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AIM: To detect different expression of pre-
proenkephalin mRNA (PPE mRNA) in 16-wk-old
spontaneously hypertensive rat ( SHR) and age-
matched normotensive Wistar-Kyoto rat (WKY).
METHODS: Nonradicactive in situ hybridization
was performed using digoxigenin-labeled RNA
probe. RESULTS: Compared with WEKY rats,
PPE mRNA levels of 16-wk-old SHR increased in
hypothalamic nuclei { >20), amygdaloid nuclei ( >
23), ventrolateral central gray (21.2), reticular
substantia nigra (21.5), interpeduncular nuclei {( >
21), nucleus of the solitary tract (30.7), rostro-
ventrolateral reticular nucleus (29.1), gigantocellu-
lar reticular nucleus (23.9) and thoracie spinal cord
(>30); decreased in dorsal central gray (22.7).
No difference was found in compact substantia nigra
(22.8), dentate gyrus (26.2) and CAl, CAZ,
CA3 of hippocampus ( > 25). CONCLUSION:
PPE mRNA in brain regions involved in modulation
of blood pressure may be associated with the genesis
of spontaneous hypertension in SHR.
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Enkephalin, an endogenous ligand of opicid re-
ceplors, is important in the regulation of blood pres-
sure (BP). Intracerebroventricular injection (jcv)
of p agonist [ D-Ala®-MePhe!-Gly®-ol ]-enkephalin
(DAGO) and & agonist [ D-Ala?, D-Led® ]-
enkephalin (DADLE) increased the BP!.
hybridization study showed preproenkephalin
mRNA was localized in hypothalamic nuclei, hip-
pocampus, NTS, and spinal cord’®, where the car-

In situ

diovascular regulation took place.

The icv of p agonist morphiceptin induced a
pressor response in SHR but hypotension in WKY
rat, and & agonist Tyr-D-Thr-Gly-Phe-Leu-Thr
{DTLET) icv decreased BP in SHR but increased
BP in WKY'®. Compared with WKY rats, SHR
had greater concentration of methionine-enkephalin
{(Met-Enk) in cortex, pons, and medulla!®, but
lower Leu-Enk in (sl
These studies imply that opiate system is disturbed

suprachiasmatic nucleus
in essential hypertension.

The aim of this study is to determine whether
the bicsynthetic activity of CNS opiates in brain is
altered in case of essential hypertension.

MATERIALS AND METHODS

SHR and WKY rats {aged 16 wk, L, a =5, weighing
268+ 5 6 g and 310 % 5 12 g, respectively) were purchased
from Department of Pharmacology, Second Military Medical
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University. The p3P64 plasmid was from NIH, USA.
Digoxigenin (Dig) RINA labeling and detecting kits were pur-
chased from Boehringer Corp.

Tissue preparation Rats were anesthetized with sodium
pentcharbital (45 mg+kg ', ip) and then perfused via aoria
with 250 mL of 4 % pamaformaldebyde in phosphate-buffer
saline 0.1 mol ' L™ ' (PBS, pH 7.2). DBrain and thoracic
spinal cord were immersed in 30 % sucrose-PBS, and cut
frozen at 20 ym. The sections were immersed in cryoprotec-
tant solution™ and stored at — 20 'C uniil use.

RNA probe labedl The pSP64 plasmid { containing PPE
DNA fragment of 960 bp} was cut by Sacl at 37 T for 2 h
and then served as the template for synthesis of RNA by in
witre transcription. During transcription, the synthesized
RINA was labeled with Dig at uridine-triphosphate (UTP} via
a spacer linked to the steroid hapten digoxigenin (Dig-UTFP)
according to the procedure described on the k.

Hybridlzation amd probe detection To avoud RMase
contamination, all solutions, glassware, plasticware and paint
brush were autoclaved.

