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ARTICLE INBO ABSTRACT

sl Netow, Ohjective: To discuss effect of FE506 nanosphere used ui different time on the regeneration of
mﬂ,rww’ ﬁmgls ik allogenede nerve after transplant, BMethoda: Single emulsion—solvent evaporation method @/
1?51!&]2014 Jrezy W)waﬂuptedbpmpamthcf%mphmandﬂlehhﬂmdnﬁa&aaﬂw
AJLEE'I]IIIHIimHmZDJummM FK306 nanospheres were used in group A after opesation immedigtely, in group
Bmﬁhﬂrmﬂmmﬂmmﬂmidaﬂmmﬂﬂmuﬁﬂnmmmm
used in group IK in the 4ih, 8th and 12th week sfter operation respectively, genezal obsexvation
Eoywords: of transplanted nerves, histological examingtion, image analywis of myelinated fibers, wet-
Allogeneic ransplantation weight determination of musculi triceps mmras, retrogradely lahsling of neurons by the flusrescein
Nancapheres and electrophysiclogical comparison of bilaternl tibial nexrve were carmied out. Kewults: FE506
FK506 nanoepheres cmn bs degraded and absorbad quickly. The neural regsnerations in group A and
B were similar, which were both much better than thoee in group C and D. The difference was
statistically wipnifiecant and so was the difference between proup C and D, Conelupsioms: Drug
release mie of FK506 panospheres 18 accondant with the regeneration law of damaged nerves and
the local application can premote the regeneraticng of nesves, The effect would be better if the

drug is used in earlisr period (within 24 h).
transplanted nerves and consequently rejection appeared.
1. Introduction Immunosuppressive agent FES06 can increase the

The defects of peripheral nerve are very common. Nerve
autograft is the first choice in clinie. However, limited
resources of nerve autograft become the key factor which
restricts the development of it. Currently, allogeneic nerve
traneplant is paid more and more attention to solve such a
problem. It is heneficial to the internal structure of neural
network of neural transplant. Beaides, it is widely available,
which can acquire the transplanted nerve with a similar
length to the damaged one. Immunclogical rejection is
the largest obatacle for the application of allogeneic nerve
traneplant. Through experimentn, Bain & clill argued that
axonal regeneration phenomenon appeared after allogeneic
nerve transplant and the regeneration distance was only
several millimeters. Host cell response cccurred around the
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regeneration rate of peripheral nerves to more than 2 mm/
d. It is thought to be the first choice in the field due to its
strong promotion of neural regeneration(2.3).

Nanospheres are currenily one of the most important
products of nano technology, which is widely applied in
the fields such as production of pharmaceuticals, disease
diagnosis, environmental monitoring, purificatien trestment
and so oni4l. Nanospheres, as the camier of drugs, possess
excellent biocompatibility which makes it not identified by
the immune sysiem. It camies the drug directly to the lesion,
releases it slowly, increares the local concentration of drugs
and prolongs the effect of medicine. Consequently, the aims
of alowly releasing drugs and targeted delivery are achieved.
Wea supposed that FK508 nanospheres were applied to
increase the drug concentration around the transplanted
nerves, played the part in immunologic suppression and
promotion of peripheral nerve regeneration and lessened
the systemie toxic side affect. Our experiment used FES06 to
make nanospheres with the function of slowing the release



and put them around the segment of transplanted nerves to
discuss the relation hetween the effect of promoting neural

Tegeneration and the optimal medication.

2. Materials and methods
2.1. Preparation of FK506 nanospheres [5]

Single emulsion—eolvent evaporation method (D/W) was
adopted to prepare the FK506 nancapheres [P (DLLA—co—
TMC)]. 100 mg P (DLLA—co-TMC) and a certain sum of FK506
were dissolved in 4 mL dichloromethane, After stirving, the
polymer solution was alowly poured into 40 mL aqueous
solution of 2% PVA by the injector. To avoid that the polymer
settled on the stirrer, the stirring rate was kept at 250 r/min
and the rate was adjusted to 600 r/min after about 30 s.
Afier being emulsified for 5 min, the mixed aclution was
poured inta 450 mL stirring distilled water, The solution was
volatilized for 4—6 h under the condition of room temperature
and pressure release, The acquired nanospheres were
centrifuged and cleaned by distilled water for several times
to remove the FYA at the minface of nanoapheres. Then they
were frozen and dried for 48 b (ALPHA2—4 freeze drier,
CHRIST), P (DLLA—co—TMC) in the form of white powder was
gained and stored in drier at room temperature.

