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FIRE (NAD, y-&2 2 TR (GABA); 1 ELISA il RME HIEE &=, AFEFIRIEER (T4).
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Effects of Hypomagnetic Field on Neurotransmitter,

Hormone and Blood Parameters in Male Mice

. . e . D

ZHANG Ying-Ying”® TIAN Lan-Xiang""
(D Key Laboratory of Earth and Planetary Physics, Institute of Geology and Geophysics, Chinese Academy of Sciences, Institutions of
Earth Science, Chinese Academy of Sciences, France-China International Laboratory of Evolution and Development of Magnetotactic

Multicellular Organisms, Beijing  100029; @ University of Chinese Academy of Sciences, Beijing 100049, China

Abstract: We aimed to investigate the effects of continuous exposure to hypomagnetic field on
neurotransmitter, hormone content and blood routine parameters in juvenile (three weeks old) and adult (eight
weeks old) male C57BL/6 mice (Mus musculus domesticus). The experimental group was exposed to the
hypomagnetic field at density of 1.1 + 0.5 uT, while the control group was exposed to the geomagnetic field at
density of 53.3 + 0.2 uT. A total of 84 and 72 male juvenile and adult mice were randomly divided into the
experimental group and the control group, 42 and 36 in each group, respectively. Juvenile mice were exposed
to the two kinds of magnetic field for 1 to 5 weeks while adult mice for 1, 3, 6, 9, and 12 weeks. The contents
of neurotransmitters and hormones including gamma-aminobutyric acid (GABA), serotonin (5-HT), dopamine
(DA), acetylcholine (Ach), noradrenaline (NA), thyroxine (T4) and growth hormone (GH) in the brain tissue
or serum samples were measured using LC-MS and ELISA. Blood routine parameters were also measured in
Peking University Health Science Center. We compared the results of the experimental and control groups
with independent sample t-test. The results showed that the contents of 5-HT and NA in the brain tissues of
adult mice exposed to hypomagnetic field decreased significantly after 1-week exposure (P < 0.05) (Fig. 1),
and the contents of 5-HT in serum decreased significantly after 3-week exposure (P < 0.01). The contents of
T4 decreased significantly at the 3rd, 6th, 12th week (P < 0.05) (Fig. 2). The content of DA in brain tissues of
juvenile mice decreased at the 5th week (P < 0.05) (Fig. 1). The content of T4 in serum decreased
significantly at the 2nd and 5th week (P < 0.05) while NA decreased significantly at the 4th week (P < 0.01)
(Fig. 2). Blood routine examination showed that white blood cells (WBC) increased significantly at the 1st
week for adult and 2nd week for juvenile mice, respectively (P < 0.01). Other parameters had no significant
differences (Fig. 3 and appendix 1). This study shows that the parameters responding to the exposure to
hypomagnetic field for juvenile and adult mice are not completely consistent, excepting that T4 reduces
significantly in both groups. The results indicate that T4, 5-HT, NA, DA and WBC may be physiological
parameters sensitive to the hypomagnetic-field exposure, which should be paid special attention to in future
studies.

Key words: Hypomagnetic field; Geomagnetic field; Neurotransmitters; Hormones; Blood parameters
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RN TR %, AR WREIR BN AP R 52 AL
FRAISIRAN 2T . B BRI R A5 2
I 2 5 4 e it A 2 A AR )2 R R 2 T ()
# /5 (Kopanev et al. 1979, B4 )1145 2012).

YA KR B FACENE 3 75 Z A R S T
AR YERE, M. RIS 502
FIBT A BRI PTSEFR bR SR A B pPE
AR 22 50, TR, 154

S )ERNEAN, PR O R AR AN B R e A A A
AT AFINES), I 2 R SR %5 UIAH 5
(5KREESF 2013). DRbpR&R i, R DA M
i RIS 2 Bt 9 VP P58 DR % B AR A R
s POE HA R 7% 3T NTEXT L3 4
YIRS 7 T R S R B, WG # R 1 M HE
4 AR (Mesocricetus auratus) it JE K% Fl/N
firh y-%= 2 TR (gamma-aminobutyric acid,

