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Preliminary study of mechanism and neuroprotective effects of hydrogen-rich saline intraperitoneal
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[Abstract] Objectives: To study the mechanism and neuroprotective effects of hydrogen—rich saline intraperi-
toneal injection in rats with acute cauda equina syndrome. Methods: 168 SD rats weighing 200-250g were
randomly allocated into three groups: sham—-operation group, control group and experimental group. The L5
spinous process and ligamentum flavum between L5 and L6 vertebra was removed in sham-operation group,
the rat models of acute cauda equina syndrome were made in control group and experimental group. Hydro-
gen-rich saline was injected intraperiteonally in a Sml/kg dose after operation immediately and then once ev-
ery 8 hours in experimental group; normal saline was injected in sham-operation group and control group. 3h,
6h, 12h, 24h, 48h and 72h after operation, 8 rats from each group were respectively examined by the hot
plate test, then their samples of [4-16 cauda equine, T13-L1 spinal cord and dorsal root ganglia of L5 and
L6 were harvested to analyze tissue concentrations of MDA. At 48h, the samples experienced HE, NF, Cas-
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pases 3 and Tunel staining. By the above methods, animal ethology, oxidative stress, histomorphology and cell

apoptosis were evaluated statistically. Results: The paw—withdrawal latency in 3h groups was unavailable due
to different recovery time from anesthesia. From 6h to 72h, the paw-withdrawal latency in experimental group
was lower than control group, and both control group and experimental group had higher latency than sham-
operation group(P<0.05). The MDA level of cauda equine, spinal cord and dorsal root ganglia in control group
and experimental group increased significantly at the time from 3h to 48h (P<0.05) and showed no significant
difference between the 48h and 72h (P>0.05).

experimental group(P<0.05). The experimental group form 3h to 72h had lower MDA level, than control group,

The MDA level increased at 3h in control group and at 24h in

while control group or experimental group had higher MDA level than sham—operation groups(P<0.01). The pos-
itive rate of NF staining was 100% in sham-operation group,  (59.08+6.25)% in the experimental group,
(21.35+2.38)% in the control group,
ences (P<0.01).

group or experimental group was higher than that in sham-operation group (P<0.01),

pairwise comparisons among the three groups showed significant differ-
The positive index of Caspases 3 staining of spinal cord and dorsal root ganglia in control
while experimental group
was lower than control group (P<0.05). Tunel apoptotic index of spinal cord and dorsal root ganglia in control
group or experimental group was higher than that in sham-operation group, while experimental group was lower
than control group(P<0.01). Conclusions: In acute cauda equina syndrome, Hydrogen-rich saline may improve

ethology performance and reduce neurons apoptosis and degeneration of nerve fibers through restrained and
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deferred oxidative stress.
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Table 1 The paw-withdrawal latency of each group in

(xxs,s,n=8)

hot plate test

BRFARA Xof 1 21 S 2
Sham—operation ~ Control ~ Experimental
group group group
P AT 3.62+1.83 3.62+0.13  3.62+0.13
reoperauon
AJE 6h 4.03+1.93  17.14x1.100  6.74+0.9072
6h after operation
A5 12h 0 1)
12h afier operation 92189 19.05:1.24% 8.10+1.067
ARG 24h 0 @2
b aier operation 3 T2ELT3 200121747 11.64£1.767
A 4sh 3.68¢1.65  18.04+1.60° 10.33x1.767%
48h after operation
A5 72h 4245185  17.86£1347 10.4141.4472

72h after operation

H: Q5 BFRALLE P<0.05;Q 5% IB41 1L E P<0.05
Note: (DCompared with sham—operation groups, P<0.05; @

compared with control groups, P<0.05
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Table 2 The variation of MDA of each group
AR AR5 3h AR5 6h ARJF 12h AR5 24h AR5 48h ARJF 72h
p . 3h after 6h after 12h after 24h after 48h after 72h after
reoperation s o e e S e
operation operation operation operation operation operation
BT AR
Sham—operation group
ﬁ"ﬁ’ﬂ 1.31+0.23 1.42+0.22 1.41+0.16 1.38+0.23 1.39+0.37 1.38+0.25 1.39+0.26
Spinal cord
e - 1.51+£0.24 1.76+0.26 1.65+0.23 1.44+0.25 1.56+0.24 1.51+0.25 1.45+0.23
Cauda equine
DRG 1.46+0.23 1.65+0.26 1.58+0.23 1.36+0.32 1.52+0.13 1.42+0.34 1.38+0.24
Xof B
Control group
%ﬂ ) 1.31+0.23 3.0620.357%  3.48+0.34%% 4140372  4.28+0.18"2  4.41+0.37"2  4.32+0.36%
Spinal cord
EBE . 1.51+0.24 3.26+0.281% 3.56+0.241% 3.72+0.36"? 3.86+0.237%  4.38+0.231 4.33+0.24%
Cauda equine
DRG 1.46+0.23 3.15+0.261% 3.56+0.3412 3.79+0.231% 4.09+0.26"2 4.38+0.3312 4.36+0.27%
ERg:)
Experimental group
’”ﬁ . 1.31+0.23 1.89+0.2972%  2,09+0.2572%  231+0.35729  2.81+0.34T2%  3,09+0.267%%  3.16+0.38"%
Spinal cord
O 151024 2.13x0.23727  2.38+0.35"2%  2.88+0.28"%7  3.18+0.27"%%  327+0.231%%  3.18+0.26""
Cauda equine
DRG 1.46+0.23 2.02+0.23729  226+0.26%2%  2.63+0.34129  2.84+0.27V2%  3.13+0.362%  3.23+0.26"

