 10.1038/s41598-019-
45571-8.
LEIBA J, OZBILGIC R, HERNANDEZ L, et al. Molecular actors
of inflammation and their signaling pathways: mechanistic
insights from zebrafish[J]. Biology, 2023, 12(2): 153. DOI:
10.3390/biology12020153.

(WKF5HER:2022-12-29 {&[E]HER:2023-04-11)

(RN R KEBRE, S8, £B, TFSE)

reveals

[BIAAEX]

BTN, XS, BEHE & wmEEARENMELNARERSNA
V. MY SR ES, 2023, 43(3): 288-296. DOI: 10.12300/j.
issn.1674-5817.2022.194.

TAN Z G, LIU J X, ZHENG C Y, et al. Advances and applications in
animal models of neuroblastomalJ]. Lab Anim Comp Med, 2023, 43
(3): 288-296. DOI: 10.12300/j.issn.1674-5817.2022.194.



Jun. 2023, 43(3) LIS RIS L E S Laboratory Animal and Comparative Medicine

297

DOI:10.12300/j.issn.1674-5817.2023.004

- BRI RS 5% -

Animal Experimental Techniques and Methods

PR, BWEAESTRELMEH L 2008 53 A E A5 B b i A A BRI 5T e 28
A FA (R E R H B A A 5 R e BRI o) TAE, 2014 SR B R
ST o 2005 4P B A — BN BE T fa AR K A U0 L T AE o T AR M A DL AR K A2
Circulation Research, Angewandte Chemie International Edition % 2% & & K AAF B X £ 87 o
ERMRABORA D o Rk BALEST, Fe I EI D K& . CRISPER/Cas9 F& I ik /A
AR, G R BE, D aRRR MR, AR s KL RE KRGS, ERTW
R ER T/, MEATREMEMER, EFFRT (RIS aG B2 AFMEHRRL

V1.0 M, F 2021 4 RAF U AR FAEAL

— Pl i B v S D i S R AR ) A i 1
(RIS E S

St o, BIRE, AT, AR’

(1. RR 4 BE i AL 5 5 % AR UK SR E BT P O i 13 AL 5 e b g 2B A B 2 ek 22 L 52 4 500D, A I A LA 28 B
B AT 5T 6 (R D f1), L 200031; 2. E AL Be i AL 5 % AR BCR AR R BT A0 OF A B AR I B i AR A B A T
W G RLA GUBT), B AR A S AT B WS4, ki 200031]

(AE] BN MALRANSEHINERABHE. CIPEFRESIHE, MRESIRANDENEERERNME
BEw. Bt BSRE2BRNMEE, URERRKUHNINEEEBTAER SRR AR RATIRE, LURIE
ERNNARRANEE, FRERHZIE70HN, BISNEAKINAEITFHMIBERMEE, BESSKIHTIPEN~90
REPHM DB EEMR . WRREMARBERENHDI&IRIBHFAER, B UEEFPREMABHERANE
AP BRI IZBAE R I HI R B3R EREHER, WEAFARHTHE, BYEEEENLKIERT
HSBEFNLRAE. 4R M 60dpf FIRRIBERIFR EZ 111 dpf, FHIFRHENERE. AEHRHE TR
48 (P<0.0001)o M 60 dpf FFEAIRIB AL (AR RETR) 96 dpf, FiiREI RAAKKIEKBEHSHBAERER, mM75~
82 dpf F¥ A A g REAMIEE A EIRBAES T RANMEE (P<0.0001). MAERARD BB FIIBE, S
HREBEREZE, £75dpfif, ETUBIHRBESERXSES; MERANSRANDE3BRNTINREEST
TR (94.44% vs27.78%, P<0.05). B4h, RIETRIFHRI130d 5, FrELAMDE N RRIRMMARBIIIHEL,
RIBULER, B3IMERAS, RUAT2RARNNIBERSEN LFREBERNEASH, TFRATRIERMN
HARRETERIE, BEE12 RSB INRTLURIFT0%, =IIEA% (233.6+3.95) B, SHRIMWUES
B9 97.47% % 190.24%, WEESFEHEEFHAE (P<0.0015 P-0.01). it #ELLRERER, B5RURE
AREEZERAMIBNERME, HNREREMAOBESATIER, MEARRENEEZSRESHIEBNEHE
AR, MUENEAFRFERINRES THIEMNFIINE, HEKEZBEFERSD, HEFHRFEREEAXEZHARN
FEo

[XBEIHMIE; BAFHER; ZHEML; £

[FFEISZES] Q95-33 [XEIREBIA [XEHRS]1674-5817(2023)03-0297-10

An Optimized Experimental Zebrafish Breeding Scheme for
Significantly Enhancing Reproductive Efficiency and Service Life

JIN Shirong', HUA Ye', ZI Huaxing?, DU Xufei', BU Jiwen?

