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Table 1. Changes of blood glucose(mg% ) and plasma
insulin (uIU/ml) level by streptozotocin, in-
sulin and nicotinamide in mice

Treatment Blood glucose Plasma insulin n
Control 118.06+ 5.29 90.14+4.41 16
STZ 45142+11.83**  35.18+3.15** 20
N+S 120.00+ 4.58 84.26+7.84 20
Insulin 46.00+ 2.28** ND 20
IRT 13763+ 9.28 ND 20

The value represents mean+S. E. n=number of ani-
mals

**: p<0.01: significance vs. control

Control; citrate buffer administration group

STZ: streptozotocin(200mg/kg) administration group
N+S: nicotinamide(500mg/kg) pretreated group
Insulin; regular insulin (2JU/kg) administration
group

IRT: insulin replacement therapied group

ND: not determined
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o8 (p<0.01) FA8Q L1, insulin X &2l A (Table 1).
= 137.63+9.28mg % 24 271 d 2ol 7t gidth
2 insulin® & B fdo] 35.10+3.15 plU/ml2
o) Z2(90.14+4.41 pIU/mD) ol ¥18) #2184 (p<o.
01) 743193l nicotinamide X X F9] insulinX] & 3
84.26+7.84 plU/mlEMN thze ¥ o]zl gl =

XNkj(whole brain) Z=Z}LH2l NE, DA, MHPG
9! HVAQ| BlatiE
B FET2 NEF#2 21919+ 1246ng/g 0 =4
o (212.19+12.46ng/g) ol W3] thad F718t9 L.

Table 2. Changes of concentration(ng/g) of norepinephrine(NE), dopamine(DA), 3-methoxy-4-hydroxyphenylglycol
(MHPG) and homovanillic acid(HVA) by streptozotocin, insulin and nicotinamide in mouse whole

brain
Treatment NE DA MHPG HVA
Control 20296+ 7.11 621.544+-20.22 12424+ 7.96 87.99+4.03
STZ 212.19+12.46 763.35+24.25%* 115.75+23.41 74.44+2.82*%
N+S 203.74+ 743 619.14+18.64 132.10+ 4.62 87.30+9.98
Insulin 19490+ 8.75 603.76+20.77 134.01+ 353 92.58+3.88
IRT 204,33+ 7.20 621.76+20.77 13082+ 4.44 86.44+5.75

The value represents mean+S. E.
*: p<0.05: significance vs. control
**. p<0.01: significance vs. control
See table 1 for abbreviation.
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Fig 1. Chqnges of norepinephrine(NE), dopamine(DA), 3-methoxy-4-hydroxyphenylglycoMHPG) and homo-
vanillic acid(HVA) level by streptozotocin, insulin and nicotinamide in mouse whole brain.

* p<0.05 **; p<0.01: significance vs. control

[: control [E5: streptozotocin administration group

Bl : regular insulin administration group E=: insulin replacement therapied group
[IM: ricotinamide pretreated group
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U 98X @3keh Nicotinamide A A X2, A8
F FEF % insulin X EFA Y NEFIHEL
F 2Tl vatd frog Aol §i9ich DAY
Fo Pk FEF0) 76335+24.25ng/gE N HIRF
(621.541+20.22ng/g) ol W3] -9 8HA(p<0.01) F
7}l 3, nicotinamide AA X T, AYY =7 ¥
insulin X E TN e BF ¢ vdte $o§
atol§ Ho|x| grstrt. MHPGH# L #-9% xjolg
HolE T+o] R1T HVA #%2 Bk 70| 7444
+282ng/g® o Z=T(87.99+4.03ng/g) el H}3}e
3 AI(p<0.06) FAI}RLH Urx FAME
97 FolE Holx &kth(Table 2, Fig 1).
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Hu/ods | 3 F =T NEFFS 23657+7.79
ng/go]™ nicotinamide FAHXF, AYFHFE=T 2
insulin X} 879} NE #3& 217+ 226.86+20.01, 224,
91+18.38 % 222.67+945ng/gC BH BT UIERF
(225.95+3.49ng/@) o] B3] K& o] & HelA] ¢
itk DAT RS B ST o)A 45.1949.85ng/go]
1 nicotinamide AX 7, AT F=F ¥ insulin
X BT ME 2+2} 30.7443.39, 38.36+-5.00 X 37.18+
339ng/glo 2R B5 g2 T (39.99+4.44ng/g) o) H]
Bte] -2} § AolE Rolx] g3th(Table 3, Fig 2).