GABA) & EIZWIFFIC, WM E -2 5T
TR & A AR, EREIABERT AN [R) Ao X 38 5 (1)
SRR A TE A —8, AIReS &M X DhReA K
(BRREE 2000, W FEE 3 A H A KR
(Rattus norvegicus) K 57 JZ G & A ik
i W E MR Ok R R AL, T EUM T MR
(Zaporozhan et al. 2002). AURE4 L HiE 3
JE B I SD K BRE W REIA PR IR 2 5 7% 6 JH,
[F I 7 22 Fe 27 3 J 45 R Ja kAT 2 R R 375k
5, SRV MNEBIE 2 FFEnE ALK
¥ 2 (growth hormone, GH) FlH KR &
(thyroxine, T4) #Z2IEEMFFK, HikR
Ja k& 2| HifGYs (geomagnetic field, GMF)
TP, 3K U BH PR 370 0B B s e 75— ()
PERIITE],  HaXFpszm g nf Ik &) (H 22 A5
2018) . W Hiki7 55 72 h 23514 8 JH e HEdE C57
/INER. (Mus musculus domesticus) F=AEHEREIT A
(Ding et al. 2019), TI#H% 30 d [1) 4 ~ 6 AR
HEYE C57 /NRACEEFEREAT Jy, (H LIS
A8 JE I AR 25 U B RZE (noradrenaline, NA)
AR Z R (Mo et al. 2015) . IXEEHTFFL
Ut BF S o 2 366 O AN T 2R 2 o S I 1 S
R TEAA WL ML TR I, R %S

Feile | ~ 4 J8 251K EE BALB/c /) B EL 40
M E 43t (lymphocytes percentage, LY%) Al
FZi i (white blood cells, WBC) % & H I
PR G Pk 2 P 3A, T XS 2L 40 o % & (red blood
cell, RBC) ZHAZHTC B2 (FHMSE
2011); JRAE C57 /N RIEHE 358 30 d 51
H g PR 4B (neutrophils, NE) 7KF- &
= ob) AR NS N b U RN i =2 i
BTN CTHEEE 2014). 8 FRRFFER]
DU, MU E R B S0P k20 A A
Hh R 2 0 VR 37 e e HA AR S, 1T
VA 37 %08 At L 240 P S AR TE RS

WAk, VRIS i o AN/ BRI B &
B (Fesenko et al. 2010), 5|{ZiEEHE (Cynops
pyrrhogaster ) 5.3 IE it K & Wi ¥ F H &
(Asashima et al. 1991), FE( %K % (Oryctolagus
cuniculus domesticus) MK & i & 4% H.4))
fFHET- % F+ 5 (Kopanev et al. 1979); W47 N
DRIIEE:. IR, )idizae ) P RS (3
HiJII% 2012, Binhi et al. 2017). &&5H7 A
FRI, X SRR IG K B s 4T N
X7 A W3 RO, RATHER N SX W T
A A 9 (R 428 346 o AR v g H o WV a7
A N (KRR, S S R IV A i 8 () A £ 35
AR AT H 4S5 i@ B T AR O 7T . HR
IR SRR A ER, B 5T
JUF AT AR &4, a0 FE A 3 B 5
NEJoT . BE LR 4 A 2 AR S5, B 7 20 i A
AR WERZ AN, ERZH5RTHAERE
A28 2% 2] AT % (Smith et al. 2002). 5
TR 5-F % (serotonin, 5-HT) {EZWY)
WAL TG BAT NI N R A B2
f£H] (Bellintani-Guardia et al. 1996). 1965 4=,
Schildkraut & & 728 L) « i 7, R4
HRE R R AE S A 2 ERER (NA) 1 5-
B (5-HTD) SFHREKHC N EVIMX. £
B (dopamine, DA) Z 5\ 1T FERITE R
(Backman et al. 20100, v-Z 2 TR (GABA)
SN EEZRI RIS, SIEGRESE
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K, FEBRSNIEN y-2 5 TRE & T IEE)
Y, MARACE I y-200E T IR 2 5 B =
4 (Petty 1995, Shiah et al. 1998). ZBtAHTH
(acetylcholine, Ach) S5ERERET EINE
K, HSHREEEREERIES) (Perry et al.
1999) o (K| L AHIF 7L 3% 48 3k JUFh b 2038 J5 A
FHATELN, I HAR BB FAFAE 1 RS
BT MAES: (ZEW RS &
RN IRMEFR TR« AT bR FIE = XG4 B
SEARFER B FRHBNPR L S ), It
JE& D414 1) R A /N BR0G 2H ZURN I 9 P A 2 0
JiR PRI 40 B 2 0 )% S O R 3% 2 A
WSS A o T & 50 Y AR R 7787y RN e
W T A 3R M IS T R 3 3 85 U R A HE 5
HFEEA T EENE L, R RESS I E
WSO AR AR B ) SIS AR A

