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Abstract : In the present study, we designed and constructed new microdialysis probe in
order to improve the efficacy and accuracy of microdialysis method. In addition, extracellular
concentrations of GABA, glutamate, aspartate and glycine were monitored with new designed
probe in the lateral portion of the ventrocaudal periaqueductal gray using unanesthetized and
unrestrained rats. Furthermore, the effect of opiates on release of these amino acids, especially
GABA, was analyzed by measuring their concentration in PAG dialysates following veratridine
administration in the presence of systemic morphine. The results were summerized as follow :

1. The damaging rates of 1.0mm or 1.5mm window probe were 12.5% or 42.8%, respectively.
In the group using 1.5mm window probe, the damaging area was extended into mesencephalic
aqueduct because of microdialyzing pressure.

2. Because of the unique design of our probes with an opening facing one side, dialysis occurs
in a hemisphere(600pm in mediolateral direction and 100pm in opposite side of the dialysis
probe) around the opening rather than in a spherical shaped configuration which is typical of
most commercially available probe designs.

3. Glutamate, taurine and glycine were present in the highest concentration in the dialysate
sample obtained before treatment with veratridine, whereas, aspartate and GABA were present in
the lowest concentration.

4. The concentration of all 5 amino acids increased significantly following 75pm veratridine

ol 2199545 e AT AR dpuld gt ATHUE.
Address reprint requests to Dr. Jang-hern Lee, College of Veterinary Medicine, Seoul National University, Suwon 441-744,
Republic of Korea.

- 535 -



perfusion into lateral ventrocaudal PAG.

5. There was no significant difference between basal and peak amino acid concentrations

according to window sizes.

6. Morphine had no effect on baseline concentrations of amino acids in dialysates obtained

from the lateral PAG as compared to saline treated controls. However, following veratridine

treatment, morphine selectively affected GABA release in the lateral ventrocaudal PAG as

compared to saline treated controls.

These results suggest that GABAergic interneurons in the PAG are inhibited by opioids.

Therefore, endogenous enkephalins or endorphins may directly inhibit intrinsic GABAergic

interneurons and block their tonic inhibition of PAG-NMR projection neurons. Moreover, new

designed probes demonstrate improved efficiency and accuracy in collecting samples as com-

pared to commercial types of microdialysis probes.

Key words : morphine, In vivo microdialysis, GABA, central gray, excitatory amino acids.
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Microdialysis tubei= Fig 104 B & upeb o] A 25
gauge?! stainless tubeE o]-&3}o] A 2&lg 0w, tubes]
ZolA FE 0.5mm H& F2o dojst z+zH 1 T 1S
mm & collection windowZ THe-o] microdialysis mem-
braneo] 9o wEHEE STt 27 o] 200um HE
dialysis fiber(5,000mol wt cutoff; Spectrum Medical In-
dustries)9] £-& epoxy2 =1, microdialysis tubed] &
A E F 23z Z# A2 microdialysisE 93 di-
alysis fiberd] §tjZ EL of 1.75mm AT TA
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epoxyE Y-S ¥ microdialysis probeo] ¥t
3 fluid swivelo] ¢34 A o}, Silica ca-
pillary tube(145pm o.d., Cole Parmer, Chicago, IL)E mi-
croline tube?] 2}& 1w & E4f dialysis tubel] 2 3¢ 3}
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outflow?] B2 o]45%E PE10 tubeo] A3
Microdialysis tubes] #}2to] EUd o] tbeE
pump(Rainin Rabbit-Plus)o] | A3} 60p J=of AR &
Gilson microfraction collectorZ 3] 8}d microdialysis 2]
tubeo] AAYHE AAEAY.
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fluorometer7} 5-2}¥ Gilson dual pump HPLCE A}-£-3}4
S AT 12p19] OPAE 49p19] A 59 s}, 28
ZRgo] dojung Zgd F F4pe EFES
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verse phase column(Phenomenex ; 250mm x 4.6mm)2 o] &
ato] amino acidg o 1287k 28, FEHES spec-
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concentration-& picomole2 ¥ A 5191 0.0, GFEH )& A
ZFg amino acid®] FX+ 37 peak concentrationo) A
basal concentrationd ¥ X2 ¥ A G ).