[1. Center for Excellence in Brain Science and Intelligence Technology (Institute of Neuroscience), Chinese

[BEEWA] BERESALITR AERERECH AT ESERME ‘M2 A8 5B RETERENRFZIF” (2018YFA0801000)
[BE—1EE] £4E(1994—), 7, L, SLIIA, RS IKF=577E. E-mail:18817772747@163.com;;
£ 0t(1983—) & Mt  EMRRR HRAFE: RESEERAE SR F A%, E-mail:ye.hua@ion.ac.cn

LEEEE] MEE(1982—), &, L, BRERIT, ARAE: D FREEYS. E-mail:jwbu@ion.ac.cn. ORCID:0009-0006-0933-7314



298

LR S LR E S Laboratory Animal and Comparative Medicine

Academy of Sciences, Research Platform of Whole Brain Mesoscopic Neural Junction Map (Zebrafish), Shanghai
200031, China; 2. Center for Excellence in Brain Science and Intelligence Technology (Institute of Neuroscience),
Chinese Academy of Sciences, Lab of Sensory Integration & Behavior, Shanghai 200031, China]

Correspondence to: BU Jiwen (ORCID: 0009-0006-0933-7314), E-mail: jwbu@ion.ac.cn

[ABSTRACT]
spawning of experimental Zebrafish, so as to improve the reproductive efficiency and service life of

Objective To solve the problems of delayed growth and development and insufficient
experimental Zebrafish. Methods The zebrafish at the age of 2 months after fertilization were divided into
two groups. The experimental group was fed with dry commercial diets specifically designed for ornamental
fish or frozen adult brine shrimp, while control group was fed with live laval brine shrimp. Within a period of
70 days, the growth performance of the zebrafish was evaluated by measuring body length and weight, and
the reproductive performance was assessed by measuring the fecundity and spawning rate. Zebrafish with
apparent goiter disease were fed with dry commercial diets, and the inhibitory effect of the pellets on this
disease was evaluated by measuring the diameter of the thyroid enlargement lesion. The three feeding
methods were combined, and the feeding plan was optimized. The actual effects of the plan on zebrafish
rearing were validated through reproductive performance tests. Results Starting from 60 days post-
fertilization (dpf) until 111 dpf, the body length and weight of the dry commercial diets feed group gradually
surpassed those of control group (all P<0.000 1). From 60 dpf to 96 dpf, the growth trend in body length of
the adult brine shrimp group was similar to that of control group, but the female fish in the adult brine
shrimp group had significantly higher body weight than the female fish in control group at 75-82 dpf (P<
0.000 T1). Compared to control group, there was a significant difference in body color between males and
females in the adult brine shrimp group, and at 75 dpf, gender could be accurately distinguished by body
color differences. Furthermore, the spawning rate of the zebrafish in the adult brine shrimp group at 3
months of age was significantly higher than that of control group (94.44% vs. 27.78%, P<0.05).
Additionally, after feeding with the dry commercial diets for 130 days, all thyroid enlargement lesions in the
experimental zebrafish disappeared. Based on the above results, the three feeding methods were
combined and the feeding plan for zebrafish older than 2 months of age was optimized as follows: feed live
brine shrimp in the morning, and alternate between dry commercial diets and adult brine shrimp in the
afternoon. This feeding plan lasts until the age of 12 months. The spawning rate of Zebrafish can maintan
70%, and the spawning amount can reach (233.6+3.95) eggs. The fertilization rate and hatching rate were
97.47% and 90.24%, respectively, both significantly higher than those of control group (P<0.001, or P=0.01).
Conclusion Compared to live brine shrimp feed, the dry commercial diets feed significantly improves the
growth performance of zebrafish and has a therapeutic effect on thyroid enlargement disease. On the
other hand, adult brine shrimp feed significantly enhances the early reproductive performance of zebrafish.
The optimized feeding plan successfully improves the spawning efficiency of laboratory zebrafish,
prolonging their reproductive lifespan and better supporting relevant scientific research.

[Key words] Zebrafish; Breeding scheme; Reproduction; Growth
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Figure 1 Effects of dry commercial diets and adult brine shrimp on growth of zebrafish
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ns indicated no statistical difference].
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Figure 3 Effect of dry commercial diets on goiter disease
of zebrafish
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Influence of Corneal Staining in Rabbits on the Evaluation of Eye
Irritation Test Results

XU Honghua'?, JIN Tian"?, WANG Hai'?, SHEN Mengying"?, WANG Rui'?, ZHOU Yijia'?, TAN Ying'"?
(1. Yunnan Institute of Materia Medica, Kunming 650111, China;2. Yunnan Province Company Key Laboratory for
TCM and Ethnic Drug of New Drug Creation, Kunming 650111, China)

Correspondence to: TAN Ying (ORCID: 0009-0007-3084-9020), E-mail: tanying@ynby.cn

[ABSTRACT] Obijective To observe the influence of the staining phenomenon after fluorescein sodium
staining on eye irritation in normal rabbits. Methods In the experimental rabbit eye irritation test
conducted with sodium chloride eye drops, Siwei Zhenceng Bingpeng eye drops, sodium hyaluronate eye
drops, sodium cromoglycate eye drops, and compound aspartate eye drops (4 in each group, half male and
half female), the left eyes of rabbits were administered normal saline (self-negative control) and the right
eyes were administered the experimental medicine; the eyes were stained with 1% sodium fluorescein, and
eye irritation was observed and scored using slit lamp microscope for 31 days. Morphological changes of
corneal epithelial staining were recorded and the incidence of staining was calculated. After the
observation, the eyeballs and Hasselblad glands were examined histopathologically, and the staining rate
of the left eye was compared with that of the right eye which was administered the corresponding
medicine. Results Neither eye had any irritation symptoms; the scores were 0, and the total incidences of
corneal staining were 3% (left) and 1% (right), respectively. There was no significant difference between the
two groups (P > 0.05). Corneal epithelial staining showed single-spot staining, scattered dot, localized, or
large areas of fusion staining. No histopathological changes were found in the eyeballs or Hasselblad
glands, and the results were evaluated as non-irritative. Conclusion The irregularity of corneal epithelial
staining in rabbits did not influence the results of the ocular irritation test.