2.2, Animul grouping and operation methods

72 5D male rais weighing 170-190 g were collected
(provided by Labaratory Animal Center in Southern
Medical University). They were divided into four groups
randomly; then according to experimental design, the
rats in each group can be divided into new groupe again,
the group with medication in 4th, 8th and 12th week after
opemation, and there were 6 mits in each new group. Group
A: immediate medication was carried out after allogeneic
transplantation; Group B: medication was carried out in the
24 h after allogeneic transplantation; Group C: medication
was cartied out in the 3 d after allogeneic transplantation;
Group D: medication was not carmed out after allogeneic
trnsplaniation. The use of FE 506 in group A, B and C lasted
30 d. 4% Nembutal (20 mg/kg) was injected in abdominal
cavity to achieve anaessthesia. The nervi ischiadicus ean
be seen in the cut which located in right sciatic lower edge
and was paralleled with ischium with the length of ahout
2 em and its branches were acparated. Nervi tibialis with
the length of 0.6 cm in the place which was 0.5 em away
from the crotch of three nervi ischiadicus were cut off and
collected. The fresh nerves of the donor were bridged in the
place where the nerves were damaged and the nerve stump
membrane was sewed up by adopting 110 noninvasive
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guture with ten times larger by means of operating
microacope. Then according to the experimental design,
FKS06 nanospheres were directly placed in the transplanted
gegments of nerves (the release rate was 1 mg*kg ' +d™ and
the release process lasted 30 d). The cut was sewed up with
3 noninvasive suture and the rats were fed in single cage.

2.3. General situntion and gross observation

The items included diet, mental state, aggressive nature,
walking, local infection rate and death rate.

2.4, Detection of wes weight of musculi triceps surae

4% Nembuial (20 mg/kg) was injected in abdominal cavity
to achieve anacsthesia respectively in the 8th and 12th
week after operation. The rats were fixed and the musculi
triceps purae of affected eide were pepamted after routine
disinfection and cut off at the starting and ending sites. Then
the weight was weighed by means of analytical halance.

2.5, Hiseological observation and image amalysis

4% Nembuial (20 mg/kg) was injected in abdominal cavity
to achieve anacsthesia respectively in the dth, 8th and 12th
week after operation in group A, B and C. Then, normal
saline was poured into the zats and the transplanted nerve
in right side was found through the original cut. Nerve
segments with the length of 0.5 cm respectively located in
parts were got and then placed into 4% parafermaldehyde
phosphate buffer solution and kept for 24 h. Paraffin sections
were made and dyed by HE. They were observed and the
numbers of medullated fihers were coumted respoctively in
the 4th, §th and 12th week after operation.

2.8, True blue rarograds tracing and microscopy

4% Nembuial (20 mg/kg) was injected in abdominal cavity
to achieve anaesthesia and the transplanted nervi tibialis
of right side were found out on the 5th day before taking
samples. After the injection of 2 p L 2% true blue in the
nerve 5 mm away from distal stoma of transplanted parts,
the cuts were closed in turns and the rats were fed in
single cage. After five days, anaesthesia was done again
and thoracotomy was carried out, 50 mL normal saline and
200 mL 10% formaldehyde were infused by left ventricular
puncture through the ascending acria and the state was
kept for one hour, 2—4 spinal cords and corresponding
ganglion spinals were callected and fixed by 4% paraform.
Then frozen sections were observed with the fluorescence
microscope and photographed,
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2.7 Elecerophysiologic examinagion

After the anaesthesia by the injection of 4% Nembutal
20 mg'ky) into abdominal cavity of rats in the 12th week
after operation, nervi tibialis of both sides and musgeuli
tricops surae wore collected. All the hranches of the sciatic
perve except for right tibial nerve were cut off at the stari.
The recording electrode of Medtronic EMG analysis was
placed in the muscle belly of musculi triceps surae and the
acupimeture needle was cut i the tails of rats and touched
the land, The exciting electrode was placed in the distal and
proximal end of netvi tibialis. The conduction velocity of the
perves of affected side and the comparison with each own
healthy side were acquired.

2.8, Statistical processing

All the data were symbolized by meanted. Sefiware
SPS510.0 was used to make statistical description. The
comparison of means in multiple samples was analyzed
by One—-Way ANOVA. According to hemogeneity test of
variance, L-5-D method was selected when there was
ovarall homegensity of variance; Tamhane’s T2 method
was adopied there was no homogeneity of variance. The
comparison of means in two samples was examined by
the mean of two non—paired samples £. When P<0.05, the

difference was statistically significant.

3. Results
3.1. General sitpation and gross ohservation

The rats in group A, B and C were all normal and there
wae ho obviows change in the sleep and diet. No rats diad
or walked with & limp; in group D, there were two rats with
the swelling and ulcer in right lower limba, In the 4th week
after operation, the absorption in group A, B and C which
adopted FK506 nancspheres was excellent and there were
hardly drug residues or atraphied connective tissue coating
or hypertrophic acar and the netvi tibialis were sasy 1o be
peparated [rom the tiseues; in group T, there were a lot of
hypertrophic scars in transplanted parts which adhered to
the surrounding tissuea and were not easy to be separated
from the tissues.

