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[摘要]： 
憂鬱症是盛行的精神疾病之一。慢性疼痛或是處在長期壓力情境的患者常與憂鬱症產

生共病。在動物研究中，類鴉片 delta 受體制效劑能產生抗憂鬱效果，並且在發炎性疼痛的

研究也指出類鴉片 delta 受體制效劑能展現抗痛覺過敏的效果。本研究主要利用大白鼠腦室

內給予類鴉片 delta 受體制效劑 SNC80 以及三環抗憂鬱劑 amitriptyline，來探討並比較其所

產生的抗憂鬱效果在發炎性疼痛或長期壓力情境下與正常情境下的異同。大白鼠強迫游泳試

驗被用來比較測試藥物的抗憂鬱效果；佛氏完全佐劑經由皮下注射至大白鼠右後腳掌底板來

產生發炎性疼痛；腎上腺皮質酮經由皮下注射且持續 21 天來產生長期性壓力；西方墨點法

用來檢驗在發炎性疼痛或長期壓力下，類鴉片 delta 受體蛋白質在大白鼠海馬迴的細胞膜上

的改變。另外，拮抗劑實驗則用來確認類鴉片 delta 受體所產生的抗憂鬱效果。實驗結果顯

示，大白鼠在正常情境下，SNC80 及 amitriptyline 皆能產生抗憂鬱效果；然而在發炎性疼痛

下，SNC80 所產生的抗憂鬱效果有提高的表現，並且類鴉片 delta 受體蛋白質的數量在海馬

迴的細胞膜上也隨著疼痛的時間增長而增加，amitriptyline 則跟正常情境下的效果相似。另

外，大白鼠在長期性壓力下，SNC80 的抗憂鬱效果則沒有提高的表現，並且類鴉片 delta 受
體蛋白質的數量在海馬迴的細胞膜上也未受到改變。本研究透過行為實驗提出類鴉片 delta
受體制效劑的藥理特性，並用分子生物學的方法來對應行為實驗的結果。本研究可做為未來

類鴉片 delta 受體制效劑在治療慢性疼痛的憂鬱症患者上，可能發展為抗憂鬱藥的一個證

據。 

 
[關鍵字]： 
憂鬱症，發炎性疼痛，長期壓力，類鴉片 delta 受體，制效劑 

 
[Abstract]: 

Depression is one of the most prevalent mental illnesses all over the world. Patients with 

chronic pain or stress often have depression. Previous studies have shown that delta opioid receptor 

(DOR) agonists produced antidepressant-like effects in animal models and that antihyperalgesic 

effects of DOR agonists can be enhanced in rats under inflammatory pain. The aim of the study was 

to investigate and compare the antidepressant-like effects of a DOR agonist, SNC80, and a tricyclic 

antidepressant, amitriptyline, following intracerebroventricular (i.c.v.) administration in rats under 

different states. The forced swim test was used to determine the antidepressant-like effects of test 

compounds. Complete Freund’s adjuvant was injected subcutaneously into the right hind paw of 

rats to elicit inflammatory pain. Corticosterone was injected subcutaneously once per day for 21 

days to induce chronic stress. The western blot was used to quantify the levels of DOR protein on 

plasma membrane in the hippocampus of rats under inflammatory pain or chronic stress. In addition, 

antagonist experiment was conducted to verify the receptor mechanism underlying the 

antidepressant-like effects of DOR agonist. Results indicated that i.c.v. SNC80 and amitriptyline 

dose-dependently produced antidepressant-like effects in rats under normal state. More importantly, 

the potency of SNC80-induced antidepressant-like effects, but not amitriptyline, was enhanced in 

rats under inflammatory pain. In addition, up-regulation of supraspinal DORs was time-dependently 

associated with enhanced antidepressant-like effects of SNC80 in rats under inflammatory pain. On 
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the other hand, SNC80 did not produce enhanced antidepressant-like effects, and DOR density was 

not changed in rats under chronic stress. This study provides evidence of the DOR agonist’s state-

dependent effects and suggests that DOR agonists may be more effective as potential 

antidepressants for patients with depression comorbid with chronic pain. 

 
[Keywords]: 
depression, inflammatory pain, chronic stress, delta opioid receptor, agonist 
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[報告內容]： 
 
Introduction 
 

Pharmacological studies have been conducted extensively to document the role of δ 
opioid receptor (DOR) in animal models of depression (Broom et al., 2002a; Jutkiewicz, 2006). 
The forced swim test was developed to measure the immobility, swimming, and climbing 
behaviors of rats when they were exposed to an inescapable water tank (Porsolt et al., 1977). 
Clinically used antidepressants can decrease the number of immobility in this behavioral assay. 
Therefore, this procedure has been established to study the potential antidepressant-like effects 
of experimental compounds (Porsolt et al., 1978; Zhang et al., 2007). For instance, mice given 
enkephalinase inhibitor BL-2401 dose-dependently reduced the time of immobility in forced 
swim test (Kita et al., 1997). Also, rats who were subjected to inescapable shock showed 
reduced the escape failure numbers in learned helplessness model when given enkephalinase 
inhibitor RB101, and the effect was reversed by DOR antagonist naltrindole (Tejedor-Real et al., 
1998). Studies using non-peptidic DOR agonists, (+)BW373U86 and SNC80, both produced 
antidepressant-like effects in the rat forced swim test (Broom et al., 2002b; Torregrossa et al., 
2005). The peptidic DOR agonists such as deltorphin II also showed the antidepressant-like 
effects in the forced swim test (Torregrossa et al., 2006). Furthermore, these behavioral effects 
could also be blocked by naltrindole, suggesting that activation of DOR indeed mediates 
antidepressant-like effects in rodents (Broom et al., 2002c; Saitoh et al., 2004).  

Importantly, neither MOR agonist morphine nor KOR agonist CI977 could produce 
antidepressant-like effect, which supports the selective role of DOR participating in the 
regulation of mood (Broom et al., 2002a). Studies of endogenous peptides demonstrated that 
only leu-enkephalin and met-enkephalin significantly decreased immobility in the forced swim 
test, whereas endomorphin-1 and -2, and dynorphin A did not have the same effect (Zhang et al., 
2006). Moreover, the antidepressant-like effects of enkephalins were blocked by naltrindole, and 
were not affected by MOR or KOR antagonist, which revealed that antidepressant-like effects of 
enkephalins were mediated through activation of DORs (Zhang et al., 2006). On the other hand, 
the animal model of olfactory bulbectomy has been conducted in which the behaviors are 
similar to depressed patients (Kelly et al., 1997; Song & Leonard, 2005). The olfactory 
bulbectomized rats showed stress-induced increase in locomotor activity and irritability or 
hypermotionality to given stimuli (Redmond et al., 1997; Saitoh et al., 2006). These behavioral 
and neurochemical changes of olfactory bulbectomized animals were attenuated by chronic 
treatment of antidepressants (Song & Leonard, 2005). Recent studies demonstrated that 
administration of DOR agonist SNC80 reduced scores of emotional responses and increased the 
entries and time in the open arm of elevated plus-maze compared with vehicle-treated olfactory 
bulbectomized rats. These findings indicated that DOR plays a part in this paradigm (Saitoh et 
al., 2008; Takahashi et al., 2008). Taken together, these studies strongly suggested that DOR 
activation may be involved in regulating the affective states. 

Although animal studies have suggested the therapeutic potential of DOR agonists as 
antidepressants, the side-effect profile of DOR agonists may limit its clinical use. For example, 
high doses of DOR agonists produced convulsions in animals including mice, rats, and monkeys 
(Comer et al., 1993; Dykstra et al., 1993; Broom et al., 2002c). It is suggested that the 
antidepressant-like effects of DOR agonists might be due to the convulsant action of these drugs. 
Nevertheless, several studies have revealed that DOR agonists-induced convulsions are not 
related to the antidepressant-like effects (Broom et al, 2002c; Jutkiewicz et al., 2005). For 
example, slowing the infusion rate of SNC80 still produced antidepressant-like effects without 
eliciting convulsions in rats (Jutkiewicz et al., 2005). In addition, central administration of DOR 
agonists (+)BW373U86, or endogenous DOR-preferring opioid peptides, leu- and met-
enkephalin, did not show convulsant activity at doses producing antidepressant-like effects 
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(Zhang et al., 2006). More importantly, Codd et al. (2009) demonstrated that oral, intravenous, 
or subcutaneous administration of different chemical structures, a DOR agonist JNJ-20788560, 
did not observe convulsions at pharmacologic doses or at doses in the toxicologic range to 
animals. Therefore, it is unlikely that convulsion plays a role in the antidepressant-like effects of 
DOR agonists in animal models of depression. 

On the other hand, DOR agonists were reported to produce psychostimulant-like 
behaviors in rodents, such as hyperlocomotor activity, conditioned place preference, and 
increased lever pressing in self-administration model (Devine & Wise, 1994; Longoni et al., 
1998; Fraser et al., 2000). Moreover, DOR agonists increased the release of dopamine from 
nerve terminals or specific brain regions (Longoni et al., 1991; Fusa et al., 2005). However, the 
interaction of DOR agonists and dopamine systems was still controversial. There are several 
studies showed that DOR agonists may not mediate psychostimulant-like effects (de Vries et al., 
1995). For instance, systemic administration of SNC80 and BW373U86 did not increase 
dopamine release as measured by in vivo microdialysis at doses that stimulated locomotor 
activity and produced conditioned place preference (Longoni et al., 1998). Furthermore, drug-
induced leftward shift in an animal assay of intracranial self-stimulation frequency-rate curve 
was considered as an indication of abuse liability. Systemic administration of SNC80 did not 
alter the frequency-rate curve in intracranial self-stimulation, whereas D-amphetamine produced 
leftward shifts (Do Carmo et al., 2009). More importantly, in the prototypical primate model 
determining the abuse liability of drugs, monkeys did not self-administer SNC80 (Negus et al., 
1998). Taken together, these findings indicated that DOR agonists may have relatively low 
abuse potential. 

Clinical studies have pointed out that patients with chronic pain or neuropathic pain 
comorbid with affective disorders such as anxiety and depression (Bair et al., 2003, 2008). For 
example, patients with fibromyalgia exhibited depressive symptoms (Arnoald, 2008). Patients 
with cancer pain were also burdened with depression and cognitive deterioration (Spoletini et al., 
2009). Epidemiology studies revealed that patients with cancer pain experienced depressive 
symptoms with an incidence of 15-50 % (Lydiatt et al., 2009). Patients with rheumatoid arthritis 
were highly associated with depression, with mild severity up to 42 % of populations (Bruce, 
2008). Previous review indicated that there is 30-60 % co-occurrence rate for pain and 
depression (Bair et al., 2003). Thus, it will be interesting to study effect of drugs in subjects 
under pain or depression conditions. 

Previous studies have indicated that DOR agonists produce antinociceptive effects in 
animal models. In particular, the effects of DOR agonists are more prominent in rat under 
chronic pain (Bie & Pan, 2007; Cahill et al., 2007). For example, rats receiving complete 
Freund’s adjuvant (CFA) into the plantar surface of the hind paw showed significantly 
decreased paw withdrawal latency in plantar test (Fraser et al., 2000). This effect was attenuated 
by intracerebroventricular administration of DOR agonists, deltorphin II and SNC80. However, 
the same dose of DOR agonists were less effective in producing antinociceptive effects against 
acute noxious stimuli, indicating that DOR agonists have an increased potency in rats under 
inflammatory pain (Petrillo et al., 2003). Recent study using other DOR agonist JNJ-20788560 
increased paw withdrawal latencies in CFA-treated rats which also supports the increased 
potency of DOR agonists (Codd et al., 2009). 

