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We analyzed the homology of nerve growth factor (NGF) in the nerve regeneration-
conditioned fluid (NRCF) obtained from New Zealand white rabbits and SD rats. A nerve
regeneration chamber bridged distal and proximal ends of the severed rabbit sciatic nerve,
and the NRCF was extracted from such chamber. The supernatants and precipitates of nerve
tissue of rabbits and rats were extracted from the sciatic nerves by grinding and centrifugation.
An antigen-antibody reaction was detected by the ELISA technique using rabbit anti-mouse
NGF as primary antibody and goat anti-rabbit IgG as secondary antibody. Antigen-antibody
reactions were detected in all the above-mentioned samples obtained from rabbits and rats.
The intensity rank of an antigen-antibody response for different samples was the following:
rabbit NRCF > rabbit nerve tissue precipitation fluid > rabbit nerve tissue fluid supernatant >
> rat nerve tissue fluid supernatant. Thus, there is high homology of the molecular structure
of NGF in the NRCFs obtained from rabbits and rats (i.e., animals belonging to different
taxonomic groups of mammals).

Keywords: nerve growth factor, nerve regeneration-conditioned fluid (NRCF), peripheral

nerve, homology of proteins.

INTRODUCTION

A nerve regeneration chamber, NRC, consisting of a
silicone tube bridging distal and proximal ends of the
transected sciatic nerve, has been proposed as a device
that helps to study the sequence of events accompanying
axonal regeneration in vivo following nerve injury [1, 2].
The chamber provides an appropriate microenvironment
for survival of all types of fibers found in the sciatic
nerve, including axons of sympathetic neurons,
sensory fibers, and motor fibers (axons of spinal
motoneurons) [3, 4]. The microenvironment within
the nerve regeneration chamber contains regeneration-
conditioned fluid, a fibrous matrix, macrophages,
fibroblasts, Schwann cells, and endothelial cells.
Nerve regeneration-conditioned fluid (NRCF) contains
many proteins related to neural regeneration, and
research of these active proteins in NRCF is important
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to understand the mechanism of neural regeneration
[5-7]. Thus, selection and functional studies of these
proteins are promising research directions [6, 8]. In
a number of previous studies of the NRCF, rats were
extensively used as donors in research with protein
purification and structural analysis; rats, however,
cannot provide sifficiently large NRCF sample sizes. It
seems that using bigger experimental animals (rabbits)
as donors in the respective studies is more practical, but
there is a problem needing to be considered: What is the
level of homology of proteins in the NRCF obtained
from rats and rabbits?

Nerve growth factor (NGF) is one of the main
active proteins in the NRCF. It is a potent growth
and survival factor for sympathetic neurons [9, 10].
Previous studies showed that NGF is essential for
enhanced post-infarct sympathetic sprouting and other
events related to nerve regeneration [5, 11-13]. So, it
is reasonable and important to detect the homology of
NGF in the NRCF obtained from rabbits and rats.

In our study, we carried out a comparative analysis
of the homology of NGF in the NRCF between New
Zealand white rabbits and SD rats through detecting an
antigen-antibody reaction using the ELISA technique.
The results showed that homology of this factor in the
NRCF of these two species is rather high.
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METHODS

Experimental Animals and Groups. Five New
Zealand white rabbits (body mass 1.8 to 2.5 kg)
were chosen for NRCF extraction. The animals were
obtained from the Department of Laboratory Animal
Science (Medical College of Shanghai Jiao Tong
University, Shanghai, Chaina). Albino SD rats were
also used.

Extraction of the Sciatic Nerve NRCF from Rab-
bits. NRCF samples of New Zealand white rabbits were
extracted using a nerve regeneration chamber model.
Rabbits were anesthetized by i.m. injection of xyl-
azine-sailaqin (500 mg/kg) and ketamine (0.2-0.3 ml
per rabbit). Skin preparation was performed at the out-
sides of two hindlimbs, and the skin outside of the
right hindlimb was cut about 5 cm after disinfection
three times by benzalkonium. We separated muscle
fibers of the m. gluteus and exposed the sciatic nerve.
Then, the nerve was transected at its middle level, and
a 20-mm-long fragment of the nerve was removed. Fi-
nally, two ends of the sciatic nerve were sutured to a
silicone tube (length 4 cm, diameter 3 cm) by an atrau-
matic needle with 8/0 nylon to form the nerve regener-
ation chamber model, and then muscles and skin were
sutured gradually. After one week, the rabbits were
dissected in the same way, and the liquid (NRCF) was
collected into a silicone tube (using a micro-injector)
and stored at —20°C.

