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Histologically Neuroprotective Effect of MgSO,4 after Moderate Diffuse Axonal Injury in Rats

Yu Shik Shim, M.D., Chong Oon Park, M.D., Dong Keun Hyun, M.D., Yoon Ha, M.D.,
Hyeon Sun Park, M.D., and Hyung Chun Park, M.D.

Department of Neurosurgery, College of Medicine, Inha University, Inchon, Korea

Objective: Previous studies have shown that blood—ionized magnesium levels decline, associated with the development of
histological changes (apoptosis), after traumatic brain injury. Therefore, we have a hypothesis that early magnesium salt treatment
may be improving posttraumatic apoptotic change.

Methods: Thirty two anesthetized adult Sprague—Dawley rats were injured with a Marmarou's weight—drop device and blood—
ionized magnesium was checked, prior to and following magnesium administration (MgSO; 750 umol/kg, IM). The temporal pattern
of apoptosis in rat brain after moderate diffuse axonal injury (mDAI) was characterized using TUNEL histochemistry.

Results: After MgSO; injection at 30 min. posttrauma, animals demonstrated an elevated blood—ionized magnesium concentration
reaching a maximum of 2.57%0.03 mg/dL at 2.5 hours after drug administration and apoptotic index was significantly declined
by about 45% (54.84+1.7, 51.5+3.2 at 12, 24 h in control group, 24.8+2.6, 20.5+1.4 at 12, 24 h in treated group, p<0.05).

Conclusions: These findings suggest that early treatment with MgSOs is very effective in histological findings following experimental
traumatic brain ijury in the rat. Clinically, we suspect that an increase in blood—ionized magnesium concentration with administra—
tion of magnesium salt may be associated with improvement in neurological and functional outcome.

Key Words: Ionized magnesium - Apoptosis + MgSO,

o] F3% A7/ & F b S gl Wik el o
N = F0g o ol SeiXiL gk ojeh 2 o)A 4
afeh, o4 Wk ol &9l Wk AuA| thatel ek AX
FEAAA o] AR £4S Aol AL A wel sk, A iz Y Y AFAEEAe fol 5
A4 7133} oA Vo AuEn 9ok g e & PA
ol T 23] sk AoR SAe] e b, Al 5ol o3 ¥ EF F o odA tiake] wste) mEZEe
W, o2 71He dab 71 ol wAake AR, o 71 Astel A= oY 84 F shrt vkl ol
Al WEkE Rtk Ale2 7 7 71 5 oAk 71 2Ol mh|g o] 29 AET)HE 4 F o FY

o= Sadie] S7h BE obgel M oA 2w A

Corresponding Author: Chong Oon Park, M.D.

Department of Neurosurgery, College of Medicine, Inha University,
7-206, 3-Ga, Sinheung-Dong, Jung-Gu, Inchon, 400-711, Korea
Tel: 82-32-890-3506, Fax: 82-32-890-2947

E-mail: nspco@inha.ac.kr

do] H|5old Asl, SFEo]= FE&A S N-Methyl-D-
Aspartate (NMDA) &9 8|74 A4, =FEpd|o|E
=] A, ¥ S F oA At 35, nEZ=eol 7
ﬁ_ %%94 %_7}_ %,O_E /gug_é_}_i 9\)\@17,22,27,29,34)'

Volume 2, No 1 | June, 2006 7



Serum Mg®", Apoptosis, MgSOs therapy

=4 ¥ §d G A APEDAM EF rladlE v
S 149 mmol/L o FAIshs AL 414 B
W, 4% 55 7o)
Solu ARTAT 2z} o} A gl 237t Sl HloR
A A

T=dlQF Well DNA] EZo] AIAAELE] A3
ek Tosk Aoz 4 9)om, TUNEL (Terminal deoxy-
nucleotidyl transferase-mediated biotin-dUTP nick end laveling)
94 % 3 4] 3 42 ) DNA 318D 9 X
elshs FHoR del AgE I Yrps,

AR e Z7) MgS0s Folrk S50 vinky 4y

L
F OlEZEASE ALE Gk A2 F YA AT

A% 2dE Marmarou ‘5ol I3 11FH weight-drop-device
Z o] g uf”. 7heks] 7)<=5hH, A A Sprague-Dawley (300
~350 gm)& v 7] FAK3S mekg) = RSB
om, = 4L 7|97 glo] ApLs ol 7hsgh el
A K= ek SIS whet FIE S 470 g F perios-
teal elevatorE ©]-83to] T4 St} ©rd 55 Alo] TN
ARENE =F2AF ) A 9 =E2HE A
1em# 7ol ~HRl 2~ A= o AulS X]3}H-§ acryl S ©]
g3t HHAH

FZu9 vjwy

i x
=
>
rlr
re
-4
=
ox
=
X
Y
to
>
Y
aw

1. XX Z2ES

32utE]e] wWixo Al winbyd FAREALS 7heE 30 5
MgS04 (750 pmolkg) & -5 FARSIIEE o] 832 o]Hd
LEAYE A APEe) 7)EE FARH.