Microinjection of DOR agonist [D-Ala2,Glu4]deltorphin into the rostral ventromedial 
medulla of rats produced antihyperalgesic effects in CFA-treated rats (Hurley & Hammond, 
2000). More importantly, compared with saline-treated group, [D-Ala2,Glu4]deltorphin-induced 
antihyperalgesia was more profound in CFA-treated group. The ED50 dose of [D-
Ala2,Glu4]deltorphin of 4-day CFA-treated rats was six fold higher than 2-week CFA-treated 
rats, indicating the magnitude of enhanced antihyperalgesia paralleled the chronicity of the 
injury. Another study also revealed that intrathecal administration of [D-Ala2,Glu4]deltorphin 
produced a dose-dependent thermal antihyperalgesia in both CFA-treated and control rats 
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(Cahill et al., 2003). The dose response curve for [D-Ala2,Glu4]deltorphin was significantly 
shifted to the left by a sixty fold in CFA-treated rats compared with control rats. 

In addition to the potencies of DOR agonists against different pain modalities, other 
studies have indicated that chronic or inflammatory pain could up-regulate DOR densities. 
Biomedical researches revealed that the level of DOR mRNA was increased in the ipsilateral 
dorsal horn of rat spinal cord following CFA injection (Cahill et al., 2003). The level of DOR 
protein in lumbar spinal cord membranes of ipsilateral CFA-injected rats was also increased in 
the western blot assay (Cahill et al., 2003). The mouse study using immunogold cytochemistry 
which was used to represent the immunoreactive DOR supported that 72-hour CFA-induced 
inflammation produced a significantly higher ratio of plasma membrane to intracellular 
receptors. The membrane density of gold particles had a 75% increase in dendrites of the 
ipsilateral dorsal horn of spinal cord as compared to control group (Morinville et al., 2004). 
Similarly, the dorsal root ganglion showed a significant increase of internalized fluorescent 
deltorphin which represent the amount of DOR has the capacity to bind in 72-hour CFA-treated 
rats (Gendron et al., 2006). Thus, up-regulation of DOR following injection of inflammatory 
agents may contribute to enhanced antihyperalgesic effects of DOR agonists. 

The pharmacological profiles of potential antidepressant drugs are often studied in 
animals under normal state. However, it is more complicated that subjects may co-occur with 
depression under stress condition which can be induced by chronic pain or stress-caused 
dysfunction of HPA-axis. For example, repeated administration of corticosterone increased the 
number of immobility in the rat forced swim test (Johnson et al., 2006). Moreover, reduction of 
BDNF was reported in the stress-induced hippocampal damage observed in depression (Duman 
& Monteggia, 2006). Previous studies have shown that neurons expressing DOR were located in 
hippocampus, amygdala, and ventrolateral medulla, and these brain regions are related to the 
neurobiology of stress (Drolet et al., 2001). However, it is unknown to what degree the DOR 
density is changed in rats under chronic stress. Based on previous studies, it may be expected 
that antidepressant-like effects of DOR agonists would be increased in rats under chronic pain. 
Nevertheless, it would be interesting to study and compare the antidepressant-like effects of 
DOR agonists in rats under chronic stress versus inflammatory pain. More importantly, it is 
worth conducting experiments to further determine whether up-regulation of DOR contributes to 
the enhanced antidepressant-like effects of DOR agonists in rats under either context. 

Based on the findings described above, DOR agonists could produce antinociceptive 
effects and its antinociceptive effectiveness might be enhanced in the presence of up-regulation 
of DORs induced by inflammatory pain. However, it is unknown how the antidepressant-like 
effects of DOR agonists are manifested in subjects under normal versus painful states. 
Meanwhile, it is unknown to what degree the DOR densities are changed in subjects under 
inflammatory pain versus stress condition. Thus, the aim of the study is to investigate whether 
antidepressant-like effects of DOR agonists are enhanced under chronic pain or/and stress 
conditions and whether enhanced antidepressant-like effects are accompanied by the up-
regulation of the DOR. 
 
 
Methods 
 
Animals 

Male Wistar rats (200-250 g) were obtained from Laboratory Animal Center of National 
Taiwan University and housed individually. All animals were allowed ad libitum access to food 
and water, and maintained on a 12-hour light / dark cycle with lights on 08:00 AM in a room 
kept at a temperature around 22±2 0C. All experiments were conducted following the regulation 
by the local animal care committee of National Cheng Chi University.  
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Intracerebroventricular (i.c.v.) surgery 
Rats were anesthetized by intraperitoneal injection of Zoletil 50 (Virbac, Carros, France) 

in a volume of 1 ml/kg. Each rat was prepared with 23-gage stainless steel cannula (Shineteh, 
Taipei, Taiwan) extending into the right lateral cerebral ventricle (coordinated from bregma, AP: 
0.8 mm, ML: 1.5 mm, DV: 4.0 mm, Paxinos & Watson, 2007). After placement, the cannula 
was fixed to the skull with acrylic dental cement. Animals were allowed 7 days to recover from 
surgery. After the experiment, each animal’s i.c.v. cannula placement was verified by injecting 
methylene blue and checking for distribution. Only data from animals with appropriate cannula 
placement were used and analyzed. 
 
Drug treatment 

[(+)-4-[(αR)-α-[(2S,5R)-2,5-dimethyl-4-(2-propenyl)-1-piperazinyl]-(3-
methoxyphenyl)methyl]-N,N-diethylbenzamide (SNC80; Tocris, Bristol, UK) was dissolved in 
sterile water with 8% of 1N HCl. Amitriptyline hydrochloride ( Sigma-Aldrich, St. Louis, MO, 
USA) was dissolved in sterile water. Drugs were intracerebroventricularly administered via the 
guide cannula in volumes of 10 µL using a 25 µL Hamilton syringe (Hamilton, Reno, NV, USA) 
attached via a polyethylene PE20 tube (Plastics One, Roanoke, VA, USA) to a 30-gage needle 
(Shineteh, Taipei, Taiwan). Solution was administered over a period of 60 seconds and the 
needle was left within the guide cannula for an additional 30 seconds to prevent reflux. For 
antagonist study, naltrindole hydrochloride (Sigma-Aldrich, St. Louis, MO, USA) was dissolved 
in sterile water, and administered in a volume of 1 ml/kg. Sterile water was administered as 
vehicle for the control injection. Corticosterone (CORT; Sigma-Aldrich, St. Louis, MO, USA) 
was suspended in saline with ethanol (Shineteh, Taipei, Taiwan) and polyoxyethlene glycol 
sorbitan monooleate (Tween-80; Sigma-Aldrich, St. Louis, MO, USA) at a ratio of 8:1:1 with 
administration in a volume of 1 ml/kg. 
 
Procedures 
Forced swim test.   

The forced swim test was modified from Broom et al. (2002b), and was used to quantify 
the antidepressant-like effect of test compounds. 15 minutes after drug injection, rats were 
placed in a clear cylindrical Plexiglas container (46 cm tall x 20 cm diameter) filled with 30-cm 
depth of 25oC (±1oC) water for a 15-min swim session. Cylinders were cleaned and fresh water 
added between each test. Behavioral scoring was performed by observers who were blind to the 
treatment received by each animal. The behaviors were videotaped and scored every 3 seconds 
for 5-minute periods during the swim. Behaviors were classified as immobility, swimming, and 
climbing (Detke et al., 1995; Broom et al., 2002b). Immobility was defined as floating in the 
water without struggling and using only small movements to keep the head above water. 
Swimming was defined as moving limbs in an active manner. Climbing was defined as making 
active movements with the forepaws in and out of the water, often directed at the wall of the 
swim tank (Broom et al., 2002b). The numbers of each behavior scored during each 5-minute 
period were totaled and averaged within each treatment group. After a period of struggling, rats 
exhibited immobile posture which was similar to behavioral despair in some patients diagnosed 
with depression (Porsolt et al., 1977). Only antidepressant drugs, not anxiolytic and 
antipsychotic drugs, reduced the numbers of immobility (Porsolt et al., 1978; Rupniak, 2003). 
Thus, the numbers of immobility were used to indicate the antidepressant-like effects of test 
compounds (Porsolt et al., 1977, 1978; Broom et al., 2002b). 
 
Inflammatory pain model.  

Chronic inflammation was induced by subcutaneous administration of 100 µl of 
complete Freund’s adjuvant (CFA; Sigma-Aldrich, St. Louis, MO, USA) into the plantar surface 
of the right hind paw of rats under anesthesia. Control rats received an injection of vehicle in the 
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same volume of 100 µl. Behavioral testing and western blotting were conducted 3 days, 1 week, 
or 2 weeks after CFA injection. The dose of CFA was selected based on previous studies that 
produced hyperalgesic effects (Cahill et al., 2003; Gendron et al., 2007). 
 
Chronic stress model.  

The rats were handled once every day for 7 days in the colony room prior to starting 
experimental stress manipulations. After the handling phase, the rats were weight-matched and 
assigned randomly to the one of the following groups: repeated CORT injection group, or a 
repeated vehicle (saline with ethanol and Tween80) injection group. The CORT group and 
vehicle group received a 40 mg/kg injection of CORT and vehicle injection once per day for 21 
consecutive days, respectively. All CORT and vehicle injections were subcutaneously injected 
each day at a volume of 1 ml/kg between 10:00 am and 12:00 pm. The dose of CORT has been 
reported to elevate plasma CORT levels in rats, with peak levels occurring 4 hours after the 
injection (Sousa et al., 1998). The dose of CORT was selected based on previous studies 
showing that repeated injection of CORT produced depression-like behavior in the rat FST 
(Johnson et al., 2006; Marks et al., 2009). 
 
Western blot.  

For quantification the protein level of delta opioid receptor, CFA- and vehicle- injected 
rats or rats repeated with CORT and vehicle injection (n=5 per group) were killed by 
decapitation. The hippocampus was placed into eppendorf tubes and quickly frozen to -80°C for 
later analysis. Next day, the frozen tissue (20-40 mg) was transferred into a pre-cooled container. 
Membrane proteins were then extracted from tissues. The tissues were grinded with 2 µl of 
protease inhibitor cocktail set 1 (Cabiochem, Merck, Darmstadt, Germany) and 2 ml of ice-cold 
Cell Permeabilization Buffer (Fermentas, Ontario, Canada) by using a pestle. The mixture was 
incubated for 10 minutes at 4°C while rocking continuously. The permeabilized cells were 
centrifuged at 16000 x g for 15 minutes at 4°C. After rotation, the supernatant which represented 
cytoplasmic protein extract was carefully removed and transferred into a new tube. The 
remaining cell debris pellets were then set on ice. The pellets were extracted by adding 1 ml of 
ice-cold membrane protein extraction buffer (Fermentas, Ontario, Canada) and 1 µl of protease 
inhibitor cocktail set 1. The mixtures were incubated for 30 minutes at 4°C in the thermomixer 
(Shinteh, Taipei, Taiwan) shaking at 1400 rpm. Membrane protein extract was cleared by 
centrifugation of the mixture at 16000 g for 15 minutes at 4°C. The membrane protein fraction 
which was in the supernatant was then transferred into a new tube directly or stored at -70°C for 
later analysis. 