According to our previous report'”, the sections were
moved intc PBS, and then into 4 % paraformaldehyde, final-
ly were rinsed in PBS for 1 h, The sections were incubated
with proteinase K (2 mg~L ™!} in Tris-HCI-EDTA (pH 8.0)
for 30 min at 37 T, and washed in PBS. To decreased non-
specific background hybridization, sections were treated in
0.25 % acetic anhydride and triethanclarune 0.1 mol-L" 1,
and incubated in SXSSC and 50 % formamide.

The sections were incubated in hybridization buffer con-
taining the labeled RNA probe 0.5 mg*L ™! for 16 — 24 h at
37 T, then rinsed in 2XSSC for 15 min, incubated in 2XS8C
{ containing RMNAase 20 mg*L ™) for 30 min at 25 T, and
then rinsed sequentially in 2XS5C and 0.5X5S8C.

Alver buffered in Tris buffer (pH 7.5). sections were in-
cubated in 1 % normal goat serum and 0.3 % Triton X-100
in Tris buffer, and then incubated with antibody against Dig
alkaline phosphate conjugate {dilurion 1:530) in rhe above-
mentioned solution for 2 h at 37 T . After washed in PBS,
sections were immersed in buffer-3 (pH 9.5) for 2 min, incu-
bated in color-substrate sclution for 6 — 12 h at 20 T, then
the reaction was ended in Tris HCl-EDTA. Sections were
mounted on clean slides, air-dried and cover-slipped. Positive
neurcns were identified by the insoluble blue precipitates i
the cytoplasm.

Controls The following controls were performed (1)
adjacent sections were incubated with hybridization buffer
without the Dig-labeled RNA probe. (2} Just before the
hybridization, the sections were incubated with 5XSSC
containing RMase 20 mg: L™ ! for 30 min at 25 T . then were
processed for 1n situ hybridization as above.

Statlsties  The optical density {OD) of the neurons as a
measure of the level of PPE mRMNA expression were deter-

mined. The OD reported here was OD of neurcns substracted
that of the background level. Three sections of each sample
from 5 rats were determined ead analyzed by r test between
SHR and WKY rat.

RESTLTS

No precipitate was seen in the sections incubat-
ed without Dig-labeled probe or pretreated with
RMNase before hybridization in controls. These neg-
ative results indicated that the blue precipitates in
cytoplasm concerned the specific binding of RNA
probe to the tissue mRNA.

The highest level of PPE mRNA { > 30) was
seen in neurcns in laminae lll — X of thoracic spinal
cord, nucleus of the solitary tract {INTS), and pin-
form cortex of SHR. In SHR, positive neurons in
hypothalamic nuclei including arcuate nucleus, ven-
tromedial area and medial preptic area, rostroven-
trolateral reticular nuclens {RVL), nucleus of hori-
zontal limb diagonal band, dentate gyrus, and CAl,
CAZ, CA3 of hippocampus showed moderate level of
PPE mRNA (25 - 30). However the dorsolateral
hypothalamic area, lateral hypothalamic area,
amygdalohip area, amygdaloid nuclei { medial, baso-
lateral), mesencephalic central gray (dorsal, wven-
trolateral}, substantia nigra {compact, reticular),
interpeduncular nuclei, gigantocellular reticular
nucleus showed less PPE mRNA (<25) (Tab 1}.

In most nuclei examined, namely hypothalamic
nuclei {Fig 1A, 1B, Plate 3), nucleus of horizontal
limb diagonal band, amygdalohip area, amygdalocid
nuclei, piriform cortex, ventrolateral central gray,
reticular substantia nigra, interpeduncular nuclei,
NTS (Fig 1C, 1), RVL, gigantocellular reticular
nucleus and thoracic spinal cord, higher levels of
PPE mRNA were seen in SHR than those in WKY.
But in dorsal central gray, SHR showed- lower level
of PPE mRNA compared to WKY rat.
no differences in compact substantia nigra, dentate
gyrus, and CAl, CA2, CA3 of hippocampus (Fig
1E, 1F) between SHR and WKY rat {(Fig 1).