1 MRSk

1.1 LRI

SEBG S A 43 9 W RS A BRI HE R 37 34
Bio L7 IREE i — AR 22 20 18 R Guil i
HOH SAME ML) o B oA . 2RI RS 3
HIEZHA T L GOREK 1.5 m) 4%,
TR LGB — A E R R, £ XL Y. Z
=7 ) PR AR SRS BRI &, TR
DX 50 cm x 50 cm x 50 em 9% [A] P HR AL
S FEARGF I G o 35050 X8 ST 3 5 B
(1.1 £ 0.5) pT. /NERISTEWE35 5] XA
TaFR, AT TR BN K s 2R . R
W B E— R AR RS TR GOREK
1.5 m) AFAEZLSRAL, HEZLALT AR g3 3R
Berb, WEI7 5 FE R SL I 5 2 b Hh 3 o
(533 +0.2) pT. PEILLRSEE A A R RS
e R AR, F TN, i
HHSES0 % H KT e i R4, B 0 s
2 03.0 mo SEEGEE BT ERNE B 5 S
BRI TT T AE DRGS0 = . SEG AR AT
173 d WA S BRI, W iR SR R R 18
SRR EE . WAL b S IR B AT A IR

bR EA R A, HAMREE S H R —
o W (20+£1) C, FIXHREE 35% ~ 40%,
R[] 8:00 ~ 20:00 B, FEANS2IEG HA R /N R
AL T LG P RSN W R, AR
7o PR
1.2 SR

JETE S CSTBL/6 HEVEZFE/NR (3 JE#E)
84 H, WUAF/NER (8 W) 72 o HiF/NRAE
RIS IE M. 1 d J5 BEHL 2 TG (HMEF)
MY (GME) XTREAL, R4 42 HIRA
FHNL PSS FREE R s BRAF /N BRE M 37 M 35 0
N1 G BENLSY R TR 4R M3 %o B 40
H2H 36 R BONFE R 1) S A B o S 7E HT I
TR EEIEH TFEN 1, HL5E/NR 3 Ak
Wil 5 R PERE (115 2015) Z (A [)5E
6 A AR TR S 4 R PR R B () A 1 e
1.3 SERAbEE

YN RAE L ik S s S/, B
X Rk 3 SH RN M R 2H % 7 RAMAREAT L
FEs /N RAE W RS h SRR 7R 12 F, 435
FEER 1. 3. 6+ 9 A1 12 X REIZ 4 A ki 3%
SRS 6 RAMEIATER: . B FE AT ENE
SEEG o HUREIRI/N BRI A 7 SRR BRI i 47 HR 3k
i, 4 CEE 4h J5, 3000 r/min4 CE&l
10 min, HUME3%, - 80 Cifr, HT/as:
For W A 20 080 R R RS s SR ML Je BV BT Sk . 7EUK
& LRSI R TR EE R, AR5 T - 80 CIR
17, ATRINSEEE SR, SR Ebn
5 5-F g (5-HT). ZE& (DA, y-Z AT
2 (GABA). ZFEIERE (Ach). XFE LRE
(NA). HURIRER (T4). AK#E (GH) U
S H R bR o SLI0 IO I [R] 524 — 0, 5K
ISRER G — %S, HUREIA AT LI 2H R
[ AT, XA T HERR SR B R G HIR 2
1.4 KWk
14.1 BEHAGE-FIEEBHA (LC-MS) ¥Efl
ANRRARMMIBE R RMWEBERT AT
N R R E R & R
£) JaET 1.5 ml BO08 A HB 1R
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(Sartorius-BSA224S, f#[H, #FE0~220g,
FEPE 0.000 1 g) FREVRE. & HAMERA -
N 1.5 ml BEOEEIMA 800 ul FAUTIE R

(B 1% PRI CHEHEBOM 4 pl WHF 3,4- =%
K % ( 3,4-dihydroxybenzylamine , DHBA ,
100 mg/L) JEUKIRERIE ST 60 s, VKIHE i
W 10's, 11 000 r/min 4 ‘C &0 15 min, B
200 pl, F|H] Labconco CentriVap B5Co 41X