2k G frato] NEFHE 120.75+397ng/g o

, 2kl Clik TE|Lye| NELI DAS)

Table 3. Changes of concentration (ng/g) of norepinephrine (NE) and dopamine (DA) by streptozotocin, insulin
and nicotinamide in mouse pons/medulla, cerebellum and cerebrum

Pons/medulla Cerebellum Cerebrum
Treatment NE DA NE DA NE DA
Control 22595+ 349  39.99+4.44 107.22+ 287 27.87+305 17761+ 3.74 1006.25+19.18
STZ 23657+ 7.79  45.19+9.85  120.75+ 397*  32.69+3.00 20061+ 2.24* 1137.65+35.86*
N+S 226.86+20.01  39.74+3.39 97.98+15.62 2538+154 17054+1242  1026.29+21.98
Insulin 22491+1838 38461509 10845+ 240 27.87£123 156.39+14.28 954.96+23.08
IRT 22267+ 945  37.18+339  102.95% 5.50 2692+385 16451+ 4.29 990.43+19.38
The value represents mean+S. E.
*. p<0.05: significance vs. control
*¥. p<0.01: significance vs. control
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Fig 2. Changes of norepinephrine(NE), and dopamine(DA) level by streptozotocin, insulin and nicotinamide

in mouse pons/medulla oblongata.

[]: control FF¥]: streptozotocin administration group
8 : rcgular insulin administration group E=: insulin replacement therapied group

[ : nicotinamide pretreated group
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Table 4. Changes of concentration (ng/g) of 3-methoxy-4-hydroxyphenylglycol(MHPG) and homovanillic acid(HVA)
by streptozotocin, insulin and nicotinamide in mouse cerebellum and cerebrum

Cerebrum
Treatment MHPG HVA MHPG HVA
Control 62.84+3.39 12.55+1.72 106.77+14.43 154.53+ 840
STZ 57.72+3.85 11.94+1.32 9234+ 8.89 126.11+ 6.75*
N+S 65.41+5.88 12.2410.84 105.81+21.16 156.22+-21.46
Insulin 67.33+5.77 12.52+1.39 111.58+19.24 168.46+ 6.69
IRT 63.49+1.93 12.66+1.83 109.66+17.32 154.48+17.76

The value represents meantS. E.
*. p<0.05: significance vs. control

25 Z2F (107.22+287ng/g) ol ¥l &l #2184 (p<
0.05)%7}8}94 1L, nicotinamide A AT, AEFT &
=%, insulin X279 NEF&S 247} 97.98415.62,
108.45+24, 102.95+55ng/g & 24 9§ zlo) &
4 gl%lth DAFHLE P fETolA 32.69+3.00
ng/gl & h2T(27.87+3.05ng/g) ol Bl 8} thh F7}
Bl ot o)A @eker A FoME Fo %
xto] & Ho)A] skth(Table 3, Fig 2).

el B FET9 NEFHS 200.61+2.24ng/g
o2 QR2F(177.61+3.74ng/g) ol v} ) 3lAl
(p<0.01)F 7}t 3L nicotinamide A X, HET
T % insulin A &N F2 170.54+1242ng/g,
156.39+14.28ng/g 2 164.41+4.29ng/gC 2 M 2T
o] Hlgle] HojFt 2ol F K.o|A] Wkrh

DAZH S DefEFA 1,137.65+35.86ng/g2.
24 Y 2F(1,006.25+19.18ng/g) o) ¥ 8l -2 54A)
(p<0.01)Z7}3H9 2, nicotinamide AX A F, A¥Z
% insulin X &M 22} 1026.29+21.98, 965.
96+23.08 & 990.43+19.38ng/g 2 2M thzFd) H]3)
F93 2o]E Holx Ygtrh(Table 3. Fig 2).