There were

DISCUSSION

The changes of regional PPE mRINA level in
SHR and WKY brain except NTS are sirmilar to the
result of Hoegler™ . Since the total RNA from
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Tab 1. Optlcal density of PPE mRNA pitlve neurons In
SHR and WKY rat. n=5, x+3s. "P>0.05, "P<0.05,
‘P<LO.01 vs WKY.

. 10% = tical densi
Anatomical regicns Optical densicy

WHY SHR

Hypothalamus

arcuate nucleus 21.3+1.0 29.1£0.0°

dorsomedial nucleus 18.411.8  20.9+0.9°

venreomedial nuelens 21. .2 25.540.4°

lateral area 18.3=21.0  ap.3:1.0t

medial preopric area 21.811.0 27.4-0.8°
Horizontal limb diagonal band nucleus 21.2%+0.8 26.3+1.0°
Pirtiorme cortex 24.1x1.8 31.9x2.6°
Amygdalohip area 18.2+0.5 19.4+1.0°
Amygdaloid

medial nucleus 21.1+0.38 24.0£2.6"

hasolateral nucleus 21.610.8  23,2+0.8°
Mesencephalic central gray

dorsal area 24.520.8 22.710.5°

ventrolateral area 19.6 0.8 21.2+1.0%

Substantia nigra

compact part 24.0x1.0 22.8+0.9*

redicular part 20.0%20.5 21.5+1.0%
Interpeduncular nuclei

lateral nucleus 21.2-1.2 23.6-1.6°

central nucleus 20.0+1.0  21.6%0.9°
Dentare gyrus 25.4+1.0 26.220.7°
Hippocampus

CAl 25.0+0.8 25.220.6°

CAZ 25.440.8  26.320.8"

cA3 25.4%0.9  26.0%0.8"
Solitary tract nucleus 27.4%1.3 30.711.1°
Rostroventrolatetal reticular nucleus  26.2+1.9 29.1+2.0%
tsigantocellular eeticular nucleus 21.7-0.8 23.9+0.8°
Thoracic (T4 - 6) spinal cord

Laminac I -V 2.0+0.7 30.8+2.0°

Laminae VII 24.811.2 32.411.1°

Lamimae V1II 27.711.3 33.9+2. 1

Lamimae 1X 30.3=1.9 g.0=2.1

Lamnac X 26,1+1.1 33.5+1,2¢

whole pon and medulla was used in northern blor,
the difference of 2 results may arise from the
method used to detect PPE mRMNA.

Both of hypothalamus and NTS are critical in-
tegration center for BP regulation. Higher level of
PPE mRNA was found in these regions of SHR.
Based on these {indings, it is thought thar the
biosynthesis activity of PPE is increased in SHR,
and enhancement of activities of enkephalinergic

neurons may induce an increase in release of
enkephalin in SHR. Tt has been found that
microinjection of DAGO into preoptic area and
[ D-Ala"-Met® ]-enkephalin into NTS caused dose-
dependent pressor responses[“‘m: . Therefore,
higher levels of PPE mRNA in hypothalamus and
INTS of SHR is thought to be related io genesis of
spontaneous hypertension of SHR. However, in
other brain regions of SHR such as amygdaloid,
thoracic spinal cord participating in regulation of
BFP, higher levels of PPE mRMNA were also been
found in our srudy, but the relationship between
PPE mRNA level in these regions and regulation of
BP remains unknown.

In the present study, no differences of PPE
mRNA in hippocampus were found between SHR
and WKY. There is extensive evidence showing
that cardiovascular {unction of hippocampus is main-
ly ascribed re dynorphin and receptor'!l:1#13)
Taken together with our autoradiographic results®"
that there was not significant change of & and g opi-
cid receptors in rat hippocampus of strains, we sup-
pose that hippocampus enkephalin is less impormant
in the genesis of hypertension in SHR.

In conclusion, the PPE mRNA level is in-
creased at most brain regions in SHR as compared
with thar of WKY rat. These changes of PPE
mRINA level are related to spontaneous hyvpertension
ol SHR.
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