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ABSTRACT

The effects that treadmill running reaches c-Fos
appearance in the ventrolateral periaquaductal gray

vagina and in the huge raphe nucleus of diabetic rats

Jeon Yong-Ug
Advisor : Prof. Seo Young-Hwan, Ph.D
Department of Physical Education,

Graduate School of Chosun University

To analyze how treadmill running increases c—Fos appearance in
the ventrolateral periaquaductal gray and the nucleus raphe magnus
of streptozotocin—-induced diabetic rats, we carried out an
experiment by method of immunohistochemistry and the following
results came out.

On the change of weight by treadmill running, There was a loss
in weight at the numeral measure of p<.05 in the group of rats
which were diabetogenic(34.4g), and the rats which exercised after
being diabetogenic(54.75g), and the rats which were insulinized after
being diabetogenic in common statistically.

On the change of blood sugar by treadmill running, there was an

increase of blood sugar at the numeral measure of p<.05 in the



group of rats which were diabetogenic(82mg/dl), and the rats which
exercised after being diabetogenic(85.5mg/dl) in common. For the
group of rats which were insulinized after being diabetogenic(194.5mg/dl),
there was a decrease of blood sugar at the numeral measure of p<.05
statistically.

c-Fos appearance of the ventrolateral periaquaductal gray, by
treadmill running, was surpressed in the group of diabetic rats
which were induced by STZ. On the contrary, it was found that
treadmill running and the injection of insulin accelerate c-Fos
appearance.

c-Fos appearance of the nucleus raphe magnus by treadmill
running was surpressed in the group of diabetic rats which were
induced by STZ. On the contrary, treadmill running and the
injection of insulin accelerated c-Fos appearance.

Through this research, we can see that there was the loss in
weight 1n every group of white rats which were diabetogenic. For
the change of blood sugar, there was an increase of blood sugar in
the group of rats which were diabetogenic and the rats which
exercised after being diabetogenic. On c-Fos appearance for the
ventrolateral periaquaductal gray and the nucleus raphe magnus, the
phenomenon was surpressed in the group of diabetic rats which
were induced by STZ. On the contrary, it is clear that treadmill

running and the injection of insulin accelerate c—-Fos appearance.
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Fig. 2. Main function of insulin
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=oll o3 Fr¥= A il SHAREE o] &
A oA HFE=HEHHoffmann %5, 1993; Kovacs,
1998). 417 c-Foso WAFT7le= AABEAA=9 S 9u gth(Bellchambers
S, 1998; Lee &, 2003).
Ho sEAFAA 58S S48 YHES cFos ¥
ol zola glom Ay AAAGEAD S o & dd thetdt FE
= o

o] Ao &35t H= cFos Bd AEE Hrtsle T35S AAS = W
v‘;_

=
A otHEAe] Bolsts Ao duA esd WAAY s A&

N
N
2
>
Ll
=
xo,
N
e
|
%
o
o
=

Z1 = Al (endorphin—mediated analgesia system, EMAS
vy % 1976; Grevert & Goldstein 1978).

el zk=ol JS i, eI AA AR ERYH FAY $ES He T4
e

4= #(peraqueductal gray, PAG) ©°l& $H US54 (rostral ventromedial
Skl

-

medulla, RVM)dll FALst), AqFFol A= tled 3 (nuclus raphe magnus,
NRM)3 = F9¢ Aha 343 (nuclus reticularis magnocellularis, RMC)©]
HeErdo 7Ry & TES ol uje =S (dorsolateral funiculus, DLF)S 3

A $E8S Fesde=z By, o Ul o=z A4H 47 = (bulbospinal

Fhow nat MEEe FAA 5T A9 294 FRS As L C
a4 Bole B4e AYst BN 53] A5Fel 71%5S A sl

= —
Ag2 AAAt A5 % CHAE A A5FFoR Sl AT
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o)A} (Birklein, 2002). PAGe] &3 opioid 48719} opioid HEFO| == PAG

H(Renno %, 1992).

R

S

b

3

9/]

PAG % VvIPAGY #7174 A=o]u} opioiddml ¢

% 24 Axw

KR
T

© 71 tH(Birklein, 2002).