e D5 [ A ] A5 1B T AR AL L P<0.01 55 A1 4L — Bif 18] 17 LE 5 P<0.05 53D [ i I) st % B 401 LE 48 P<0.01
(DCompared with sham—operation groups, P<0.01; @ Compared with control groups, P<0.01; 3)Compared with previous point—in—

time groups, P<0.05
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Figure 1 The comparisons between each group wih HE staining of spinal cord, cauda equine and DRG 48 hours after
operation ( x400) a Cauda equine of sham-operation group had normal tissue morphology b Cauda equine of control
group, the nerve fibers became looser, swell and appeared demyelination in cauda equine ¢ Cauda equine of experimen-
tal group had approximately normal tissue morphology d Spinal cord of sham-operation group had normal tissue morphol-
ogy € Spinal cord of control group, karyopyknosis and apoptotic bodies were observed in lots of spinal cord neurons f
Spinal cord of experimental group had approximately normal tissue morphology g DRG of sham-operation group had nor-
mal tissue morphology h DRG of control group, karyopyknosis, apoptotic bodies, nervous edema and demyelination were

observed in DRG i DRG of experimental group had approximately normal tissue morphology
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Figure 2 The comparisons between each group wih NF staining of cauda equine 48 hours after operation ( x400) a
Cross—section of sham—operation group, all fiber staining showed positive b Cross—section of control group, a little fiber
staining showed positive and most showed negative or weakly positive ¢ Cross—section of experimental group, most fiber
staining showed positive d Longitudinal section of sham—operation group, all fiber staining showed postive e Longitudinal
section of control group, a little fiber staining showed positive and most showed negative or weakly positive f Longitudi-

nal section of experimental group,most fiber staining showed positive
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3 RJS 48h £ 4L A A DRG Y Caspase 3 Y250 ( x200) a B TR 41H 6 Hh A U0 I 5 A 20 €0 e o0 1) BH 1k 40 it
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B W] T 2
Figure 3 The comparisons between each group wih Caspase 3 staining of spinal cord and DRG 48 hours after
operation( x200) a Spinal cord of sham—operation group had no positive cells what cytoplasm were stained with brown
madder b Spinal cord of control group, lots of positive cells what cytoplasm were stained with brown madder were
observed ¢ Spinal cord of experimental group, the number of positive cell was marked less than control group d DRG of
sham—operation group had no positive cells what cytoplasm were stained with brown madder e DRG of control group,
lots of positive cells what cytoplasm were stained with brown madder were observed f DRG of experimental group, the
number of positive cell was marked less than control group
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Table 3 The comparisons between each group wih the positive index of Caspase 3

and index of Tunel 48 hours after operation

BFAA X I 2R S
Sham—operation group Control group Experimental group
Spinal cord DRG Spinal cord DRG Spinal cord DRG
] =
gaspgse3_ HiItE: 4 0 1.5+0.16 1.98+0.22 24.12+2.35V  35.74+2.337 12.54+1.579% 16.28+1.181%
ositive index of Caspase 3
, 0y
Tunelfi vt 8 1.37+1.29 1.61+1.60 23.26+5.537  28.99+5.107 10.162.347% 8.38+3.821%

Tunel apoptotic index

DS BT AL P<0.01,Q)5 4 FALLEE P<0.05 @)% HE4L L4 P<0.01
Note: (DCompared with sham—-operation groups, P<0.01; @compared with control groups, P<0.05; Gcompared with control groups, P<0.01
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Figure 4 The comparisons between each group wih Tunel staining of spinal cord and DRG 48 hours after operation( x

200) a Spinal cord of sham-operation group had no positive cells what cytoplasm were stained with brown madder b
Spinal cord of control group, lots of positive cells what cytoplasm were stained with brown madder were observed ¢

Spinal cord of experimental group,the number of positive cell was marked less than control group d DRG of sham-

operation group had no positive cells what cytoplasm were stained with brown madder e DRG of control group, lots of

positive cells what cytoplasm were stained with brown madder were observed f DRG of experimental group, the number

of positive cell was marked less than control group
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