After samples were extracted, a standard curve was needed to determine the 
concentration of samples. The bovine serum albumin (BSA) was added to 6 cuvettes (Medclub, 
Taoyuan, Taiwan) with following concentrations: 0, 2, 4, 6, 8, and 10 µg/ml. The volumes of 
BSA of each cuvette were 0, 20, 40, 60, 80, and 100 µl. Each cuvette contained the same 
volume of 200 µl of the reagent, and the remaining volumes of each cuvette were filled with 
ddH2O to 1 ml. The S-30 spectrophotometer (Boeco, Hamburg, Germany) was then used to 
measure the ocular dominance (OD) of BSA at 595 nm. The standard curve was plotted after 
measurement of BSA. The protein concentration of the sample was then determined by dilution 
of the sample from 10 mg/ml to 0.1 mg/ml, and tested the OD at volume of 2 µg. Protein content 
was determined (Bradford, 1976) and samples were denatured by using Laemmli sample buffer 
(Bio-Rad, Richmond, CA, USA) and then vortexed for 30 minutes at room temperature. Based 
on the protein concentration from Bradford assay, samples containing 20 µg of total protein 
were prepared for sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE). 

After washing, the membrane was incubated with a rabbit polyclonal antibody for DOR 
(Santa Cruz, CA, USA) (1:500) in 5 ml of blocking solution and put on a 3D shaker overnight at 
4oC. At next day, the membrane was washed in TBST at 70 rpm for 5, 10, and 10 minutes, 
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respectively. Horseradish peroxidase-conjugated anti-rabbit, IgG-HRP (Santa Cruz, CA, USA) 
was then used as secondary antibody (1:10000) in 5 ml of blocking buffer for 1 hour in room 
temperature, and washed the membranes in TBST at 70 rpm for 5, 10, and 10 minutes, 
respectively. After washing in TBST, the proteins were put on a photograph board, and added 
with immobiln chemiluminiscent HRP blotting substrate (Immobilon-P, Millipore, Bedford, MA, 
USA). Blots were digitized with a ChemX 200F bio-image system (Avegene, Taipei County, 
Taiwan) and image processing was performed on an ASUS-compatible computer. Integrated 
density measurements of chemiluminiscent bands were performed by using Scion Image 
software (National Institute of Health, MD, USA). A calibration curve was calculated using the 
distance traveled by the protein ladder and the molecular weights of chemiluminiscent bands 
were then estimated by extrapolation. 
 
Experimental design 
1. Antidepressant-like effects of test compounds in rats under normal state.  

The aim of experiment 1 was to establish dose-response curves of antidepressant-like 
effects of test compounds in FST. SNC80 or amitriptyline was injected intracerebroventricularly. 
Immediately after administration, rats were observed for potential convulsions. The dose range 
of SNC80 (0, 3, 10, 30, and 60 µg) and amitriptyline (0, 10, 30, and 100 µg) were selected based 
on their systemic active dose range (Sawynok & Reid, 2001; Broom et al, 2002b; Jutkiewicz et 
al., 2005). In addition, the antagonist study was conducted to verify the involvement of DOR in 
i.c.v. SNC80 or amitriptyline-induced antidepressant-like effects. Naltrindole (1 mg/kg, s.c.) 
was given 15 min before i.c.v. injection of test compounds. The dose of naltrindole was selected 
based on previous studies showing that naltrindole produced selective DOR antagonism (Broom 
et al., 2002c). 
 
2. Antidepressant-like effects of test compounds in rats under chronic inflammation.  

The aim of experiment 2 was to investigate to what degree the antidepressant-like effects 
of agonists were enhanced under inflammation, and to verify whether there was time-dependent 
up-regulation of DOR following inflammation. After recovery from surgery, CFA was given to 
induce different duration of inflammation, namely 3 days, 1 week, or 2 weeks. After the end of 
CFA treatment, rats were injected with i.c.v. SNC80 (0, 1, 3, and 10 µg) or amitriptyline (0, 10, 
30, and 100 µg) 15 min before the FST. On the other hand, rats (n=5 per group) were injected 
with CFA or vehicle with same pretreatment time to determine the densities of DOR in the 
supraspinal regions of rats by using the western blot assay. The quantification of DOR densities 
following different pretreatment time was used to correlate time-dependent changes of DORs in 
rats under inflammation. 
 
3. Antidepressant-like effects of test compounds in rats under chronic stress.  

The aim of experiment 3 was to determine the antidepressant-like effects of agonists 
under repeated CORT administration. After recovery from surgery, rats were repeatedly given 
CORT or vehicle for 21 days. After 21-day administration of CORT, rats were divided to test 
the antidepressant-like effects of SNC80 (0, 3, 10, and 30 µg) 15 min before FST. On the other 
hand, rats (n=5 per group) were injected with 21-day CORT or vehicle to determine the 
densities of DOR in the supraspinal regions of rats by using the western blot assay. 
 
Statistical analysis 

Behavioral data from the forced swim test were expressed as mean ± S.E.M. The 
statistical differences between groups were performed by using one-way ANOVA followed by 
Tukey post hoc test to compare differences between groups where p < .05 were considered 
significant. ED50 values of antidepressant-like effects were determined by linear regression 
analysis of the dose response curves. The numbers of immobility from the control group in 
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experiment 1 were set as 0 percent of antidepressant-like effects and the numbers of immobility 
from the highest dose of the test compound in experiment 1 were set as 100 percent of 
antidepressant-like effects. All analyses were performed by using SPSS 16.0 (Chicago, IL, USA) 
and GraphPad Prism 5 software (San Diego, CA, USA). The figures were drawn by using 
SigmaPlot 10.0 software (San Jose, CA, USA). 
 
 
Results 
 
Antidepressant-like effects of SNC80 and amitriptyline in rats under normal state 

I.c.v. administration of SNC80 dose-dependently decreased immobility in the FST, 
indicating an antidepressant-like effect [F(4, 30) = 24.4, p < .05] (Figure 1A). Post hoc 
comparison showed that SNC80 at 10, 30, and 60 µg produced significant decrease in 
immobility (p < .05). In addition, i.c.v. administration of amitriptyline also decreased 
immobility in a dose-dependent manner in the FST [F(3, 24) = 25.3, p < .05] (Figure 1B). Post 
hoc comparisons indicated that amitriptyline at 30 and 100 µg produced significant decrease in 
immobility (p < .05). The ED50 values of SNC80 and amitriptyline in producing antidepressant-
like effects were 5.6 and 29.1 µg, respectively. 
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Figure 1. Effects of i.c.v. administration of SNC80 and amitriptyline on behaviors in the rat FST. 
SNC80 and amitriptyline were administered 15 min before the FST. Results from the FST are 
displayed for the total 15-min swim session. Data are represented as mean ± SEM (n=7). 
Asterisks represent significant differences from the vehicle condition (*p < .05). 
 
Effects of naltrindole on the activity of SNC80 and amitriptyline in the FST under normal 
state 

To verify whether DORs mediated the antidepressant-like effects of test compounds, a 
DOR antagonist naltrindole were administered subcutaneously 15 minutes before i.c.v. 
administration of SNC80 or amitriptyline. Following the vehicle pretreatment, both SNC80 (30 
µg) and amitriptyline (100 µg) significantly decreased immobility compared to control group (p 
< .05) (Figure 2). Naltrindole (1 mg/kg) alone had no effect in the FST. However, pretreatment 
of naltrindole blocked the antidepressant-like effects of SNC80 (30 µg), while naltrindole had 
no effect on the changes of the antidepressant-like effects of amitriptyline (100 µg) (Figure 2). 
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Figure 2. Effects of DOR antagonist on i.c.v. administration of SNC80 and amitriptyline (AMT) 
on behaviors in the rat FST. Sterile water (Veh) or Naltrindole (NTI) was injected 1 mg/kg 
subcutaneously 15 min before injection of SNC80 or amitriptyline. SNC80 (30 µg) and 
amitriptyline (100 µg) were administered 15 min before the FST. Results from the FST are 
displayed for the total 15-min swim session. Data are represented as mean ± SEM (n=7). 
Asterisks represent significant differences from the vehicle condition (*p < .05). 
 
Antidepressant-like effects of SNC80 in rats under inflammatory pain 

Figure 3 shows the antidepressant-like effects of SNC80 in rat under inflammatory pain. 
SNC80 dose-dependently decreased immobility in rats treated with either saline or CFA for 3 
days in the FST [F(4, 30) = 18.4, p < .05; F(3, 24) = 13.4, p<.05] (Figure 3A, 3B). Post hoc 
comparison revealed that SNC80 at doses of 10 and 30 µg produced significant effects in both 
groups (p < .05). In addition, SNC80 also dose-dependently decreased immobility in rats treated 
with either saline or CFA for 1 week in the FST [F(4, 30) = 13.8, p < .05; F(4, 30) = 17.2, p 
< .05] (Figure 3C, 3D). Post hoc comparison indicated that SNC80 was more potent in 1-week 
CFA-treated rats. SNC80 at doses of 1 and 3 μg produced significant decreases in CFA-treated 
rats (p < .05). In contrast, the same doses of SNC80 did not produce significant effects in saline-
treated rats (p > .05). Furthermore, SNC80 also dose-dependently decreased immobility in rats 
treated with either saline or CFA for 2 weeks in the FST [F(4, 30) = 9.5, p < .05; F(4, 30) = 11.6, 
p < .05] (Figure 3E, 3F). Similarly, SNC80 was more potent in 2-week CFA-treated rats. SNC80 
at doses of 1 and 3 μg was not effective in rats treated with saline (p > .05), but both doses were 
effective in decreasing immobility in rats treated with CFA (p < .05). 
 
Dose-response curves of SNC80 in rats under inflammatory pain 
 Based on the findings of SCN80-induced antidepressant-like effects measured by the 
FST in rats under normal state, the dose-response curves were analyzed and compared by setting 
0 and 100 percent of reduced immobility produced by 0 and 60 μg of SNC80, respectively. 
Figure 4A shows that the dose-response curve for SNC80 in 3-day CFA-treated rats was close to 
one that was obtained in 3-day saline-treated rats, indicating that SNC80 have similar potency in 
producing antidepressant-like effects in both groups. However, the dose- response curve for  



 9

SNC80 (μg, i.c.v.)
0 3 10 30

M
ea

n 
be

ha
vi
or

al
 c
ou

nt
s

0

50

100

150

200

250

300

0 1 3 10 30

*
*

*
*

CFA-3 days

0 0.3 1 3 10

* *
*

SNC80 (μg, i.c.v.)
0 1 3 10 30

M
ea

n 
be

ha
vi
or

al
 c
ou

nt
s

0

50

100

150

200

250

300

*
*

Saline-1 week CFA-1 week

*
*

0 0.3 1 3 10

* *
*

Saline-2 weeks CFA-2 weeks

SNC80 (μg, i.c.v.)

0 1 3 10 30

M
ea

n 
be

ha
vi
or

al
 c
ou

nt
s

0

50

100

150

200

250

300
Saline-2 weeks

*
*

Saline-3 daysA B

C D

E F
Immobility
Swimming
Climbing

Immobility
Swimming
Climbing

Immobility
Swimming
Climbing

 
Figure 3. Effects of i.c.v. administration of SNC80 on behaviors in rats under inflammatory pain 
in the FST. 100 µl of Complete Freund’s adjuvant (CFA) was injected subcuatneously into the 
right hind paw of rats to elicit inflammatory pain. SNC80 was administered 15 min before the 
FST. Results from the FST are displayed for the total 15-min swim session. Data are 
represented as mean ± SEM (n=7). Asterisks represent significant differences from the vehicle 
condition (*p < .05). 
 
SNC80 in 1-week CFA-treated rats was shifted to the left compared to one which was 
determined in 1-week saline-treated rats (Figure 4B). Similarly, the dose-response curve for 
SNC80 in 2-week CFA-treated rats was also shifted to the left compared to one which was 
determined in 2-week saline-treated rat (Figure 4C). ED50 values for each dose-response curve 
are summarized in Table 1. 
 
