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Abstract: AIM  To compare pharmacokinetics and tis-
sue-distribution after epidural and iv administration of
[ 2] 1abelled huwentoxin-1 ([P 1] HWTX-1) in rats.
METHODS HWTX-1 was labeled by iodogen method.
Single dose of 0.86, 1.7, or 2.6 MBq [ '®IJHWTX-1
per rat was injected via a catheter implanted in epidural
space or iv with single dose of 2.6 MBq per rat. Serum
[IBT]HWTX-1 was determined by RP-HPLC with flow
scintillation detector. Tissue radioactivity was detected by
v-counter. RESULTS  Radioactivities detected in dural-
vertebral samples was (22 + 8) % of injected radioactivity
at 10 min after epidural injection, which demonstrated
successful administration into epidural space. Concentra-
tion-time curves of [ "2 1] HWTX-1 after two routes were
different. Absorption phase with ¢, at 10 min was ob-
served after epidural injection. ' I-labeled degradation
products at 10 min after epidural and iv injection of 2.6
MBq were (2.1+1.1) and (6.8 +2.5)pgL™", re-
spectively (P <0.01). ¢ and AUC were increased
with dose after epidural administration. Terminal ¢;,, after
epidural or iv administration was 2.5 -2.8 h or 2.3 h.
Clg was 0.74—-1.18 L+-h~'« kg™ after both routes.
Bioavailability after epidural administration was > 82% .
Distribution of [ '2T]JHWTX-1 between two routes was dif-
ferent, and contents in most tissues at 10 min after iv
were higher than those after epidural dosing (P <0.05) .
Excretion of radioactivity was mainly via urine. CON-
CLUSION The differences between vertebral and systemic
biodistribution of HWTX-1, as well as degradation pro-
files after epidural and iv injection support the using of
HWTX-1 as analgesic by epidural administration.
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Huwentoxin-1 (HWTX-1) is a peptide toxin
(with amino acid sequence of ACKGVFDACT-
PGKNECCPNRVCSDKHKWCKWKL) isolated and
purified from the venom of the spider Selenocosmia

(]

huwena The structure consists of a three-

stranded anti-parallel beta — sheet and three turns.
The three disulfide bridges (C* - C"7, ¢° - C?,
and C'® — C¥) and three-stranded anti-parallel
beta-sheet form an inhibitor cystine knot motif
which is adopted by several other small proteins,
such as w-conotoxin, and gurman'nm .

Several recently developed analgesic tech-
niques demonstrate that neuraxial analgesia by
spinal administration ( epidural or intrathecal) of
local anesthetics and opioids provides the highest
level of pain control after major surgery and trauma

[3:4] " Recent data indicated that w-cono-

injuries
toxin has a favorable risk/benefit ratio with advan-
tages over several currently available intrathecal
therapies for pain and was recommended for
approval by the FDA for the management of
chronic painm . HWTX-1 caused the inhibition of
the twitch response to electrical nerve stimulation
in the rat vas deferens'® . Series preclinical stud-
ies showed that epidural injection of HWTX-1 in-
hibited pain sensation induced by heat radiation or
mechanical stimulation for 2 h in a dose-dependent
manner. lts analgesic dose was less than w-cono-
toxin, and its analgesic duration is longer than
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morphine. Results indicated that HWTX-1 is a
potential novel analgesic peptide (to be published
separately ) . As part of preclinical studies, the
pharmacokinetics profiles of [PT]HWTX-1 after
epidural administration at different doses in rats
were investigated and compared with that after iv
in this paper.

