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plasma neuropeptides in humans
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Abstract

A traditional Japanese Kampo medicine goshajinkigan has been empirically used for the treatment of numbness, cold sensation and limb pain associated with diabetic
neuropathy especially. One of the mechanisms of the empirical effects is assumed to be due to local changes in neuropeptide levels. The purpose of this study is to
examine the effect of gosyajinkigan on calcitonin gene-related peptide (CGRP)-, substance P-, and vasoactive intestinal polypeptides (VIP)-like immunoreactive
substances (IS) in plasma taken from healthy humans. Gosyajinkigan (4.5 g) or placebo was orally administered to seven healthy males. Blood samples were
taken before, and at 20, 40, 60, 90, 120, 180, and 240 min after administration, followed by the extracting procedure, and submitted to a highly sensitive enzyme
immunoassay system for CGRP-, substance P-, and VIP-IS. A single oral administration of goshajinkigan caused significant increases in plasma CGRP-, and VIP-
IS levels compared with placebo. In this study, we concluded that goshajinkigan might improve peripheral nervous dysfunction via neuropeptide release as CGRP

and VIP.

Abbreviations: CGRP: Calcitonin Gene-related Peptide; VIP:
Vasoactive Intestinal Polypeptide; EIA: Enzyme Immunoassay

Introduction

Gastrointestinal motility is mainly regulated by two factors
including humoral hormones and nervous transmitters from both
central and peripheral nervous system. Neuroeptides exert action on
gastrointestinal motility via both endocrine hormones and peptidergic
transmitters [1]. These peptides as modulatory mediators appear to be
major components of bodily integration and have important regulatory
actions on physiological function of gastrointestinal tract. Recent
studies have indicated that some disorders of gastrointestinal motility
following surgery and chronic stresses are related to neuropeptides,
such as vasoactive intestinal peptide (VIP), calcitonin gene-related
peptide (CGRP), and substance P (Figure 1) [2,3].

Traditional herbal medicines have been employed for a few
thousand years and have contributed greatly to the treatment of many
subjective symptoms. Goshajinkigan is a Kampo medicine (traditional
Japanese medicine) consisting of ten crude drugs, this formula is
traditionally used for improvement of symptoms like numbness,
cold sensation and limb pain associated with diabetic neuropathy [4].
Moreover, it has been reported that peripheral neurotoxicity due to

VIP
His-Ser-Asp-Ala-Val-Phe-Thr-Asp-Asn-Tyr-Thr-Arg-Leu-Arg-Lys-Gln-
Met-Ala-Val-Lys-Lys-Tyr-Leu-Asn-Ser-Ile-Leu-Asn-NH,

CGRP
Ala-Cys-Asp-Thr-Ala-Thr-Cys-Val-Thr-His-Arg-Leu-Ala-Gly-Leu-Leu-
Ser-Arg-Ser-Gly-Gly-Val-Val-Lys-Asn-Asn-Phe-Val-Pro-Thr-Asn-Val-
Gly-Ser-Lys-Ala-Phe-NH,

Substance P
Arg-Pro-Lys-Pro-GIn-GIn-Phe-Phe-Gly-Leu-Met-NH,

Figure 1. Primary structures of neuropeptides.

Clin Res Trials, 2015 doi: 10.15761/CRT.1000110

anticancer drugs such as oxaliplatin was relieved by administration of
goshajinkigan in patients with advanced colorectal cancer [5]. It has
been reported that goshajinkigan has been especially evaluated for its
clinical usefulness in the treatment of pain control in lower extremities,
numbness, blurred vision, difficulty in urination, and edema [5].
There are some reports that Kampo medicines which include aconiti
tuber have been used to improve the health of persons with a weak
constitution and metabolism.And the pharmacological effects of
Aconiti tuber have been described as positive inotropic effects [6].

In recent years, some Kampo medicines have been elucidated
pharmacologically from the viewpoint of neuropeptide levels [7-10].
Among the medicines, daikenchuto potentially enhance gastrointestinal
motility, similar to the gastrointestinal prokinetic drugs like cisapride
and metoclopramide [11], and raised plasma neuropeptide levels
in healthy humans and patients with morphine-induced constipation
[7-10]. These results indicate new pharmacological effects of this
drug. At present, there are also few reports that have examined the
temporal relationship among the neuropeptides and goshajinkigan.
Thus, we hypothesized that goshajinkigan could induce alterations of
neuropeptides in plasma, which could be involved in the pathogenesis
of the nervous dysfunction. The purpose of this study was to determine
whether clinical effects of goshajinkigan are due to changes in the
plasma CGRP-, substance P-, and VIP-like immunoreactive substances
(IS) levels after the administration of goshajinkigan.
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Materials and methods
Materials