3.2, Detection of wet weipht of muscedi triceps sirae

In the 8th week after operution, the musculi triceps surae
of rats in group D atrophied seriously, the following was
those in group € and the atrophy in group A and B was net
severe; in the 12th week after operation, the musculi triceps
sutne in group A and B recovered fully and excallently and
the secondary was the group C {Figure 1), In the 8th and 12th

Ting La et olduan Pacifie Journal of Tropoad Medicene (20040478482

week after operation, through the comparigon of the wet
weight of museuli triceps surne in groups, the weights in
group A and B were obviously heavier than those in group
C and D and the difference was statistically significant
{P<0.05); the weight in group C was heavier than that in
group D and the difference was statistically significant
{(P<0,05, Tabls 1).

I'able 1

Wet weight value of musculi ticeps surae ol affected side in 8th and

12th week after n]]{'l'ullull |_l]lf'i|l'lir|lh (mg).

Groups  Sample size 8th week alter operation 12th week afier operation
Group A 6 753.6+40.2 9359.2+41.4
Group B o 74985427 936.4+38.6
Group 6 626.4235.6 T69.6+30.4
Group D 6 525.6:20.3 530.2+28.5

Figure 1. Appeamanee of mat museuli toeeps surse in group a, b, ¢ and
d in 8th and 12th week afiar oparation.

A: group A in the Sth week after operation; B: group B in the Bth week
after aperatiomn; C; groap C in the Bth week after operation; Ik group
D} in the Bth week afier opemtion; E: group A in the 12th wesk after
operation; F: group B in the 12th week afier opermtion; G: gmoup C
in the 12th week after operation; IL: group D in the 12th week after
operation.

2.3, Histological observation and image analysis of
medullated fibers

Tn the 4th week after operstion, the axons in the four groups
were: all few. Endothelial cells were swallen and the axons
were broken in the form of segments or a siring of bead.
Besides, some parts were irregularly thickened and vacuolar
degeneration appeared. In the Bth week after operation, the
nerve fibers in group A and B were still swollen, Compared
with those in group € and D), the number of axons increased
and the broken ones decreased. The phenomenon of
vacuolar depeneration was alleviated. In the 12th week after
operation, there were a large number of regenerated nerve
fibers and there were few broken axons or the phenomenon
of vacuolar degeneration in group A and B, There were also

regenerated nerve fibers in group C and D. But compared
with those in group A and B, the regencrated nerve fihers
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were less and there was still vacuolar degeneration
(Figure 2). The reaults of imape analysis indicated that the
regenerated medullated fibers in group A and B were nuch
more than those in group C and D. The fibers in group D was
the lzast. The difference was statistically (P<0.05, Tabls Z,

Table 2
Count of medullated fibers in each SO in the 4th, 8th and 12th week

alter operation (meanzsd).

1'.'J'u|1|a.~' !"'.'Jlllp]l- size 4th week after 8th week after 8th week after
operalion operation aprerakion
Group A fi 28524 54.8x1.9 86.1x1.5
Group B i 269+3.2 55.0+2.1 84.7+2.5
Gronp [i] 204+1.8 36.3+2.0 58.6+1.7
Group D i] 11.2+2.7 20,622 34,2221
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Flgure 2. HE dyed pictures of nesve fibara in each group (Scale hara
100 f2 m).

A: Gronp A; B: Group B; G: Group C; Ik Group D

3.4. Reirogrude labeling of neurons by true blue

Respectively in the 4th, 8th and 12th week after operation,
the number of neurons retrogradely laheled by true hlue in
group A and B was larger than that in group C and D and the
difference was statistically significant (P<0.05); that in group
C was more than that in group D and the difference was
statistically signifieant (P<0.05, Table 3). Judging from the
image of matked neurons in the 12th week after operation,
the markey neyrons in group A and B were more and lighter
than those in group C and D {Figure 3).

Fipure 3, Doage of marked petrons in 4 proupe in the L2th week after

operation (Scale bare 20 ¢ m),
A: Group A: B: Group B; G Group C: D: Group D,
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Table 3
Number ol neurons marked by true blue respectively in dih, 8th and
1 2th week after operation (meanssd).

Groups  Sample size 4th week after 8th week after 8th week after
aperation aperalio operalion
Group A 3] 5.6+0.8 16.8+1.2 28.2+1.4
Group B 5] 4.9+0.6 16.0+0.9 27.6=1.1
Group C i 3.2+0.9 10.4+0.6 203207
Group D i 1.6x1.0 5.1x0.8 11.4=(0.5

3.5, Electrophosiologic exominaiion of nervi tibiolis

The conduction velocity of bilateral tibial nerves in sach
group was examined in the 12th week after operation. The
results showed that the reversion rates of conduction velocity
in group A and B were higher than these in group G and D,
The conduction veloeity in group G was faster than that in
group B. The difference was statistically significant (P<0.05,
Table 4).

