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Neurogenesis impairment in hippocampus of rats induced by lead XUE Ling, CHEN Meng, YAN
Li-cheng, CHEN Wei-wei, WU Lei, ZHANG Yan-shu (School of Public Health, North China University
of Science and Technology, Tangshan, Hebei 063210, China)

Abstract:

[Background] Lead is a common neurotoxic substance, and long-term exposure to low-dose
lead can cause damage to the nervous system. Previous studies have shown that lead exposure
can increase the apoptosis of nerve cells, and damaged nerve cells can not be compensated,
which in turn affects the normal function of the brain. In adult mammals, sub-granular zone
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(SGZ) eventually harbours neural stem cells. Under the stimulation of certain physiological or pathological factors, neural stem cells
can proliferate and differentiate into neurons and glial cells, and migrate to damaged brain regions to replace damaged cells. Thus new
neural circuits are established to maintain the normal functions of the brain. Studies have found that interferon-y (IFN-Y) can inhibit
the proliferation and differentiation of neural stem cells. Transforming growth factor-p (TGF-B) is also a key molecule regulating cell
development and cell cycle, and promotes the process of neurogenesis.

[Objective] This experiment aims to explore the possible regulatory roles of IFN-Y and TGF-B1 in lead-induced neurogenesis impairment
in hippocampal SGZ of rats.

[Methods] Forty-five adult male Fisher 344 rats were randomly divided into control group, low-dose lead exposure group, and high-dose
lead exposure group. Rats in the low-dose and high-dose lead exposure groups were given 300 mg/L and 600 mg/L lead acetate solution,
respectively. Rats in the control group were treated with 600 mg/L sodium acetate solution. The exposure lasted for 9 weeks. Morris
water maze test was applied to test the spatial learning and memory ability of the rats. The proliferation and differentiation of neural
stem cells in SGZ were observed by laser scanning confocal microscopy with Ki67*-DCX" staining. Real-time PCR was used to detect the
expressions of Ki67 and DCX mRNA in hippocampal dentate gyrus (DG) region of rats. ELISA assay was used to detect the levels of IFN-Y
and TGF-B1 in the hippocampal DG of rats.

[Results] The blood lead levels in the high-dose and low-dose lead exposure groups were (0.341£0.10) ug/L and (0.1940.04) ug/L,
respectively, which were higher than that in the control group [(0.09+0.03) ug/L]. The lead levels in the hippocampal DG area in the high-
dose and low-dose lead exposure groups were (0.53+0.06) ug/g and (0.48+0.08) ug/g, respectively, which were also higher than that in
the control group [(0.40+0.05) ug/g]. The neurobehavioral test showed that the escape latencies in the high-dose and low-dose lead
exposure groups were (38.37+10.37) s and (31.6219.24) s, respectively, which were higher than that in the control group [(21.86%6.45)s],
and the escape latency in the high-dose lead group was higher than that in the low-dose group (P<0.05). The average number of crossing
platforms in the high-dose lead exposure group was (2.13+0.92) times, which was lower than that in the control group [(4.27+1.16) times].
The neurons in the hippocampal CA1 area of lead-exposed rats decreased in varying degrees, the arrangement was irregular, and ghost
cells and stenotic neurons were observed, especially in the high-dose lead exposure group. The mRNA expression levels of Ki67 and DCX in
hippocampal DG region in high-dose lead exposure group were 0.68+0.10 and 0.78+0.12, respectively, which were lower than the levels in the
control group (both were 1.00+0.16). The ratio of SGZ (Ki67*-DCX")/Ki67"* in the high-dose lead exposure group was 56.4% (20.87% vs. 37.00%)
in the control group, and it was also lower than the low-dose lead exposure group, which was 61.2% (20.87% vs. 34.11%), showing significant
difference (P <0.05). The expression level of IFN-Y in hippocampal DG area of rats with high-dose lead exposure and low-dose lead exposure
were [(1.2240.09) ng/mg (in terms of protein, thereafter) and (1.20+0.11) ng/mg], which were higher than the level of the control group
[(1.08+0.08) ng/mg], showing significant difference (P<0.05). The expression levels of TGF-B1 in hippocampal DG of the high-dose and low-
dose lead exposure groups were (3.15+0.24) ng/mg and (3.36%0.32) ng/mg, respectively, which were lower than that of the control group
[(3.65+0.37) ng/mg], showing significant difference (P<0.05).

