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FIG. 3. Time course of breaking strength for the bFGF-GH group
and GH-alone group from d 4 to 28.

a similar trend, peaking on d 21. After d 21, the number
of positive cells in the bFGF-GH group declined rapidly,
reaching a significantly lower level than that in the GH-
alone (P < 0.01). On the other hand, the TUNEL index
in the bFGF-GH group increased rapidly from d 7.
and thereafter remained higher than that in the GH-
alone group throughout the healing process (Fig. 5)
(P < 0.05).

Microvessel Density (MVD)

The MVD in the bFGF-GH group increased rapidly
from d 7 and reached peak level on d 28. Significant
differences between the groups were detected on days
7 (P <0.001), 21 (P < 0.001), and 28 (P < 0.01) (Fig. 6).

Animal Safety

A systematic acute toxicity assessment during this
study confirmed the absence of mortality, treatment-re-
lated complications, and local irritation at the site of
injection. Furthermore, no evidence of drug-related
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FIG. 4. Time course of collagen content for the bFGF-GH group
and GH-alone group from d 4 to 28.
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changes was observed in laboratory investigations,
organ weights, or autopsy findings.

However, diffuse fibrosis associated with destruction
of acinar cells was found in the remnant pancreas in
both groups on d 28.

DISCUSSION

Pancreatic fistula (PF) is the most important cause of
morbidity after PD [1, 2]. In spite of this, investigators
have yet to develop anastomotic techniques capable of
reducing the rate of PF to zero. Conjecturing that PF
could be eliminated by accelerated healing of PJ, our
group proposed an experimental animal study of PJ
using a novel system for the controlled-released deliv-
ery of bFGF-GH. In a previous study, we demonstrated
that bFGF-GH had accelerated the anastomotic healing
of PJ by postoperative d 7, in comparison with the heal-
ing observed in controls [15].

An important requirement for this study was to select
the optimal condition for applying bFGF-GH to the
anastomotic site. To accomplish this, we began by
establishing 10 ug as the optimal dose of bFGF for deliv-
ery within the GH vehicle. The breaking strength in our
study plateaued at the 10 ug dose, and treatments at
doses of 10 and 100 ug induced more abundant granula-
tion tissue than treatment at a 1 ug dose. Next, we eval-
uated the shape of the GH and the method of
administering the bFGF-GH to the anastomotic site.
Ultimately, we decided to use a microsphere rather
than a sheet or disc, and designed a method of subser-
osal injection of bFGF-GH into the anastomotic intes-
tine [15]. We suspected that a sheet or disc would
prevent a close connection between the intestine and
remnant pancreas, which in turn could lead to anasto-
motic leakage. We also found, in a preliminary experi-
ment, that a sheet or disc containing bFGF was
readily soluble in pure pancreatic juice (data not
shown). Our method of subserosal injection of bFGF-
GH into the anastomotic intestine has already been
confirmed to be effective, in a preliminary study with
a rat model [15].

Our sequential analysis of healing revealed that
bFGF-GH treatment could bring about a rapid comple-
tion of anastomotic healing within 3 wk. We also found,
however, that significant differences between the
groups in histologic appearance were absent by d 28.
And according to microscopic findings by HE and EVG
staining, the border zone in the bFGF-GH group on
d 7 resembled that in the GH-alone group ond 21. These
findings suggested that the bFGF-GH treatment might
have promoted a rapid induction and shortening of the
proliferating phase, rather than a marked increase in
the quantity of granulation tissue. We thus needed to
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conduct further experiments to ascertain whether
bFGF-GH administration could improve the quality of
the healing as well.

Our examination of the healing demonstrated that
bFGF-GH treatment might have helped to improve
the quality of granulation tissue formation. First, the
bFGF injection promoted the apoptosis of fibroblasts
in granulation tissue, ultimately resulting in an abol-
ishment of fibroblasts altogether during the remodel-
ing of the tissue. These findings were supported by
a higher TUNEL index and a rapid decline in the
number of vimentin-positive cells from d 21 in the
bFGF-GH group. Brown et al. [18] proposed that treat-
ment with PDGF and IGF-2 accelerates apoptosis and
shortens the inflammatory phase in db/db mice. Ear-
lier studies have also reported that elevated levels of
TGF-81 and bFGF may induce fibroblast apoptosis in
bFGF-treated wounds [19]. Second, bFGF-GH treat-
ment may suppress excess collagen deposition within
granulation tissue in the remodeling period. In our
study, semiquantitative evaluations of collagen con-
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FIG. 6. Time course of the microvessel density (MVD) in the
bFGF-GH group and GH-alone group from d 4 to 28.
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tent and breaking strength showed no significant dif-
ferences between the groups on d 28. This confirms
that the collagen deposition in granulation tissue ulti-
mately takes the same form, with no appreciable dif-
ferences, and that bFGF-GH treatment induces no
adverse effects in the remodeling phase. Akasaka
et al. [10] found that bFGF administered to an inci-
sional wound may lead to granulation tissue formation
and promote a scarless repair process. Third, bFGF-
GH is thought to play an important role in healing
by promoting angiogenesis in the granulation tissue.
In our animals, the MVD in the bFGF-GH group
was significantly higher from d 7 onwards. Our results
are consistent with previous reports [20, 21], in which
bFGF incorporated into gelatin sheets promoted neo-
vascularization compared with controls. Angiogenesis
is an absolute requirement for successful healing of
anastomosis, regardless of the type of anastomosis
[22]. In fact, Garcia-Olmo et al. [23] found that TNP-
470, an inhibitor of angiogenesis, interfered with the
healing of anastomoses and decreased anastomotic re-
sistance in a rat colon model.

The absence of treatment-related complications in
our study suggests that this novel method is relatively
safe. We note, however, that diffuse atrophy and fibro-
sis of pancreatic parenchyma were detected in the
bFGF-GH group on d 28. The bFGF treatment was
not likely to have played a significant role in the forma-
tion of diffuse fibrosis of the remnant pancreas, given
that a similar appearance was observed in the GH-
alone group on d 28. We speculate that the fibrotic
change may have been attributable to obstructive
pancreatitis induced by the stent insertion into the
pancreatic duct. Although duct-to-intestinal-mucosa
anastomosis would have been recommendable for this
type of model, the narrow width of the duct (less than
0.5 mm) in beagle would have made it very difficult to
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apply. Thus, further studies using other animals will be
required to prepare for clinical use.

In conclusion, bFGF-GH administration can promote
the rapid completion of PJ anastomosis, and may help
improve the quality of the healing in granulation tissue
by conferring potent angiogenesis and accelerating
apoptosis.
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