Extraction of the Sciatic Nerve Tissue Fluid from
Rabbits and Rats. After anesthesia, fragments of the
sciatic nerves of rabbits and rats (length 2.5 cm and
2.0 cm, respectively) were cut off from the hindlimbs
and stored in normal saline. The tissue fluid of the sci-
atic nerves was obtained (by triturating and homog-
enizing using a homogenizer after washing off with
PBS, 0.05 M, pH 7.2) and stored at 4°C.

Comparison of NGF Homology between Rabbits
and Rats. We studied the homology of NGF under the
following three conditions by the method of ELISA ac-
cording to the respective manual:

Supernatant samples of the sciatic nerve tissue flu-
id of rabbits and rats were obtained by centrifugation
and diluted in carbonate buffer (pH 9.5) to 1:5, 1:10,
1:20, 1:40, 1:80, 1:160, 1:320, and 1:640. The primary
antibody of rabbit anti-mouse NGF (M-20, Santa Cruz
Biotech, USA; 100 pl in each well) was diluted to 1:20
and 1:50 in 0.3% BSA-PBS buffer, and the secondary
antibody of goat anti-rabbit IgG was diluted to 1:1000.

The ammonium sulfate technique was applied to
separate the sciatic nerve tissue fluid of rabbits and
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rats using a 50% saturated ammonium sulfate over-
night at 4°C, and then the supernatant and precipitate
were extracted by centrifugation. These samples were
diluted to 1:2, 1:4, 1:8, and 1:16 in carbonate buffer
(pH 9.5) for ELISA detection, and primary antibody
(rabbit anti-mouse NGF, E-Ab) was diluted to 1:1000.

The ELISA detection was performed again for
samples of the rabbit NRCF and for supernatants and
precipitates of the rabbit and rat sciatic nerve tissue
fluids. The coating buffer was diluted separately
to 1:10, 1:10%, 1:103, 1:10% 1:103 1:10% 1:107, and
control. Primary antibody (rabbit to mouse NGF) was
diluted to 1:500, and secondary antibody (HRP-labeled
goat to rabbit IgG) was diluted to 1:1000.

RESULTS

A total of 500 ul NRCF from five rabbits (50-150 ul
per rabbit) was extracted, and ELISA experiments
were performed with different samples from New
Zealand white rabbits and SD rats to detect their
antigen-antibody reactions to NGF antibody under
three different conditions. Results can be summarized
in the following two paragraphs:

(i) Antigen-antibody reactions could be observed
in all samples (nerve tissue fluid, supernatants, and
precipitates treated by saturated ammonium sulfate) of
rabbits and rats, which indicated that there is rather
high homology between nerve tissue fluids of these
animals (Tables 1 and 2).

(i1) In accordance with the optic density, the rank of
the immune response intensity of antigen-antibody re-
actions was the following: rabbit NRCF > rabbit nerve
tissue precipitation fluid > rabbit nerve tissue fluid
supernatant > rat nerve tissue fluid supernatant. This
indicated that proteins in the NRCF of New Zealand
white rabbits demonstrate the highest activity in the
reaction to NGF antibody (Table 3).

DISCUSSION

We detected the antigen-antibody reaction of the
NRCF and nerve tissue fluids from rabbits and rats
with rabbit anti-mouse NGF antibody by ELISA under
different conditions in order to obtain more reliable
results. These results showed that all samples of the
supernatants and precipitates that were extracted by
centrifugation or 50% saturated ammonium sulfate
precipitation technique from the rabbit and rat nerve
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TABLE 1. ELISA indices for the sciatic nerve tissue fluid of New Zealand white rabbits and SD rats

Taoanusal. llokasnuky, oTpuMani 3 Bukopucranusam Meroguku ELISA, nis pinunu 3 TKAHUHH CiIHMYHOTO HepBa
HOBO3€JIAHACbKHUX 0i1MX KPoJ1iB Ta mypis JiHii SD

