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Visualization and quantification of the oxytocinergic pain and i
inflammation-related descending inhibitory pathways using transgenic rats
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We examined the Oxytocinergic system in the hypothalamo-neurohypophysial and

hypothalamo-spinal pathway using a rat neuropathic pain model induced by partial sciatic nerve
ligation (PSL). In the present study, we used transgenic rats expressing an oxytosin (OXT)-monomeric
red fluorescent protein 1 (mRFP1) fusion gene.

In the PSL model, significant increase in the OXT-mRFP1 expression was observed in the posterior
pituitary (PP), the supraoptic nucleus (SON), and paraventricular nucleus (PVN). In addition,
significant increase of the mRNA levels of OXT and mRFP1 in the SON, and PVN were observed.
Furthermore, OXT-mRFP1 granules with positive fluorescent reaction were remarkably increased in
laminae 1 and Il of the ipsilateral dorsal horn. These results suggest that neuropathic pain induced
by PSL upregulates hypothalamic OXT synthesis and transportation to the OXTergic axon terminals in

the PP and spinal cord.
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Fig. 2. Change of glial cells in the L5 ipsilateral dorsal horn. {A) Flucrescent microscopic images (x10) of Glial
fibrillary acidic protein (GFAP) cells inthelumbar segment 5(L5) of the ipsilateral dorsal horn. (B) Flucrescent
microscopic images (* 10) of lonized calcum-binding adapter molecule 1 (Iba-1) cells in the lumbar segment
5 (L5) of the ipsilateral dorsal horn. (C) Confocal images (x40) of Glial fibrillary acidic protein (GFAP) cells in
the lumbar segment 5(L5) of the ipsilateral dorsal horn. (D) Confocal images (x 40) of lonized calcium-binding
adapter molecule 1 (Iba-1) cells in the lumbar segment 5 (L5) of the ipsilateral dorsal horn. Sections were
obtained on postoperative days 1,7, and 14 in the confrol, sham operated, and Seltzer model rats (n = 6
in each group). Laminae |-l are surounded by white dotted lines and the area where confocal image was
obtained from is surrounded by a yellow line (A-a). Scale bars =100 pm. (E) Average Alexa 488 fluorescence
intensity of GFAP-posifive cells for laminae |-l in the L5 ipsilateral dorsal hom. (F) Average Alexa 488 fluores-
cence intensity of Iba-1 positive cells for laminae Hl in the L5 ipsilateral dorsal horn. The data are presented
as mean + SEM (one-way ANOVA). **F < 0.01 companed with @ach control. T1F < 0.01 compared with each
sham
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Fig. 3. Visualization of OXT-mRFP1 fluorescence in the PP and
its intensities. (A) Fluorescent microscopic images of Oxytocin (OXT)-
monomeric red fluorescent protein 1 {(mRFP1) in the posterior pituitary
(PP) on postoperative days 1, 7, and 14 in control rats, sham operated
rats, and Seltzer model rats (n = 6 in each group). The PP is sumounded
by a white dotted line (A-a). Scale bars = 500 pm. (B) Average of mRFP1
fluorescence intensities for the PP. The data are presented as mean =
SEM (one-way ANOVA). *P < 0.05 and **P < 0.01 compared with each

control. +1P < 0.01 compared with each sham

SON pPVN OXT-mRFP1
mPVN

Seltzer

14 Seltzer

Control Sham Seltzer

L]