Table 4
Conduetion '\.r=iul'it_'. ol molor nerve of tibial nerve 12 weeks alter

operation {meanzsd, n/s).

Giroup Sample Size Affected zide Healthy side
Group A f 43.57+3.26 49.33+3.47
Group B 41.14+4.04 48. 153,89
Crrpup 31.48+3.45 50.04+3.28
Group I} o 23.61+4.12 49.08+4.02
4. Discussion

Since 1987 when FK506 was firstly reported thet it had
the function of inhibiting the immune rejection of organ
transplantation in rats, people have made a full study on
immunosuppressive action and its mechanism is almoat
clearfsl. Currently, it is widely accepted that FK506-FKBP
compound is formed after the combination of FK506 and
FK506 hinding protein (FKBP), The FK505—FKBP compound
combines with the regulatory subunit of calcineurin and
inhibits the dephoaphorylation of nuclear factor of activated
T lymphocytes (NFAT). Tt alac prevents the translocation
of NFAT into nucleup and consequently decreases the
expressions of a series of cell factors such as IL-2, IL-3,
GM—CSF, TNF and s¢ on. Caleinzurin is 3 key enzyme to
activate immunologic system. To inhibit its activity is the
main mechanism of immmimesuppreasive function of FKS04, 5L
Beaides, FK506 also haa the function of promoting the neural
regeneration®10] and its detailed mechaniem is that FK506—
FKBP compound makes the phosphorylation of growth—
associate protein—43 (GAP—43) enhanced, the increase of
expresgion of GAP—43 mRNA in neuronal cells promotes the
formation of nauronal growth cone and the extension of axon
and accelerates the growth of nervesll1l

Our experiment directly put the FK$06 nancspheres
prepared by single emulsion—sclvent evaporation method
(0/W) around the segment of transplanied nervi tibialia,
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increased the medicine adjustment of specific parts
and made the drug closer to the targeted cells. The dmg
concentration was relatively stable and the dose was
remarkably less than that of systemic medication. The first
pase effect in liver wae avoided in systemic medication and
the systemic toxic side offect was lessened. The aims of
continnous release and lasting effect can be achieved by
making FK506 into nancapheres. Moreaver, P (DLLA—co—
TMC) was degradable copelymer and the degrading period
lasted for 30 d and bad no effect on the peripheral tissues;
it possessed excellent permenbility and osmosis and its
releane woa well—distributed, the abaorption was complate
and there was no residue, The experimental remults indicated
that in the group with drugs, the wounds in rats were normal
and the drug was absothed well. There were no residues
and obvious conneciive tissue coating and hyperirophic
scar. Nervi tibialis was easy to separate from tissues. In
the group without druge, the wounds in the right lower
limb of rats were red and swollen and ulcerous, There were
many hypertrophic scars in the tranaplanted parts and the
adhesion to peripheral tissues was ohvious. It was difficult to
separate them from the tissues, So, FK506 nanospheres just
adjusted the local environment and inhibited the immune
response or the inflammatory process ond consequently
inhibited the rejection,

In clinie, the diagnosis and treatment of the injury in
peripheral optic nerves are usually delayed. Gold & all1z]
found in the study on the experimental injury of rat sciatic
nerve that the effect in the group with immediate medication
and with the drugs for 8 d was same to that in the group
with medication on 8th day and with the drugs for 8 4. Bt
the effects in the two groups were both worse than that in
the group with immediate medication and with the drugs
for 17 d. Sobol & afi13] found in the tibinl nerve transection
experiment that FK506 can remarkably improve the effect
of neursl regenerstion. If the medication was given after
3 d, the effect would be lessened. The effect of FK506
weakened remarkably as the medication was carried out at
later time. H it was delayed for 5 d, the treatment was hardly
effective. Brenner et alll4] also had the similar findings
in their experiments. In our experiment, the drugs were
given respectively immediately, in 24 h aftsr operation and
3 d after operation, The results showed that the effects of
promoting neural regeneration in group with immediate
medication and group with medication in 24 h after operation
were similar and were both more obvious that that in group
with medication in 3 d after opemtion. However, the effect in
group with medication in 3 d after speration woe better than
that in group without medication,

In the several hours after neural injury, changes oreurmed
im nerve cells which were beneficial to the restoration of
the cell acaffold of axon. In twenty—four hours, azon formed
regeneration unit through budding and the subterminal
tegenerated bud can become longer than the netve suture
saon in several days after getting damaged. Therefore,
researchers thought that FK506 had an effect on the neurons
m the early atage and promoted its restoration of the axon
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gcaffold and motivated the axonal regeneration. However,
these effects became ohviously weak when the medication

was delayed.
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