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Abstract

Background: Autologous vein wrapping (VW) is used in the treatment of recurrent chronic constriction neuropathy
and traumatic peripheral nerve injury. However, use of autologous veins is limited by the inability to obtain longer
veins of sufficient length for larger sites. Frozen allograft tissue has several advantages, including its availability for
large grafts, avoidance of donor-site morbidity, and shorter operation time. Here, we investigated the effect of frozen
vein wrapping (FVW) in Wistar rats as a model of sciatic nerve injury.

Results: The rats were grouped by treatment as (i) untreated after chronic constriction injury surgery (CCl; control
group), (i) treated with vein wrapping using freshly isolated vein (VW), and (iii) treated with vein wrapping using
frozen vein (FVYW). Mechanical allodynia was assessed with von Frey filaments on postoperative days (PODs) 1, 3,5, 7,
and 14. Gene expression of HO-1 was evaluated by quantitative polymerase chain reaction (gPCR). The response of
heme oxygenase-1 gene, Hmox-1, expression to VW and FVW was assessed by RT-PCR. Both VW and FVW significantly
increased withdrawal threshold levels compared to the untreated control group on POD 1, 3, and 5. Both VW and FVYW
also showed increased HO-1 expression compared to the CCl group.

Conclusions: FVW increased the withdrawal threshold similar to VW in a rat CCl model for short periods. Frozen vein

wrapping using vein allograft without donor site morbidity may be an alternative therapeutic option.
Keywords: Peripheral nerve injuries, Frozen vein wrapping, Allodynia

Background

Neuropathic pain resulting from compressive neuropa-
thy or traumatic peripheral nerve injury is a common
and important medical problem. Even with proper sur-
gery, the condition sometimes recurs and can become
intractable. Autologous vein wrapping (VW) uses freshly
isolated vein as a material to prevent re-adhesion with
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surrounding tissues, and has been used to improve recur-
rent symptoms due to nerve scarring in clinical settings.
This procedure has improved outcomes in neuropathic
pain resulting from recurrent compressive neuropathy
and traumatic peripheral nerve injury [1-8]. We also
reported that VW relieved pain behavior in a rat chronic
constriction injury (CCI) model [9-11]. However, use of
autologous VW has potential disadvantages, including
donor site morbidity, increased operation time, and lim-
ited graft size.

Frozen allograft tissues such as bone, tendon, or heart
valve are used to repair injured tissue in clinical settings.
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Allograft tissue has several advantages, such as its avail-
ability for large graft sizes, avoidance of donor-site mor-
bidity, and shorter operation time [12]. Frozen vein
wrapping using as vein allograft might therefore repre-
sent a practical therapeutic option without donor site
morbidity. However, it remains unclear whether frozen
vein wrapping (FVW) has a therapeutic effect, and it has
not been used in clinical settings.

Previous studies proposed the mechanism by which
VW relieves pain [9-11]. Heme oxygenase-1 (HO-1) is a
rate-limiting enzyme which catalyzes oxidative degenera-
tion of heme into biliverdin, carbon monoxide, and iron.
Over-expression or induction of HO-1 is associated with
potent anti-inflammatory and antinociceptive effects,
both in vitro and in mice [13-16], and also ameliorates
neuropathic pain induced by sciatic nerve injury [14, 17—
20]. We previously reported that VW promotes HO-1
expression [9]. However, the question of whether FVW
also promotes HO-1 remains unanswered.

Here, we investigated the effect of frozen vein wrapping
on mechanical allodynia and HO-1 expression in a rat
CCI model.

Methods

Animals

All animal experiments were approved by the ethics com-
mittee of Chiba University (reference number: 2-196).
Eight-week-old male Wistar rats (240-260g; n=115)
were housed under controlled conditions in a semi-
barrier housing system (12-h light/dark cycle, 21-23°C,
45-65% humidity) and kept on a standard rodent chow
diet (CREF-1; Oriental Yeast Co., Ltd., Tokyo, Japan). Rats
were housed in standard cages (45 x 30 x 20 cm, two rats
per cage).