&4 A FF vl ol FRE SAs] fEiM e
WS A 9AF A 3050l 0.5mLe] WS AfFEH o
™, MgS0; FAF 3 8- o2 BHale] saE S UhE
A Z308 1,2, 3, 6, 12, 24, 484171, BHE A3 Zof=

ZA] GHEAS 31 9 H(NOVA biomedical Ultra M3 free

8 J Kor Neurotraumatol Soc

magnesium analyzer, NOVA Biomedical Instruments Walthan,
MA, USA)E AR&3loith E=8HLS pH 7.418~7.468 24
Rl 0]:2(0.50 ~0.64 mmol/L), ZH50]<(1.02~1.18 mmol/L),
UEF0](129.5~137.5 mmol/L), ZH5°]-2{(4.20 ~4.60 mmol/L)
o] ATk

&) Z22) TS 7R $of| Terminal deoxynucleotidyl transferase-
mediated biotin-dUTP nickend labeling (TUNEL) 3412 A|3§
SFTh Tl A HE AAT 5 AM 4%l A 24417 1L
4 AHE steom, g E55 WEA 6pm THS
THEAT) Bregma ) 3.5~3.8 mmol|A] 6 um YHHS poly-
L-lysine-coated slide®] HEAIA A 60CollA 15~2087+
7rdatsit). sebaS dlojular A58} 5 proteinase K (20 pg/
mL; DAKO $3020)°l] 1527} 131 endogenous peroxidase®]
243kE 2] 915te] 3% Hy0:0l 4] incubation A ATE ELO.
2 U)X ZgE B2 A2 $ phosphate buffered saline (PBS) &
HoZ 53 o] AH3IGTE THES humid chamberdl] %
3L 1AJ7F 59 PBSZ:0 4] labeling soluton containing TdT (0.3
U/mL; Boehringer Mannheim, Indianapolis, IN)Z. labelingS- &}
%tk PBSE 58E-7F AlH 5 hematoxylin .2 & FAS 519
o™, crystal medium 5ol RASIACE OFEZEA|A AF
(Apoptotic index, A)¥ TUNEL M= A2 G7of] gk H&E
Ao Hi= AEZF] Hl &= Yl

The number of apoptotic cells

Al = x100
The total number of cells

AT vtdlg o] FES oFEIZEAIA A F(Al)ETE
Hitas Akstch

itz A= Student's t-test® ANOVA with Scheffes'
contrast testE ARE-slo] 530, p<0.05Y 5 SAA
-840l 3= Ao 3%

.

|z =

AAREE o Holl 9 F vl o] HA| wdlE
TEo WalE Ragh vtk FH e T 1AIRE ofue]
% vdlE ol s 9% doll HIs 1.07+0.04 mg/dL



YS Shim, et al

el K53 Ol% ST Al gaste 9 T 31
W H770.84+0.04 mg/dL7}A] 7HAdkan, 12A4)7be] ke
o A FEoR IEHT: o9k dy HA ntadls
L= 3A7F ghol] 2% 7haatH, AA] vk FEd] H)E)
nl vl ol FEMg M) 9] FHAaE 18%SATE o] Ao
HE AA vl EE 24 WIS Ho% nlolg
ol FEo Wigh= et AL & 5 vk wEkA o
Tl = AA vhdlg FERCE vl o] FEUF U
23 uZ 7RG Y Fig. 1).
dF vdlg o9 ARk whE A4S B, MgS0.&
FARE 1M7L 30 § D5 Fve dA8] Frisk, 2413t
T Ao Tgds AL B ATH2.57+0.03 me/dL).
K & F RARE Foll=
Fig. 2).
u}mﬂ@% Folgk E Mo A =4k 3AI7F 3 ATE 3.8
FrolahAl 7HAakolth(18.841.9, p<0.05).
T3 u}lﬂl* S T8k 9] 24A]7F ol AI(18.9+1.3 at 6
hours, 24.8+2.6 at 12 hours, 20.5£1.4 at 24 hours)= 5L Al
7o) thETe] AI(32.9+1.8 at 6 hours, 54.8+1.7 at 12
hours, 51.5+3.2 at 24 hours, p<0.05)°l ®]3l] f-2l8tA 7HA4%
S & 7 ASTE ey B8 5 8AREE AL AAE
Hylo, BAAR oole YUATHAAT : 3t =23.5+
1.3:13.5£1.2, p>0.05, Table 1). %7] MgSOs A== m|vHA

- ey
&~ &
1

-
[

=}

o
1
o
oo

g

3
o
@

N

= MG
—h— MG/IMG | -

=
=

Concentration of serum IMG and tMG (mg/dL) _\
[=]
€ N i R : b
1
Ratio of serum IMG relative to tMG (IMG/tMG) /

o

o
o
n

o

0 1 2 3 6 12 24 43
\\ Hours after injury /

Fig. 1. Graph demonstrating serum ionized magnesium (iIMG)
and total magnesium (tMG) concentration and amount of
serum ionized magnesium relative to total magnesium (iIMG/
tMG). The zero point represents the point in time immedia—
tely before injury is induced.
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Fig. 2. Diagram demonstrating serum ionized magnesium (iMG)
level with and without MgSQOy treatment. About doubling of
serum concentrations is shown at 3 hours, but return to
pre—injured level at 12 hours.

Fig. 3. Photographs illustrating apoptotic cells in the rat
brain before (A) and after (B) MgSQ, injection. Note the
intense TUNEL reactivity and morphological characteristics
in the injured cortex from 3 hr to 48 hr. Markedly decreased
apoptotic change (p<0.05) was shown as compared with
no treated group. Apoptotic changeis declined at 48 hr.
Original magnification (x100).
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Table 1. Apoptotic Index (Al) to elapsed time after mDAI

1 hour 2 hours 3 hours” 6 hours” 12 hours” 24 hours” 48 hours
No Tx. 0 0 18.8+1.9 32.9+1.8 54.8+1.7 51.5+3.2 23.5+1.3
Tx. 0 0 3.8+2.1 18.9+1.3 24.8+2.6 20.5+1.4 13.5+1.2

Tx. Means treatment, “Statistically significant (p<0.05)
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