[Conclusion] Lead exposure may increase the level of IFN-Y, inhibit the expression level of TGF-B1, affect the differentiation of neural stem
cells, and result in the decrease of newborn neurons in lead exposure rats. The damaged neurons can not be compensated, which may be
the reason for the decline of learning and memory ability in adult rats with neurobehavioral changes.
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BAMALRIREERNE, $HEVE PR 0.028 pg/L,
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R BLMALR, L4% ZRPEETEIR, BT 30%
FEREARRT K, BT 23d /EENE, FBARTFKS,
OCT 838, -80°C)RTFEfE, A/ORTIA MEIAL 30 um 89
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[E8Y 8] s RE LA 1T 1t B Dk B B R HRSZ A da 42 (P<
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YR {RER =5
Control ZRFTEH HEH
Low-lead High-lead

[F] = : AFALLIR, P<0.05
[Note] *: Comparison between two groups, P<0.05.
E1l KRMm& (A) X85 DG XARALR (B) FAKT
(nmw=15 ; N300 =9)
Figure 1 The lead concentration in blood (A) and hippocampal
DG (B) of rats

xR1 B|BENKEFEIICIZEENHEM (xts, n=15)
Table 1 The effects on learning and memory ability of rats
following lead exposure

YR SR =5
Control RFE4H REBE4E
Low-lead High-lead

BIRER (s) FERHOR)
2851 Escape latency Frequency of
Group B—K B-xK B=K crossing the
Day 1 Day 2 Day 3 platform
XJER4H
69.82+12.74 39.76%16.72 21.86%6.45 4.60+1.35
Control group
N a=
RMREA 74.07+20.18 44.33+15.68 31.629.24° 4.2741.16

Low-lead exposure group

SIMRRA

) 74.19+18.34 48.23+20.07 38.37+10.37° 2.13%0.92°°
High-lead exposure group

[F] a : SXERALLE, P<0.05; b : SEHARELALLIR, P<0.05
[Note] a: Compared with control group, P<0.05; b: Compared with Low-
lead exposure group, P<0.05.

EAVTIR
DAY

CE] A XHBR4E ;B © RSAREEA ; ¢ . SMFEH
[Note] A: Control; B: Low-lead; C: High-lead.
2 KEBRNE 3 KiFFkNTE
Figure 2 The swimming track of rats on the third day in water
maze test
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BEL, ZBAS), ZEEKRER, AIRHEREFH
R =AANR, R, REARATEIES (B 38,

CHikFriE) ; BNARETERK, EEFNEEE
BRRAFNRAE,

TR, B

AT

DEIA: XWERA;B: RBEBEH, c: BHBEH. 1:x200;2:
%400, ETKFEH R,
[Note] A: Control; B: Low-lead; C: High-lead. 1: x200; 2: x400. The arrow
indicates ghost cells.
3 PRENARED CAl XML TARLIEER
Figure 3 The damage of neurons in hippocampal CA1 of rats
following lead exposure
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M G K7 AL XL, SHEBEAHK
5 SGz X (Ki67*-DCX*) /Ki67* {EBA B P&, A XTERA
79 56.4% (20.87%/37.00%) , /91 5 2 & A 89 61.2%
(20.87%/34.11%) , EREFHITFEN (P<0.05),

H—H LI AR BED DG X Ki67. DCX mRNA Y
FRIKKFHITHRNEI . 533EARL, SHREE4A
AR Ki67 F1 DCX mRNA BYZRIAKFEIEFITERA, kK
KRIVRBRERFZHLKR Ki67 F DCX mRNA BIFRIE S 3THR
ALLRBER. K2
2.5 KEiBS DGKXIFN-Y5 TGF-B1 BIFRILKF

HE ST, eREEANRAZREAARES
DG X IFN-y FRIA K [ 579 (1.2240.09) ng/mg (39
WEBAIT, BRA) # (1.2040.11) ng/mgl] & T XTI B
[(1.0840.08) ng/mgl, ZERBRITFEENX (P<0.05),
SREEANRBEZAANRED DG X TGF-p1KRIX
K [925) 79 (3.1540.24) . (3.36+0.32) ng/mg] 391K
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13.7% M 7.9%, @I HEX D, IFN-y 5 TGF-p1 KEZ
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CE]A: XERA ;B RBBBH; c: BHFEFEA. 1:x400; 2 :
15 AHEERSY, x1000, DCX : £ ; Ki67 : 436 ; DAPI : HEfh,
[Note] A: Control; B: Low-lead; C: High-lead. 1: x400; 2: Box in 1, x1000.

DCX: Red; Ki67: Green; DAPI: Blue.
B4 HEEVWKER SGZHELENEN
Figure 4 The effects on neurogenesis in SGZ of rats following
lead exposure

K2 HREAREDDCRXHBELEERXEF mMRNAKRIX
(x+s, n=9)
Table 2 The mRNA expression of neurogenesis related factor in
hippocampal DG of rats following lead exposure

4851l (Group) Ki67 DCX
XFERZA (Control group) 1.000.16 1.00£0.16
KA 52 =4 (Low-lead exposure group) 0.86+0.15 0.86%0.13
SR (High-lead exposure group) 0.68+0.10° 0.78+0.12°

(] a : SXTHRALLIR, P<0.05,
[Note] a: Compared with control group, P<0.05.
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Figure 5 The IFN-Y (A) and TGF-B1 (B) levels in hippocampal DG
of rats following lead exposure
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