CGEED 20k, I 200 pl FHEHR (&
0.1% FFER A1 10 mmol Z BRI KIEWD TAHEHR
fif#, 11 000 r/min 4 ‘CES.Cr 10 min, &0 2 HL
iESE BRI . RIS R RN (R
H) PSR S ERR. B 100 pl MiF0KH
FiAk, I 400 pl FAPIUTIER (F 1% H R
P CREHRD F15ul WAs (DHBA, 25mg/L)
WWHE 15 s, YIHEEH. 11 000 r/min 4 CE L
15 min, X35 300 pl B0 48 T /5 I 150 ul
B WRFER A, 11 000 r/min 4 C 5O
10 min, &0 2 RH_EESENFERARI, 6
Mg R ARG Z T IS P& i & 2R .

¥ 9 fd ] HPLC-MS/MS  1X #% ( Waters
ACQUITY UPLC I-Class, AB SCIEX Triple
Quad™ 4500, Z[E) A1 100 x 2.1 mm. 1.8 um
i+ (Waters ACQUITY UPLC™ HSS  PFP,
EED. kR A VUARRKAR, B
FE A 0.1%FEZA 10 mmol ZFREL ) 21
V&R (Thermo Fisher Scientific, USA), 7KAHfE

MEN 0.2 ml/min FIBEREVERL, HEFEER
10 ul, FE#EN 30 Co BTN HEBEE 5T
(ESD), VEILEEN 300 Co Jiii % IE B 11
REZ MM (MRM), FiESHNE 1. L
6455 FH P o o4 fH 29 6] BT o 22 336 5 53R 47 A
PR, ATRbRMES - (5-HT). 25
e (DA). ZBEREBH (Ach). y-& & TR
(GABA). EZHYE FIEER (NA) Ml 34-—%
“Fi% (DHBA) ¥J H Sigma-Aldrich (St. Louis,
MO, USA), A Fl AR FH 2 50% I (1)
IKEREEHI R 1.0 g/L B, 433%)5 - 20 Cik
A, BRI BRI A FH ) 3 e S SV il
1.4.2  ELISA (BEEAAE) A/ MLiE
BWEREE [MIEHMM - 80 CHUE Gtz
BURED, =ZRBEME 3 000 r/min 4 CE L
10 min, %8 ELISA {558 (RROCESE, FED
ERAE VLRI R & i, AR gE SR U= Tt if
EHEERSERR. DMRAERER (T4 B
G35 R A IV B A 20 ~ 320 pg/L, REKE
20 pg/L, HLRNAE TR < 15%, k(a5
RE <15% 5 MREHE LIRE (NA) B
GaBER A SR MTE A 7.5 ~ 300 ng/L, RIEESE
7.5 ng/L, #IRNAZRFRE < 15%, fikAEIAE
RRH < 15%; MRAEKEERE (GH) %
LR G MTEE M 3.12 ~ 200 ng/L, REUE
0.78 ng/L, #LRNZFZE < 8%, HiklAlIAL
R R2H <10%.

& 0.1% B A 10 mmol ZMEHIKEM: K 1.43  MAMESHSI /N B IR BRI,
x1 FESH
Table 1 Parameters in mass spectrometry analysis
HETF-TET EEHE AN HE RERERE A= O
V| Precursor-production  Declustering Entrance Collison Collision exit
Analysis (m/z) potential (V)  potential (V)  energy (eV) potential (V)
Q1-Q3 Dp EP CE CXP
Z Ef% (DA) Dopamine 154.0 - 137.0 6 7 14 12
5-¥2 )z (5-HT) Serotonin 177.0 - 160.0 2 5 17 15
ZBERRH (Ach) Acetyl choline 146.1 - 87.1 6 4 18 5
y-RIETH (GABA) y-aminobutyric acid 104.0 - 87.0 40 9 14 10
LHY ER#E (NA) Norepinephrine 170.0 — 152.1 5 8 10 15
3,4-Z¥2% & (DHBA) 3,4-dihydroxybenzylamine 140.1 - 123.1 40 5 16 10
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T IRGE AR AL 20 pl 4NN S 2 ml &
TKBRIRE (= 0.9%) Fl Tris (= 0.1%) 1)
LBIIWOKIEIR A, R TR ST & A0 2 v (R
FEMAIVEMRER D, 2h WIEEIL KFES
SIS APk, {8 MEK-6410C A4
H 2 40 5 A7 G AT I3 R 3 A
1.5 SitZEah

SEIGEHE L IME = FREEROR, A
SPSS 21.0 X B AT Ab B2 7 A o 2 1) 22 7 A S
Wi oy AR, FTFRA ORI AR &, SR
ST t k30347 734, P < 0.05 Ron 2 7
BAEG R .