ZEA : AP = ANOVA rest(Statview 512+
Software, Brainpower Inc., Abacus Concept Inc., 1986)Z o]
&5t AT 31921 probability valuesE 233} 7)
Y& Scheffe F teste A Al8)H, A3 %5 &1 varance®
AL e s

4

Microdialysis probe®l #x|, dialysis H¢ & W
of et 4% : & Aol A8 %Y microdialysis probes

- 537 -



Fig 1o] S48 v o] AR oo, NEE 423
= £22 AL85E probe window?] 27]17F 242 1mm
T 15mmyt HEE & 2ete A ALt 4
o] Al 4H AHEE PAGY AU microdialysis
probed] $1AE AR A7 B AF HEFEY
Z Adoz At zALHoE HA}HT Mi-
crodialysis probe®] $}%]7} % 83 PAGY ventrolateral -
o A& AEF A AT ARTS baseline =
A 2 morphine £ 9% baseline W3l it A H ol
A&t th Fig 24904 2 wtgl 2ol microdialysis
probel= A HEE9 PAGY ventrolateral o] A &3]
Az gden, 2 A¥d A4PE Imm 2719
windowZ bare] HEl2 EAZETH Imm ¥ 1.5mme}
microdialysis window2 A @589 Ho 2 Y wje] 2
A 3He microdialysis membraned} I&E&2 2z 125%
2 428%% UEhGon E3] 1.5mmel windowe] 2%
microdialysis] &8¢ FUE o BAgE G o3
mesencephalic aqueduct7}x] 23 sh& o) #9171 F4 5 of
P2 5 9 ok, Micordialysis probeZ 8} fluorogoldE ¢

o] 248 EA WY Imm ¥ 1.5mm?! windowe]

Fig 1. Schematic diagram of the microdialysis probes developed
in these studies. Probes are cut to length using a laser milling
machine. The collect body attaches to the outer guide cannula,
which is inserted up to the machined stop. Probes insert into
the stainless collect body and are fixed with a set screw. The
Imm or 1.5mm window in the probe tip is also laser-cut for
reproducible area. The 0.5Smm probe tip protects the dialysis
membrane in the probe window during insertion. Tubing from
the probe was threaded through a stainless steel support
spring that attached to the butt of the collect body. The entire
assembly was suspended from a counter-balanced fluid swivel
and did not influence the animal's posture or motion.

.,/ BREGMA -7.8

Fig 2. A: Photomicrograph of a representative transverse section of the midbrain depicting the placement of a microdialysis probe in
the lateral PAG. The solid bar represents the location of the actual length (1mm) of dialysis window. B: Schematic drawing dep-
icting the approximate dialysis area that illustrated the extent of fluorogold labeling foliowing 0.1% fluorogold infusion into the PAG.
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Avrog Z+7} 600pm 2 700pm=E 24 5 9lt}. Window
9] 222 probe2HE] 100pm ©] &t E fluorogold ¢
27k A g0l #&AHY . Fig 2B 1mm 27] 9]
windowZ A4392 o fluorogold YAH7} £ALE o] L}
A HHE BAFA Y.

Veratridine §0{ofl /8t amino acid®| £H|%3} :
Lateral ventrocaudal PAGEHE £33t A|5 5] 43
¥ amino acid(GABA, glutamate, aspartate, glycine, taurine)
9] ¥ basal concentration L veratridined] B4 2 Q13
i peak concentration® HPLCE o] &3l A& ¢ch
(Table 1). Veratridine & $¢j}7] A3 o] AHS A7
Wl A glutamate, taurine 2 glycine® 15 L2 5=
St GABAS} aspartate®] 74 53] W& ¥22 £4H
¢}, Veratridine(75pm)-2 microdialysis tubeE F3 F9)
o] AAHNEE FEIFAHAE 4% amino acid®] 3
FE7t 1A R vlE §43] Fohste ¢S e
WAl GABA, aspartate 2 glutamate?] 7% veratridine
& F9Y3 % baselineo] B]& ztzt <} 10,000%, 2,400%
9 1,100%¢ £7}5 Jeh A} vt taurine} glycine
o] % veratridine®] F ¥ baselineo] w& zZpz} oF
500% 2 200%94] F7+8 WER ). Microdialysis probe
9] window Z7)d] whz} PAGY| A} &u)
basal concentration & peak concentration® %4 8}& o=
Aol & VER A R 3kTHp € 0.05).