Table of ED50 values of SNC80 on antidepressant-like effects in rats under inflammatory 
pain 

Table 1 compares ED50 values of i.c.v. SNC80 which were determined in rats under 
different experimental conditions. ED50 values for SNC80 in rats treated with either saline or 
CFA for 3 days were estimated to be 6.3 and 5.4 µg, respectively. The dose ratio between both 
groups was 1.2. Thus, the potency of SNC80 in producing antidepressant-like effects in CFA-
treated rats was similar to that in saline-treated rats. The ED50 values for SNC80 in rats treated 
with either saline or CFA for 1 week were estimated to be 5.6 and 0.9 µg, respectively. The dose 
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Figure 4. Dose-response curves of i.c.v. administration of SNC80 in rats under inflammatory 
pain in the FST. Doses of SNC80 are plotted on a logarithmic scale. Each symbol is represented 
as mean ± SEM (n=7). 
 
 

SNC80
Treatment ED50 (μg) 95% CL Treatment ED50 (μg) 95% CL Dose Ratio

Saline 3 days 6.3 3.6 to 10.9 CFA 3 days 5.4 3.3 to 8.7 1.2
Saline 1 week 5.6 3.7 to 8.6 CFA 1 week 0.9 0.5 to 1.5 6.5
Saline 2 weeks 5.2 3.1 to 9.0 CFA 2 weeks 0.7 0.4 to 1.3 7.3

Amitriptyline
Treatment ED50 (μg) 95% CL Treatment ED50 (μg) 95% CL Dose Ratio

Saline 1 week 23.4 13.4 to 40.7 CFA 1 week 26.1 15.7 to 43.3 0.9  
 
Table 1. ED50 values of SNC80 on antidepressant-like effects in rats under inflammatory pain 
in the FST. ED50 values were determined by nonlinear regression analysis of the dose-response 
curves presented in Figure 4. 
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ratio between both groups was 6.5. Thus, SNC80 was approximately 6-fold more potent in 
producing antidepressant-like effects in 1-week CFA-treated rats compared to saline-treated rats. 
In addition, the ED50 values for SNC80 in rats treated with either saline or CFA for 2 weeks 
were estimated to be 5.2 and 0.7 µg, respectively. The dose ratio between both groups was 7.3. 
Thus, SNC80 was approximately 7-fold more potent in producing antidepressant-like effects in 
2-week CFA-treated rats compared to saline-treated rats. 
 
Antidepressant-like effects of amitriptyline in rats under inflammatory pain 

Like SNC80, amitriptyline dose-dependently decreased immobility in rats treated with 
either saline or CFA for 3 days [F(3, 24) = 19.4, p < .05; F(3, 24) = 27.9, p < .05] (Figure 5). 
Post hoc comparison indicated that amitriptyline at doses of 30 and 100 µg significantly 
decreased the immobility in both groups (p < .05). 

ED50 values of amitriptyline in producing antidepressant-like effects in rats treated with 
either saline or CFA for 1 week were 23.4 and 26.1 µg, respectively (Table 1). The dose ratio 
between these groups was 0.9. Thus, the potency of amitriptyline in producing antidepressant-
like effects in CFA-treated rats was similar to that in saline-treated rats. 
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Figure 5: Effects of i.c.v. administration of amitriptyline on behaviors in rats under 
inflammatory pain in the FST. 100 µl of Complete Freund’s adjuvant (CFA) was injected 
subcuatneously into the right hind paw of rats to elicit inflammatory pain. Amitriptyline was 
administered 15 min before the FST. Results from the FST are displayed for the total 15-min 
swim session. Data are represented as mean ± SEM (n=7). Asterisks represent significant 
differences from the vehicle condition (*p < .05). 
 
Identification of DOR densities in hippocampus of rats under inflammatory pain 

To investigate whether the enhanced antidepressant-like effects of SNC80 under 
inflammatory pain are correlated with changes in protein levels of DORs, the western blot was 
used to measure the total DOR proteins in membranes prepared from hippocampus of saline-
treated and CFA-treated rats. The immunoreactive bands at estimated molecular weight of 125 
kDa were observed in rats treated with either saline or CFA for 3 days, 1 week, and 2 weeks 
(Fig 6A, 6C, 6E). To quantify the difference of immunoreative bands, the following data were 
normalized as DOR/β-actin ratios. Figure 6B shows that no difference of DOR proteins was 
detected in both sides of hippocampus in rats treated with either saline or CFA for 3 days [F(3, 
16) = 0.5, p > .05]. However, a significant difference of DOR protein density was detected in 
membranes prepared from the hippocampus in 1-week CFA-treated rats compared to saline-
treated rats [F(3, 16) = 10.7, p < .05] (Figure 6D). Post hoc comparison indicated that proteins 
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from the ipsilateral side of hippocampus of CFA-treated rats were significantly higher than 
saline-treated rats (p < .05). Similarly, a significant difference of DOR density was also detected 
in membranes prepared from the hippocampus in 2-week CFA-treated rats compared to saline-
treated rats [F(3, 16) = 3.4, p < .05] (Figure 6F). Post hoc comparison indicated that DOR 
proteins from the ipsilateral side of hippocampus of CFA-treated rats were significantly higher 
compared to saline-treated rats (p < .05). 
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Figure 6. Identification of DOR proteins by Western blot. (A) Immunoblot analysis of rats 
treated with either saline or CFA for 3 days. The molecular weights of immunoreactive bands 
for DOR proteins were estimated to be 125 kDa. (B) Comparison of integrated density values of 
DOR protein in rats treated with either saline or CFA for 3 days. (C) Immunoblot analysis of 
rats treated with either saline or CFA for 1 week. (D) Comparison of integrated density values of 
DOR protein in rats treated with either saline or CFA for 1 week. (E) Immunoblot analysis of 
rats treated with either saline or CFA for 2 weeks. (F) Comparison of integrated density values 
of DOR protein in rats treated with either saline or CFA for 2 weeks. Quantification of 
integrated density values of immunoreactive bands was converted to ratios of DOR to β-actin 
using Scion Image (NIH). Data are represented as mean ± SEM (n = 5). Asterisks represent 
significant differences from the ipsilateral side of hippocampus of saline-treated rats. (*p < .05). 
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Mean body weight of rats under chronic stress 
To induce chronic stress model, the rats were started to subcutaneous administration of 

saline or corticosterone for 21 consecutive days. Figure 7 shows the mean body weights of rats 
in two groups during 21-day injection phase of the experiment. Saline-treated rats gradually 
increased their body weights over the injection phase. However, corticosterone-treated rats did 
not increase the body weight over the 21-day injection phase compared to saline-treated rats. 
The statistical analysis revealed a significant main effect of day [F(3, 264) = 170.8, p < .05], a 
significant main effect of group [F(1, 88) = 101.7, p < .05], and a significant day x group 
interaction [F(3, 264) = 325.9, p <.05]. Post hoc comparison revealed that the corticosterone-
treated rats weighted significantly less than the saline-treated rats by day 7 of the experiment 
and continued to do so until day 21 (p <.05). 
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Figure 7. The mean body weights of rats in each group during the 21-day repeated injection 
sessions of the experiment. Saline or corticosterone (40 mg/kg) was injected subcutaneously to 
vehicle and corticosterone group, respectively. Data are represented as mean ± SEM (vehicle 
group, n=39; corticosterone group, n=51). Asterisks represent significant differences from the 
vehicle condition (*p < .05). 
 
Antidepressant-like effects of SNC80 in rats under chronic stress 

I.c.v. administration of SNC80 dose-dependently decreased immobility in the FST in rats 
treated with saline for consecutive 21 days [F(3, 27) = 11.7, p < .05] (Figure 8A). Post hoc 
comparison showed that SNC80 at 10 and 30 µg produced significant decrease in immobility (p 
< .05). ED50 values of SNC80 in producing antidepressant-like effects in saline-treated rats 
were 5.4 µg. On the other hand, SNC80 also dose-dependently decreased immobility in the FST 
in rats treated with CORT for consecutive 21 days [F(4, 30) = 14.8, p < .05]. However, the 
effects of SNC80 only partially decreased the immobility in rats treated with CORT compared 
to saline groups. Post hoc comparison showed that SNC80 at 10, 30, and 60 µg produced 
significant decrease in immobility (p < .05). ED50 values of SNC80 in producing 
antidepressant-like effects in CORT-treated rats were 5.2 µg. 
 
Identification of DOR densities in hippocampus of rats under chronic stress 

To investigate whether the DOR densities in hippocampus were changed during chronic 
stress, the western blot was used to measure the total DOR proteins in membranes prepared 
from hippocampus of rats receiving consecutive administration of saline or CORT for 21 days. 
The immunoreactive bands at estimated molecular weight of 125 kDa were observed in rats 
treated with either saline or CORT for 21 days (Fig 9A). To quantify the difference of 
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Figure 8. Effects of i.c.v. administration of SNC80 on behaviors in rats under chronic stress in 
the FST. SNC80 was administered 15 min before the FST. Results from the FST are displayed 
for the total 15-min swim session. Data are represented as mean ± SEM (n=7). Asterisks 
represent significant differences from the vehicle condition (*p < .05). 
 
immunoreative bands, the following data were normalized as DOR/β-actin ratios. Figure 9B 
indicates that there was no difference of DOR proteins in both sides of hippocampus either in 
CORT-treated or saline-treated rats [F(3, 16) = 0.7, p > .05]. 
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Figure 9. Identification of DOR proteins by Western blot. (A) Immunoblot analysis of rats 
treated with either saline or corticosterone for 21 days. (B) Comparison of integrated density 
values of DOR protein in rats treated with either saline or corticosterone for 21 days. 
Quantification of integrated density values of immunoreactive bands was converted to ratios of 
DOR to β-actin using Scion Image (NIH). Data are represented as mean ± SEM (n = 5). 
Asterisks represent significant differences from the ipsilateral side of hippocampus of saline-
treated rats. (*p < .05). 



 15

 
Discussion 
 

Based on previous findings show that antinociceptive effects of DOR agonists were 
enhanced and the DOR density was up-regulated in rats under inflammatory pain, the present 
study was proposed to investigate the antidepressant-like effects of a DOR agonist, SNC80, in 
rats under different contexts, namely normal state, inflammatory pain, and chronic stress. 
Meanwhile, the western blot was conducted to determine whether the DOR density in the 
hippocampus of rats was changed accordingly. 

 
Experment 1. Antidepressant-like effects of SNC80 in rats under normal state 

The FST has been validated by using clinically used antidepressants to decrease the 
numbers of immobility (Porsolt et al., 1977). Therefore, the FST has been used extensively in 
studying novel experimental compounds that have potential antidepressant-like effects 
(Jutkiewicz, 2006). The present study showed that i.c.v. administration of SNC80 dose-
dependently decreased immobility in the FST. This finding is consistent with previous studies 
by showing antidepressant-like effects of i.c.v. (+)BW373U86, a selective non-peptidic DOR 
agonist, in the FST (Zhang et al., 2006). Neither MOR agonist morphine nor KOR agonist CI-
977 decreased immobility in the FST (Broom et al., 2002a). Thus, only DOR agonists produced 
antidepressant-like effects in this behavioral assay. In addition, previous findings indicated that 
systemic administration of SNC80 still produced antidepressant-like effects even the increased 
locomotor activity had returned to baseline 3 hours after administration (Broom et al., 2002a). In 
the present study, there were no change of locomotor activity and other side effects after i.c.v. 
administration of SNC80 at the doses that produced antidepressant-like effects. 