1 MATERIALS AND METHODS

1.1 Drugs and reagents

Huwentoxin-1 (purity > 99.5% , Batch No.
010620) was provided by the Institute of Life Sci-
ence, Hunan Normal University. Na [ 125 1] was
purchased from Perkin-Elmer Life Science
(99.95% purity, 643.8 GBq-mg™~' (10 mCi),
Batch No. NEZ033R]. Bicinchoninic acid protein
determination kit was purchased from Sigma. Oth-
er reagents were all analytical or chromatographic
grade( HPLC) .
1.2 Animals

Wistar rats( (n = 70 of both sexes, (294 +
56) g, Grade [l ) and Kun-Ming adult male mice
(n=3, 18-22 g, Grade [l , Certificate DOI-
3024) were provided by Animal Center of Acade-
my of Military Medical Sciences.
1.3 Intubation

Sixty Wistar rats were treated for intubation,
which was performed as the method described by
LoPachin, et al (7],
(ip 40 mg-kg™') anesthesia, the occipitoatloid

Briefly, under pentobarbital

membrane of rats was exposed after the dorsocervi-
cal skin and muscles incised. A PE-10 pipe was
inserted and placed into the thoracic epidural
space. The terminal of the pipe was sutured and
fixed with the dorsocervical muscles. The rat was
given benzylpenicillin 400 kU+d ™" per rat x 3 d
after surgery. Pharmacokinetic study was per-
formed at least 7 d after surgery.
1.4 Preparation and identification of ['*1]
HWTX-1

HWTX-1 was labeled by iodogen method'®
and purified by a 1 em x 50 em Sephadex G-10
column (Pharmacia). The mobile phase was 0.4
mol* L™ sodium chloride at pH 7.0 in 0.02 mol

L~ " phosphate buffer at a flow-rate of 0.5 mL-
min~'. The eluted fractions were determined for
both Y-radioactivity ( FT630G-4, Beijing Radio-
Instrument Factory ) and protein concentration
( bicinchoninic acid method® ). The determina-
tion of protein concentration followed the descrip-
tion in kit manual. Briefly, different concentra-
tions of standard protein (bovine serum albumin)
and unknown samples were added with bicin-
choninic acid and 4% CuSO, solutions. Ab-
sorbance was assayed at 540 nm after incubation
at 37°C for 30 min. Protein concentration was es-
timated from calibration standard curve. The puri-
ty of ['® 1] HWTX-1 was identified by reverse
phase high performance liquid chromatography
(RP-HPLC) through a column (Spherisorb C18,
300 A, 5 pm, 4.6 mm x 200 mm) with a linear
gradient from 0% — 100% of acetonitrile in dou-
ble distilled water, and the flow-rate was 1.0 mL-
min~'. Radio-chromatograms were obtained from
a HP 1100 system ( Agilent Technologies, USA)
online with a Radiomatic™ Flow Scintillation Ana-
lyzer (Packard 525TR, USA).
1.5 Biological assay of labeled HWTX-1

Method followed Rash, et ol Mice were
sacrificed, and the hemidiaphragms with the
phrenic nerve intact were removed. Preparation
were attached to tissue holders with in-built elec-
trodes, mounted in 5 mL of Tyrodes solution and
maintained at 37°C under 1 g resting tension. The
incubation solution was saturated with 95% O,
plus 5% CO,. The tissue was then equilibrated
for at least 30 min before the addition of venom.
Hemidiaphragms were stimulated via the phrenic
nerve at supramaximal voltages (0.2 Hz, 0.5
ms) using a Nihon Kohden Sen3201 stimulator. A
recorder ( Shanghai Da-Hua Instrumental Compa-
ny) was used to record the stimulation and muscle
contraction.
1.6 Experimental design and sample prepa-
ration

