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Effect of water temperature on the recovery of spinal cord injury in zebrafish
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[ Abstract] Objective Using zebrafish to analyze the effect of water temperature on the recovery of spinal cord in-
jury. To detect the cell proliferation and changes of gene expression at the injury site during the process of recovery. Meth-
ods  Surgical operation was performed to induce spinal cord injury (SCI) on adult fish. Water at a series of temperature
was applied to culture the fish. Swimming ability was adopted to observe the recovery of spinal cord injury following surger-
y. Vibration sections and immunohistochemistry were performed to observe the cell number post SCI at different stages. The
changes of gdnf and nos gene expression were determined by real-time PCR. Results The water temperature changes from
28°C to 32°C did not affect the swimming ability of non-injured and sham-injured fish (P >0.05). The swimming ability
recovered mostly in 8 weeks post spinal cord injury. At 32°C, the swimming ability recovered faster than at 28°C or at 30°C
(P <0.05). The cell proliferation increased obviously following spinal cord injury (P <0.05). The proliferation of cells
surrounding the spinal cord in jury was more extensive in SCI fishes incubated in 32°C water than in 28°C or 30°C water ( P
<0.05). Real-time PCR assay showed that gdnf was up-regulated in all groups post SCI at 24 h, and 7 and 14 days (P <
0.05). The nos expression was up-regulated in all groups following SCI in 24 h (P <0.05) and 7 days. There was no sig-
nificant difference between the SCI group and sham-injury group (P <0.05), while after 14 days, the expression of nos

was reduced in the SCI group compared with the sham-injury group (P <0.05). Conclusions A slight increase of incu-
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bating water temperature can accelerate the recovery of spinal cord injury in zebrafish.
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Note. The water temperature changed from 28°C to 32°C did not affect the swimming ability of the zebrafish of the non-injury and sham-injury groups.

Data are mean + standard deviation (SD). One-way ANOVA was used for statistical analysis.

Fig.1 Swimming ability of the zebrafish in the sham-injury and non-injury groups.

B sh#E 23 50 o (101 £30) (188 +60) | (480 =
89) (724 +92) (801 +82) cm, FE/KIGR 32°CHT, &
J51.2.4.6.8FHS5 min WIHFshEEE 205120 (102 +
24) (238 £92) (560 +102) (740 +74) (838 =
149) em, 55 8 AR, FARLLBE D i sh g Sk =
T 70 % , 57K 28°C F1 30°C AH R a) & He A, H
SRS BIESR (P <0.05) (K 2),
2.2 WSEERRGEARBETHER

SRS UESS 50 I [R] S R TR AR L R
Bt S ARG 24 h B 4l iR BT iRy £ (1
BEMHES R EE(P>0.05), RF 1,4
THEAR 0 Ak 248 L B Jed 14 22 | 55 06 17 () A T R 4 A
o, 254 B EME(P <0.05) ; HoKIE 32°C I 20 g
B 28 CHEL W (P <0.05) . RJF 14 d, #i ikt
YR — 3 £ | S5 N RS R TR LA T, 22
SR B EME(P <0.05) , HKIR 32°C B (1B Bl it
kb MI% S 28°C 30°CHILL, 2 A B E M (P <
0.05) , /R B RETEAE I AN M B A B £ HiE
MR EK IR E B A REHEN (B3 4)
2.3 gdnf.nos EREEHIRGEETERRIEE
2.3.1  gdnf FER B FRIAELL

SEYRUESE 550 ] AR TR AR B
B FARNE 24 h, AR KEFMBE D gdnf
FEPRTERG R IR B TS (P <0.05) ;K5 7 d, 78
KK 28°C 30°C 1, gdnf FE N AE B 1 01 fi v 14 3%
IREE K 2y 2 ) I ] g il R 4.5 f5 (P <
0.05) , MAE/K IR 32°C i}, gdnf PR 78 BE T Ao fig v A
Fik 1 K 2 52 [m I E) SR T AR A 8.5 i (P <

1400 5

1200 +

(=3

(=3

=]
1

Bty Sminfh A ESIEE B (cm)
Mobility of zebrafish in 5 min

T e
NN R EL R AR AR DR NN ERARNI

200

14 21 48 68 8
E=Isham (28°C) E==SCI (28°C) X®SCI (30°C) E=mSCI (32°C)

T BE S B0 5 , U7 3 RE 0 W e, Bl JS B Ik A . K
i 32°C 1 30°C 28 CHRAZRE S W I AN (P <0.05) . SLH KA
PIPIR « bRmEZE(x = s ) 308, RSERI R 7 25001, 4
A9 RHES M, " (P <0.05) UK S/KIRHy 28°C 41 22 5247 i 3%
Mo sham Il T ARLBED ff1 ; SCL A B AT 2 BE ) 1
B2 HHE OB £ i S RE
Note. The swimming ability recovers at post spinal cord injury. At
32°C, the swimming ability recovers faster than at 28°C or at 30C.
Data are mean * standard eviation (SD). One-way ANOVA was
used for statistical analysis. n=9. * P < 0.05 means it is signifi-
cantly different compared with the 28°C water temperature group.
sham ; sham-injury; SCI; spinal cord injury.
Fig.2 Mean swimming distances for 5 min of the zebrafish at

8 weeks after spinal cord injury.
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Note. The cell proliferation increases obviously following spinal cord injury. The proliferation of cells surrounding the injured spinal cord

was stronger in SCI fish incubated in 32°C water than in 28°C or 30°C water. SCI: spinal cord injury. Red: rhodamine phalloidin for F-

actin staining; Blue: DAPi for nuclear staining.

Fig.3 Changes of cell amount following spinal cord injury (Bar =100 pm, x40).
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Note. Data are mean + standard deviation (SD). One-way ANOVA
is used for statistical analysis. n=5. * (P <0.05) means that it is
significantly different between the two groups. sham: sham-injury;
SCI:; spinal cord injury.
Fig.4 Changes of cell number during the

proliferation after spinal cord injury.
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SCI. H B2 Bt £,
5 gdnf SEPRITEBE D (0 HRERU 5 R84l
Note. Real-time PCR assay shows that gdnf is up-regulated in all
groups post SCI at 24 h, and 7 and 14 days. Student’s ¢ test is used
for statistical analysis, each group of experiment is repeated for 3
times. * (P <0.05) means it is significantly different between the two
groups. sham: sham-injury; SCI; spinal cord injury.
Fig.5 Changes of the expression of gdnf following spinal cord injury
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Note. Real-time PCR assay shows that the nos expression is up-reg-
ulated in all groups at 24 h and 7 days after SCI. There is no signif-
icant difference between the SCI group and sham-injury group.
While after 14 days, the expression of nos is reduced in the SCI
group compared with the sham-injury group. Student’s ¢ test is used
for statistical analysis, each experiment of the groups is repeated for
3 times. * (P <0.05) means it is significantly different between
the two groups. sham: sham-injury; SCI: spinal cord injury.

Fig.6 Changes of the expression of nos following

spinal cord injury.
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