Aw|of Chi| XELHS] MHPGS} HVAZS| &k

H{E
—

2kl By fFETFY MHPGE #E 57.72+3.85ng
/g0 EX thZT(62.84+3.39ng/g)oll vl th4 A
st ot o)8kA &L, nicotinamide A3} x| T,
AEGFT, insulin X &9 &3S 22} 65.4145.88,
67.3345.77, 63.49+193ng/gl. 2 H23 ol H
o)A ot HVAE#HE B =, nicotinamide
AAXT, ALDG FET ¥ insulin A ET A T2t
11.94+1.32, 12.24+0.84, 1252+1.39 ¥ 12.66+1.83

ng/gl 23 t2F(12.55+1.72ng/g) ol B8} ' o)
7} ¢1dth(Table 4).

e B S =79 MHPGH %2 92.3448.89ng
/g2 2 EF(106.77+1444ng/g) ol ¥ 8] H2j3t 2
o]& Koz ¥9kom nicotinamide A, A
P47 ¥ insulinX 82 7}z 1058142116, 111.
58+19.24, 109.66+17.32ng/gC. & THZRTo| W) 8l
£93 Aole YUY} HVATEHE B 24
126.11+-6.75ng/g2 2T (154.53+8.4ng/g) 9 H]&)
£218}A (p<0.05) 24802 ™ nicotinamide 2 %] %]
T, AYFGEF D insulinX B0 A ¢] HVAE Z&
77} 1562242146, 168461669, 154.48+17.76ng/g
o284 foF AolE Kol ghtth(Table 4).

F x| (whole brain), A& %
MHPG/NEH| 2| HiZE

T I

Fk|(whole brain) : B FETE& 0.54+0072
o2 (0.64+0.02)01 W& tha ZAsF oy {9

Table 5. Changes of MHPG/NE ratio by streptozoto-
cin, insulin and nicotinamide in mouse
whole brain, cerebellum and cerebrum

MHPG/NE ratio

Treatment Whole brain Cerebellum  Cerebrum
Control 064+002 0584001  060+001
STZ 0544007  048+0.01** 0.46+0.002**
N+S 0.64+0.01 0.67+0.07 0.62+0.01
Insulin 0.69+0.02 0621003 0.71+0.12
IRT 0.64+001 062+0.02  0.66+0.05

The value represents meanz+S. E.
**: p<0.01: significance vs. control
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Fig 3. Changes of norepinephrine(NE), dopamine(DA) level by streptozotocin, insulin and nicotinamide in

mouse cerebellum and cerebrum.

[ ]: contro! [H: streptozotocin administration group JJll: regular insulin administration group
E=: insulin replacement therapied group [[[[J: nicotinamide pretreated group

*: p<0.05: significance vs. control
**: p<0.01: significance vs. control

82 4t nicotinamide MH XL, A¥F =T,
insulinX 72 247+ 0.64+0.01, 0.69+£0.02, 0.64+0.
01224 {98 2ol Mol x| @etr} (Table 5, Fig
3.

