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Abstract  Nocistatin was synthesized by the solid-phase 
peptide synthesis method. Its effects on rat systemic arterial 
pressure; rat hindquarter vascular bed resistance; tension of 
rabbit pectoral, abdominal, femoral aorta muscle strips 
without endothelium; and nociceptin induced decreases of 
rat systemic arterial pressure were determined. The results 
showed that nocistatin can increase the systemic arterial 
pressure, increase the hindquarter vascular bed resistance 
and induce the contraction significantly of abdominal, 
femoral aorta muscle strips without endothelium; it has no 
significant effect on tension of pectoral aorta muscle strips, it 
cannot antagonize significantly the decrease of rat systemic 
arterial pressure induced by nociceptin. These results suggest 
that nocistatin has some important effects on blood vessel 
activities.
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A kind of opioid receptor called opioid receptor like1 
(ORL1 or LCB2) was reported by several laboratories in 
1993 1994[1]. Its endogenous ligand named nociceptin or 
orphanin FQ was discovered independently in the labora-
tories in France and Switzerland at the end of 1995[2,3].
Nocieptin (NC) is a 17 peptide and shows structure simi-
larities with opioid peptide Dynorphin A, but it has very 
low affinity to , ,  receptors. 

Nocistatin (NST) was isolated from bovine brain[4].
Both of NST and NC are obtained from the same precur-
sor prenociceptin, they are products of the same gene. 
Prenociceptin is a large polypeptide. NST, connected with 
NC by -Lys-Arg- in prenociceptin, is a carboxyl-terminal 
17 peptide, its sequence is Thr-Glu-Pro-Gly-Leu-Glu-Glu- 
Val-Gly-Glu-Ile-Glu-Gln-Lys-Gln-Leu-Gln-OH. It was re- 
ported that NST can block NC induced allodynia and hy-
peralgesia and attenuate pain evoked by prostaglandin E2 
(PGE2). Although NST does not bind to the NC receptor, 
it binds to the membrane of mouse brain and spinal cord 
with high affinity. Possibly, it has its own receptor in these 
two sites. The carboxyl end 6 peptide of NST (Glu-Gln- 
Lys-Gln-Leu-Gln-OH), found in bovine, human and mur-
ine species, was considered relating to its bioactivities[4]. In 
general, the polypeptide precursors must be broken down by 

hydrolases and then produce one or more bioactive pep-
tide. For example, preproenkephalin can produce 14 bio-
active peptides, preprodynorphin can be broken down into 
6 bioactive peptides, all of these peptides are opioid pep-
tides. It has been reported that intraventricular (i.c.v.) ad-
ministration of NOC  which is a degraded product of 
prenociceptin can increase locomotion in mice[5]. Up to 
now, most studies about NST concern pain modulation. 
NST can reverse the effect of NC in antagonizing morphin 
analgesia, but it has no effect on morphin analgesia[6,].
Intrathecal (i.t.) administration human-NST (h-NST) also 
can block the hyperalgesia and pain evoked by intrathecal 
administration of NC or PGE2[7]. Intrathecal NST attenu-
ated the formalin induced phase 1, but not phase 2, 
flinching behavior. Coadministration of NST with NC did 
not block the analgesia effect of NC[8]. However, few 
studies of its other bioactivities are reported. From the 
studies mentioned above we know that NST can block 
some effects induced by NC. Administration of NC (i.c.v. 
or i.v.) can decrease rat blood pressure and heart rate[9 11].
Can NST affect the decrease of blood pressure induced by 
NC? Can NST itself affect blood pressure and blood ves-
sel activities? In order to answer these questions, we syn-
thesized NST by the solid-phase peptide synthesis method 
and studied its effects on blood vessel activities. The re-
sults suggest that NST has significant effects on blood 
vessels activities. 

1  Materials and methods 

( ) Materials.  Boc-Leu, Boc-Thr Dongfeng Bio-
chemistry Technological Corporation, Shanghai; Boc pro-
tected Aa, Sigma; dicyclohexylcarbodiimide (DCC) Al-
drich; trifuroacetic acid (TFA), Merck; rats and rabbits 
were provided by Animal Center of Lanzhou Medical 
College and Animal Center of Lanzhou Institute of Bio-
logical Product respectively. NC was synthesized by our 
group[11].