Goshajinkigan was purchased from Tsumura Co. Ltd. (Tokyo,
Japan) Ratio of respective crude drug component was as follows:
Rehmanniae radix (5.0 g), Achyranthis radix (3.0 g), Corni fructus
(3.0 g), Moutan cortex (3.0 g), Alismatics rhizome (3.0 g), Dioscorea
rhizome (3.0 g), Plantaginis semen (3.0 g), Hoelen (3.0 g), processed
Aconiti tuber (1.0 g), and Cinnamomi cortex (1.0 g). The dosage of
goshajinkigan was determined based on maximum daily dose used in
clinical therapy. The placebo was crystalline cellulose and lactose, in
the ratio of 1:1. Synthetic human VIP, CGRP and its fragment (8-37),
and substance P, were purchased from the Peptide Institute (Osaka,
Japan). The VIP fragment peptide was supplied by Professor H.
Yajima (Kyoto University, Kyoto, Japan). Antisera to VIP (A604/R1B)
and CGRP (CA1132) were purchased from Biogenesis (Poole, UK),
and substance P (RA-08-095) from Cambridge Research Biochemicals
(Cambridge, UK). Goat affinity-purified antibody to rabbit IgG (whole
molecule) (55641) was purchased from ICN Pharmaceuticals (Aurora,
OH, USA). All other reagents were of analytical reagent grade from
commercial sources.

Subjects

Seven healthy male volunteers (nonsmokers), aged 24-35 years
(median 27 years), weighing 53-72 kg (median weight 60 kg),
participated in this study. Each subjects received information about
the study’s scientific purpose, which was approved by the Ethics
Committee of Oita Medical University, and gave informed consent. No
subject had received any medication for 1 month preceding the test
and no stimulator of gastrointestinal motility was administered to any
subjects during the study.

Study schedule

Goshajinkigan (7.5 g) or placebo was orally administered with 100
mL water. All subjects followed the same drug-placebo sequence. Each
subjects was administered these drugs with an interval of four weeks.
Venous blood samples (10 mL) from a forearm vein just before the
drug was administered, at 20, 40, 60, 90, 120, 180, and 240 min after
administration of the test substances. In addition, it is reported that
plasma CGRP of from 14:00 to 18:00, substance P and the VIP density
do not have the physiological change [12,13]. The study was carried out
from 14:00 to 18:00.

Preparation of plasma extracts

Thebloodsampleswerecollectedinachilledtubecontainingaprotinin
(500-kallikrein inhibitor units/mL) and ethylenediaminetetraacetic
acid (EDTA) (1.2 mg/mL). After centrifugation, the plasma samples
were diluted with 4% acetic acid (pH 4.0) and loaded onto Sep-Pak C
cartridges (Millipore Corp., Milford, USA), and washed with 4% acetic
acid. The peptides in the plasma were eluted with 70% acetonitrile in
0.5% acetic acid (pH 4.0), lyophilized, and reconstituted to 100 uL
with the assay buffer and subjected to EIA. For the EIA system, plasma
samples were concentrated five-fold with Sep-Pak C,, cartridges. The
recovery of plasma CGRP-, substance P-, and VIP-IS was >90% with
this extraction procedure.

EIAs of, CGRP, substance P, and VIP EIAs for CGRP- [12],
substance P- [14], and VIP-IS [15] were performed as previously
described, by a delayed-addition method [16]. Separation of bound and
free antigen was performed on an anti-rabbit IgG coated immunoplates.
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The fluorescent product 4-methylumbelliferon was measured with
an MTP-100F microplate reader (Corona Electric, Ibaraki, Japan).
Human fragment VIP (11-28), human CGRP (8-37) and substance P
were conjugated with (-D-galactosidase (Boehringer Mannheim,
Mannheim, Germany) with N-(e-maleimidocaproyloxy)-succimide
according to the method of Kitagawa et al. [17]. The EIAs for VIP,
CGRP, and substance P was specific and highly sensitive to
detection limits of 1.00, 0.08 and 0.40 fmol/well, respectively.

Statistical analysis

Allvalues are expressed as the mean + s.d. The statistical significance
evaluated by analysis of variance for repeated measure followed by the
Dunnet’ test. Value of p < 0.01 or p < 0.05 was considered to represent
a statistically significant difference.

Results and discussion

Goshajinkigan has been used for thousands of years to improve
gastrointestinal functions. It has been reported that goshajinkigan
significantly improves the peripheral neuropathy. Previous studies
have shown that the effects of peripheral blood flow are mainly
regulated by hormonal and neuronal mechanisms, which may be
related to neuropeptides. Therefore, in this study, CGRP, substance P,
and VIP, which regulate peripheral blood flow, were examined to study
the effects of goshajinkigan.

The plasma CGRP- and substance P-IS level-time profile after
administration of goshajinkigan to healthy subjects is summarized in
Figures 2 and 3. Goshajinkigan significantly increased CGRP-IS at 60
min (15.5 + 2.4 pg/mL) compared with the response of the placebo
group (7.5 £ 0.9 pg/mL). But Goshajinkigan did not, however, alter
levels of substance P.