Intubated rats were divided into 4 groups.
Three groups were administrated 0.86, 1.7, and
2.6 MBq of ['"®IJHWTX-1 per rat, respectively,
(approximately equal to 25, 50, and 75 pg -
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kg™!') into the epidural space through a lymphatic
paracentetic needle. An iv 2.6 MBq per rat (75
pg kg™ ') group was served as control. Rats were
sacrificed at 0.17, 2, 8, and 48 h after injection
(5 rats per time point), and then harvested tis-
sues or body fluids. The sera were collected at 0,
0.02, 0.08, 0.17, 0.5, 1, 2, 4, 8, and 48 h
after two routes of administration and obtained af-
ter centrifuged at 1000 x g for 10 min. The con-
centration of [ 1] HWTX-1 in sera and other
body fluids were determined by the method of RP-
HPLC combined online Y-counter. Fresh weight of
tissue samples was measured with an automatic
balance and homogenized. The Y-radioactivities of
total, 10% trichloroacetic acid soluble and pre-
cipitated fractions of tissue samples were counted
separately .
1.7 Radioactivities in epidural spaces
Vertebra was separated from the third tho-
racic (T3) to the third lumbar (1.3). Only T3,
T6, T9, T12, and L3 were dissected and divided
into three parts: muscles around vertebra, spinal
cord, and the dural-vertebra samples. The Y-ra-
dioactivities of them were counted separately to
describe the distribution of ratioactivities of [ *1]
HWTX-1 around the injection region. The total
radioactivities in dural-vertebral or spinal cord
samples were estimated by the equation of Ry =
Ry + (Rps + Ryg) + Rig + (Ryg + Rpy) + Ry +
(Rpo + Rypz) + Ry + (Rypp + Riz) + Ryz, where
Ry is the total radioactivity, and the other symbols
represent the radioactivities of T3, T6, T9, T12,
and L3,

the radioactivity of uncounted vertebra equals

respectively. The equation assumed

to the sum of two counted neighboring
vertebrae.
1.8 Radioactivities in urine, feces and bile
Rats were placed in the metabolism cages,
urine and feces were collected separately after
epidural and iv administration 75 pg * kg™ ' of
["PTJHWTX-1 at intervals of 0 — 8, 8 — 24, and
24 — 48 h. Bile samples were collected from 5
rats with bile duct intubation at 0—8 h after
epidural administration with an

1 h.

interval  of

1.9 Pharmacokinetic parameter and data
analysis

Model-independent pharmacokinetic parame-
ters were calculated using EXCEL software. The
Cmax and ..., were the observed values. Other
pharmacokinetic parameters were calculated as the
descriptions of the non-compartmental method™®/ .
The bioavailabilities of 3 dosages after epidural
administration were calculated by the dose nor-
malized AUCy_ » = (AUCy_ epidural/ AUCo _ o
iv) x 100% . The computation and statistical infer
were obtained by EXCEL and Microcal Origin

software .

2 RESULTS

2.1 Purity, specific activity and biological
activity of ['ZI]JHWTX-1

The radio-chromatogram of the purified
["®IJHWTX-1 demonstrated that the labeled pep-
tide was > 98% pure (Fig 1A), with a specific
activity of 176 GBq* g~ ' protein. The blocking
activity on neuromuscular transmission of un-
changed and [ 12T ]1abelled HWTX-1 were (9.1 +
0.4) min and (14.1+2.2) min ( P <0. 05,
n=3), respectively.
2.2 Validity of the determination of ['*1]
HWTX-1 in serum by RP-HPLC

The chromatographic behavior of [ BT JHWTX-
1 was the same as that of the unlabelled peptide,
and the radioactive peak eluted at (7.8 £ 0.6)
min (F ig 1A, 1B). A linear regression was car-
ried out with 5-spiked [P T]HWTX-1 sera con-
centrations (X, in the range of 0.1 — 16 ng pro-
tein) and the radioactivities of [ '® 1] HWTX-1
peaks in radio-chromatogram (Y in Bq, three du-
plicated samples each concentration) were used as
independent and dependent variables. The linear
fit equation was Y =371 x X, with r =0.9984.
The relative standard deviations ( RSD% ) within
day and between days were all less than 7% .
Limit of quantitation (LOQ) was 0.02 mg*L~".
The average recovery rate from sera was 86.7% .
2.3 Radioactivities in epidural spaces

Radioactivities in dural-vertebral and spinal
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Representative radio-chromatogram of ['“I]JHWTX-1 samples. HWTX-1: huwentoxin-1; A: serum spiked with