Preparation of graft materials

The abdominal portion of the vena cava was harvested
from 20 donor rats, immediately immersed in phosphate-
buffered saline (PBS), opened by sectioning along the
longitudinal axis, and then cut into 8-mm lengths. A total
of 60 vein graft materials were prepared from the venae
cavae of 20 donor rats. Thirty vein sections from 10 rats
were immediately applied to the CCI model. For frozen
VW, the remaining 30 vein sections from 10 rats were
stored in a freezer at —80°C for 1week, then thawed at
37°C for 1h before use in the vein wrapping procedure.

Cell viability of frozen vein

The freezing and thawing process leads to cell death in
tissues via membrane damage, osmotic shock, and ice
crystal formation [21, 22]. We investigated the viability
of frozen veins, because viable cells could exhibit immu-
nogenicity. Fresh veins and frozen (n=6, each) veins
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which were thawed in culture medium at 37°C were
digested in 0.1% collagenase (Wako Pure Chemical) for
1h at 37°C. Vein-derived cells were cultured in a minimal
essential media supplemented with fetal bovine serum
for 7 days. After 7 days, attached cells in the culture dish
were detached with a 0.25% trypsin/EDTA solution (BD
Falcon, NJ, USA), counted using an automated cell coun-
ter (Countess'; Invitrogen Life Technologies, Carlsbad,
CA, USA) and stained with trypan blue to measure cell
viability.

Creation of CCl model

90 rats were randomly assigned to three treatment
groups (n=30 each): a control group, a group undergo-
ing vein wrapping with freshly isolated vein (VW group),
and a group undergoing vein wrapping with frozen vein
(EVW group). The control group rats underwent surgery
to induce CCI (=CCI group). CCI of the sciatic nerve
was induced under anesthesia with 100mg/kg keta-
mine hydrochloride and 10mg/kg xylazine hydrochlo-
ride according to a previously described method [23]. In
the VW group, rats were treated with the vein wrapping
procedure after the CCI surgery. Veins were then used
as previously reported [9, 10]. Briefly, they were used
in wrapping the ligated sciatic nerve, with the endothe-
lial surface positioned adjacent to the epineurium of the
nerve. In the FVW group, rats were treated with frozen
vein using the same method as in the VW group.

von Frey Test

Rats (n=5 per group) were subjected to the von Frey test
according to our previous report [9-11, 24] on postop-
erative days (PODs) 1, 3, 5, 7, and 14. Following randomi-
zation and 1-h acclimation to the test cage, the von Frey
test was conducted by applying six von Frey filaments
(3.922 mN, 5.882 mN, 9.804 mN, 13.725 mN, 19.608
mN, 39.216 mN) (Mono-filament Kit; Smith & Nephew,
Germantown, WI) to the hind paw perpendicular to the
plantar surface. For behavioral testing, rats are placed
into the testing apparatus and allowed to habituate to the
testing procedure. The area tested is the mid-plantar sur-
face of the hind paw, which falls within the area of the
tibial nerve branch in order to exclude evaluation of the
sural and saphenous nerves [25, 26]. Stimulus strength
was slowly increased or decreased to evaluate the with-
drawal threshold. Baseline thresholds were measured
3days prior to surgery. The Dixon nonparametric test
[24] was used to analyze the data in accordance with a
previous report [25].

HO-1 Gene (Hmox1) Expression Analysis
We previously reported that VW increased HO-1
gene expression, namely HmoxI mRNA. In addition,
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consistent with the mRNA results, increased HO-1
protein levels were observed [9, 24]. Therefore, mRNA
expression of Hmox1 in the sciatic nerve was examined
by quantitative polymerase chain reaction (qPCR). In
these experiments, an additional group of rats (n=5)
which did not receive CCI surgery or treatment before
sciatic nerve resection (normal group) were used to
evaluate relative gene expression levels following CCIL.
The rats (n=5 per group) were euthanized with a dose
of sodium pentobarbital intraperitoneally (150 mg/kg),
and the right sciatic nerve was resected immediately
after the animal’s death prior to (normal group), and 1,
3,5,7, and 14 days after wrapping. Scar tissue, veins and
ligatures were removed from the resected nerves. After
RNA extraction using Trizol solution (Thermo Fisher
Scientific, Rockford, IL, USA) and complementary
DNA (cDNA) synthesis using the SuperScript III First-
Strand-Synthesis System (Thermo Fisher Scientific), we
performed qPCR with PCR primers (Table 1) using the
25 pL reaction mixtures comprising 2 pL cDNA, 0.2 pM
specific primer pair, and 12.5pL SYBR Premix Ex Taq
(Product no. RR820, Takara, Kyoto, Japan) under the
following settings: initial denaturation at 95°C for
1 min, 40 cycles of 95°C for 55, and 60°C for 30s. Gene
expressions were calculated by the delta-delta-method.
Hmox1 mRNA expression was normalized to glyceral-
dehyde dehydrogenase (Gapdh) levels and values in the
three treatment groups were compared.