AL Bk $ETE 0484001 thZF (0.58+0.
oD Bal F2)3HA (p<0.01) 7484 3, nicotina-
mide AHAFE, AT E insulin N HFY H&
Z+zt 0.67+0.07, 0.62+0.03, 0.62+0.022.2M F-2%
o] Ro)x| gt (Table 5, Fig 3).

e % fET2 04600022 th2T (0.06+
0.0D) el BidA Fo8A (p<0.01) 73R L, nico-
tinamide AX A7, AYF F =T ¥ insulinX 7
zt2t 0.62+0.01, 0.71+0.21, 0.66+0.052. 24 9|
o) E H.o)A| FgktH(Table 5, Fig 3).

Mk|(whole brain), 24 % O] ZXELYS|
HVA/DAH|2| B1Z

Mix|(whole brain) | ¥% FETFE 0.10+0.0012
22X g2 (0.14£00D9) ¥& {9 8A (p<0.0D)

Z+2~8 9 3L nicotinamide AX X2, AEFHET L
insulin X &3¢ ¥+ 22 0144001, 0.15+0.001,
014100012 24 K& Afol& BolR| YAHTa
ble 6, Fig 4).

A B FEFS 0374003224 2T (0.
45+0.05) 9 H| 3} v FAsHou FoERle &

Table 6. Changes of HVA/DA ratio by streptozotocin,
insulin and nicotinamide in mouse whole
brain, cerebellum and cerebrum

HVA/DA ratio

Treatment Whole brain Cerebellum  Cerebrum

Control 0.14+0.01 045+0.05 0.15+0.01
STZ 0.10+0.001** 0.37+0.03  0.11+0,004**
N+S 0.14+0.01 0.48+0.01  0.13+0.003
Insulin 0.15+0.001  0.45+0.004 0.171+0.01
IRT 0.14+£0.001  047+0.001 0.16+0.01

The value represents mean+S. E.
**. p<0.01: significance vs. control
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Fig 4. Changes of MHPG/NE and HVA/DA ratio by streptozotocin, insulin and nicotinamide in mouse cerebel-

lum, cerebrum and whole brain.

[1: control [F%]: streptozotocin administration group [l : regular insulin administration group

["‘“‘: p<0.01: significance vs. control

E=: insulin replacement therapied group

9te ™ nicotinamide AT, HYFHET 2 in-
sulinX] 829 ¥l 22} 0.48+0.01, 0.45+0.004, 047
+00012% 93 alo|& Ro|A] ggtci(Table 6,
Fig 4).

Y B S 272 0.11+00042 5 2T (0.15
00D ¢ v & FoA (p<0.01) #4890 ni-
cotinamide AX X, AYY FE7 2 insulin¥ &
9 ¥l 0.18+0.003, 0.17+0.01, 0.16+0.012. 24
T ApolE RolA YUtHTable 6, Fig 4).

o &

A1¥ &, insulin®) &Y FB A A HF 3ol
v A5 T o8] ZARE EArE £uE™ hor-
mone?] Zo) & growth hormone, luteinizing hor-
mone, thyroid-stimulating hormone?] £¥|7} 74
"vha e, Gonzalez’® F-& o]} pituitary gland®)
AP AL Hosr|z Sk 2t o)
% hormone®-H 8] WAE W R3] FF417%7A 9
Fofjoll ek foze AAAY 93, glycogend)
%3, DAL &A1Y A4 71 NEFA S 271 Sol
Aot o}A FHF 1AL PJYH o YA Yk o
A7 HEH = hormonel-tl gt Mo L 8 F sl

[l : nicotinamide pretreated group

T% #de] gle Aoz gux loeng B
o = streptozotocin®. 2 insulin®}&¥ Yk
F2A1A NE, DA 2 19] FafAHE MHPG, HVAS
EAste] B, AEIT € T N EFY ¥ w3l
FrF Ao monoamineth Al HalE ) Ruxt
33T} Streptozotocin Streptomyces achromogenes
ox Rald EFWE FHI FYAY B ol
FulEy @aivt g AAPZA streptozotocine
pancreatic islet®] B-cell& XEH o2 dajrsn
2 H4¥4o2 insulin 929 FxHE HANL
EXRog da oy JABE®o|r),