The antagonist study showed that antidepressant-like effects of i.c.v. SNC80 were 
blocked by a selective DOR antagonist, naltrindole. In contrast, naltrindole did not block the 
antidepressant-like effects of amitriptyline. Furthermore, systemic administration of naltrindole, 
but not MOR and KOR antagonists, naltrexone and nor-BNI, reversed the antidepressant-like 
effects of an enkephalinase inhibitor, RB101 (Jutkiewicz et al., 2006). These results strongly 
indicate that activation of central DOR is involved in antidepressant-like effects elicited by these 
compounds. 

 
Experiment 2. Antidepressant-like effects of SNC80 in rats under inflammatory pain 

In the experiment 2, antidepressant-like effects of i.c.v. SNC80 were determined in rats 
under inflammatory pain. Although the present study did not evaluate the effects of intraplantar 
injection of CFA or saline on paw withdrawal latency or paw diameter in rats, a previous study 
indicated that CFA increased paw diameter last for 2 weeks (Hurley & Hammond, 2000). 
Meanwhile, CFA significantly decreased the paw withdrawal latency compared to vehicle group 
for 2 weeks, indicating a prolonged inflammatory pain (Schepers et al., 2008; Hamity et al., 
2010). 

Central administration of SNC80 dose-dependently decreased the immobility in the FST 
in rats treated with CFA for 3 days, 1 week, and 2 weeks. More intriguingly, i.c.v. SNC80-
induced antidepressant-like effects were enhanced in 1-week and 2-week CFA-treated rats. 
SNC80’s dose ratios for 1-week and 2-week CFA-treated rats were 6.5 and 7.3, as compared to 
saline-treated rats, respectively. More importantly, the dose response curves were shifted 
leftward in both groups, indicating that SNC80 was more potent in producing antidepressant-
like effects in CFA-treated rats under prolonged inflammation.  

Previous studies have shown that antinociceptive effects of DOR agonists were more 
prominent in chronic pain (Fraser et al., 2000; Petrillo et al., 2003). Microinjection of a DOR 
agonist [D-Ala2,Glu4]deltorphin produced more profound antihyperalgesia in CFA-treated rats 
as compared to saline-treated rats (Hurley & Hammond, 2000). The ED50 values of [D-
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Ala2,Glu4]deltorphin were decreased following treatment of CFA for 4 hours, 4 days, and 2 
weeks. In addition, locomotor activity or other sedative effects was not affected following CFA 
treatment or administration of SNC80 (Fraser et al., 2000). Taken together, these studies 
demonstrate that DOR agonists are more potent in producing both antihyperalgesic effects and 
antidepressant-like effects in rats under inflammatory pain. 

The antidepressant-like effects of SNC80 in the FST were similar in rats treated with 
either saline or CFA for 3 days. In contrast, a previous study showed that [D-
Ala2,Glu4]deltorphin produced a significantly leftward shift in the dose response curve for 
antinociception in 3-day CFA-treated rats compared to control rats (Cahill et al., 2003). This 
difference between two studies may be due to different administration routes or behavioral 
endpoints. For example, intrathecal administration of [D-Ala2,Glu4]deltorphin produced an 
increased potency greater than 50-fold in rats treated with CFA compared to saline (Cahill et al., 
2003). Microinjection of [D-Ala2,Glu4]deltorphin into the rostral ventromedial medulla in 
CFA-treated rats increased the potency up to 6-fold compared to saline-treated rats (Hurley & 
Hammond., 2000). Both areas are highly relevant to the processing of pain modulation. Thus, 
the behavioral effects of DOR agonists may be influenced by different administration routes in 
rats under inflammatory pain. Meanwhile, the present results from the western blot showed that 
no changes of DOR protein in hippocampus were found in rats treated with CFA or saline for 3 
days, and it may provide an explanation for similar potency of SNC80 in both conditions. 

On the other hand, i.c.v. amitriptyline produced antidepressant-like effects in rats treated 
with either saline or CFA for 1 week. The ED50 values and dose response curves were similar 
in both groups. Thus, antidepressant-like effects of i.c.v. amitriptyline were not enhanced in rats 
under inflammatory pain. Damage of hippocampus has been reported with the reductions in 
neurotrophic factors (Monteggia et al., 2004). In addition, depressed patients have been reported 
with decreased serum BDNF levels (Shimizu et al., 2003). Systemic administration of 
(+)BW373U86 increased BDNF mRNA expression in frontal cortex, hippocampus, olfactory 
cortex in rats (Torregrossa et al., 2004). Furthermore, central administration of DOR preferring 
peptides, leu- and met-enkephalin, augmented BDNF mRNA expression in the hippocampus of 
rats, and this effect could be reversed by pretreatment with naltrindole (Zhang et al., 2006). 
Therefore, the hippocampus may play an important role in mood regulation. 

Both human and animal studies have shown that DORs present in many brain regions. 
For example, DORs were presented in hippocampus and olfactory bulb in human brain 
(Simonin et al., 1994). Rodent studies also reported that DORs exist in hippocampus, olfactory 
bulb, and hypothalamus (Mansour et al., 1995). Intraplantar injection of CFA increased DOR 
densities in rat spinal cord, which were corresponded with the enhanced antihyperalgesic effects 
of DOR agonists (Cahill et al., 2003). However, changes of DOR in specific brain regions in rats 
under inflammatory pain were not investigated. Given that hippocampus was an essential region 
for mood regulation, and the DORs exist in hippocampus, it would be interesting to determine 
whether CFA-induced inflammatory pain could lead to up-regulation of DOR proteins in the 
hippocampus; and whether such changes could correlate with enhanced antidepressant-like 
effects of SNC80 in the FST. 

The present findings showed that DOR proteins were up-regulated at the ipsilateral side 
of hippocampus in rats treated with CFA for 1 week and 2 weeks as compared to their control 
groups. Such changes were correlated with the enhanced potency of i.c.v. SNC80 in rats under 
CFA treatment for either 1 or 2 weeks. In contrast, no changes of DOR protein were observed in 
rats treated with either saline or CFA for 3 days. However, previous studies have demonstrated 
that DOR proteins were increased in the ipsilateral side of dorsal lumbar spinal cord in rats 
treated with CFA for 3 days as compared to the control group (Cahill et al., 2003). The 
difference between both studies may be due to the examination of DOR proteins in different 
regions. The spinal dorsal horn has been considered as the primary processing center for 
nociceptive information, which contains abundant opioid receptors (Bie & Pan, 2007). The 
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spinal cord transmits pain stimuli to the brain through ascending pathways and sends responses 
to peripheral areas through descending pathways. Thus, the DOR density in the spinal cord may 
be up-regulated more directly in rats under CFA-induced inflammatory pain. 

On the other hand, up-regulation of DOR proteins in dorsal lumbar spinal cord could 
account for the enhanced antihyperalgesia after intrathecal administration of [D-
Ala2,Glu4]deltorphin in 3-day CFA-treated rats (Cahill et al., 2003). The present findings in the 
FST showed that antirepressant-like effects of i.c.v. SNC80 were similar in rats treated with 
either saline or CFA for 3 days, which may support the unchanged DOR density of 
hippocampus in both groups. The modest antinociceptive effect of DOR agonists has been 
shown in the acute-phase nociceptive paradigm (Fraser et al., 2000). The reason why DOR 
agonists produce modest antinociceptive effects can be attributed to the predominately 
intracellular localization of DOR (Cahill et al., 2007). In addition, anatomy studies have 
indicated both MOR and KOR, not DOR, are main opioid receptor subtypes in the ascending 
pain pathway, as well as descending pain pathway (Mansour et al., 1995). Therefore, the DOR 
may not play a dominant role in alleviating acute nociception. However, a previous study 
showed that prolonged inflammation significantly increased DOR density trafficking to plasma 
membrane in small and medium dorsal root ganglion neurons in rats treated with CFA (Gendron 
et al., 2006). In addition, other inflammatory factors such as bradykinin, substance P, and ATP 
can also induce DOR trafficking to plasma membrane in cultured sensory neurons in vitro (Bao 
et al., 2003; Guan et al., 2005; Patwardhan et al., 2005). 

On the other hand, MORs and KORs distribute in several brain regions such as 
hippocampus, amygdale, and olfactory bulb, which may be involved in many physiological 
functions (Mansour et al., 1995; Berrocoso et al., 2009), but MOR and KOR agonists did not 
produce antidepressant-like effects (Broom et al., 2002b). Whether CFA could up-regulate 
MOR or KOR densities in rat hippocampus under inflammatory pain were still unknown. Future 
experiments may explore the levels of MOR and KOR proteins in rat hippocampus under 
inflammatory pain by using western blot. 

To date, there is no study investigating the membrane trafficking of DOR in the specific 
brain region of rats under chronic pain, the present study may provide a correlation between 
behavioral effects of i.c.v. SNC80 and the DOR density in plasma membrane in the 
hippocampus of rats under inflammatory pain. These results may suggest that up-regulation of 
DOR in hippocampus may account for the enhanced antidepressant-like effects of i.c.v. SNC80 
in rats under inflammatory pain. 

 
Experiment 3. Antidepressant-like effects of SNC80 in rats under chronic stress 

Depression and stress sometimes co-exist as mentioned in the introduction. However, 
antidepressant-like effects of DOR agonists in rats under chronic stress are still unknown. 
Several models of chronic stress have been used previously. However, various stressors may 
cause different levels of CORT, which in turn could lead to different interpretations of results. In 
addition, tolerance developed to elevated CORT levels after repeated restraint stress treatment 
compared to acute restraint stress treatment (Galea et al., 1997). One way to avoid this problem 
is to administer CORT into rats. Repeated stress or hyperactivation of the HPA-axis have been 
linked with development of depression. Thus, repeated CORT administration can be considered 
as a chronic stress model. 

The present findings showed that the mean body weight of CORT-treated rats were 
significantly less than saline-treated rats over the injection phase. This finding was consistent 
with other studies indicating that subcutaneous administration of CORT also gained less weight 
over the 21-day injection period than the vehicle-treated rats (Johnson et al., 2006). Moreover, 
the locomotor activity did not change between both groups, indicating that repeated 
administration of CORT did not affect the spontaneous activity even their body weight were less 
than control rats (Marks et al., 2009). Furthermore, the basal serum levels of CORT were 
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significantly increased after 21-day repeated administration of CORT, while acute injection of 
CORT did not reveal any difference of serum levels of CORT in rats treated with either saline or 
CORT (Johnson et al., 2006). 

The present study showed that i.c.v. SNC80 dose-dependently decreased immobility in 
rats treated with saline for consecutive 21 days. The ED50 value of SNC80 under this condition 
was similar to that in experiment 1. I.c.v. SNC80 also produced antidepressant-like effects in 
rats treated with repeated CORT. However, CORT-treated group did not show depression-like 
behaviors compared to the vehicle group, which was different from previous studies showing 
that repeated CORT increased immobility slightly in the FST (Gregus et al., 2005; Johnson et al., 
2006). The discrepancy between these studies may be due to the different quantifications and 
testing time periods. Previous studies evaluated the repeated CORT-induced depression-like 
behaviors by scoring the immobile time for 10 minutes; whereas the present study evaluated the 
behaviors by scoring the numbers of immobility every 3 seconds for 15 minutes. 