2 g3

2.1 TR A R B IO /N R 4 R e
SR ENEH
A AR, TR A B BN B

390 1 2 #4E Juvenile

360 -
330 +
300 -

MR Z ERE (DA) FREIES S A RE T
(P < 0.05); MFENRMAL T 5-5 )%
(5-HT) FMIZERYE EiRE (NA) FEER 1
JAH BERIL (P<0.05), (HEGLEERN
A B WA R /N R
I ZEL 23 o 22 368 )5 o o 5 R IS TR B G, B4R AR
iR — (E 1.
22 WA R B8R KN R IIE R
Frh 258 0 & 2R

SipidndA M, W35 H 405N R 1
T HFRIRMER (T4 SEAS 2 HHIEE
FEAK (P<0.05), HAEES 3. 4 JHKE 2
K, FEER S A SUH IR K (P <0.05);
R 2 A/ RMSE IR ARER (T4) 19
SRAF A B HARE % (P<0.05),
5 9 VKR BB, BIEE 12 A SCH B
BEEL (P < 0.05), WHiAHH T4 &5 EBEK

b B4 Adult

390 |
360
330
300 +

&b
)
2 18} 18}
]
5
=
i 12| 12}
4 :
b I
6l 6L &
0 L L L n L 0 L L L L L L L L L L L L )
0 1 2 3 4 s 01 3 6 9 12

FFE0T A Exposure time (weeks)

—o- 5B aRkS-HT ( TREE HMF) —o- v-23E T GABA (Wi HMF ) —o— ZWHAER Ach (TER%Y HMF )
e SEMARES.HT (M GMF) e v-EETH GABA (i GMF) —o ZBEIBGH Ach (3t GMF )

—o- Z B DA (#% HMF )
—— M DA (M4 GMF )

—o- EH'E FIRE NA (WREY; HMF )
—o— EHF FIEE NA (Hi# GMF )

1 EREGARZENKEETDRBARSTHERRESE

Fig. 1 Comparison of the contents of several neurotransmitters in brain tissue of mice

exposed to hypomagnetic field and geomagnetic field.

a. 414E; b. B4E. a. Juvenile; b. Adult. * P <0.05.

5-HT. Serotonin; DA. Dopamine; Ach. Acetylcholine; GABA. Gamma-aminobutyric acid; NA. Noradrenaline. HMF. Hypomagnetic field; GMF.

Geomagnetic field.
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AL T i m, BAZERGES. St
WAL, WHHALFENREHE ERER
(NA) ERIEH 4 IR EZEERL (P <
0.01), HAthFEER A LR EMZESR . WHinH
BN R T S-FR g (5-HT) 7628 3 A
H B 2 PR (P <0.001), 7F 5 85 52 A K
2R (B 2),
2.3 WA R 28R K0/ R 4 il 2 4
)2

S REsn A AL, WA S E N A
Yl (WBC) & ®RAE 2 A WEE & (P<
0.001), 7E )5S ab B & Pk 2 Bt 37 7K~F, itk
B E A (LY%) TE56 4 A HBLE &I 5
(P<0.05), HALRFEMTEERER; MED
A4 (WBC) SIS | AAREEAS
(P <0.001), 1EJ& 225 5% J& Y B 2| i 37 7K ~F
(E 3). b4, a4l (RBC). ifi/Mi (blood
platelets, PLT). Ifl£[ 5 H (hemoglobin, HGB)