_22_



oI a5+ 99

2 AR AHEE TEE 9F7H e oFA 3 (Sprague-Dawley ADE =7hs
o] TEHF YA (Daehan Biolink Co., Chungbuk, Korea)® %€ &34k},
TES 33U A S Ve AXA 3 F Gt
ded FoAToR FEe 25T 77 oS &
AHES AFF A2 (B0cm x 20cm)ol ¥l g

K
AEH 1247 Ao R v jbEs w7 el ddd

2. 438 =7 5 A%
oo AbgE =4 = Ak <Table 1>3 2t}

<Table 1> Experimental equipments

Apparatus Nationality

Freezing microtome Leica, Nussloch, Germany
Water bath Korea
Light microscope BX-51, Olympus, Japan
Multiscan Fullerton, CA, USA

Reagent Nationality

. . Santa Cruz
c—Fos rabbit polyclonal antibody . .
Biotinylated mouse second antibody Egior Laboratories, Burlingame, CA,

Avidin-biotin- sh perxidase Vector Laboratories, Burlingame, CA,

complex USA

: ®
Zoletil 50 Vibac Laboratories, Carros, France
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3. 49 ¥¥ % HA

B Ao AlgEHE FELE Sprague-Dawley A€ dHAE 2d oz 3
o Bafidd, 9 i F e, G Y F Qded FoTeRE Huigy
% 15mH & AR HEsES> A AP7IE ot ¥ AtRe =5 A
@A HASIES o, 5% 22-24T, F5+ 60%7F FA =™ whF7](12
AlZE light/ 12A1%F dark)7} 24 == Ad4d A A AMS et om, Alss @
2A58%, Tl A23.8%, A|W8%, 7IEH0.2%= =2 A fFwA AHAHAEYT & J=F &

At

2) TEFE Y
(1) of2 Fol

~E N E X E Al (streptozotocin)< A E]H o2 Ao WEAEZE I3 sle] <9l
sdZ49s %, Jd€d oY < (insulin-dependent diabetes mellitus;
IDDM)S f3#3ki= 3854 (Mordes & Rossini, 1981)2, 347te] &% %37
= A T B % AZ 2d9A-d dFo] ~EWNEZEA(Sigma Chemical Co.
US.A)E 50mg/kg?] %02 10mM citric buffer(pH 4.5) & &sjr71 F

AEQEZENS FAE] Y FET.

El
b |
) .
AL

Fxo fu gole ~EWEXEXN(streptozotocin) FAF 24X 7 ek
=2 A-5A7F Holl HolE A A3 F retro-orbital venous plexus & X 5040
AEste] 40 300mg/dl o] 4d v o] fiwE Ao = Fr)
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3) &5 2REFH

<Table 2> Exercise protocol

Exercise Intensity Exercise Exercise Exercise
: Time Frequency Period

Speéd Gradient (%) (min) (time/day) (days)
(m/min)

2 0 5

5 0 5 1 10

8 0 20

4) Z# A7)

o
o
ool
)

[o
e
R
Y
o>
it
o
ol
Q‘L
s

Aol By HAE Zoletile 50¥ 0.2 A =
50mM phosphate buffer saline (PBS)E 5%3F 438tk A4 100mM 2]
phosphate buffer (PB)oll =<1 4% paraformaldehyde (PFA)& NS 4CoA 10&
T BFAN F HE HESa, 4TCoA 4% PFAS Aol 2447 AAAZ 3 11

o, 28" HZF S 30% sucrose £ dFA HAAAIZl 3 freezing
microtome(Leica, Nussloch, Germany)2. & 40 me] FAZ AL AdHS A

Aol o,

.