17 14 Seltzer
OXT-mRFP1
Fig.4

c

Contral Sham Seltzer

7 day 1 day

14 day

F - PPVN
D 250 - SON E  25p , mPVN 250 4 P
- e ork -
@ b2 1T -
€ 200 g 200 E 200 4 L
o 1 =
83 iz g ]
‘g‘?ﬁmo- § £ 150 1 53150
= § = 0 8 oControl
— -5 5w
s 2% 400 w o 100 4 @Sham
100 4 ™ ®
% 2 EE E= u seltzer
& 50 £ 504 % 50 -
o (=]
04 0 ol
1 7 14 1 7 14 ! 7 14
Postoperative time (days) Postoperative time (days) Postoperative time (davs)
Fig. 4. Visualization of OXT-mRFP1 flucrescence in the SON and PVN, and its intensities. (A) Fluorescent micoscopic images of Oxytocin (OXT)
-monomeric red fluorescent protein 1 (mRFP1) in the supraoptic nucleus (SON ). (B) Fluoresoent microscopic images of OXT-mRFP1 in the paraventricular
nucleus (PYN). The magnocellular (m) and parvocellular (p) divisions of the PVN were observed separately. (C) High-magnification fluorescent microscopic
images of OXT-mRFP1 inthe pPYN.Sedtions were cbtained on postoperative days 1,7, and 14 inthe conirol rats, sham operated rats, and Seltzer model mts
(n =6 in each group). Scale bars = 100 pm. The SON and mPVN are surounded by while dotted lines (A-a, B-a ), and the pPVN is surounded by a yellow
dircle (Ba-i) and magnified images of those area are shown in (C). (D) Average mRFP1 fluorescence intensities in the SON. (E) Average mRFP1 fluorescence
intensities in the mPVN. (F) Average mRFP1 fluorescence intensities in the pPYN.The data are presented as mean £ SEM (one-way ANOVA). “P < 0.01
compared with each control. £ < 0.05 and 11 < 0.01 compared with each sham.
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Fig. 5. Visualization of OXT-mRFP1 fluomscence in the L5 ipsiiateral dorsal hom snd the number of
mRFP1 posiive granues. (A) Fluorscent micmscopic images of Oxytocin (OXT) monomeri: red fluor-
escent proten 1(MRFP1)in lumbar segment § (L5) of the ipsiateral domal hom, Sections were obtained
on postoperative days 1, 7, and 14 in the control, sham cperated, and Seltzer mode rats {n = 6 in each
group). Laminge -1l is sumounded by whie dotted lines (A-a). Scale bars = 100 pm. (8) The numbers
of MRFP1 fluorescence-positive granuies for laminae -1l in the LS ipsiateral dorsal hom.The data are
presented as mean  SEM (one-way ANCVA). *F < 0.05 and **F < 0.01 compared with each control.
1P < 005 and 117 < 0.01 compared with sach sham.



Fig. 6. OXT inthe SON and PVN. images of sec idi
deckynucieotide probe for oxytocin (OXT) MRNA in the supraoptic nucleus (SON) in the control, sham
model rats on postoperaive day 7 are shown (n = 6-8 in each group). (B) Autoradiography images of the sections hybridized
toa *SHabeled oiigodeoxynudeotide prabe for axytocin (OXT) MRNA in the magnocel ular paraventricular nucleus (mPVN)
and the parvocellular paraventricular nucleus. (pPVN) in the control, sham operated, and Seltzer model rats on
day 7 are shown (n'= 6-8 in each group). The SON and mPVN-bound OXT probes are surrounded by a white datied line (A-
a, B-a). The pPVN-bound OXT probe is sumounded by a biack dotted line (B-a). Scale bars = 100 pm (Arc, B<). (C) In siwr
hybridization histochemisiry for quantifying the OXT mRNA levels in the SON in each group. (D) In situhybridization hisbchem-
istry for quantifying OXT mRNA levels in the mPVN in each group. (E) In sit hybricization hisibchemistry for quantiying OXT
MRNA levels in the pPYN in each group. The dala are presented as mean + SEM (one-way ANOVA). °P <0.05 and **P <0.01
compared with each control. 1 < 0.05 and ++P < 0.01 compared with each sham.
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i Fig. 7. mRFPf inthe SON and PYN. (A) Autoradiography images of the sections hybridized to a **S4abelled
operated, and Seitzer oligodeaxynudeciide probe for mRFPT mRNA in the supraopiic nudeus (SON) in the control, sham operated, and Seltzer
model rafs on posioperative day 7 are shown (n = 6-8 in each group). (B) Autoradiography images of the secions hybriized
toa FSiaballed oligodeaxynuciectide probe for mRFP1 mRNA in the magnocedlular paraventricular nudeus (mPVN) and the
panvoceliular nudeus (pPVN) in the control, and Seltzer 7in=
6-8ineach group). The SON and mPVN-bound mRFP1 probes are surounded by a white dotted line (A-a, B-a). The pPVN-
bound mRFP probe is surrounded by a biack dotied line (B-a). Scale bars = 100 pm (A-c, B-c). (C) n siuhybridization is-
tochemisiry for ing mRFP1 inthe SON (D) In situ hybridization histochemistry for quantiy-
ing MRFP1 mMRNA levels in the mPVN in each group. (E) In situ hybridization histochemistry for quantifying mRFPT mRNA.
levels in the pPVN in each group The data are presented as mean + SEM (ane-way ANOVA). *P< 0.05 and **P< 0.01 com-
pared with each control. 1P < 0.05 and +1P < 0.01 compared with each sham.
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