Amino acid 24|20}l T8 morphine MAF0HS &

+ amino acid9]

2} : Morphineg HAFAE AYPZE lateral ventro-
caudal PAGY) A £-H]E & amino acid?] 7] A X9} vera-
tridine®] Fofo] 3 AAHEY BHo] ZrtozH
YettE HnsEg $% 31 ch(Fig 3). Morphine A A
Ao ¢ lateral ventrocaudal PAG W ol 4] E1|5HE am-
ino acidE¢] basal concentration® G 3-& wra] otk
(data not shown). 3}2] 2} veratridine2 A 3 x| 8} o] A7 4
X9 4L 372 A2 A S morphined] A ]
o] 2] &} lateral ventrocaudal PAGY| 4| GABAY] Bu|7} A
dH 0 ZAdte F4E FHY 5 AATHp (0.05).

[] Saline+Veratridine
320 I Morphine+Veratridine

100
80 o

80

Dialysate Conc.(pmole)

GABA Aspartate Glutamate

Taurine Glycine

Amino acids

Fig 3. Effects of morphine(10mg/kg b.wt.) or saline treatment
on veratridine(75uM)-induced release of amino acids in the la-
teral ventrocaudal PAG in vivo . An asterisk indicated p { 0.05
by ANOVA and Sheffe post hoc tests between morphine and
saline-treated levels.

Table 1. Mean basal concentrations and mean veratridine-induced peak concentrations of amino acids in PAG dialysate using

Imm or 1.5mm dialysis window.

Amino acid baseline concentration(pmol) and peak values(pmol} following veratridine-induced release in the dialysate
of the lateral ventrocaudal PAG. Baseline amino acid concentrations and peak concentrations represent mean+S.E.M.
values. All amino acids shown in the table were significantly(p  0.05) increased from bascline after veratridine stimu-
lation. There was no significant difference between groups that used either Imm or 1.5mm dialysis window.

Baseline(pmole)

Veratridine induced peak

Amino acids release(pmole)

Imm 1.5mm Imm 1.5mm
GABA 0.35+£0.12 0421098 30.12£6.72 32.07+8.31
Aspartate 0.92+0.20 1.12+0.74 24.16+11.20 27.43+15.03
Glutamate 7.12+121 7961245 73.05+27.88 75.89+31.71
Taurine 15.13+£3.25 18.13+4.36 73.18+16.75 76.03+20.15
Glycine 61.21+11.89 65.34+15.07 130.44+39.01 140.15+50.75
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AAZ 2o o) MAAAEAAT Fujd AAA o}
U oM EAA 288 = Qe B3 A3 9
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windowZ AP EEY Ho) nAY dof LA E mi-
crodialysis membrane] 3}&82 2Hz 12.5% 2 42.8% 2
UEbY 1.5mme] window7} 1lmm 37] 9] windowol] ]3]
membrane?] F&go] §743) S/ 53] 1.5mme]
window®] 79 microdialysisA] 4% F& o L3}
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micordialysis probeE %3 fluorogolds F¢3ld 4%