( ) Peptide synthesis and purification.  The NST 
was synthesized by manual solid-phase peptide synthe-
sizer with Boc strategy[12]. The support of NST was Mer-
rifield Resin (cross link 1%, 200 400 mesh, 1 mmol/g of 
chloromethey, Bachem). Attachment of Boc Gln (xan) 
OH to the resin was carried out by the modified Loffit 
procedure[13]. In the rotation, coupled with DCC, depro-
tected by 33% TFA/DCM, neutralized with 10% TEA/ 
DCM, enveloped by 25% Ac2O/DCM, the degree of de-
protection and coupling were determined by nihydrin re-
agents. The peptide was removed from the resin by abso-
lute HF. NST was separated from salt by the Sephadex 
G-25 column. Further purification was carried out by re-
versed phase HPLC (WatersTM) using a preparing column. 
The fraction containing pure peptide was cooled and ly-
ophilized. The purity was verified by analytical re-
versed-phase HPLC ( 95%) and amino acid analysis. 
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Fig. 1.  (a) The effect of NST on the rat systemic arterial pressure (n = 10). (b) The record of NST-increased rat systemic arterial pressure. 

( ) Bioactive assays.  Bioactive assays were per-
formed according to ref. [14]. 

(1) The systemic arterial pressure assay.  Wistar rats 
of either sex weighing 250 350 g were anesthetized with 
urethane (1g/kg, i.p.). Catheters were inserted into the left 
external jugular vein for the i.v. administration of drugs 
and into the arterial carotis communis for the measure-
ment of systemic blood pressure with JZ-1 pressure 
transducer. 

(2) The hindquarter vascular bed resistance assay.  
Catheters were inserted into central end abdominal 

aorta, the induced blood flow through peristaltic pump 
and peripheral femoral aorta catheters to the hindquarter 
vascular bed. The systemic arterial pressure and hind-
quarter arterial pressure were recorded respectively by 
pressure transducer. Drug was injected through Y connec-
tor before pump. The pump velocity was modulated to 
make the flux of blood corresponding to the rat require-
ment. The proper amount of 6% dextrose was injected to 
eliminate the systemic blood pressure decrease caused by 
volume of pump and pipe. 

(3) The tension of rabbit pectoral, abdominal, femo-
ral aorta muscle strips assay.  Qingzilan rabbits of either 
sex weighing 2 3 kg were used. The pectoral, abdominal, 
femoral arteries were quickly removed after a rabbit was 
killed and immersed in (37 ) Krebs-Henseleit (K-H) 
solution. Composition of K-H (mmol/L): NaCl 120 KCl 
4.8 CaCl2 2.5 KH2PO4 1.2 MgSO4 7H2O 1.4 NaHCO3

25 Glucose 11 Na2EDTA 0.0114. Pectoral, abdominal and 
femoral arteries were isolated and excess fat and connec-
tive tissue were removed, vessels were cut into strips of 
10 mm in length and 2 3 mm in width and were 
mounted in organ baths containing 10 mL K-H solution. 
The tissue bath solution was maintained at 37  and bub-
bled with 95% O2 + 5% CO2 mixture. A silk thread fas-
tened each end of the strip. One was fixed while the other 
was connected to an isometric transducer. The strips were 
equilibrated for 120 min in tissue bath. Use 0.1% Triton to 
eliminate the vessel endothelium and 10 6 Ach to check if 

the endothelium was intact. 
(4) The effect of NST on NC induced hypotension 

assay.  Methods and material are the same as in (1). 
(5) Data.  The data were expressed by statistic 

methods and the results were given in means SEM.

2  Results 

 ( ) The effects of NST on rat systemic arterial 
pressure.  From 5 to 200 nmol/kg, NST can increase the 
systemic arterial pressure. However, when the low dose  
(5 50 nmol/kg) was applied the arterial pressure began 
to increase about 1 min after injection and the increasing 
of arterial pressure kept longer time than high dose. At 5, 
25, 50 nmol/kg, it kept for 3, 20 and 10 min respectively. 
But at high dose of 100 and 200 nmol/kg, it kept for 6 and 
3.5 min respectively. These results are shown in fig. 1. 
 ( ) The effects of NST on rat hindquarter vascular 
bed resistance.  From 1 to 100 nmol/kg NST could in-
crease the hindquarter vascular bed resistance. The resis-
tance fell to normal level quickly after the maximum re-
sistance. These results are shown in fig. 2. 