[Key words] Rabbits; Cornea; Staining; Eye irritation test; Result evaluation
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SRR IRAE AL B G, AR IR A R
KA R MBI TiEE — ., (EFREAW AR
FEIRIG I 7T, B RIS P A &
A, #2mErRIRRNE A KA. AT
FEMEE LI T IR IR 3G R A RO R e f5
GG LR R, BT E R A IR R
Eveat SEgN= 21
1 MES5EE
11 £z

4~5 HIRIEEIH e = A %20, HERER Y,
RN 2.8~3.5 kg, HIEFHICEREVRHEHRA
a R4t [SCXK (&) 2019 0006], JFiEAEIER =1
N0.370839200100002171, BHNEFET = FE &AW 5T
FrZ5 22 RN O B E K Eh ) SLfe = [SYXK
(JE) K2017-0004], HESRE R 18~24 °C, FHNHEE
F40%~70%, HWERHZMER12h: 12h (08 : 30—20: 30)
MRS AR, SEEWIRT B B RK, & H A ERE
TR AR (5 22014111) 23R, EA-mMEZ
50 g, FAFMREEZI100 go BHPISLNG /T RAE ST B A
ALz E B SEHZE 2 (IACUC) HHAER
o [ (&) IACUC-2022-0011-01],

12 BR5iIAF

SALENEIRT (LR L RERA I ERAT,
#t-5220302) ; PR ZVKERTEIRIE (TLPEE2AREAZ L
BIRAF, L5 220401); BEIEEREIEIRE (fEE
URSAPHARM Arzneimittel GmbH AF], #5302575) ;
EHBRMHERE (RNAESZHLERAA, #E
22010403) ; B 144 HTERE [(2FFX (FE)
ZNAERAT, 5 228111]; AFREL/KAD0.9% &k
PESHE (RRERESEFIZGERAR, S A22012503

B): DOEEMNESHE (TMNEIBEXMHIZERAH],
fit5 1212101) ; #F#E 50 (FEE VIRBAC A F, LS
8EMI1A); XK Davidson's & N SEIG = HE (10% ik
SRR . TR, 2R, ESRKIE6:3:1:10
EEBIRA); SRR, Jo/K R ZBRIEE T E 25
AR FIE IR AT, HE Q@RI L= i (R
211 g hn10 mL Jo/K ZBEVAf#, BB EE 1 20 g hnatik
200 mLAfR, WEIRIE S IIFAEEE, N2 g |RER
HIyh e, fd F BT A 100 mL A0 A VK EE 2 6 mL F1H
10 mL) .
1.3 EEUEH

ZABRAT BB (BN R BT s A PR A Al
A5 ML-3508) ;. HAWIRHL (A5 RM2255) (LML
(F45 EG1160) . M7kl (Z45 ASP300 S) . Fe Al
(#1455 ST5020) #1056 % & % (2L S DM6000B.
DM500) B Leica A&l P2 EFREEY] A HIH
I (TFIRITFEEME AR A, A5 KF-PRO-005),
1.4 RNEWEBRRIETIGIE

FI— RS 25 EHIAE 3 mL 2 0.6 ¢ (20%) Y
FOEENERR 0.1 mLFEOE T, FHIIA LI mL&
RTESTR, IREGRE 1% 2O EMR . BRAE
S TEGIE, RHEHIR MEM,
1.5 #YPHES5RE

SEAGRAELA LGS | RATARTH 1% RCRHEI T
ARYufr, Juftf5 10 min NIRRT BB A, HERR
B HREERIECEIR . ARG . 5 JeFnas iR B0 3h
Py 1o, KEE G 20 HENEI &A%, BN 20 HSEita
ST NEACEEIRIR AL . YRS UK AR A . B aE
TR IR . B H TRANEIRI AR E 77T 14 4E H T
IRVRAL, G4 R, WS 2 H, sdE, RARKE
ExtiRik, shEiRG AR K (BIMER), AR
Y LR R RTEIRIRZ IR (SEaRgaZ) Y, &
IR IRI A 0.05 mL FIAHRLZ s AR B ER K, R 6
R, BIRERE he DUGERIIR LIRGAR 5L, EEE
2574528 d, (SEIREWMEES do BRERALHIFIIRE
W], AR T 1% 5O E PGS 1R, 4
ZIHAEIG A 52 5 AT IA %A 2
1.6 RRHRMHWERITED