o

9

“
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c-Fos ©d& A&7 935le] c-Fos W x2S At 74 1F

oA 20%e] ¥ AHe Aeste] WA x2 o] EAst= HAA peroxidaseE

el 50mM PBSOl 192 24w 3t sha=2(H00)0 3023t

‘E’l%/\] 71 % 33] 50mM PBS= Al#3d & 1% BSA9F 10%9 horse serum®
5

=
e
ox,
ot
>,
Y
N
L

oF Wk&-A) 71 & rabbit anti-c-Fos antibody(Santa Cruz Biotechnolo
gy, Santa Cruz, CA, USA; 1:500), 0.05% BSA<} 0.3% Triton X-100°¢] &3
v dak FAGAAA 12412 T A2 A IEsEA RESAZIT LAk A
fAo A HEgo] W 2SS PBSE 3W AHI Fo 1% BSAl 3 ¥ G
A7l 3 22} 8FA) 898 (1:200, Vector Laboratories, Burlingame, CA, USA)<

Zol Ao A WA Vector Elite ABC Kit®(1:100, Vector Labo
ratories) 2 WSS TZA17l F 50mM PBSolA 384 3 Al g thg =4S
3,3-diaminobenzidine(DAB) WAl &) o2 dH-3A]7l & F
Sofol=o) Fa G5AZ]l & 479 FAEH W WG] dojd AlxEe B

AN AL ol gatel B sk

re
o
0
@,
Q
=
=)
Q
o
Q
=,
=)
R
4l
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AP dA A& AmE SPSS(version 12.0) SAZE1HE o] &3t Az
sttt SAA= "Wt ¢ FEAAE FASHAL Iw P ST nE AT
SodEe] REE dotry] flete] aFd SAAVIE FHRIeR = e
T4 (ANCOVA)E AAssin. =3 a5 P 55 F¥s=d 59 3429
c-Fos 2@d¥ 7Adl &3] c-Fos TS Hlastr] flgto] dAgFEA
(One-way ANOVA)E i, TAHeE fod b As Al Tukey s

A A
o] &gt AL F(post-hoc)s At ow, TAZA FolvsES a= 062 HA st

At
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V. a723%

1. A5 A3

TEAATE 2Fd ANV I AT Aot d=AE Lot f1dte] ¥
= AT Ad=<Table 3>3 Zth ATHs}E LRy

| 3¢ % 9= Ut 28620 £ 888g, 129 ¥ 251.80 + 131lg o=
p<.05FEAN A Fodh A7 vErsken, M EEA s AR A3 SAHA7]AA
o

% 29400 £ 515g, 12¢ %

Table 3. Weight change in each group (g)
3rd day 12th day C\;);?:ﬁge .
M=£SD M=£SD Group Time
STZ 286.20+8838  251.80+13.11 1.84 3.58" 5.43"
STZ-Ex 294.00+5.15 239.25+12.20 1.59 13.24" 759"

STZ-Insulin 284.50£9.12 262.75+7.20 2.05 7.31° 6.29"

STZ : STZ-induced-diabetes group,
STZ-Ex : STZ-induced-diabetes and treadmill running group,
STZ-Insulin : STZ-induced-diabetes and insulin treating group
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Fig 4. Weight change in each group. Significant weight loss was

observed in rats with streptozotocin (STZ)-induced diabetes.
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2. @439 W3

A7F 2Ea SA8A 7] P g Aelv d=AE LdotRT] St &
I=<Table 4>¢} #Zt} dF] WE AR

+2546mg/dl, 129 % 560.00 + 24.70mg/de=
D<.05~’F%°ﬂ*1 %94 g A7F vdebst o, SR REA S A A SAHA 7] A
o

39 & 45450+48.23mg/dl, 12¥ &

Ho
Lo
o
i
PE
_Q,
1“4
:{o
=
o
Mo
oift
=
rl

3Y 3 446.75+t30.22mg/dl, 129 3 252.25+29.60mg/d0 2 p<.05Fol A -2 g
27F GER o, RS A A SAHATA {Fofgk AHE BT
ded HAE 3 S Aoty G FEdelA d9d2 FostA F7Hsks
th &l HAX= FodA d9dS AaAFoY EYed dEres 39S
2A71=dH 234 oA et Atk <Figure 5>.
Table 4. Blood glucose level in each group (mg/d0)
Covariate
3rd day 12th day Variable
F
M=+SD M=+SD Group Time
STZ 478.00+25.46 560.00+24.70 0.97 5.18" 8.12"
STZ-Ex 454.50+48.23 540.00+28.58 3.04 9.42" 7.34"

STZ-Insulin 446.75+30.22 252.25%29.60 2.15 6.05° 7.04°

STZ : STZ-induced-diabetes group,
STZ-Ex : STZ-induced-diabetes and treadmill running group,
STZ-Insulin : STZ-induced-diabetes and insulin treating group
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Fig 5. Blood glucose level in each group. The blood glucose level in
the streptozotocin  (STZ)-induced diabetes groups was
significantly increased. While insulin treatment significantly

decreased glucose level.
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AHo 2 pl 05Tl gk a5 Bilon, AAFHTs AA 23 3=
T Fa f F Ewd 22 I FETd G i F daed Fo
).