Measurement of bFGF protein level in freeze vein

We previously reported that basic fibroblast growth
factor (bFGF) stimulated HO-1 expression in sciatic
nerve-derived cells [9]. To investigate the possible
mechanism of Hmox1 induction following FVW, bFGF
protein levels in FVW were measured. Vein and sciatic
nerve were homogenized in RIPA buffer with protein-
ase inhibitors. After centrifugation, supernatant was
collected to measure the total protein and bFGF con-
centration. Total protein concentration was evaluated
with the bicinchoninic acid assay. Samples having a
protein concentration of 500 pg/mL were prepared and

Table 1 Sequences of primers used in this study

Gene Direction Primer sequence (5'-3’) Product
size (bp)
Hmox1 Sense GAG CGA AAC AAG CAG AAC CC 167
Antisense ACCTCGTGG AGA CGCTTT AC
Gapdh Sense TGC CACTCA GAA GACTGT GG 129
Antisense TTC AGCTCT GGG ATG ACCTT
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bFGF concentration was measured using a commercial
bFGF ELISA kit (Biolegend, San Diego, CA).

Statistical analyses

Effect sizes were calculated with a power analysis using
an alpha of 0.05 and power of 0.80 in G*POWER3
to determine a sufficient sample size. Power analysis
revealed that 15 rats were needed for the von Frey test
to detect a difference between the CCI, VW and FVW
groups. All statistical comparisons were conducted using
SPSS (version 19.0; SPSS Inc., Chicago, IL). The normality
and variances of the data was assessed with the Shapiro—
Wilk and F test, respectively. As the data were normally
distributed and the intergroup variances were similar,
intergroup variances were similar, and two-way analysis
of variance (ANOVA) followed by Tukey’s multiple com-
parisons test was used to compare Hmox1 mRNA lev-
els among the control, VW, and FVW groups. The t-test
was used to compare bFGF protein levels between vein
and sciatic nerve. P<0.05 was considered statistically
significant.

Results

Cell viability in frozen vein

Seven days after culture, 4.3+1.2 x 10° cells were iso-
lated from fresh vein. In contrast, no adherent cells were
observed in frozen vein.

von Frey tests

Mechanical allodynia was seen in rats in the CCI group
on POD 1, and continually observed in the first 2weeks
post-surgery. Withdrawal threshold was significantly
higher in the VW and FVW groups than in the CCI
groups from POD 1 (p<0.05; Fig. 1), POD 3 (p<0.05;
Fig. 1) and POD 5 (»<0.05; Fig. 1). On POD 7 and 14,
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Fig. 1 Withdrawal threshold in the CCl, vein wrapping (VW) and

frozen vein wrapping (FVW) groups. Withdrawal threshold in the CCl,

vein wrapping (VW) and frozen vein wrapping (FVW) groups. Data
show mean =+ standard error (n =5, each time point). *p <0.05
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Fig. 2 Effect of frozen vein wrapping on Hmox1 expression. Effect
of frozen vein wrapping on Hmox1 messenger RNA (mRNA) levels

in sciatic nerve after chronic constriction injury (CCl). Data show
mean = standard error (=15, each time point). *p < 0.05

Relative Hmox1 Expression
&

300

250

200

100

bFGF protein (ng)/total protein
(mg)

50

1

Sciatic Nerve frozen vein
Fig. 3 bFGF concentration in vein and sciatic nerve. bFGF protein
concentration (bFGF protein (ng)/total protein (mg)) in vein and
sciatic nerve. Data show mean =+ standard error (n=15). *p <0.05

withdrawal threshold was higher in the VW and FVW
groups than in the CCI groups, albeit that the difference
was not significant. There was no significant difference
between the VW and FVW groups.

