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Fig. 1 Schematic representation of the operative procedures: (A) the extrinsic
denervation model (DN model) ; note the division of axons of the sympathetic
postganglionic nerve, and (B) the extrinsic nerve preservation model (NP
model) ; note the preservation of the graft superior mesenteric ganglion (SMG)
and axons of the sympathetic postganglionic nerve. The shaded portions are the
grafts. Samples were obtained from six portions of the graft; 1) the proximal
superior mesenteric artery (PSMA), 2) the distal superior mesenteric artery
(DSMA), 3) the proximal jejunal artery (PJA), 4) the distal jejunal artery
(DJA), 5) the straight artery entering the jejunal wall (SAE) and 6) the
submucosal artery in the jejunal wall opposite the mesenteric attachment

(SA0).
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Table 1 Sympathetic reinnervation rate of
mesenteric arteries of extrinsic denervation

model

Weeks after

transplantation PSMA | DSMA PJA DIA
1W(n=6) o | o 0 0
3W(n=6) 17.7+3.9 6.6t4.4 4.9+4.0 | 0
6W (n=6) 30.6£6.3 |25.9£5.7 |22.6+8.0 7.2+5.8
9W (n=6) 42.5+4.0 | 38.3%x5.1 |38.6+7.5 |30.3+11.1
15W(n=6) 49.5+£7.4 |47.8+8.1 |48.1%11.1 47.2+6.4
27TW (n=6) 72.8+8.5 | 68.827.6 | 64.9+6.1 | 66.0+17.0

1Y (n=6) |82.8+10.8|69.9+9.7 |69.2+8.9 | 70.6+14.7

% of control; mean+S.D. Abbreviations : PSMA, prox-
imal superior mesenteric artery ; DSMA, distal superior
mesenteric artery; PJA, proximal jejunal artery; DJA,
distal jejunal artery; SAE, straight artery entering the
jejunal wall ; SAQ, submucosal artery in the jejunal wall
opposite the mesenteric attachment.
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Table 2 Grade of density of reinnervated sympa-
thetic nerve fibers of extrinsic denervation model
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Grade: —, negative staining; =, staining only in some

fields; +, staining in every field <25% of control ; +, >
25%, <50% of conreol; H#f, 250%, <75% of control;
t#H, =75% of control. Abbreviations: PSMA, proximal
superior mesenteric artery; DSMA, distal superior
mesenteric artery ; PJA, proximal jejunal artery; DJA ,
distal jejunal artery; SAE, straight artery entering the
jejunal wall ; SAQ, submucosal artery in the jejunal wall
opposite the mesenteric attachment.
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Fig. 2 Fluorescent photomicrographs showing the
glyoxylic acid induced noradrenalin containing
perivascular sympathetic nerve fibers in the
whole-mount stretch preparation of the proximal
superior mesenteric artery (PSMA) in the extrin-
sic denervation model (DN model). (a) No sym-
pathetic nerve fiber was recognized 1 week after
intestinal transplantation. (b) Three weeks after
transplantation, a few nerve fibers began to
appear. (c) About 83% of control nerve fibers
were found to reinnervate 1 year after transplan-
tation. (d) Control.

Fig. 3 TFluorescent photomicrographs showing
perivascular sympathetic nerve fibers in the
whole-mount preparation of the distal jejunal
artery (DJA) in the extrinsic denervation model
(DN model). (a) No sympathetic nerve fiber was
observed up to 3 weeks after intestinal transplan-
tation. (b) Six weeks after transplantation,
fibers began to be recognized. (c) About 709% of
control nerve fibers were found to reinnervate 1
year after transplantation. (d) Control.

129(923)

Fig. 4 Fluorescent photomicrographs showing
sympathetic nerve fibers in the preparation of the
straight artery entering the jejunal wall (SAE) in
the extrinsic denervation model (DN model). (a)
No sympathetic nerve fiber was observed up to 9
weeks after intestinal transplantation. (b)
Fibers began to be recognized 15 weeks after
transplatation. (¢, d) Density of reinnervated
fibers at 1 year was rather sparse compared with
the control.

Fig. 5 Fluorescent photomicrographs showing
perivascular sympathetic nerve fibers in the
whole-mount preparation of the proximal supe-
rior mesenteric artery (PSMA) and the sub-
mucosal artery in the jejunal wall opposite the
mesenteric attachment (SAO) 3 weeks after
transplantation in the extrinsic nerve preserva-
tion model (NP model). (a, b) About 80% of
control nerve fibers were preserved and trans-
planted in PSMA. (¢, d) Density of preserved
nerve fibers in SAO was almost identical to the
control level.
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Table 3 Sympathetic innervation rate of extrinsic nerve preservation model

Weeks after

transplantation PSMA DSMA PJA DJA SAE SAO
1W (n=6) 49.5+14.0 | 59.3+9.8 64.61£10.7 85.9+12.0 98.1+10.3 | 107.8£18.6
3W(n=6) 79.6+6.9 79.948.9 92.0+4.7

| 75.1x9.2 96.7+22.7 | 102.6+15.5

% of control ; mean+S8.D. Abbreviations : PSMA, proximal superior mesenteric artery ; DSMA, distal
superior mesenteric artery ; PJA, proximal jejunal artery ; DJA, distal jejunal artery ; SAE, straight
artery entering the jejunal wall ; SAQ, submucosal artery in the jejunal wall opposite the mesenteric

attachment.
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Extrinsic Reinnervation and Extrinsic Nerve Preservation on
Intestinal Transplantation in Rats

Hidenori Kiyochi, Atsumi Ono, Kazutomi Miyagi, Naritaka Yamamoto,
Katsuyuki Ohnishi, Yasuyuki Shimahara and Nobuaki Kobayashi
First Department of Surgery, Ehime University School of Medicine

Extrinsic denervation is inevitable after a conventional intestinal transplantation procedure and
leads to poor intestinal function. In this study, reinnervation by extrinsic sympathetic nerves was inves-
tigated in rats morphologically by a glyoxylic acid fluorescence histochemical method. Further, a new
intestinal transplantation procedure, in which extrinsic sympathetic nerves are preserved and transplant-
ed with the intestinal graft, was developed. Reinnervation began in the arterial anastomosis 3 weeks after
transplantation and extended from proximal to distal following the course of the mesenteric arteries.
Reinnervation by fairly dense sympathetic nerve fibers, about 70 to 80% of the control, was found up to
the distal portion of the mesenteric arteries 1 year after transplantation. However, in the intestinal wall
itself, although reinnervation began 15 weeks after transplantation, the density of reinnervating fibers
was rather low even 1 year after transplantation. These results indicate that innervation of the intestinal
wall, which plays an important role in graft function, remained poor, while sufficient reinnervation of the
mesenteric arteries took place. In contrast, in our new experimental method, in which sympathetic
postganglionic nerves remain attached to the intestinal graft, about 75 to 90% of control sympathetic
nerve fibers were preserved and transplanted in the mesenteric arteries 3 weeks after transplantation and
the innervation of arteries in the intestinal wall was almost identical to the control level from 1 week after
transplantation. Recovery of the sympathetic function may be achieved early on, if the grafted sympa-
thetic nerves become appropriately connected to the recipient’s nervous system.
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