6000 | a Z4E Juvenile

BERENZER, GitdE R 1,
24 /NRAFEERHEFEREKER SRR
G 2 A RIS CSTBL/6 HETH: /N B
(3~ 20 JA#) MHAF RIS, R
(173 2 R A 2203 i i 44 P 2 5 o 0% 1 K 11
SETUHEENM S 1~ 3. LR ER, WE
AINER G A 2 L (DA F1Z T JIH s
(Ach) FEANIEA— I8 ~ 10 AE
EEMIEIC, 15 11 ~20 BARENAK, 21
2 (DA) &8N 13.14 ~ 1529 nglg, ZMEHAR
(Ach) &8N 8.79 ~ 13.15 pg/g (P 2). &5
EHFENRIZ B (DAY FZBHER (Ach)
TR (B D KE, ELFERE, BEE
NI 252 5 0 JEN R B /N SR 2
(5 5 A, RISy 8 JEwd /NG, A £ T (1)
TR DR ER KIS T T4
R BRI (3R 3): AR
4Hi (RBC)+ ML/ (PLT) A I 5K (HGB)

6000} b JAF Adult I
2000 2000 | )
F 330!} _
5 330 . 330
§ 220 H<%>%/%\é 220+ * X
Q
= 110t 110} 3
E‘ﬂ 304 307
20} 20t 5
10 + .‘/;/;; ;%/:é"""———;\.\.—*' 10+ =< —— “\“tg,}/,//// i%
0.06 % o 0.06%
0.04 + §\§4>i<g><§ 0.04
0.02 0.02}
0 -— .
0 1 2 3 4 5 0 1 3 6 9 12

R BH}E Exposure time (weeks)

—o— £ BIRE NA (LR HMF )
—o— ZHF LIRE NA (MR GMF)

—o— B K% GH (R4 HMF )
—o— KME GH (HuBE%H GMF )
—o— FURAEE T4 (LG HMF )
—o— HURARME T4 (MG GMF )

A 2

—o— 5 A EES-HT (WREY HMF )
—o— 5-FAaHS-HT (MY GMF )

FEWRH A RRENKFAT /D RIESRNHEIEB RS &

Fig.2 Comparison of contents of several hormones and neurotransmitters in serum of

mice exposed to hypomagnetic field and geomagnetic field

a. 414E; b. 4E. a. Juvenile; b. Adult. * P <0.05; ** P<0.01; *** P < 0.001.

GH. Growth hormone; T4. Thyroxine; NA. Noradrenaline; 5-HT. Serotonin. HMF. Hypomagnetic field; GMF. Geomagnetic field.
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—
oe

18r ¢ JRAE Adult

[ a 4h4E Juvenile
15+ 15}
g Hkk
%1% Bl
22 %
§'§ 9 | 9 | %k k ?
Q
£ : g
= e . 3o
3t Eg 3l
0 ' : : : - C 0 . - . .
0 1 2 3 4 5 0 1 3 6 12
105 1y 44 Juvenile 105 1 4 Fi4F: Adult
[ *
< N0¢ . o] % é b
% & @ %g 5
2 . .
(}5 g 75+ Eﬂ 751
25
ﬁ [s¥
0 oo . 60
)
&
E 45t 45
-
30 .30

0o 1 2 3 a4 s

0 1 3 6 12

ZFRISHE] Exposure time (weeks)
[ JHMF [] GMF

B3 AENESAFRRENKEET/MREERSERMEHRE LT

Fig. 3 Comparison of contents of white blood cells and lymphocytes percentage in blood of

mice exposed to hypomagnetic field and geomagnetic field

av b. GIFF; o d HF. av o A by d MEMMLE L. HME X#iY%; GMFE. M. * P <0.05; *** P<0.001.
a, b. Juvenile; ¢, d. Adult. a, c. White blood cell; b, d. Lymphocytes percentage. HMF. Hypomagnetic field; GMF. Geomagnetic field.

EZREREE, SEaTRE (3% D.
3 it
KB 235 ENEIE -3 AR AN R GRS ]
BRI M
FEARWFFAT I ARG R, /N RE7
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SPANENTh R R AR lE A, m R s KR 2
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Mk 1 R4 3 ~ 20 JE#E CSTBL/6 HEE/N R ¥4 M3 MR
Appendix 1 Blood parameters of male CS7BL/6 mice (3 - 20 weeks)