E A9 Fulo A streptozotocin®l] &8 SdE
insulin®| &% F=fd Adejolr NEZFo] A
(whole brain) |4} tha Z71gigon RERo g
259} iy ZF o)A NEFZHTe] #9384 27}
39t} ol 2%t NEWshs 8339 F714) ¥ ca-
techolamine¥ o] /i, gl FEWHI} 2
BHEF 3 Shildkraut®™ 2] B39} Ux)= 9},

85 1H 3= mesolimbicAl o) A 2] DAS] 7% W37}
o8] ZAZET vEo] Fdo) fivhe Ruv} Jlz,
Hoffman¥ Beniger’™® & %xrl 3 SEA &
TAY T4Vl DAY AAA L E4E9) 4P 4
#el U Bushern BuFalds DAY A

of
tlo et
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Wael AR ZAEY O gal F84A9 Ze
Aol F71ETa Y th & glucoseE HZA o FAH
Eddle B APME “dopamine cell firing” o]
A= DAY #H|7F ZAHAG R e B
= it} %, Saller”, Trulson® HimmelP® 52 & 7| 7¢
G =8 HzHMe] DA #FH o
AHES] ZAE Badgch ey B AddAe
G fEToAY HA HZAI REHF, Oy
FEoA DAEZFel FoAdA S/ 29 o
AHEQl HVARZ o] fojdtA Za=HA

InsulinF 2 Q13 AEG FJefo A NAHEH &
HElg B 2 AX 72 HF dxdi NEF
DAe] tha: 28R 3, 19] hAHE QI MHPG, HVA
o] th& F7e R ot BAEARA S Gt

Trulson® Himmel? & insulinFo 2 <13 H¥3
Fejel ] NE9] Za¢t FadAE<d MHPGY %
7He Rugged], 2 A A¥F FEA ca-
techolamine™ thAE9] WEst Foatx] GURL
olntx Fo@ Wzl Huvd vhge FEGE A
5o =R g%l Wiol ofdst A7 EY
AAEIY 2L F4o] XY A=Y AETEFE F
=3t & A oE monoamine?] A W37 #F
szt #5489k £ Ad¥eA nicotinamide 500
mg/kgE streptozotocinF o] 10F-A o) AR A] st-
reptozotocin®] FxHE 242 JAF7) &8 A&
399 v} nicotinamide® 7+ FZANA pro-insu-
linA) §4dAJol B8 3% nicotinamide adenine dinuc-
leotide?} streptozotocinzl X2 ZAHE A& oA
e EABPE 7143 9ol nicotinamide W X X
oA streptozotocind] &3 Hx HF AUt
A A 2 Q2™ (Table 1), nicotinamide 23] x|l 4]
= B T B Ao DAZ7} HVAZA
a3 BE A5 &AM NEF7}, the el A NES}
DA 71, HVAZ A e §abiEo] glglen
ol F o]k streptozotocin®] FH £ 1§ catechola-
mine &2} ¥ 3}7} streptozotocing] B3 A3}
o3k Aoln, FE HALo) 93] oldE Al
ARgtga & 4 doh

IR o]¢} H&dA FrfET 10U3E prota-
mine zinc insulin® Z insulin X &8 A stgS,
B FEAC Bl AAAGH e Wit Heix
ggton 93] 2T Aoet FARIE o 94
AR HGA o] gHFASL streptozotocing] BFi=fE
g 9% AYE & F ARk