In addition, the numbers of immobility were only partially decreased in CORT-treated 
rats as compared to saline-treated rats. Previous studies indicated that chronic CORT up-
regulated the 5-HT2A receptor and potentiated behavioral responses to the 5-HT2A receptor 
agonist (Kuroda et al., 1992; Gorzalka et al., 1999). Subcutaneous administration of melatonin, a 
putative 5-HT2A receptor antagonist, reduced the immobility in the FST (Hill et al., 2003). 
However, combined melatonin and CORT reversed the reduced immobility of melatonin. In 
addition, the relationship between DOR and serotonin was studied in an olfactory bulbectomized 
rat model (Satoh et al., 2008). Chronic treatment of SNC80 decreased the time spending on the 
open arm of a plus-maze, indicating antidepressant-like effects. Moreover, reduced 
concentration of 5-HT in hippocampus in olfactory bulbectomized rats was returned to normal 
following SNC80 treatment. Thus, DOR may interact with serotonin in some paradigms. 
However, the signaling cascades of the DOR under chronic stress are unknown. Future 
experiments need to further clarify the functions of DOR agonists under chronic stress. 

The HPA axis is an important circuit to deal with stress-related conditions. Hippocampus 
is considered as an important brain region for regulating hormones and stress (Duman & 
Monteggia, 2006). Previous studies have demonstrated that hyper-elevation of cortisols may 
damage hippocampal neurons under chronic stress, which inhibit the negative feedback of the 
HPA axis (Parker et al., 2003). Thus, excessive activation of the HPA axis is considered as a 
symptom observed in stress-related depression.  

Hippocampus may be involved in regulation of mood under chronic stress. However, the 
present study showed that DOR protein density in hippocampus was not altered in rats treated 
with either saline or CORT for consecutive 21 days. Although anatomy studies have 
demonstrated that DOR existed in specific brain regions including hippocampus (Mansour et al., 
1995). Animals that had been treated with antidepressants could reverse the CORT-induced 
decrease of BDNF mRNA expression in hippocampus (Dwivedi et al., 2006). The evidence 
from previous studies only indirectly point out the correlation of hippocampus and DOR. 
Whether the DOR protein in hippocampus is changed under chronic stress was unclear. Based 
on the present results, it seems that DOR in hippocampus may not be the main target to regulate 
the behavioral effects of i.c.v. SNC80 in rats under chronic stress. Future experiments need to 
clarify the functions of DOR in hippocampus under chronic stress. 
 
Conclusion 
 

In summary, the present study showed that central administration of SNC80 produced 
antidepressant-like effects. This study is the first to demonstrate that antidepressant-like effects 
of SNC80 are enhanced in rats under inflammatory pain. The Western blot indicates that the 
DOR density is increased in the ipsilateral side of hippocampus in rats treated with CFA, which 
corresponds with the enhanced antidepressant-like potency of SNC80 in rats under the same 
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context. Although i.c.v. SNC80 only partially decreases the immobility in rats under chronic 
stress, the DOR density is not changed in hippocampus compared to control groups. Future 
studies are required to investigate the functions and signaling cascades of DOR in rats under 
chronic stress. 
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The abstract of this article is listed below. 
-- 
Hu E, Calo G, Guerrini R and Ko MC (2010) Long lasting antinociceptive spinal 
effects in primates of the novel nociception/orphanin FQ receptor agonist UFP-112. 
Pain 148:107-113. 

Chemical modifications of nociceptin/orphanin FQ (N/OFQ) peptide that result in 
increased potency and resistance to degradation have recently lead to the discovery of 
[(pF)Phe4Aib7Arg14Lys15]N/OFQ-NH2 (UFP-112), a novel N/OFQ peptide (NOP) receptor 
agonist. The aim of this study was to investigate the pharmacological profile of intrathecally 
administered UFP-112 in monkeys under different behavioral assays. Intrathecal UFP-112 (1-
10 nmol) dose-dependently produced antinociception against an acute noxious stimulus (50oC 
water) and capsaicin-induced thermal hyperalgesia. Intrathecal UFP-112-induced 
antinociception could be reversed by a NOP receptor antagonist, J-113397 (0.1 mg/kg), but 
not by a classic opioid receptor antagonist, naltrexone (0.03 mg/kg). Like intrathecal 
morphine, UFP-112 produced antinociception in two primate pain models with a similar 
magnitude of effectiveness and a similar duration of action that last for 4 to 5 hours. Unlike 
intrathecal morphine, UFP-112 did not produce itch/scratching responses. In addition, 
intrathecal inactive doses of UFP-112 and morphine produced significant antinociceptive 
effects when given in combination without increasing scratching responses. These results 
demonstrated that intrathecal UFP-112 produced long-lasting morphine-comparable 
antinociceptive effects without potential itch side effect. This study is the first to provide 
functional evidence that selective NOP receptor agonists such as UFP-112 alone or in 
conjunction with morphine may improve the quality of spinal analgesia.   
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Department of Pharmacology, University of Michigan Medical School. I expect some 
of data will be analyzed and published in the near future. I greatly appreciate the 
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a b s t r a c t

Chemical modifications of nociceptin/orphanin FQ (N/OFQ) peptide that result in increased potency and
resistance to degradation have recently lead to the discovery of [(pF)Phe4Aib7Arg14Lys15]N/OFQ-NH2

(UFP-112), a novel N/OFQ peptide (NOP) receptor agonist. The aim of this study was to investigate the
pharmacological profile of intrathecally administered UFP-112 in monkeys under different behavioral
assays. Intrathecal UFP-112 (1–10 nmol) dose-dependently produced antinociception against an acute
noxious stimulus (50 �C water) and capsaicin-induced thermal hyperalgesia. Intrathecal UFP-112-
induced antinociception could be reversed by a NOP receptor antagonist, J-113397 (0.1 mg/kg), but not
by a classic opioid receptor antagonist, naltrexone (0.03 mg/kg). Like intrathecal morphine, UFP-112 pro-
duced antinociception in two primate pain models with a similar magnitude of effectiveness and a sim-
ilar duration of action that last for 4–5 h. Unlike intrathecal morphine, UFP-112 did not produce itch/
scratching responses. In addition, intrathecal inactive doses of UFP-112 and morphine produced signifi-
cant antinociceptive effects when given in combination without increasing scratching responses. These
results demonstrated that intrathecal UFP-112 produced long-lasting morphine-comparable antinocicep-
tive effects without potential itch side effect. This study is the first to provide functional evidence that
selective NOP receptor agonists such as UFP-112 alone or in conjunction with morphine may improve
the quality of spinal analgesia.

� 2009 International Association for the Study of Pain. Published by Elsevier B.V. All rights reserved.

1. Introduction

Spinal administration of morphine is one of the most common
clinical procedures for pain relief because of its long-lasting anal-
gesic effects [7,8]. However, itch/pruritus is characteristic of intra-
thecal morphine treatment, with reported incidence rates ranging
from 30% to 100% in humans [36]. Such unique physiological func-
tions of intrathecal morphine can also be observed in non-human
primates. For example, a single antinociceptive dose of intrathecal
morphine elicited profound long-lasting itch/scratching responses
in monkeys [17]. Importantly, pharmacological studies using mon-
keys have demonstrated that opioid analgesic-induced scratching
response is selectively mediated by mu opioid receptors (MOP)
[18] and that kappa opioid receptor (KOP) agonists have the ther-
apeutic potential as antipruritics under this context [20,25]. These
findings support that clinically used drugs with low or moderate

intrinsic efficacy on MOP or/and KOP are effective in alleviating
opioid-induced itch [9,12,38]. Nevertheless, identification of novel
targets as spinal analgesics devoid of MOP-induced pruritic effects
still remains a challenge to the drug development.

Since the identification of the nociceptin/orphanin FQ (N/OFQ)
peptide as the endogenous ligand of the N/OFQ peptide (NOP)
receptor [26,33], this novel peptide receptor system has been
implicated in the modulation of pain [23,39]. A variety of pain as-
says in rodents have shown the effect of intrathecally administered
N/OFQ to be antinociceptive [11,29]. Peculiarly, unlike dual actions
of intrathecal N/OFQ in rodents [13,35], intrathecal N/OFQ over a
wide dose range only produced antinociceptive effects in monkeys
[21]. More interestingly, using an established itch behavioral assay
in monkeys [17], intrathecal N/OFQ produced dose-dependent
antinociception without eliciting scratching responses [19,21].
These findings indicate that NOP receptor agonists may represent
a promising target as spinal analgesics.

[(pF)Phe4Aib7Arg14Lys15]N/OFQ-NH2 (UFP-112) is a recently de-
signed NOP receptor agonist that results from chemical modifica-
tions to the N/OFQ peptide by increasing its agonist potency and
decreasing its susceptibility to peptidase actions [1,34]. In rodent

0304-3959/$36.00 � 2009 International Association for the Study of Pain. Published by Elsevier B.V. All rights reserved.
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assays investigating a variety of physiological functions, UFP-112
consistently mimicked the effects of N/OFQ with markedly higher
potency and longer duration of action [6]. Given that intrathecal
morphine-induced antinociception only last for 1–2 h in rodents
[4,27] and the duration of antinociception can be distinguished be-
tween intrathecal morphine (4–5 h) and N/OFQ (2–3 h) in monkeys
[19], it is important to examine whether the high potency and long
duration of action of UFP-112 can translate to non-human prima-
tes in the absence of an itch side effect.

Therefore, the aim of this study was to investigate the pharma-
cological profile of intrathecally administered UFP-112 in mon-
keys. Of chief concern were the two behavioral endpoints of
antinociception and scratching. The potency and duration of intra-
thecal UFP-112- and morphine-induced antinociceptive effects
were compared using both monkey models of acute nociception
and capsaicin-induced hyperalgesia. Antagonist studies were con-
ducted to determine the receptor mechanism underlying UFP-
112-induced effects. In addition, the drug combination study was
conducted to explore whether intrathecal UFP-112 in conjunction
with morphine produced antinociception with less scratching
responses.

2. Materials and methods

2.1. Subjects

Eighteen adult female and male rhesus monkeys (Macaca mul-
atta) ranging in body weight (7.1–12.1 kg) were used. The mon-
keys were individually housed and their daily diet consisted of
approximately 25–30 biscuits (Purina Monkey Chow; Ralston
Purina Co., St. Louis, MO), fresh fruit, and free access to water.
All monkeys used were previously trained in the warm water
tail-withdrawal assay and acclimated to being video-recorded
in-cage. For 1 month prior to the study, the monkeys did not have
exposure to any opioid compound. Six monkeys (three males and
three females) participated in the first two parts of the study (see
details in Section 2.3). Another six monkeys (two males and four
females) participated in the third part of the study. The remaining
six monkeys (three males and three females) were used in the
last part of the study. The monkeys were housed in facilities
accredited by the American Association for the Accreditation of
Laboratory Animal Care. The studies were conducted in accor-
dance with the University Committee on the Use and Care of
Animals in the University of Michigan (Ann Arbor, MI) and the
Guide for the Care and Use of Laboratory Animals as adopted
and promulgated by the U.S. National Institutes of Health
(Bethesda, MD).

2.2. Procedures

2.2.1. Nociceptive responses
2.2.1.1. Acute thermal nociception. The warm water tail-withdrawal
assay was used to measure nociceptive responses to thermal stim-
uli and antinociceptive effects of test compounds [16]. Monkeys
were seated in primate-restraining chairs, which allowed access
to their shaved backs and exposure of their shaved tails (approxi-
mately 15 cm) to thermal flasks containing water maintained at
42, 46, or 50 �C. Forty-two and 46 �C water were used as normally
non-noxious stimuli whereas 50 �C water was used as an acute
noxious stimulus. If monkeys did not remove their tails within
20 s, the flask was removed and a maximum time of 20 s was re-
corded. Test session began with control determinations at each
temperature. Then, tail-withdrawal latencies were determined at
multiple time points after intrathecal administration of the test
compound.