( ) The effects of NST on the tension of rabbit pec-
toral, abdominal, femoral aorta muscle strips without en-
dothelium.  From 1.5 10 8 mol/L to 1.5 10 7 mol/L, 
NST had no effect on the tension of pectoral aorta, ab-
dominal, and femoral aorta muscle strips. However, at 
1.5 10 6 1.5 10 4 mol/L NST could induce the sig-
nificant contraction of abdominal and femoral aorta mus-
cle strips but induced slight contraction of pectoral aorta 
muscle strip. These results are shown in fig. 3. 

( ) The effects of NST on NC induced decrease of 
rat systemic arterial pressure.  The dose of NC was 40 
nmol/kg or 80 nmol/kg, NST was 5 100 nmol/kg. No 
matter whether NST was injected ahead of or behind NC, 
or no matter whether the dose of NST was higher than, 
lower than or equivalent to that of NC, it had no signifi-
cant effect on the decrease of the rat systemic arterial 
pressure induced by NC. These results are shown in table 
1.
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Fig. 2.  (a) The effect of NST-increased rat hindquarter vascular bed resistance (n = 10). (b) The record of NST-increased rat 
hindqurater vascular bed resistance. 

Fig. 3.  (a) The effects of NST on pectoral, abdominal, femoral aorta muscle strips tension (n = 9). (b) The record of nocistatin 
induced femoral aorta muscle strip contraction. 1, Abdominal aorta; 2, pectoral aorta; 3, femoral aorta. 

Table 1  The effects of NST on the decrease of the rat systemic 
arterial pressure induced by NC (kPa) 

NST/nmol kg 1
NC/

nmol kg 1
0 5 50 100

40 7.57 0.16 7.51 0.12 7.66 0.18 7.68 0.17

80 4.32 0.19 4.36 0.11 4.39 0.16 4.42 0.12

3  Discussion 

NST is a fragment of precursor prenociceptin, it can 
block some effects of NC in supraspinal and spinal level, 
and it can block NC induced allodynia and analgesia[4].
NST can reverse the effects of NC in antagonizing mor-
phin analgesia[6]. It has been reported that NST binds to 
the membrane of mouse brain and of spinal cord with high 
affinity[4]. This indicates that there are its own receptors at 
these two sites. It is unknown whether NST has its own 
receptor in peripheral tissue. Most of researches about 
NST concern its effects on NC activities. What would 
happen when it is used alone? 

In this work we found that NST can increase rat sys-
temic blood pressure, the resistance of hindquarter vascu-

lar bed, and induce the contraction of blood vessels strips. 
We think that NST probably has its own receptor in pe-
ripheral tissue. So it can cause these effects through its 
own receptor. NST is a large molecule; it is impossible for 
it to enter CNS through blood-cerebrospinal fluid barrier. 
NST could increase hindquarter vascular bed resistance 
and induced contraction of abdominal, femoral aorta mus-
cle strips, these may play an important role in increasing 
systemic arterial pressure. There is no significant ef-
fect-dose relationship in NST increasing systemic arterial 
pressure in vivo (figs. 1 and 2), but there is significant 
effect-dose relationship in NC induced contraction of 
blood vessel strips (fig. 3), it may be because of the nega-
tive feed-back of CNS and humoral regulation that limit 
the further increasing of systemic arterial pressure in vivo.
NST can induce significant contraction of abdominal, 
femoral aorta muscle strips, but has no significant effect 
on pectoral aorta muscle strips. This may be caused by the 
different distribution of NST receptor. On the other hand, 
pectoral aorta is a kind of windkessel vessel and its con-
traction ability is different from abdominal and femoral 
aorta or their receptors is different. It was reported that 
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i.c.v. nocistatin cannot antagonize the decrease of the rat 
systemic arterial pressure and bradycardia induced by NC 
in CNS[9]. Our results show that nocistatin cannot antago-
nize the decrease of the rat systemic blood pressure in-
duced by NC in the periphery, they maybe affect rat sys-
temic blood pressure through different ways. 

In conclusion, these results indicate that nocistatin 
has an important effect on blood vessels activities. Further 
research is still needed for its more bioactivities. 
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