BRE VIRGHRIFIRE B, R L5 R E E
ROT FARES, ZEAMRSHEA L (£]0.02mL) 1%%5%
AT, YU 10 min N FHZLBRAT B A8k W ¢
SO G LR A S, ML, 455 A A AR SR R R 4T
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MRS R BT hR e 2 1o KB — DU
6]\ — RS R A IR R EAR DN, AR
AN1677. FHELRABRRATMINEEEE, H

F1 RIRRHR NS ETRE

Table1 The standard scores for eye ocular irritation in rabbits

FRIAS AL RSB G EH. RIERSH
SR E I R A S0 R B A IRRTEE . 0~3 73
ToRIEE; 4~ 8 I NEFERIEME, 9~ 123 Rl
ks 13 ~ 16 73 N EERIEE

RUBLER L

Site of irritation

BRIRY B

Reaction to eye irritation

218

Score

faf& Cornea TiRiR

BITESREIEIRR, AT AR B M =T I

FEPXZ 0P ARR RS

HERAEFERX AIRATRE, B ANDET R
FIEIERR, LR TTE A

4T FE Iris na-

WREBRINR M K, BERFERETRM, BTSN E R
i, PARPIIRARZE, 33 e o B (s E A — )

#Ef% Conjunctiva MEEE

MmERMEHFIE
MERMERIE, MERZHH
REMRmMERIE

Fo 7K B
20K b (S ERRE )

BA R KB ER 70 AR B M B
K EREIEFEE
K EREBIFAS

T4

DED WD

DWEREFEEHTHNE
DWDEBNRX RS

RASFIS Maximum total integral value

W N = O D WN - O wWwN " ON— O b~ wN — O

—
»

17 RAELRERERRE

RG], LI RIR AR IR S, FZERRAT
TR G T RS B Ao A5 AR A B R W e N TR AR
o 1 MEIBRE e, RS R RE A
AR, DN S AT RS e s i SR AR
1.8 MEEIRENBERAAFREFRE

3 RPERESS, AR 50148 mg/kg ATF &
S E S SR SE S S . BB MAbSE S, A
HRANZEBH I FRBNPIHR ISP E o EEHRBRAING ES
iR, FHECR Davidson's W& [ 7E 48 h, #AJ5 R H H#LH)
HE etk T H SRR
1.9 HitoBthGiE

iz FH IBM SPSS Statistics 24 B {37255 0. R
F P 156 P 25 1 AR BRER K B SR 96 S /e AR AN Z5 T 2454900
HIFIH LI A IR KRG Fek R R G R AR,

PAP<0.05 NERB G Lo
2 £#8

IR RIS E TF 5D
BHLIRE 1% FS MGG G IR &)
KW, TEEIRN0, FEIREREUR NIRRT
SR o
22 RABELRELEEXRNERESHDE
T

PSRRI, B S S A A AR AT LS B
KA, [HEBREERLER, 0% ~25%, WEEHARH
BHEGIREFMEEERN0.8% ~3.2%, EHILL
RICIRAIR E R B SR BRI 3%, BRIEER
N0%~20%; GIRIIEKEERN1%, FRIEER
N0% ~10%. [6 RSP e AR A IR fA iR E G R [H]

2.1
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WrthEl, 2AMMERN, Kabash %, HRE
TESERRGIRER. BIERIRER. RIREERIA

Rt &E%, PRI AZRFAEGERER, BEH
Ho AiRNR2, Kl

F2 NEREAFAXLRREGRAIR LRERE MR EMLERE

Table 2 The time and incidence of corneal epithelial staining in the left and right eyes of the rabbits in each group during

the observation period

N BREEER/% .

A7 ML Di}fﬁiinée/% BREZ

Observed Total
Test group .

position D1 D3 D9 D10 D12 D17 D18 D20 D24 D28 D31 incidence/%
SUTEERKE (n=4) TR 0 0 25 0 25 0 0 25 25 0 0 3.2
Sodium chloride eye drops aiR 0 25 0 0 0 25 0 0 0 25 0 24
POk 1= vk B i AR R 28 ( n=4) EiR 0 0 0 25 25 0 0 25 0 0 0 24
Siwei Zhenceng Bingpeng eye drops aR 0 25 0 0 0 0 25 0 0 0 0 1.6
IR N AR IR (n=4) ER 0 0 25 0 25 0 0 25 0 0 0 24
Sodium hyaluronate eye drops AR 0 0 0 0 0 25 0 0 0 0 0.8
BHBWEIRKE (n=4) TR 0 0 0 0 25 0 0 0 25 0 25 24
Sodium cromoglycate eye drops B 0 0 0 0 0 0 25 0 0 0 0 0.8
SERNLEHBIRKRE(n=4) iR 0 0 0 25 0 0 0 25 0 25 2.4
Compound aspartate eye drops aiR 0 0 0 0 0 0 0 0 25 0 0.8
£EPLIN R (n=20) ER 0 0 10 10 20 0 0 20 10 0 10 3.0
All experimental rabbits AR 0 10 0 0 0 10 10 0 0 10 0 1.0

*: RARGESNERE SENMMERGSTFEERK (PBHYR), aRETFHRREYEF (LREAH),

BRERGHAMKENEA

ARBITI%RAEMEE. D1~ DIEREFET- 31K, BREAEXAHAEBRENNNIB/SHME; SREZANRBLENEROORE/ 2
BRH (BEAR=31d=124)%, £F20H=31d=620%); FARRETEARBRNDERRERESEFRITFEREN (P>0.05).
Note: The same body self-contrast method was used. Normal saline was administered to the left eye and experimental medicine was

administered to the right eye. All eyes were stained with 1% sodium fluorescein before daily administration. D1-D31 refer to the 1st to 31st

days after staining, and the daily incidence is the number of animals per day/ total number of animals. The total incidence rate was

calculated as the number of stainings/total examinations performed during the observation period (in each group, n = 4x31 d=124; total n=

20x31d=620). The Chi-square test showed no significant difference in the incidence of daily or total staining between the left and right

eyes (P > 0.05).