['BIJHWTX-1 in vitro; B: serum sample collected at 10 min after 2.6 MBq*kg ™! epidural administration; C: serum sample collected at 2 h
after 2.6 MBq-kg~! epidural administration; D: urine sample at 2 h afier iv administration; E: urine sample at 2 h after epidural administra-

tion; F: bile sample after epidural administration.

cord samples were (22 + 8)% and (0. 12 +
0.12) % of injected radioactivity, respectively, at
10 min after epidural administration. The result
indicated that the administration of [ '®T]JHWTX-1
into the epidural spaces was successful and very
few peptide penetrated the dura mater into the
subarachnoid space. Levels in epidural spaces de-
creased rapidly to (2.1 +1.0)% and (0.9 =
0.5) % of injected radioactivity at 2 h and 8 h,
respectively. The radioactivities of dural-vertebral

samples and spinal cord at 2 h after iv were
(0.27+0.09)% and (0.009 £0.004) % of in-
jected radioactivity, respectively, which were low-
er than those after epidural administration ( P <
0.05).
2.4 Validity of the determination of ['*1]
HWTX-1 in tissues

Using 10% TCA precipitation method, with-
in the ranges of 0.23 — 38.8 kBq* g™ ' (wet tis-
sue) or MBq* L™"(body fluid) spiked concentra-
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tion, there was a good linearity between the
spiked concentration and TCA precipitated ra-
dioactivities (r > 0.99) in 11 main tissues or

body fluids,

lungs, kidneys, brain, fat, skeletal muscles,

including heart, liver, spleen,
lymph nodes, serum, and urine of rats. The limit
of quantitation was 0.23 kBq* g~ ' (wet tissue) .
About (80 + 8) % radioactivities were found in
TCA precipitated fraction.
2.5 Pharmacokinetic profiles of ['*I]HWTX-
1 in serum

Radio-chromatograms showed that serum
["P1JHWTX-1 radioactivities decreased rapidly
after iv or epidural administration, and radioactiv-
ities of hydrophilic portion increased (Fig 1B,
1C). The concentration — time curves and phar-
macokinetic parameters after epidural administra-
tion of 25, 50, and 75 yg'kg_l of ['"PTJHWTX-1
were different from those after iv 75 pg-kg™'(Fig
2 and Tab 1) . The radioactivities at 1 min after iv
and epidural injection were (189 + 42) pg-L™!
and (22 +7)pg- L™, respectively (P <0.01).
The level after iv decreased rapidly to 70 pg-L~"
at 10 min, and followed by a slower elimination
phase with terminal #;,, of 2.3 h. On the other
hand, there was a rapid absorption phase with
[max @t 10 min after epidural administration. At
that time the radioactivities of hydrophilic degra-
dation products after epidural injection was (2.1 +
1.1)pg L', which was lower than that after iv
[(6.8 + 2. 5);1g' LY, P<0.01]. cpus
AUCy_4, and AUCy_ ., were increased with
dose. Total body clearance (Cls/F) and volume
of distribution at steady state ( Vss/F), were sim-
ilar, no matter which route of administration,
epidural or iv. The terminal ¢, and mean resi-
dence time (MRT) after iv were slightly shorter
than those after epidural administration (2.3 wvs
2.5-2.8and 0.6 vs 0.85-0.91 h, respective-
ly) . Absolute bioavailability after epidural admin-
istration was > 82% .
2.6 Distribution of radioactivities in tissues

At the time of 10 min after iv 75 pg-kg™" of
["P1]HWTX-1, the radioactivities of total (Tab
2), TCA soluble and precipitated fraction (data

% Q iv 2.6 MBq per rat
1004 @ cd 0.8 MBq per rat
- § A ed 1.7 MBq per rat
fo \\g\g A ed2.6 MBq per rat
g ?\
D 104 & %
< L
1- T T T T 1
0 1 2 3 4
Time/h
Fig 2. Concentration-time curves of ['>“1HWTX-1

in serum after epidural administration(ed) of 2.6,
1.7, 0.86 MBq per rat and iv of 2.6 MBq per rat of
['SIJHWTX-1 in rats. x+s, n=5.