Hmox1 mRNA expression

Hmox1 mRNA expression was significantly higher in the
VW and FVW groups than in the control groups on POD
1 (p<0.05; Fig. 2), POD 3 (p<0.05, respectively; Fig. 2),
and POD 5 (P<0.05, respectively; Fig. 2). There was no
significant difference between the VW and FV'W groups.

bFGF concentration in vein

To investigate the possible mechanism of Hmox1 induc-
tion following FVW, bFGF concentration was measured,
and shown to be significantly higher (10.5-fold) in vein
than in sciatic nerve (p <0.05, Fig. 3).

Discussion

In this study, we investigated the therapeutic effects of
frozen vein wrapping for recurrent compressive neu-
ropathy and traumatic peripheral nerve injury. Frozen
vein wrapping increased the withdraw threshold level

Page 4 of 6

similarly to fresh vein wrapping. In addition, qPCR
revealed that both fresh and frozen vein wrapping pro-
moted Hmoxl expression following CCI. Together,
these findings suggest that frozen vein may become an
alternative source of large grafts as a practical thera-
peutic option.

Autologous vein is generally selected for use in VW
to treat recurrent chronic constriction neuropathy.
However, some studies reported that glutaraldehyde-
preserved allogenic vein seemed to induce a marked
inflammatory response [27, 28], and that epineural
scarring and adherence to the underlying nerve also
had an adverse effect compared to autografting [28].
A recent study indicated that glutaraldehyde stimu-
lated peripheral nerve scar formation and resulted
in functional deficiencies [29]. In our present study,
frozen VW relieved the mechanical allodynia follow-
ing CCI similar to fresh VW in a rat CCI model. The
freeze-thaw process markedly reduces the number of
viable cells and immunogenicity in tendon cells [22]. In
our study, no viable cells were observed in frozen vein.
Therefore, frozen vein allograft may be a treatment
option for larger sites requiring long veins.

Previous studies proposed the mechanism that autol-
ogous vein wrapping exerted its therapeutic effect
through vein-derived trophic factors [9, 10, 24]. We
previously reported that Hmox1 following fresh VW
and recombinant bFGF stimulate Hmox1 expression in
sciatic nerve cells in vitro [9]. In our present study, even
in the absence of viable cells, FVW promoted Hmox1
expression, similarly to fresh VW. Extracellular matrix
(ECM) contains growth factors which are released by
proteolytic cleavage [30, 31]. bFGF is bound to heparan
sulfate in the ECM and is released and activated for
angiogenesis [30]. Here, frozen vein contained a higher
amount of bFGF than sciatic nerve. We previously
reported that bFGF stimulated rat sciatic nerve in vitro
and that bFGF-absorbed collagen sheet wrapping pro-
moted Hmox1 expression and improved mechani-
cal allodynia [24]. Our present observation suggests
that ECM-derived bFGF in vein may induce HmoxI
expression.

VW and FVW significantly increased in mechanical
withdrawal thresholds between POD1, 3 and 5. How-
ever, mechanical withdrawal thresholds were not sig-
nificantly different at POD7 and 14, respectively. A
previous study reported a clear and significant decrease
in mechanical withdrawal threshold in a CCI model at
POD1 and POD3, and that this decrease started again
from POD7 and persisted for an extended period [26].
This continuous decrease in mechanical withdrawal
threshold is associated with the activation of spinal
microglia, which is further enhanced from POD7 or



Mukai et al. BMC Neuroscience (2022) 23:37

later following CCI [32]. Therefore, VW and FVW may
have no efficacy in POD7 and POD14, consistent with
pathology of the spinal cord.

Two limitations of this study warrant mention. First,
only mechanical allodynia was used to assess pain. Evalu-
ation of thermal and mechanical hyperalgesia, and walk-
ing track analysis were not determined. Second, we did
not evaluate protein expression.

Conclusions

FVW increased the withdrawal threshold in a similar
manner to VW in a rat CCI model for short periods. Fro-
zen vein wrapping using vein allografts without donor
site morbidity may be an alternative therapeutic option.
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