Coating buffer dilution 1 2 3 4
1:5 1.952 1.501 1.515 0.866
1:10 1.859 1.050 0.852 0.882
1:20 1.890 1.416 1.465 0.895
1:40 1.938 2.047 1.724 1.072
1:80 1.851 1.718 1.958 1.490
1:160 1.569 2.123 1.966 2.417
1:320 1.386 2.024 1.577 1.974
1:640 1.351 1.691 1.205 1.459

Footnotes: Columns 1 and 2 are samples of the nerve tissue fluid of rabbits, while columns 3 and 4 are those of the fluid of rats. Primary
antibodies for samples 1 and 3 were diluted to 1:20, while those for samples 2 and 4 were dilute to 1:50; secondary antibody was diluted
to 1:1000.

TABLE 2. ELISA indices for the sciatic nerve tissue fluid of New Zealand white rabbits and SD rats treated with saturated
ammonium sulfate

T a6 au s 2. [lokazuuky, oTpuMani 3 BUKopucTanusiM Metoquku ELISA, nus pignnn 3 TKaHMHY CiTHUYHOTO HepBa KPOIiB Ta
1IypiB, 00po01eHOT HACHYEHHM PO3YHHOM aMOHII0 cyJabdaTy

Coating buffer dilution 1 2 3 4
1:2 2.830 0.350 3.304 0.727
1:4 2918 0.497 3.394 0.712
1:8 2.932 0.530 3.808 0.746
1:16 2.703 0.325 3.900 0.838

Footnotes: Columns 1 and 3 are for samples of rabbits; column 1 is for the supernatant, and column 3 is for the precipitate; columns 2 and 4
are for samples of rats; column 2 is for the supernatant, and column 4 is for the precipitate.

TABLE 3. ELISA indices for the NRCF and sciatic nerve tissue fluid of New Zealand white rabbits and SD rats

T a6 .amnusa3. [lokasnuky, oTpuMani 3 Bukopucranusam Meroguku ELISA, nisa pinunu, konauuiioBaHol npouecoM perenepaii
HepBa, Ta PilMHY 3 TKAHHHY CIIHUYHOI'0 HEPBa KPOJIiB Ta IypiB

Coating buffer dilution 1 2 3 4
1:10 2.318 2.165 3.330 0.363
1:10? 2.272 2.685 0.735 0.261
1:10° 3.328 2.115 0.068 0.044
1:10* 3.202 0.208 0.178 0.039
1:10° 2.023 0.067 0.062 0.151
1:10° 0.323 0.107 0.041 0.145
1:107 0.073 0.060 0.045 0.087
Control 0.018 0.126 0.009 0.134

Footnotes: Column 1 is for the NRCF of rabbits, column 2 is for the supernatant of the nerve tissue fluid of rabbits, column 3 is for the
precipitate of the rabbit nerve tissue fluid, and column 4 is for the precipitate of the rat nerve tissue fluid. Primary antibody was diluted to
1:500, and secondary antibody was dilutes emx 1:1000.
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tissue stock solution, the sciatic nerve tissue fluid of
rabbits and rats, and the NRCF of rabbits can react
with rabbit anti-mouse NGF, indicating that the NRCF
of rabbits demonstrates high homology with the rat
nerve fluid. The rank of the immune response intensity
indicated that the rabbit NRCF showed the strongest
protein activity in reacting with NGF antibody, which
might be related to the higher concentration of the
protein in rabbit samples.

The nerve regeneration chamber is implanted
between the transected ends of the nerve, and this is the
main convenient model to study the nerve regeneration
microenvironment [5, 8, 14]. Researchers found that
the chemotaxis and specificity of nerve regeneration
could be fully tapped when the renewable regeneration
chamber helped to repair the peripheral nerve, and
there was no (or the smallest) scar after the process of
nerve regeneration. This indicates that the regenerative
microenvironment (and NRCF as its main ingredient)
formed in the regeneration chamber played an important
role in self-regulation and self-improvement of the
process of nerve regeneration [15-17]. Thus, research
on the NRCF provides us with an important way to
study the nerve regeneration mechanisms [18, 19].