2 4gdna Kol g NE# DAY &
7P A1E BaF Ao AA, AFFAE dod 5
e aqle] € # gledd A€l 28y 1
o) Wi BEY VMG AE2AE = GAT
“Ad 2z Eave g, 281 “AFF"Y F7H7t
Ol EE £3AE 7t € 29 tAMHEQ] MHPGS}
HVAS] i@ Wdo] Hola Hutsd tjalel A3
2 “turn-over”’ £ % ZA T JteAdE A4 +
itk E3F o] § NE, DAY %71 MHPG$ HVAS)
A&7} insulinX] & A& EAA], ol gt 7
A Aee 4% HEIA EL thE A Y
Walbol] o RAAE wRok Aen, A FA
w3}ol 3537} NEA 2 DAA A3 A 9o @A 7}
BEELE FAY AtdololA BdedA 21733}
3H 24wl AAZN} A5 PAE god £
Ae dle] Fvha AZEH, ko2, NEA 4174 o]
FRe BEQ locus ceruleus B DAA AAAZM
8% corpus striatum ¥ 5o @3 A7) F 43
WAV A (fore brain) T3 TL AR
Z3AAA FEAAMe AAFsEAY A¢rt ¥
a3, By fEolu HEHALES HES T
wslol i AFE FrEtel dastelg AFRH

e o

Insulin®] &8 F=Hol} AEFA ¢ o 7}x
A Walel hormonelH] o]Ato| HilEe] glomr
olg] st watel MUl ARAY £4 WHEo #H
goeng ole WA ML dolrua HuY AAA
oA ghake] wWalE ARSIl Streptozotocing
Eddle] d¥FoR F5H TxF, insulin®E
=9 AY¥Y A, streptozotocin® Z&A|Q] nicoti-
namide® ARAF Fef, T FLF insulinAEE
AA S e o] vh-2ea] W) NE 2 DA% 29|
Z QAR P s ot 2e d9E o
pei=

FrafETd e A (whole brain) ol 42| NEE
Ze oih F7489 1 DARHS #oFA Fvsl
o BaWas AxdMe NEFF] Fo3iA
Z7lelga i FEAe NETFHH DAg
FEA F7rE A

VAR F& HRN N G935 FAFHAT Ui
Hrdxe] MHPGS HVAZF 2% #o)3tA #4H
Art.

Nicotinamide ¥ A 3 insulin A& TAME ™
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2T HAo|E HolA gigith

InsulinFAl2 f28 A¥ITMe NE, DA,
MHPG 2 HVASSol M 5% f2)8 2] & Kol
&kt

olde] ARE Kol f¥FA| NEF DAF 2
Z7k8aL 9] FYALE T HaFo] FiAd
NE % DAEEH 5o AASo ojH J43g F=
89lo] & % g Aoz Algdo.
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=Abstract=

Influences of Hyperglycemia and Hypoglycemia on the Changes
of Brain Catecholamine Content in Mice

Seong Ryong Lee, MD; Soo Kyung Kim, MD

Department of Pharmacology, Keimyung Universily
School of Medicine, Taegu, Korea

Insulin dependent-diabetes mellitus has been reported to be accompanied by number of behavioral and
hormonal abnormalities. And also there many reports that brain neurotransmitters are associated with behavior,
affect and hormonal release.

This study was designed to examine the effect of hyperglycemia (streptozotocin induced diabetes) and
hypoglycemia (regular insulin induced hypoglycemia) on the changes of norepinephrine(NE), its major metabo-
lite, 3-methoxy-4-hydroxyphenylglycolMHPG), dopamine (DA) and its metabolite, homovanillic acid(HVA) con-
tents in mouse several brain regions (cerebellum, pons/medulla oblongata and cerebral region and whole
brain.

The NE and DA contents were increased and HVA content region was decreased by streptozotocin in
whole brain and remaining cerebral region.

There were no significant changes of NE, DA, MHPG and HVA contents in regular insulin induced hypoglyce-
mia, nicotinamide pretreated group and insulin replacement therapied group.

In summary, it could be said that the alterations of neurotransmitters (NE and DA) are important in explana-
tion of the mechanisms of occurences of various psychiatric problems in insulin-dependent diabtes mellitus.

Key Words: Brain catecholamine, Hyperglycemia, Hypoglycemia