2.2.1.2. Capsaicin-induced hyperalgesia. Capsaicin 0.1 mg was
administered subcutaneously in the terminal 5 cm of the unanes-
thetized monkey’s tail. The monkey’s tail waggled within the first
2 min after capsaicin administration. The 15 min after administra-
tion was the time of peak hyperalgesic effects of capsaicin and it
was the time point to measure the tail-withdrawal latency in
46 �C water in order to evaluate antihyperalgesic effects of test
compounds [16,22]. This hyperalgesic response was manifested
as a reduced tail-withdrawal latency from a maximum value of
20 s to approximately 2–3 s in 46 �C water. The test compounds
were administered at different time points before capsaicin admin-
istration. As noted, all behavioral responses were measured by
individuals blinded to experimental conditions.

2.2.2. Itch/scratching responses
Monkeys were recorded in-cage for scratching behavior, which

has been previously associated to an itch sensation [18]. Recording
was done in 15-min intervals and scored by trained individuals
blinded to experimental conditions. A scratch was counted and de-
fined as a short (61 s) episode of scraping contact of the monkey’s
forepaw or hind paw on the skin surface of other body parts.
Scratches often occurred by a hind paw repetitively at the same
location. In addition, monkeys were monitored for sedation and
muscle relaxation while in their home cages as previous studies
[19,21,25].

2.3. Experimental design

The first part of the study was to determine and compare the
behavioral responses of intrathecally administered UFP-112 (1–
10 nmol) and morphine (100 nmol) along with corresponding
dose-dependent effects. The dose range was selected based on pre-
vious studies and our pilot study [19,34]. Tail-withdrawal latency
measurements were made at hour intervals for the duration of a
5-h time course following the intrathecal injection. The tail-with-
drawal latencies at 42 and 46 �C were used to detect potential
hyperalgesic/pronociceptive effects whereas the 50 �C latencies
were used to measure antinociceptive effects. Recording for
scratching observation was also done at 1 h intervals for the dura-
tion of a 5-h time course after each session of tail-withdrawal la-
tency measurements. For clarification, the antinociceptive effects
were measured during the 25th to 40th min of each hour. Subse-
quently, monkeys were returned to their home cages and scratch-
ing responses were recorded during the 45th to 60th min of each
hour. Monkeys were monitored for their general motor functions
such as gait and balance during each transition between their
home cages and the procedure room.

The second part of the study was to determine the receptor
mechanism underlying intrathecal UFP-112-induced antinocicep-
tion. A single dose of 0.03 mg/kg naltrexone and 0.1 mg/kg J-113
397 (1-[3R,4R/3S,4S)-1-(Cyclooctylmethyl)-3-(hydroxymethyl)-4-
piperidinyl]-3-ethyl-1,3-dihydro-2H-benzimidazol-2-one) was
used to compare their antagonist effects against both morphine
(100 nmol)- and UFP-112 (10 nmol)-induced antinociception. The
doses for both naltrexone and J-113397 were chosen based on a
recent study [22] showing that both antagonists produced similar
degrees of rightward shifts of dose–response curves of MOP and
NOP agonists, respectively. The dose of J-113397 did not produce
pronociceptive effects by itself [19,22].

The third part of the study was to assess the potency and dura-
tion of antihyperalgesia of intrathecally administered UFP-112 and
morphine against capsaicin. Transient receptor potential vanilloid
subfamily member 1 (TRPV1) is a transduction molecule for nox-
ious stimuli. Capsaicin elicits pain sensation by activating TRPV1
and it has been used in monkeys [5,16] and humans [10,32] to
study experimental analgesics in a broader therapeutic-relevant
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context. Given that TRPV1-containing nerve fibers are involved in
various pain origins, it is essential to determine and compare the
antinociceptive effectiveness of intrathecal UFP-112 and morphine
in monkeys receiving capsaicin. The drug was administered intra-
thecally 1 h prior to administration of capsaicin. Then, tail-with-
drawal latencies were measured 15 min following capsaicin
administration. The dose–response curves of intrathecal UFP-112
(0.3–10 nmol) and morphine (3–100 nmol) were established by
using a single dosing procedure. In addition, intrathecal UFP-112
(10 nmol) and morphine (100 nmol) were used to determine their
durations of antinociception at different time points before capsa-
icin administration.

The last part of the study was to investigate whether combina-
tion of inactive doses of intrathecal UFP-112 (1 nmol) and mor-
phine (3 nmol) produced increased antihyperalgesia with less
scratching responses. UFP-112, morphine, or the combination of
UFP-112 and morphine was administered intrathecally 1 h before
capsaicin administration. For scratching measurement, the same
dosing conditions were conducted separately in the same subjects
without capsaicin administration. In addition, antagonist studies
were conducted to investigate the receptor mechanism underlying
antihyperalgesia by the mixture of intrathecal UFP-112 (1 nmol)
and morphine (3 nmol). A single dose of 0.03 mg/kg naltrexone
or/and 0.1 mg/kg J-113397 were administered 30 min after admin-
istration of the mixture to determine the degree of antagonist
effects.

2.4. Data analysis

Mean values (mean ± SEM) were calculated from individual val-
ues for all behavioral endpoints. As noted, we did not find a signif-
icant difference in nociceptive responses or effects of drugs
between male and female monkeys, so mean values for all mon-
keys in the same dosing condition were used for data analysis.

Measurement differences were compared across all tests sessions
in the same experiment. Data were analyzed by using two-way
analysis of variance followed by the Newman–Keuls test for multi-
ple comparisons. Comparisons of data at a single time point were
conducted by using one-way analysis of variance followed by the
Dunnett test for multiple comparisons. The criterion for signifi-
cance for all tests was set at p < 0.05.

2.5. Drugs

UFP-112 (synthesized and purified as described by Arduin et al.
[1] at the University of Ferrara, Ferrara, Italy), morphine sulfate
(Mallinckrodt, Hazelwood, MO), (±)J-113397 (1-[3R,4R/3S,4S)-1-
(Cyclooctylmethyl)-3-(hydroxymethyl)-4-piperidinyl]-3-ethyl-
1,3-dihydro-2H-benzimidazol-2-one) (Tocris Bioscience, Ellisville,
MO), and naltrexone HCl (National Institute on Drug Abuse,
Bethesda, MD) were dissolved in sterile water. Capsaicin (Sigma,
St. Louis, MO) was dissolved in a solution of ethanol/Tween 80/sal-
ine in a ratio of 1:1:8. Intrathecal doses were administered in a ran-
dom order at a total volume of 1 mL. A detailed description of the
intrathecal drug delivery procedure has been previously described
[18]. All experiments (i.e., all four parts of the study) using intra-
thecal administration were conducted with a 10-day inter-injec-
tion interval as previous studies did [18–21].

3. Results

Fig. 1 compares the behavioral responses of intrathecally admin-
istered UFP-112 and morphine in monkeys. Intrathecal UFP-112
produced antinociception against acute nociceptive stimulus, 50 �C
water, in both dose- [F(3, 15) = 33.7; p < 0.05] and time [F(4, 20) =
7.8; p < 0.05]-dependent manners. Post hoc comparisons indicated
that both 3 and 10 nmol of intrathecal UFP-112 produced significant
antinociception between 0.5- and 4.5-h time points. Although intra-

Fig. 1. Comparison of behavioral effects produced by intrathecal administration of UFP-112 and morphine. Abscissas: time in hours after intrathecal administration.
Ordinates: latency to withdraw the tail in 50 �C water (top panels) and scratches per 15 min (bottom panels). Each value represents mean ± SEM (n = 6). Symbols represent
different dosing conditions in the same monkeys. The asterisk represents a significant difference from the vehicle condition at corresponding time points (*p < 0.05).
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thecal UFP-112 produced long-lasting antinociception, it did not eli-
cit significant scratching responses [F(3, 15) = 2.3; p = 0.1] at any
dose or time point. In contrast, 100 nmol of intrathecal morphine
produced both antinociception and scratching during the entire 5-
h session (p < 0.05). Administration of either UFP-112 or morphine
at these doses did not cause any overt side effects including sedation
and muscle relaxation. In addition, there was no motor dysfunction
detected during monkeys’ transition between their home cages and
the procedure room.

Fig. 2 illustrates the effects of antagonists on intrathecal UFP-
112 (10 nmol)- and morphine (100 nmol)-induced antinociception
in monkeys. For antagonist effects on UFP-112 antinociception (left
panel), there were significant differences among the dosing condi-
tions [F(2, 10) = 458.4; p < 0.05]. Post hoc comparisons indicated
that a post-injection with a NOP receptor antagonist, J-113397
(0.1 mg/kg), significantly blocked intrathecal UFP-112-induced
antinociception (p < 0.05). However, naltrexone 0.03 mg/kg failed
to block intrathecal UFP-112-induced antinociception. For antago-
nist effects on morphine antinociception (right panel), there were
significant differences among the dosing conditions [F(2, 10) =
673.1; p < 0.05]. Post hoc comparisons indicated that a post-injec-
tion with the same dose of an opioid receptor antagonist, naltrex-
one (0.03 mg/kg), significantly blocked intrathecal morphine-
induced antinociception (p < 0.05). However, J-113397 (0.1 mg/
kg) failed to block intrathecal morphine-induced antinociception.

Fig. 3 compares the effectiveness and potency of intrathecal
UFP-112- and morphine-induced antihyperalgesia. Pretreatment
with UFP-112 [F(4, 25) = 36.5; p < 0.05] or morphine [F(4, 25) =
31.4; p < 0.05] dose-dependently attenuated capsaicin-induced
hyperalgesia in 46 �C water. The ED50 (95% confidence limit) values
of intrathecal UFP-112 and morphine were 2.0 (1.2–3.4) and 11.8
(4.7–29.5) nmol, respectively. Post hoc comparisons indicated that
3–10 nmol of UFP-112 or 10–100 nmol of morphine significantly
produced antihyperalgesia as compared with the vehicle condition
under this context (p < 0.05).

Fig. 4 illustrates the duration of antihyperalgesia of intrathecal
UFP-112 and morphine. A single dose 10 nmol of intrathecal
UFP-112 produced antihyperalgesia in a time-dependent manner
[F(5, 30) = 59.7; p < 0.05]. A single dose 100 nmol of intrathecal
morphine also produced antihyperalgesia time-dependently

[F(5, 30) = 71.4; p < 0.05]. Both intrathecal UFP-112 and morphine
had similar durations of antihyperalgesia, i.e., full antihyperalgesia
at the 4-h time point followed by partial antihyperalgesia at the 5-
h time point (p < 0.05).

Fig. 5 illustrates behavioral responses of intrathecal UFP-112 in
combination with morphine. The top panel shows the antihyperal-
gesic effects of intrathecal UFP-112 (1 nmol), morphine (3 nmol),
and the combination of UFP-112 and morphine against capsaicin.
There were significant differences among the dosing conditions
[F(3, 20) = 16.9; p < 0.05]. Intrathecal UFP-112 or morphine alone
did not produce statistically significant effects. In contrast, intra-
thecal UFP-112 in combination with morphine significantly pro-
duced antihyperalgesia (p < 0.05). The bottom panel shows the
scratching–eliciting effects of intrathecal UFP-112 (1 nmol), mor-
phine (3 nmol), and the combination of UFP-112 and morphine.
There was no significant difference among the dosing conditions
[F(3, 20) = 1.6; p = 0.2]. Intrathecal UFP-112 in combination with
morphine did not increase scratching responses.