Tab 1. Pharmacokinetic parameters after iv and

epidural administration of [ *TI]JHWTX-1 in rats.

Perameter Epidural v
0.8 1.7 2.6 2.6(MBq)
ta/h 0.17  0.17 0.17 0.02
e/ g L7 27.1  30.8 61.8 189.5
AUCy_4/pgL™'*h  31.3 41.6 62.4 71.4
AUCy_./pg'L™'h  33.6 47.7 63.7 77.8
MRT,_, /h 0.85 0.91 0.85 0.62
CISL?rh(Elﬁ/l; - 0.74 1.05 1.18 0.96
Vss or Ves/F/ 0.64 0.95 1.00 0.60
L-kg
t2/h 2.8 2.6 2.5 2.3
F/ % 120 9~ 8 -

MRT: mean residence time, Cl;: total body clearance, V: distri-
bution at steady state. F= (AUG)_ o epidura’/ AUCo _ o i) x100% .
“ Calculated by dose normalized AUC. n=5.

not shown) in most tissues were higher ( P < 0.05
or P <0.01) than those after epidural administra-
tion at the same dose, except in brain and heart
muscle. The maximal radioactivities were ob-
served at 2 h in most tissues, except serum and
heart muscle, after epidural administration. The
levels were approached to, or even higher than
those after iv in testes, spleen, liver, lungs and
heart. The highest level was found in urinary sys-
tem. Radioactivities accumulated in thyroid were
only 0.04% - 5.28% of injected radioactivity.
The results (data not shown) of TCA soluble and
precipitated fraction after epidural administration
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Tab 2. Distribution of radioactivities after epidural and iv administration 2.6 MBq/rat of [T]HWTX-1 in
rats
Radioactivity/MBq-kg ™' or MBq+L ™"
Tissue or body fluid 10 min 2 h 8 h
iv Epidural iv Epidural iv Epidural

Serum™® 43£10 13£9 16+5 2+7 10+ 4 6.4+2.0
Urine Lost 23+20 217 + 120 347 + 122 89 + 105 107 + 34
Brain 1.0+£0.3 1.1£0.4 0.6+0.2 1.4+£0.6" 0.6+0.3 0.51+0.18
Fat 2.0+£0.7 0.6+0.2" 0.7+0.3 1.0+£0.2 0.48+0.09 0.49+0.20
Skeletal muscles 6.5x1.5 2.8+0.8° " 3.3+x1.3 4.1+1.2 2.2x0.8 1.5+£0.7
Testes”™ 1.7 0.7 1.4 4.8 1.9 1.71
Ovaries * 17+4 5.4+0.6" 7.9+£2.6 12.8+0.6" 5.1+0.3 4.12+0.13
Suprarenal gland 14+4 6.2+1.27 4.4+2.3 9+4 3.9+1.2 2.6+0.4
Lymph nodes 5.9+1.8 1.9+0.5°" 2.2+0.9 3.9+1.3" 2.8+1.2 1.54+0.23
Intestinal content 8.2+1.6 3.8+1.7"" 11+5 10£3 7.8+3.0 177"
Feces in colon 0.8+0.2 0.17+0.04™ " 1.7+0.6 2.0+1.2 5.3+3.2 0.9+£0.3"
Small intestine 17+4 6.1+x2.1°° T4 12+4 7.8+2.8 10+£5
Spleen 17+4 53+x1.6°° 5.9+2.7 13.1+£2.7"" 6.0£1.7 4.5+1.1
Pancreas 8.8+x1.9 3.1+1.0°° 5.3£2.9 6.6x1.0 4.0+1.2 3.2+1.7
Liver 19+5 7.6+£2.2"" 5.1£2.0 11+£3*" 5.7+2.3 4.0+1.5
Kidneys 272 + 130 368" 118 + 37 196 + 38" 77 + 26 47+ 8
Urinary bladder 216 3.6+x1.8°" 9+4 26+ 117 95 10+ 4
Submancibular gland 16+4 7.2+1.6"° 9+5 16.0+2.5" 6.4+1.3 7+3
Eyeballs 6.0£1.0 2.6+0.5"" 4.1+1.9 6.2+2.0 2.0+0.5 2.42+0.22
Thymus 7.2+1.6 4.1+x1.1"" 3.7+1.7 6.3x£2.6 3.4+1.4 2.6+0.4
Lungs 37+ 11 20+5" 11+4 2+5°" 105 5.9+1.6
Heart muscles 11.6+2.7 12+4 4.7+£1.5 9.8+3.0° 3.9+1.1 3.0+£0.7