How fe8 A7k thehatrhp<.05
=g 79 8449 c-Fos F@L STZol 98 H=8 P FolA
A om, Eden ges)sh A&d Foli cFos WdS FPAAL

Table 6. The effects of the treadmill exercise and insulin on the c-Fos

expression in the ventrolateral periaquaductal gray (mm)
c-Fos
STZOD STZ-Ex@  STZ-Insulin® F Post_h
M=+SD M=+SD M+SD OstThoe
51.59+9.21 87.53+10.19 108.21+15.00 4793" 1-2, 1-3

STZ : STZ-induced-diabetes group,
STZ-Ex : STZ-induced-diabetes and treadmill running group,
STZ-Insulin : STZ-induced-diabetes and insulin treating group
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100 -
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20

5TZ STZ-Ex STZ-Insulin

Fig 6. The effects of the treadmill exercise and insulin on the c-Fos
expression in the ventrolateral periaquaductal gray (vIPAG).

Upper: Photomicrographs of c-Fos—positive cells in the vIPAG.

The scale bar represents 100 um. Lower: The mean number of c-Fos

positive cells.
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4. Ad BA3H9 c-Fos o3&

Table 6. The effects of the treadmill exercise and insulin on the c-Fos

expression in the nucleus raphe magnus (mm)
c-Fos
STZD STZ-Ex@  STZ-Insulin® F Post_h
M=+SD M=+SD M+SD OstThoe
11.83+2.02 28.13+2.22 33.75+2.37 3482" 1-2, 1-3

STZ : STZ-induced-diabetes group,
STZ-Ex : STZ-induced-diabetes and treadmill running group,
STZ-Insulin : STZ-induced-diabetes and insulin treating group
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Fig 7. The effects of the treadmill exercise and insulin on the c-Fos
expression in the nucleus raphe magnus (NRM).

Upper: Photomicrographs of c-Fos-positive cells in the NRM.

The scale bar represents 100 ym. Lower: The number of c-Fos—positive cells
in the NRM.

_35_



‘_Iﬂ_ﬂ
B

—

&

o]

&

el
Njo

7ol

} AtS-(acidosis)o] oFa}s o] A A Z

S

=

]
713 EAg Aol vk (R, 2000).

gl

H
o

ol

NI

o
W
A

—_

0

I3l 1Y 2mg A =9 insuline] FH] ¥},

v =
=]
T T

1A

)

—~
fie)

el
)
)

ToR

]
=

0

IS glycogen® & A sl

il

)

EREER
3], 1998; Fgmnt, 1993; 3f 2

-
T

e % olo] s

!

o0

—~
fie)

3}
S}

=4

3], 1997).

RS

2

9

F

gl

=

uj

ok

o
=<}
A| 7} 2+

37} Ve

®

3

ol #9]

g

fEE guy A9

3

STZol ¢

Ho
o

4
7o
B

)
N

o
7o
s
oF

"o

f

o] STZl ¢

7}

=

=

3}

=N

-

T

d= F7HAI

1

1=
=

_36_

W7F P HAE E

=N

-

T

ol



7}

A=

2~
=

] &2]7|7} ¢c-Fos ¥dS T/ 7= 282 <

o a1 9l th(Birklein, 2002).
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o] 7oz A

A=

A
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b, of

S

opioid & A9} opioid e =7} FH-

[e)
e

Cailn

H =
=

Al A vHA A=

TFNAAL] A F9dA] c-Fos && o]

AL o

j=13e)
15

Hu3stal ¢ tH(Birklein, 2002).
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