Fig. 2. Effects of antagonists on intrathecal UFP-112 and morphine-induced antinociception in monkeys. The antagonist, either naltrexone (0.03 mg/kg) or J-113397 (0.1 mg/
kg), was given subcutaneously 10 min after the 1-h time point. Abscissas: time in hours after intrathecal administration. Ordinates: latency to withdraw the tail in 50 �C
water. Each value represents mean ± SEM (n = 6). Symbols represent effects with different post-injection conditions for the same monkeys. The asterisk represents a
significant difference from the vehicle post-injection condition between time points 1.5 and 2.5 h (*p < 0.05).

Fig. 3. Antinociceptive effects of intrathecally administered UFP-112 and morphine
against capsaicin-induced hyperalgesia in 46 �C water. The agonist was given
intrathecally 1 h before administration of capsaicin (0.1 mg/tail). Each data point
was determined 15 min after capsaicin administration and represents mean ± SEM
(n = 6). Symbols represent effects with different dosing conditions in the same
monkeys. The asterisk represents a significant difference from the vehicle condition
(*p < 0.05).
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Fig. 6 compares the effects of antagonists on antihyperalgesia
produced by intrathecal combination of UFP-112 (1 nmol) and
morphine (3 nmol) (i.e., a mixture). There were significant
differences among the dosing conditions [F(3, 20) = 8.8; p < 0.05].
Post-injection with naltrexone (0.03 mg/kg) or J-113397 (0.1 mg/

kg) alone did not produce a significant blockade of intrathecal mix-
ture-induced antihyperalgesia. However, combined systemic
administration of naltrexone and J-113397 significantly blocked
intrathecal mixture-induced antihyperalgesia (p < 0.05).

4. Discussion

This study demonstrated that intrathecal administration of UFP-
112 produced long-lasting morphine-comparable antinociception
against both acute pain and capsaicin-induced hyperalgesia. Intra-
thecal UFP-112-induced antinociception was not accompanied by
itch/scratching responses and its action was exclusively mediated
by NOP receptor activation. In addition, combination of inactive
doses of intrathecal UFP-112 and morphine produced antihyperal-
gesia without scratching responses. This study is the first to pro-
vide direct functional evidence and translational value in
primates that NOP receptor agonists such as UFP-112 alone or in
conjunction with morphine will improve the quality of spinal
analgesia.

As previously reported, intrathecal N/OFQ produced antinoci-
ception for 2–3 h in monkeys [19,21]. The duration of intrathecal
N/OFQ-induced antinociception is significantly shorter than intra-
thecal morphine-induced antinociceptive effects that have at least
4–5 h in primates [17,19]. With improved resistance to enzymatic
degradation, a novel NOP receptor agonist, UFP-112 [1,34], pro-
duced antinociception that last for 4–5 h in the same experimental
context. Similar longer durations of actions were obtained in ro-
dent studies while the same effects elicited by N/OFQ lasted only
for approximately 1 h [6,34]. Furthermore, UFP-112 (10 nmol) is
approximately 10-fold more potent than N/OFQ (i.e., 100 nmol)
[19] in producing full antinociceptive effects in monkeys. This po-
tency ratio between intrathecal UFP-112- versus N/OFQ-induced
antinociception is consistent with rodent studies showing that
UFP-112 displayed 10- to 100-fold higher potency than N/OFQ in
a variety of rodent in vivo assays [6]. To our knowledge, UFP-112
is the first reported peptide that has such a long-lasting antinoci-
ceptive action comparable to morphine in a primate species. It will
be interesting to further conduct pharmacokinetic studies compar-
ing the CSF levels of UFP-112 and morphine following intrathecal
administration.

The pharmacological profile of intrathecal morphine in pro-
ducing antinociception with profound itch/pruritic effect is well

Fig. 4. Comparison of durations of intrathecal UFP-112- and morphine-induced
antihyperalgesia in 46 �C water. The antihyperalgesic effect of the agonist, either
morphine (100 nmol) or UFP-112 (10 nmol), was determined by using a single
dosing procedure. The agonist was given intrathecally at different time points
before administration of capsaicin (0.1 mg/tail). Each data point was determined
15 min after capsaicin administration and represents mean ± SEM (n = 6). Symbols
represent effects with different dosing conditions for the same monkeys. The
asterisk represents a significant difference between morphine-treated condition
and the vehicle condition (*p < 0.05). The symbol # represents a significant
difference between UFP-112-treated condition and the vehicle condition (*p < 0.05).

Fig. 5. Behavioral responses of intrathecally administered UFP-112 in combination
with morphine. Effects of intrathecal morphine (3 nmol) or UFP-112 (1 nmol) alone
were determined separately. Then effects of intrathecal administration of a mixture,
i.e., 3 nmol of morphine combined with 1 nmol of UFP-112, were tested in the same
monkeys. Each value represents mean ± SEM (n = 6). The asterisk represents a
significant difference from the vehicle condition (*p < 0.05).

Fig. 6. Effects of antagonists on antihyperalgesia by intrathecal combination of
UFP-112 (1 nmol) and morphine (3 nmol) (i.e., a mixture). The antagonist, either
naltrexone (0.03 mg/kg) or J-113397 (0.1 mg/kg), was given subcutaneously 30 min
after intrathecal administration of a mixture. The symbol ‘‘+” indicates the
corresponding compound was given. The symbol ‘‘�” indicates the corresponding
was not given. Each value represents mean ± SEM (n = 6). The asterisk represents a
significant difference from the vehicle condition (*p < 0.05).
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known in the clinical setting [2,3,31]. Interestingly, such unique
effects of intrathecal morphine in humans [2,31] can be modeled
in monkeys, but not in rodents, as a single dose of morphine
produced both antinociception and itch/scratching responses
simultaneously in monkeys [17,20,24]. For studying opioid
analgesics in vivo, the scratching response can be used as a
selective behavioral endpoint corresponding to activation of
MOP [18,25]. Given that pruritus is a long standing side effect
associated with the use of intrathecal morphine [7,8], lack of
scratching responses by intrathecal UFP-112 in monkeys strongly
suggests that UPF-112 has the therapeutic potential as a spinal
analgesic.

The results of the antagonist study on intrathecal UFP-112 mir-
rored those of antagonist studies on intrathecal N/OFQ [19]. Nal-
trexone, a classical opioid receptor antagonist, failed to block the
antinociception produced by UFP-112, indicating that the actions
of intrathecal UFP-112 are not mediated by classic opioid receptor
subtypes. In contrast, J-113397, a selective NOP receptor antago-
nist [14,30], significantly blocked the antinociceptive effects of
intrathecal UFP-112, but not morphine. The dose 0.1 mg/kg of J-
113397 has been previously used to provide a large rightward shift
(�10- to 30-fold) of the dose–response curve to the non-peptide
NOP receptor agonist Ro 61-6198 in monkeys [22]. Intrathecal
UFP-112-induced antinociception can be fully reversed by J-
113397, demonstrating that the antinociceptive action of UFP-
112 in monkeys is due to selective NOP receptor activation. These
data confirm and extend to non-human primates the high selectiv-
ity of NOP action of UFP-112 that has been previously demon-
strated in rodents. In fact, all the in vitro and in vivo actions of
UFP-112 (and N/OFQ) in rats and mice are sensitive to the NOP
selective antagonist UFP-101 and no longer present in the NOP
receptor knockout mice [6].

While the acute noxious stimulus stands as a convenient pain
model to test experimental analgesics, this study further demon-
strated that intrathecal UFP-112 alleviated capsaicin-induced ther-
mal hyperalgesia in monkeys. Capsaicin is a natural irritant found
in hot-chili peppers that evokes pain sensation by activating at the
TRPV1. TRPV1 and the up-regulation of its expression have been
implicated in the transduction of a variety of noxious stimuli
including tissue-injury induced thermal hyperalgesia, diabetic
neuropathy, and neurogenic inflammatory response associated
with many disease states [15,37]. Furthermore, capsaicin-induced
hyperalgesia has been previously utilized as a pain model in both
monkeys [5] and humans [10,32] to study experimental com-
pounds as analgesics. Considering the variety of pain modalities
capsaicin-sensitive fibers are linked to, the UFP-112’s ability to
attenuate capsaicin-induced hyperalgesia would suggest a promi-
nent clinical value.

The dose–response curves established under the capsaicin pain
model illustrated that intrathecal UFP-112 was more potent than
morphine. Importantly, the results illustrated equally maximum
antihyperalgesic effect for both UFP-112 and morphine. A key
characteristic of antinociceptive effects of NOP receptor agonists
previously studied in both rodents and primates was a relatively
short duration of action (2–3 h) compared to morphine (4–5 h)
[19,21,28,34]. Then, it is clinically promising that, not only did
UFP-112 produce long-lasting antinociception against acute ther-
mal nociception, the time course of intrathecal UFP-112-induced
antihyperalgesia essentially matched that of intrathecal morphine.
Like intrathecal morphine, UFP-112 produced antinociception in
two primate nociceptive models with a similar magnitude of effec-
tiveness and a similar duration of action. Unlike intrathecal mor-
phine, UFP-112 did not produce scratching responses. These
findings together suggest that similar antinociceptive effects can
be produced by two independent receptor mechanisms in the
spinal cord of monkeys.

It is interesting to observe that when an inactive dose of intra-
thecal UFP-112 was combined with that of morphine, such a mix-
ture produced significant antihyperalgesia. Such effects could be
antagonized by combined administration of naltrexone and J-
113397. Importantly, given its independent receptor mechanism
for antinociception, UFP-112 was able to do so without increasing
or decreasing the itch side effect. This finding is another supporting
evidence to the therapeutic potential of UFP-112 as a spinal anal-
gesic in both active and inactive doses as methods to alleviate
morphine-induced itch while maintaining antinociception. It
would be interesting to further investigate whether UFP-112 or
other NOP agonist is able to additively or synergistically potentiate
morphine-induced antinociception. Nevertheless, a recent study
has demonstrated that N/OFQ enhanced intrathecal morphine-
induced antinociception without producing motor-related side ef-
fects [21]. These findings along with this study suggest that intra-
thecal administration of a mixture of morphine with UFP-112 may
produce antinociception with much less pruritic side effects.

In summary, this study reveals a promising functional profile of
intrathecal UFP-112 in primates. Over the dose range of 1–
10 nmol, intrathecal UFP-112 potently produced antinociceptive
effects that were longer lasting than other NOP receptor agonists
and comparable to those of intrathecal morphine. The antinocicep-
tive effects were active against both acute nociception and capsa-
icin-induced hyperalgesia, providing support for its clinical value.
Importantly, in all behavioral assays conducted, intrathecal UFP-
112 produced antinociceptive effects without an itch side effect.
Along with the finding that an inactive dose of UFP-112 in com-
bined with morphine produced antihyperalgesia without itch/
scratching, these results strongly suggest that UFP-112 has poten-
tial as a therapeutic spinal analgesic candidate for future clinical
trials.
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技轉：□已技轉 □洽談中 ■無 

其他：（以 100字為限） 
Two manuscripts are currently under preparation and will be submitted soon to the 

premier journal for publication. 
3. 請依學術成就、技術創新、社會影響等方面，評估研究成果之學術或應用價
值（簡要敘述成果所代表之意義、價值、影響或進一步發展之可能性）（以

500字為限） 
This study provides the first functional evidence indicating that the 

antidepressant-like effects of the delta opioid receptor agonist SNC80 are 

enhanced in rats under inflammatory pain. These findings suggest that delta opioid 

receptor agonists may have the therapeutic potential as antidepressants in 

patients under chronic pain or/and depression. It is worth developing delta opioid 

receptor agonists with optimal pharmacological profile for clinical trials in the 

future. 
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