23 RAERIERENERARFEZRE
B

TESE 31 RYLEWERET R fEMEE], RIS 20 Hik
3o R GRS AR WA H o AHTEEIARER (&
FEFTRIAE ) e HRPAT 8 2 QRS T2H SV B A A
ZER ORISR AR AR, 1S AR SEH 2450
MRS AR NS (K2),
3 iJig

TERNIRRTE G R, BRSO RWIEAN
TERIR A bRl I R BRAT B AR A D
HEW—FISR, WITOERE RS, TR LA
N, AR E R E G E HEEA R E S BURIR LR
s O, H A R R TH AR E 5 [ AR
Z— W TEPHA DARRF R N £ 2R, A
KB LM IER I IR IR G i ahr . — 1 SR

FEVEN RS SYEM AR E 52880, Ik
P L fth s R AR R B8 S B0 e R T S S 4G 25 SR Y
PR BIL, TERAIRREE AL, WEERIE
RIS R 2R, & PP 2 a0 A IR A (.
FHEFEE,
AHRFEEIRRY, L9 R AHAT ARG BTG
falk A, (HAEEIAR], 25T 0.9% SALANTESS
TRIZEIREIL T ESe, HEER 3%) BETHTH
PIHIFI AR (19%), EZcA5 R B0 A I (A1) 2 (A My
TR A, IRFABEAZURE OB R WA,
AT ToRI B . H AR IE & St g R AE R 2G )
JERPRFN Tt e AR LR B BB IR
SIS ERIEN o . ARLIREE RN, E5L5%
SRR EAIe T, BRGNP R R AL R
BRI, TARIEAER RREE. AR S
FERE S5 5 PP BGEA T EER AT JE U W .
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E: A, TRNENEGR (57) ERESCE: £3X (D3), HESRKRER; $17. 18, 28K (D17, D18, D28), BiRMER. B, ~F

BERER (BMXER) ERESCE: 99X (D9), BaRESR; %10, 12, 20. 30X (D10. D12, D20. D30), BRMEESR; £24XK

(D24), KRBMEER.

Note: (A) The morphology of staining in the right eye at different times after administration is summarized: D3, scattered dot; D17, D18, and

D28, localized dot. (B) The morphology of staining in the left eye at different times after administration is summarized: D9, single dot; D10,

D12, D20, and D30, localized dot; D24, large fusion.

E1 MEBHPELRENEGRAE ERERE RO EIESLCS

Figure 1 Summary of the timing and morphology of corneal epithelial staining in the left and right eyes of rabbits during the
observation period.

E: A, ERABEER,; B, ARAKES,; C, ZRMUNKRES; D, ARMWIELES; E, ZREKREESE; F, aREERES. SEPL
PIRKN100 ume EAEREBNMBLRIFAREREEZ R 20,
Note: (A) Normal cornea in the left eye; (B) Normal cornea in the right eye; (C) Normal retina in the left eye; (D) Normal retina in the right
eye; (E) Normal Hasselblad gland in the left eye; (F) Normal Hasselblad gland in the right eye. The scale size of each figure is 100 um. A
total of 20 tissue samples were collected from each eye.
B2 sRBIENEINJIERERIEERRARFEZWER(HERES, x20)
Figure 2 The histopathology of the eyeballs and Harderian glands were observed after 30 days of staining ( HE

staining, =x20)
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WSCRR 2GR R S BUR R, IR ATEELLss
R T, HERHBEREIRNA —EME, %S
AR R A B, BREENE, BRER
FOFZRE /D RN i T BHMEXS B o A3 M AR 53 H B et
FRZH S0 S B AR b Rz B R IR, 456 DATERISC
BRI, HE AR R YR A R E S8, T
PR TE AR A B R 2R 43 AR A MR - PR R
HAFEIRERH LB R AR RS RFH . FMNE
DRI 22 )2 MR R SRIRORT B 2K, 4] T Al 3 e U 2 f
& sl g2 b, BB AR RS YR R
SMNEERRIE RS, PNz S Se a0 M E
X,