“ Radioactivity of serum is calculated according to HPLC results. &An=2, *n=3. x+s, n=5.

with iv group.

or iv were very similar to those of total radioactivi-
ties. The details about the tissue distribution pro-
files were published recent]y[m .
2.7 Excretion

The accumulated excretion of radioactivities
in urine and feces at 48 h after iv were (82 +
11)% and (18 £9) % of injected radioactivity,
respectively. The values after epidural administra-
tion were (69 +20)% and (6 +2)% of injected
radioactivity, respectively. The bioavailability af-
ter epidural administration estimated by radioactiv-
ities in urine plus feces was 75% . The accumu-
lated radioactivity in bile at 8 h was (2.8 =
0.9) % after epidural administration. The results

*P<0.05, " P<0.01, compared

showed that after both routes of administration,
the major pathway of excretion was urinary
system.

In urine and bile samples, radio-chro-
matogram after epidural administration showed that
the radioactive component was mainly [1271] la-
belled hydrophilic peaks and only a few un-
changed [ 1]HWTX-1 peaks could be detected

(Fig 1D, 1E).

3 DISCUSSION

In this paper, we reported the pharmacoki-

netics of potential novel analgesic peptide,
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[BI]HWTX-1, after epidural injection, an un-
usual administration route, and compared with
that after iv in rats. The methodology was reliable
with respect to the purity and no loss of biological
activity of [P THWTX-1; the RP-HPLC discrim-
ination of unchanged ['"*1]JHWTX-1 from its hy-
drophilic degradation products; the successful ad-
ministration of the radio-peptide into the epidural
space; and minimal concentration of [ 125 1]
HWTX-1 detected in the spinal cord in compari-
son with the high serum levels.

The most interesting result is the differences
of pharmacokinetics of [PT]HWTX-1 between iv
and epidural administration. This can be summa-
rized as follows: (D Very high levels and long
lasting of peptide in epidural space; @ A very
rapid absorption to circulation, which are similar
to epidural administration of bupivacaine[m (5 to
35 min) or morphine[m (within (12 £ 3) min]J;
@ A high bioavailability of 82% , which is simi-
lar to tramadol (83%)“4}; @ Tn almost all tis-
sues except brain, testes, and heart, 3 to 10 folds
higher exposure levels were observed at 10 min af-
ter iv than those after epidural administration,
which indicates that faster and higher toxic effect
to those tissues by the iv route might occur and
more safe is the route of epidural injection. Some
of these characteristics after epidural administra-
tion are the common features of the epidural ad-
ministration of chemical drugs. These features
support the potential of HWTX-1 to become an
analgesic by epidural administration.

The characteristics of pharmacokinetics and
distribution of [ "P1]JHWTX-1 are similar to that of
common small molecular peptide, 1. e. rapidly
eliminated from the circulation mainly by degrada-
tion to hydrophilic products and a few excreted in
urine in unchanged form. It is worth to notice that
this peptide of M, 3750 cannot pass through the
brain-blood or dural barrier.

HWTX-1 1is degraded and excreted more
rapidly in rats at early phase after iv than that af-
ter epidural administration. The difference of
pharmacokinetic parameters in rats between epidu-
ral and iv administration, somewhat, indicates a

different elimination processes between the two
routes.

The results of this study are helpful for un-
derstanding the mechanism and toxicity, and use-

ful for the design of clinical trial of HWTX-1 in

the future.
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