dialysis ¥ ¢ = 1mm 2 1.5mm¢) windowe] AHo 2 2}
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= probe2 HE| 100pm )3} Z fluorogold Y=}7F £ALE
Agol #FHAG. o] & 7]E 9] probed] v]# Al A
A8 EAY FHZE TN Y428 € Aoz
A gtk Table 194 H = vhe} 7o) windowe] = 7}oj
2} amino acid®) VA F = FAHcE F948 o
24 ¢ gld oy 1.5mme] windows} Imm 2719 win-
dowoll |3} & X]2t9] variationo] F7}te $4E B
At o) 42 1.5mm 27] ¢ window?} Imm win-
dowol| H]3] membraned] I}&Eo] =om, mesen-
cephalic aqueduct7}A] ZZ u}¢ o] W97} 825 o] A8
of th#e HHFdo| FHEHr HEoE 44do
melA 1.5mm 27) 9] window 2o Imm 27)9) win-
dowZ AH83HE Zo] Ao FPE ¥ APH S Y
F Y& RAoE A"

Morphineo] 1} opiocid peptidesE HAlF3tAY H
ventrocaudal periaqueductal gray(PAG)e] A4 FY3 A<
A+ AELRE FUdte Ao delA gled, oy
3 NFEAAE PAG U] A8t AN FUREE
9] #%5o] 974 F-ofd opioid agoniste] o} A ¥
24 dojdtin #5383 QP HEFoz 9y
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o opioid 8] A1 FME] LA BH]FHE opioido]
o3 PAGUS FUREY &5 JAFZA Yo
v}t @#bA interneuron®] #A o Al = PAGY A nucleus
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M AFEH}E JehA B o8 FUTEES GABA
€ #Hlgte] qAEIAE YEdE A2 HuHo 9
o.m* guantitative electron microscopeE ©]-43to] PAG-
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HoZ ZtArdE 4L #EY & Y o A
o2 uFo] B o HANFE morphineo] PAG U9
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medullad] F8& v]A & AFHEES GABAY 9t
A gy A & o)t gl
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B 7oA E microdialysis W &4 L FHAE
A7 A A BE & 7]ES] microdialysis probe] T3
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glutamate, aspartate, glycine, taurines} ZH& amino acidAl 4l
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1. 1mm ¥ 1.5mm¢$] microdialysis windofw,—";-_'— 0] &3}
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1 E3] 1.5mmo} window?] 7 microdialysisA] £ 4&
F98 o 2AZE 4o 28 mesencephalic aqueduct
7HA 24 3E0] Y97 o #AEHUG

2. Micordialysis probeE ¥3] fluorogoldE U3ty &
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2 Z}7} 600pm % 700pmZ =4 591t} Windowe] Fu}
L2 & probeZ F-E 100pm ©] &2 fluorogold Y27} ¥
AE QL Eol #aEo AlgY AHUAE EHEYE =
AL § A& AR ARdET

3. Veratridine & $<33t7] A3} Fo AHE AJE4 <]
glutamate, taurine 2 glycined] 7| A3 2= T8 £4
3+ B GABAS) aspartated] A% 23] 3 ¥
Z4 5 A

4. Veratridine(75pm)&  microdialysis tubeZ E8 33}
o AZAEE GEFANAE HF amino acid?] 7]H %
=7k Husxdd vdl 3438 F7she F4E e
ATt

5. Microdialysis probe] window =7]¢l u}e} PAGH]| A
¥H 5 & amino acid®] 7| AFE ¥ Hugne AT
FHog Aol & UehiA gt

6. Morphine A % 2] o] 2]&) lateral ventrocaudal PAG W)
o] A B 5E amino acidE 9] JAFEE FL BA
%< g veratridined MAA|3be] AAME] 4
F7kA17 AAT Y %4 morphine®] HA Ao & la-
teral ventrocaudal PAGS| A GABAZ2] ¥1)7} Aezog
ZadE $AE BEE 7 A

olate] A2 7)& 9 microdialysisol] B)3] £ o)
A A& probe7t Al AHAWHE SHFLAN T3
A £ Ade FHe) sloH, 9o A}E windows
probed] M XA dojit= membranes) E£A4HE HAast &
Ao AARET 20| AFH probed o] -435ta] PAG
W9 amino acidE ¢ 71 A¥E ¥ H1FEE F4stx,
H 4158 morphined] 2} YEl}E o]E amino acid
o ErlFe] dstE $A4E 47, d4%F % morphine
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