s 4 R E 7 214N ifiL /MR 2T & A
Age (week) White blood 9cells Lymphocytes percentage Red blood 1(2:811 Blood platglets hemoglobin
WBC (x 10°/L) LY% (%) RBC (x 10°/L) PLT (x 10°/L) HGB (g/L)
3 2.10+0.76 74.27 £15.25 6.38 +0.98 249.29 + 68.49 96.14 £5.46
4 4.44 +0.77 7091 +5.18 6.22+0.74 316.14 + 38.61 97.29 £6.78
5 4.97+0.85 70.99 £ 5.50 8.18+0.16 427.71 £ 26.03 128.00 £ 4.10
6 5.77 +1.69 74.34+£5.31 7.60 +0.55 403.71 £ 37.68 119.14 + 13.11
7 6.24 +1.55 74.53 £9.98 7.79 +0.69 336.14 £ 51.41 118.43 +22.95
8 6.00+1.13 79.87+4.27 8.26 +0.50 396.14 + 64.32 125.57+12.29
9 4.43£0.58 67.40 £10.51 8.99+0.16 408.83 +20.26 135.00+1.53
11 9.97 +1.49 84.70 +3.71 9.02+0.28 368.83 £ 12.37 132.17+£3.13
14 11.18 +1.96 88.43 +3.68 9.22+0.20 379.50 +31.73 134.83 £4.06
17 — — 8.45+1.01 451.60 + 77.68 123.80 + 14.88
20 9.72+£2.30 88.22+3.84 8.96 +0.56 432.00 +42.47 130.17 + 8.80

M2 MRS 3 ~20 B C57BL/6 i/ D RINAS ML B KRS E

Appendix 2 Contents of neurotransmitter in brain tissue of male CS7BL/6 mice (3 - 20 weeks)

. Sl LM £ LR LA yEETH
Age (week) Serotonin 5-HT Dopamine DA Noradrenaline NA Acetylcholine Ach Gan_]ma—ammobutyrlc
(ng’e) (ngle) (ng/e) (ngl®) acid GABA (ng/g)
3 5.85+0.48 9.32+0.24 3.15+0.17 8.73+0.28 350.73 £6.13
4 6.62+0.53 10.17 +£0.78 3.42+0.25 8.42 £ 0.50 340.41 £ 11.52
5 6.47+0.22 11.06 +0.26 3.16+£0.19 8.42+0.39 334.79 £ 12.41
6 8.74 +0.65 16.65 +0.87 1.92+0.13 17.34+0.46 304.91+17.30
7 9.93+0.63 18.71+0.93 2.01+0.19 18.29+1.23 307.90 = 11.17
8 9.68 = 0.69 20.13 £ 1.01 2.09+0.18 20.16 +0.87 346.98 = 19.80
9 9.33+0.51 1536 £0.73 4.67+0.21 13.15+£0.61 370.08 £10.33
11 7.59 +0.69 13.14+0.77 4.14+0.31 9.40 + 1.06 364.27 +32.09
14 8.05+0.26 15.29+0.77 3.58+0.31 9.21 +0.54 346.29 £ 24.26
17 8.20+0.57 15.24+0.94 3.66 +0.29 8.79£0.76 359.32+£19.54
20 7.12+0.57 14.16 £0.94 3.19+0.29 9.36 £0.91 327.32+£13.37
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Appendix 3 Contents of neurotransmitter and hormone in serum of male C57BL/6 mice (3 - 20 weeks)

e S-FR i R LR ERSE LRNIZ¥
Age (week) Serotonin 5-HT (mg/L) Noradrenaline NA (ng/L) Growth hormone GH (ug/L) Thyroxine T4 (ng/L)
3 3.41+0.12 442 +7.8 3.31+0.39 187.60 + 94.95
4 3.70 £0.27 32.8+8.3 10.48 +4.53 215.22 +£38.51
5 3.71+0.32 48.2+9.8 7.20+1.37 236.90 + 40.55
6 4.94+0.38 39.3+11.6 6.62 +1.30 200.85 +53.48
7 5.15+0.33 472+6.5 4.64+0.36 241.73 £50.42
8 523+0.11 37.7+53 4.89+1.08 169.45 +16.06
9 2.28+0.09 30.7 +14.7 5.88+1.61 126.68 +33.41
11 3.89+0.32 36.3+4.9 15.35+11.52 183.07 +42.15
14 5.57+0.71 272+12.3 9.83 +7.64 149.70 + 31.57
17 421+0.19 39.2+13.1 8.01 + 1.81 105.77 £13.28

20 5.70 +£0.25 222+9.8 13.60 + 8.80 101.57 £ 14.25