NT AR IRIGES PR I, 454
AIRFEAE R, EHEVCRA L Nt 77 40
AR, MmEE miie s R AER e, (1) WK
R, W28 d BRI 42 E A2 3 ~ 7 d i
1R, MR AERIER S G Rk B %, %iE
Jit P 37 sV A A 22 [R] B 0 RE HE — 2P L E R
el (2) ENSRIGES AR, SIS I H AR
57, WG ERESAREMR ERGE T ArE, W
AR AR A PSR ARG BUESREE. B
PREGRFA TG ERSBEA L. 2 3, 457, &
RKitsy, BEHTEERS, SHR7HANERNSZEM
R HEERE THEMNR 3%). BFRSHE
TR AR, RIRIBRIWT AR, (3) 4&iE
LRI PR EEE BRI TER AN, SRIEE RIS
R AR WAL H AR, B AR A
ZERTNERIEE, MERAHEAREE, SRS
By H AW 52 PR 25 S i L i W 5 i o St T VR e

B

[E%{¢ 7B Medical Ethics Statement]

AR RO ENNZRYEBE =mE R WA FRATET
WY ERSFERAZRE (IACUC) B EEIS 51(16)
IACUC-2022-0011-01], FrE L33 2198 BB E LI =418
KIEBEMFOHIERHET

All animal experiments involved in this study have been
reviewed and approved by the Experimental Animal Ethics
Committee of Yunnan Institute of Materia Medica
(Approval Letter No. IACUC-2022-0011-01). All experimental
procedures were performed following the requirements of
China's laws and regulations related to experimental
animals, such as Animal Management Regulations (01/03/
2017).
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Animal Experimental Techniques and Methods

N BRI PR R TR RH €2 it — SR A T 5 K e 7 B b
Btst
LT H SRR, BEM, OB, K& KRR LR

(L B 2R K 287 25 07 38 F 0, IL R H R ARG IR MRS o0, SRAARAG M AR E L LB E, # % 210009;
2. TR ARR I GH L F L, M 5100006)

[HEE] BRI BEYEER. RERIKRBEEIERS (liquid chromatography-ultraviolet, LC-UV) 42l A B M55 kR
BB E, HBZEE5mERAENaNEREITHE, hEERBESHARSRRNEREFMSERKBESS
FERNERENR S L. ik XEBSPFREMSD ARERTHEBERE (300 mg/kg) BIAXEM S RERM
FEARBEE, WRALTFESMWOSBRFEFHERNAR. RREFHIKARND, BORESARLBEHER, &
0QI%=®|BE-285 (BWIR3, 4 “REFTRSEREHR) NEE, BNEBEREFESH. KA Waters XBridge HILIC
BiEE (150 mmx4.6 mm, 3.5pm) NEREHTDE, FHAZE (805%FE52 mmol/L BERR) EAENAE,
BEEAR (B K=1:1, 205%BEE52mmol/L BER) (ERKIE, BITEERM, F290 nmig#H TR
We FREMHERGENNEHEREATEENER, BFHEZRIE. DRERREIZNLC-UV A EERmMHAmEIR
AE (REEENHSRE) wllsREMEREARNMEREKE, FXI3HQNEERNEREHRITHR.
#£B KBRIMBEPHREKREI0O~200 pg/mLESREREERXRRIF (R>0999), EETFRA10 pg/mL, HERE
B -217%~2.21%, HARBEEN0.52% ~1.95%, HLEIEEE I 3.04% ~4.90%, 1REVEIKZEF 83.12% ~ 89.91%.
EEERFESSNARBREBIERES, MENBHSBREIINENEEREZSTLCUVENEER, mENR
BREEAFNENEEREZMT LCUVENESER, BLC-UVAENMERKRERZE (95.90% ~99.96%) o
it FEUMLC-UVAZRBERNEARNLEFRESE, SMmEANEELEEESNERE, EFEAS
ERAFSSNARSREBIEREFMBERESEMGNS X,
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[ABSTRACT] Objective To establish a more accurate and sensitive liquid chromatography-ultraviolet (LC-
UV) method for the determination of uric acid in rat serum, and compare the results with those of
commercial kits, providing a new method for the accurate determination of uric acid in the rat
hyperuricemia model induced by potassium oxonate. Methods A hyperuricemia model was established by
intraperitoneal injection of potassium oxonate (300 mg/kg) into SPF-grade male SD rats, and the control
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group was administered an equal amount of 0.5% sodium carboxymethylcellulose solution. Blood samples
were collected from the posterior orbital venous plexus and centrifuged to obtain serum samples. After
precipitation with 0.1% (containing the standard 3, 4-
dihydroxybenzylamine hydrobromide), the supernatant was injected for analysis. Uric acid was separated

trifluoroacetic acid-acetonitrile internal
on a Waters XBridge HILIC column (150 mm=4.6 mm, 3.5 wm) using acetonitrile (containing 0.5% formic acid
and 2 mmol/mL ammonium formate) as the organic phase and methanol solution (methanol: water=1:1,
containing 0.5% formic acid with 2 mmol/L ammonium formate) as the aqueous phase for isocratic elution
and detection at 290 nm. Serum samples treated with activated carbon were used as substitute matrices
for the methodological verification. Serum uric acid levels in rats with potassium oxonate-induced
hyperuricemia were measured using the established LC-UV method and commercially available kits
(uricase and phosphotungstic acid methods), and the accuracies of the three methods were compared.
Results Serum uric acid showed a good linear relationship (R>0.999) at mass concentration of 10-200 pg/
mL in rats, the lower limit of quantification was 10 pg/mL, the accuracy ranged from -2.17% to 2.21%, the
intra-batch precision ranged from 0.52% to 1.95%, the inter-batch precision ranged from 3.04% to 4.90%,
and the extraction recovery ranged from 83.12% to 89.91%. In the rat model, the results obtained using the
commercially available phosphotungstic acid method kit were significantly higher than those of the LC-UV
method, and those obtained using the commercially available uricase method kit were significantly lower
than those of the LC-UV method, but the LC-UV method showed the best recovery of the spiked sample
(95.90%-99.96%). Conclusion The LC-UV method developed in this study can determine the concentration
of uric acid in rat serum with higher accuracy than commercially available kits and is recommended for the

determination of serum uric acid in the rat model of hyperuricemia induced by potassium oxonate.