The plasma VIP-IS level-time profile after administration of
goshajinkigan to healthy subjects are shown in Figure 3. Goshajinkigan
significantly increased VIP-IS at 30, 60 and 120 min (5.7 £ 0.4 pg/mL
at 30 min, 5.5 + 0.6 pg/mL at 60 min and 5.0 + 1.1 pg/mL at 120 min)
compared with placebo (4.0 £ 1.0 pg/mL at 30 min, 3.7 + 0.6 pg/mL at
60 min and 3.5 * 0.7 pg/mL at 120 min).

CGRP has several potent biological activities, including
vasodilation, and in the gastrointestinal mucosa its vasodilatory effects
following stimulated release from the extrinsic sensory innervation
is considered to serve as an important protective mechanism for

30

25

20

CGRP levels in plasma [pg /ml]
i

0 60 120 180 240
Time [min]

Figure 2. Changes of oral goshajinkigan 7.5 g (@) or placebo (o) on plasma CGRP-IS
levels in healthy subjects. Each point represents the mean + S.D., n=7. **P <0.01 compared
with placebo
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Figure 3. Effect of oral goshajinkigan 7.5 g (e) or placebo (©) on plasma substance P-IS
levels in healthy subjects.

Each point represents the mean = S.D., n=7.
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Figure 4. Effect of oral goshajinkigan 7.5 g (e) or placebo (©) on plasma VIP-IS levels in
healthy subjects. Each point represents the mean + S.D., n=7. ** P < 0.01 and *P < 0.05
compared with placebo.

maintaining mucosal integrity [18]. In addition, CGRP is also present in
enteric neurons [19] and has a potent effect on gastrointestinal motility
and secretion [20]. Previous studies have reported that the intrinsic
sensory pathway, which mediates the peristaltic response to mucosal
stimulation, utilizes CGRP as a sensory transmitter [21]. Furthermore,
CGREP is a potent intestinal vasodilator in conscious dogs and causes
increases in the intestinal blood flow [22]. CGRP in blood mainly
comes from the gut and vessels. CGRP may be released extensively
from the nerve endings around vessels into circulation through organ
stimulation such as stress and intestinal ischemia-reperfusion injury in
the rat. In this study, goshajinkigan significantly raised plasma CGRP-
IS levels. Accordingly, the mechanisms of goshajinkigan, based on
the increment of CGRP-IS levels in human plasma, may include the
increments in intestinal and peripheral blood flow, which is mediated
by CGRP. Gosyajinkigan prevents oxaliplatin-induced acute peripheral
neuropathy by suppression of transient receptor potential vanilloid
1 (TRPV1) at the spinal cord. Substance P and CGRP regulated by
TRPV1 at spinal level contribute to oxaliplatin-induced neuropathic
pain [23]. It might be thought that goshajinkigan prevents peripheral
neurotoxicity by chemotherapy via CGRP.

VIP is widely distributed in the central and peripheral nervous
system. This peptide has a vasodilating effect and increase peripheral
blood flow. VIP is also known as a major regulator of mammalian
intestinal motility and induces relaxation of precontracted ileal
longitudinal muscle, and mediates the peristalitic reflex [24]. In our
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results, goshajinkigan increased plasma VIP-IS levels. This effect might
be due to Aconiti Tube that contains in goshajinkigan. Preparations
of Aconiti Tuber have been therapeutically used to increase peripheral
body temperature. This herb contains aconite alkaloids (aconitine,
and mesaconitine etc.) as its bioactive components. In a previous
study, it was reported that mesaconitine elicited a strong relaxation in
isolated rat aorta, and this relaxation is manly endothelium-dependent
and mediated by nitric oxide (NO), a powerful vasodilator agent [25].
Suzuki et al reported that goshajinkigan has been shown to increase
peripheral blood flow and exhibit analgesic effects by increasing NO
production [26]. It is known that NO is a neuronal co-mediator of
VIP/cholinergic vasodilation, and colocalized with VIP in myenteric
plexus [27]. Although it has not been demonstrated previously whether
Aconiti tuber directly stimulates VIP-containing nerves, this herb or
others combinations might be closely related to the release of VIP in
autonomic nervous system.

In this study, the vital signs such as blood pressure (diastolic and
systolic pressure) and the pulse in had not changed after administration
of goshajinkigan or placebo (data not shown).

We concluded that goshajinkigan might improve peripheral
nervous dysfunction by significantly increasing CGRP-, and VIP-IS
levels in plasma. However, as the present results for the number of
cases is small, it is difficult to simply compare the effect thus, further
consideration is required in the future. The effects of goshajinkigan on
neuropeptides were found in healthy subjects, so essentially, the effects
of goshajinkigan are necessary to investigate the neuropeptide levels on
the pathological condition and at local site.
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