Our research has focused mainly on the extraction,
purification, and testing of active proteins in the NRCF
in order to understand the structures, sources, and
biological activity of these active ingredients. These
researches are mostly based on chromatography and
immunohistochemistry, thus requiring a sufficiently
large NRCF sample size [20, 21]. Naturally, the size
of NRCF sample extracted from the traditional rat
model is too small to be suitable for the requirements
of experimental research. Recently, the rabbit model
has been used to acquire larger NRCF sample sizes
[22, 23]. So, our data on the immune homology of
the NRCF between rabbits and rats are, probably,
rather significant for comparing and studying the
results obtained using different models. Our results
showed that NGF in the NRCF obtained from rabbits
demonstrated high homology with that in the rat
samples. Probably, it can be stated that the molecular
protein structures of NGFs of mammals belonging to
different taxonomic groups (rabbits as Lagomorpha
and rats as rodents) are rather similar. These data
suggest that the rabbit model can be successfully used
for further experimental studies of nerve regeneration
mechanisms.
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Hi. He', K. @. JIi%, JI. JIi!

TOMOJIOI'TA ®AKTOPA POCTY HEPBIB (NGF) ¥V PIJIVHI,
KOHJIMIIHAOBAHINI ITPOLIECOM PEI'EHEPAILII] HEPBA,
YV KPOJIIB TA 1IIYPIB

'VuiBepcureT TpaguIiiHOT KUTAHCHKOT MEIUIIUHN, AHBXY
(Kurait).

2Jles’sita HapoaHa dikapus [[lanxaiicekoro Yuisepcutery XKiao
Tour (Kurait).

Peszwome

Mu anamizyBaau MOJIEKYISIpHY romounorio pocty HepsiB (NGF) y
KOHAWIIHOBaHil mporecoM HepBoBoi perenepanii pixnai (NRCF),
KOTPY OTPHMYBAJIX BiJl HOBO3ENIAHICHKUX OITMX KPOJIB Ta IIypiB
ninii SD. HeifpopereneparuBHa kaMepa 3’ €IHyBana AUCTATbHUN
Ta IPOKCUMAJIBHUN KiHII ITepepi3aHoro CiTHUYHOTO HepBa y Kpo-
niB, i NRCF Bigbupanu 3 Takoi kamepu. 3a JOIIOMOT0OI0 TOMOT€Hi-
3arii Ta HeHTpudyryBaHHs 3 TKAHHHH CITHUYHUX HEPBIB KPOIiB
Ta IIypiB TOTyBaJM CylepHATAHTH Ta Ipenunitati. Peakmito aH-
TUT€H—aHTHUTLIIO BUSBIISUIM 3a JormoMoro Mmetoauku ELISA, Bu-
KOPHCTOBYIOUH IIEpBUHHI aHTUTLIA moxo munragoro NGF ta Bro-
PUHHI KO3591 aHTHTIJIa IIOA0 KPOJSTYOro iMmyHOorToOymiHy. Peakmii
AQHTUTCH—AHTHUTLIO BUSBISIINCSA B yCiX BHINE3TaJaHUX 3pa3Kax,
OTPUMaHUX BiJ KpouiB Ta mIypiB. [IoCmiTOBHICTh IHTEHCUBHOCTEH
BIJIOBI/Ie}l aHTUTCH-aHTHUTINO Y Pi3HHUX 3pa3kax Oyia Tako0: Kpo-
nsiga NRCF > mpenumitar i3 HepBoBOi TKAaHHHH KPOJIS > CyIep-
HATaHT 13 HEPBOBOI TKAHWHU KPOJS > CyNEpHATAHT i3 HEPBOBOI
TKaHUHH mypa. OTxe, MOJeKyIsipHa cTpyKTypa 3paskiB NGF, mo
3naxonaThes B NRCF, orpuManiit Bix kpoiiB Ta mypis (To6TO TBa-
PHH, KOTPi HaJeXaTh 0 Pi3HUX TAKCOHOMIUHHX I'PYII CCAaBIIB), Je-
MOHCTpPY€E BHCOKHUH PiBEHb TOMOJIOTI].
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