[Key words] Uric acid; Liquid chromatography; Internal standard method; Hyperuricemia; Rats
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E: A 10 pg/mLRBRMNEBRIZR; B, S0pg/mL3, 4ZREFRARKER (DHBA) WEBMAR, C, TAEYWER; D, EETRERD;
E, MR (ERFEETFEEM05% CMC-NadR) KRME (EWIR); F, MEBREAXRME.
Note: A, 10 wg/mL uric acid standard solution; B, 50 pg/mL DHBA (3, 4-dihydroxybenzylamine hydrobromide ) standard solution; C,

Blank biomatrix; D, Lower limit of quantitation sample; E, Rat serum (without internal standard) in the control group (intraperitoneal

injection of an equal amount of 0.5% CMC-Na solution); F, Rat serum in the control group.

E1 REREEMRITINEER
Figure 1 Chromatogram of uric acid specificity verification

B2 PRERRIIR RS

Figure 2 Standard curve of uric acid
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F1 RERE AP/ HE B TR B E RN B AR E

Table 1 Intra- and inter-batch accuracy and precision, extraction recovery and stability test of uric acid determination
HRERENBEE HEERENEEE EIllES

FREZ IR ) REM
. Intra-A&P/% Inter-A&P/% Extraction recovery/% .
BRE Stability (RE)/%
" (n=5) (n=15) (n=b)
prLE 4°C FTC RT 20C  80°C
mL") RE RSD RE RSD Xts RSD
(n=9) (n=9) (n=3) (n=3) (n=3)
10 -1.99 242 -3.67 5.07
25 -2.17 1.95 -3.68 4.90 89.91+4.55 5.06 -3.12 -2.19 -11.47 -1.09 -9.51
100 0.74 1.54 1.15 3.04 84.42+1.61 1.90 -2.48 -2.23 -6.85 -5.01 -14.51
160 2.21 0.52 -0.56 3.67 83.12+5.63 6.77 -5.46 -4.57 -8.41 -6.74 -12.76

E AP HERENBEE, BEMRE (RE) RRERE, BREFRIOMAIMEENIREREZ (RSD) RRBEEE,; FICHIFRMEML;
RTA=ERSEH

Note: A&P, accuracy and precision; RE, relative error; RSD, relative standard deviation; FTC, freeze-thaw cycles; RT, room temperature.

I A, LC-UVERNREKRRABDRIABDF I hNMBEREKRE (CON, £F05%CMC-NaARHISTREZE; HUA, BERRIFS 300 mg/kg &
ERIFNSRERMESE. 5CONEMBLL, **P<0.001; S54%F1MHELL, **P<0.001c n=6). B~C, H[BRMALHGFTh =M ENER S
RERELR (LC-UV, BRIEEE-LMLE,; Kit-PTA, BBRIAXFSE,; Kitenzyme, REEBXXFE. 5LC-UVEEL, "P<0.05,
"P<0.01, "P<0.001, n=6)o

Note: (A) LC-UV method was used to detect the serum uric acid concentration of rats in the two groups before and 1 h after administration
(CON, control group administered 0.5% CMC-Na solution; HUA, hyperuricemia group administered 300 mg/kg potassium oxyzate).
Compared with the CON group, **P<0.00 1; Compared to before administration, ***P<0.001. n = 6). (B-C) Serum uric acid concentration was
measured using three methods before and 1 h after administration (LC-UV, liquid chromatography-ultraviolet; Kit-PTA, phosphotungstic acid
method Kit; Kit-enzyme, uricase method Kit. Compared with LC-UV, "P<0.05, ""P<0.01, *"P<0.001. n = 6).

B3 ABRSABE 1 h ARMNBRESE

Figure 3 Determination of serum uric acid concentrations in rats before and 1h after administration

F2 LC-UViZ5HERN SN AIMEE BRI

Table 2 Comparison of the spiked recovery of LC-UV method and commercially available kits

(n=3,x +s)
PN EIRE/%
EREERTE)/h IMEREIRE/ (pgmL") Recovery of spiked samples/%

Time/h pl(pgmL™) LC.UY BRSERE [REREGIE
Kit-PTA Kit-enzyme

02 10 99.97+6.86 118.83+21.22 60.05+11.2

25 95.90+4.54 117.90+8.48 84.31+4.31

1 10 98.18+3.23 125.00+5.34 27.37+8.62

25 99.64+0.99 112.96+3.85 43.55+5.38

i LC-UV, RAEBIE-RIMEMIE, Kit-PTA, BHBEZIXNE; Kitenzyme, REEEELTE. a, LC-UViEUEHUABRAZRIFIAZARE h
MBERBEREIRE S B 21.21 ng/mLFA50.71 pg/mLo

Note: LC-UV, liquid chromatography-ultraviolet detection; Kit-PTA, phosphotungstic acid method; Kit-enzyme, uricase method. a, The
concentrations of uric acid in serum before and 1 h after administration were 21.21 wg/mL and 50.71 pg-mL by LC-UV.
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F3 LC-UViZ5H58IE . IRERES XA U MiBRER S BRI LR

Table 3 Comparison of liquid chromatography-ultraviolet (LC-UV) method with phosphotungstic acid method and uricase

method for determining serum uric acid

5 E [F12 F BBR M
Method Principle Features Limitations
BB REERESRPESHOBRLN, £ REGE, QUNEE, RARE, T SEMEE EHER GNERSZZME
Phosphotungstic REX . ZSNKRMBE BHENER BFELST FEMEREYREIE
acid method E5RBEEMIEL
RIESIE-ZIMONZE BFRMEFNSEHSPEIEEEN, ETERER EHES ZECET, RARs. QR BEREK
LC-UV HFSEEHEREEANRNTRE, esFTkEEs
SHHERBHEARE
PREREEIE PREZERBREERIER TEMKRER. Z RBREGR, QUNEE, RAME, T REBNEUEZSRMBEP S ERE

Uricase method

AIRNEES

SENIata JaHasEe ATENNSH

i, AT

R (A peE k. FitRimmg) rsgm ", 1R
B, BEYRESMEINE AN E R, SERNER
TS, e E A, ETRSEF
AN A EEMEN, HTFSEEMEEEMER (K
B srEd. HEFH. D) MR/, RIS, fEREE
FE R B B (RD R A, DA T B8 SE BN AR 2H 43 () 43 25
Rl mRORE e EA T E IR, IR
ARHFR SRR 3 MG 77 A B IR IR R, TESAIR IR
P SRR B JRIR MRS, FREGEE T S BE AR
ERHER R T LC-UV IR 71k, R
ENCR PR . ATEEE LC-UV 2347 77 BRI =5 fR
i [T R BRI A IS PR R K

T4 (AAEIRRZ B T R RS SR )
AR AT TR AR, BB H RS R
HHLC-UV &M VE M & E i RAF, drvEdh R4S kA
LC-UV & 77 4 A R ER 7E 10 ~ 200 wg/mL {6 Bl N A
RIFEIERCR, LIARTE SR -SRI A5
FREN RE/E£15% N, G %5 S B9 OvR v RSD /T

B4 FREZ(A)5S DHBA(B)BI&H0
Figure 4 Structures of uric acid (A) and 3, 4-dihydroxy-
benzylamine hydrobromide (DHBA) (B)

15%, 7€ NBREVIGHARE ) RE 7E+£20% . RSD /7)\
T20%, AHHFREE R, LC-UV RN J7 A0 ik
E5ERE FREREIBZERF, FaffmaimE
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I MR 2 AL B0k i A, HILIC 22— Sie il 1
A G AR B A B REAR M R AR B A T N B el R
A, SRR EEM, HEEESE S AT
LB AHZ SR AR AR SL B — H i 1Y ARHfESE
R FH HILIC # 5 90% H A HIAHSE S DRI 1 TR IR & &
T, MRS A A IR, MIRRE R
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[ABSTRACT] Improving the reproducibility of biomedical research results remains a major challenge.
Transparent and accurate reporting of progress can help readers evaluate the reliability of research results
and further explore an experiment by repeating or building upon its findings. The ARRIVE 2.0 guidelines,
released in 2019 by the UK National Centre for the Replacement, Refinement, and Reduction of Animals in
Research (NC3Rs), provide a checklist applicable to any in vivoanimal research report. These guidelines
aim to improve the standardization of experimental design, implementation, and reporting, as well as the
reliability, repeatability, and clinical translatability of animal experimental results. The use of the ARRIVE 2.0
guidelines not only enriches the details of animal experimental research reports, ensuring that information
on animal experimental results is fully evaluated and utilized, but also enables readers to understand the
content expressed by the author accurately and clearly, promoting the transparency and integrity of the
fundamental research review process. At present, the ARRIVE 2.0 guidelines have been widely adopted by
international biomedical journals. This article is the second part of the Chinese translation of the complete
interpretation of the ARRIVE 2.0 guidelines published in PLoS Biologyin 2020 (original text can be found
at https://arriveguidelines.org) and based on the best practices for following the ARRIVE 2.0 guidelines in
international journals. This part includes Items 4-7 of "ARRIVE Essential 10" in the ARRIVE 2.0 guidelines:
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"Randomization”, "Blinding", "Outcome Measurement"”, and "Statistical Methods". Our Chinese translated

version aims to promote the full understanding and use of the ARRIVE 2.0 guidelines by domestic

researchers, enhancing the standardization of experimental animal research and reporting, and promoting

the high-quality development of experimental animal technology and comparative medicine research in

China.

[Key words] Animal experiment; ARRIVE 2.0 guidelines; ARRIVE Essential 10; Randomization; Blinding;
Outcome measurement; Statistical methods
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