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Antinociceptive effects of green synthesized copper nanoparticlesalone or in combination

with morphine

Abstract

Objective: The aim of this study was to evaluate the antoeptive effect of biosynthetic
copper nanoparticles from aqueous extra&@agparis spinosa fruit.

Methods: In this study, green synthesis of copper nanapest (CuNPs) was performed using
C. spinosa extract according to the method described prelyodse synthesized CuNPs were
characterized using the UV-vis spectroscopy, Fourensforms of infrared (FTIR), scanning
electron microscopy (SEM), and energy-dispersivea)X{EDX). The antinociceptive effect of
CuNPs was evaluated by tail-flick, hot-plate, anthrod tests following the oral administration
of mice with CuNPs at the concentrations of 25,a81@ 75 mg/kg for two weeks.

Results: The obtained maximum peak at the wavelength of 4in demonstrated the
biosynthesis of the copper nanoparticles. SEM amutdhe particle size of CuUNPs between 17
and 41 nm. The statistical analyses of the dataobplate and tail-flick tests showed the potent
analgesic effect of biosynthetic CuNPs. In thisarelg the antinociceptive effect of at the doses
of 75 mg/kg and 25 mg/kg plus morphine was sigaiftty higher in comparison with the
control group receiving morphine alone (P <0.05p Blgnificant (p>0.05) difference was
observed after the administration of CuNfshe doses of 25, 50, and 75 mg/kg in the sensory
motor test.

Conclusion: The present investigation demonstrated the as@l@éfects of CUNPs especially in
combination with morphine. These findings can pdevia new strategy for producing new
antinociceptive medications in the future.

Keywords: Nanoparticles; Copper; Tail flick tesEapparis spinosa; BALB/c mice



1. Introduction

Pain is a complex mechanism that is caused by lédstimuli in nature and is one of the most
common symptoms of discomfort in individuals [1hi§ phenomenon leads to changes in both
the peripheral and central nervous systems scstraory information is first transmitted to the
spinal cord through the peripheral nervous systedhthen sent to higher centers in the central
nervous system for perception and final interpretaf2, 3]. Although opioid drugs today are
widely used to relieve pain, their use can leach&jor side effects such as a reduced threshold of
pain tolerance, i.e., hyperalgesia, and physicdl@aychological dependence [4].
Nanotechnology, which plays a very important raiariodern researches, is the application of
science to control material at the molecular I1¢ggINowadays, due to the costly and dangerous
physical and chemical techniques, to produce meabparticles (NPs), biosynthetic methods
are used because of producing no toxic substamcéisei environment (green synthesis) [5].
Copper (Cu) is one of the most useful elements edioal sciences regarding numerous
therapeutic effects such as anti-inflammatory,camcer, analgesic, and antimicrobial effects [6].
Previous studies indicate the synthesis, charaetesh, and biological activities of copper
nanoparticles and copper nanocrystals in diffeveats, however, the green synthesis of copper
nanoparticles has been little attention in studfe&4). The present investigation was aimed to
synthesize the green synthesis of CuNPs usinggheoas extract of. spinosa and evaluate the

acute and chronic antinociceptive effects of them®oparticles in BALB/c mice model.

2. Materialsand M ethods

2.1. Collection of plant materials



The fruits of C. spinosa were collected from the rural areas of Kohdaslstridt, Lorestan
Province located in western Iran in August 2017emithe plant materials were identified by a
botanist in Herbarium of Agriculture and Natural seerce Research Center (ANRRC),

Khorramabad, Iran. A voucher specimen was depoaitéeérbarium of ANRRC (NO. 22785)
2.2. Preparation of aqueous extract

Three hundred g of plant were extracted by percoigtrocedure by means of methanol (80%)
for three days in room temperature. To remove thfaets the extract was passed through filter
paper (Whatman No.3, Sigma, Germany). Extract wasentrated in vacuum at 50°C by means

of a rotary evaporator and stored in the refrigergit5].
2.3. Characterization of CuNPs
2.3.1. Green synthesis of copper nanoparticles

In the present investigation, the green syntheti€uWNPs was performed according to the
method described by the present authors. BrieBym¥ of the obtained extract was added to 100
ml 0.01 M copper sulfate solution; after stirreavs kept at 60°C for one day. In the next step,
to remove all impurities it was centrifuged twidetlze 12,000 rpm for 20 min. The nanoparticles
have been prepared when the color of the solutit@nged from green to amber yellow. The

synthesized nanoparticles were dried in the ov&®aT for the more analyses (16, 17).

2.3.2. UV-Vis spectroscopy analysis



When the copper ions turned into the copper namiofes, the process was confirmed by the
surface plasmon resonance (SPR) of the copper adigdes. So that, 0.3 ml of the NPs solution
was diluted with 3 ml of normal saline, and wersessed by UV-Vis spectrum analysis by

means of a spectrophotometer device (JENWAY 640%)e range of 300-700 nm [18].

2.3.3. Fourier transforminfrared spectroscopy

FTIR was performed in the range of 400-4000 andh Wik resolution of 1-4cm on the mixture
of the obtained NPs along with the KBr granuleshvilte ratio of 1 to 100 after becomming

tablets [19].

2.3.4. Scanning electron microscope (SEM)

The characteristics including size and morpholofythe obtained CuNPs was studied by means
of a scanning electron microscopy (Mira3, Made me¢h) with 15 kv, magnification of x10, and

resolution of 1 nm.

2.4. Animals

From the Tehran Pasteur Institute were purchaseda&8d BALB/c mice with a weight of 25-30
g and kept with same light-dark cycles (12:12-h)jlevthe room temperature was (22+2 °C) and
enough food and water were provided for mice. Tiveye placed in laboratory conditions 30

minutes before the start of the experiment.



This study was carried out in strict accordance with the recommendations in the Guide for the Care and
Use of Laboratory Animals of the National Institutes of Health. Moreover, The protocol of the study
was approved by the Ethics Committee of Lorestaivéisity of Medical Sciences, Lorestan,

Iran (No. 2018/A-10-1633-4).

2.5. Tail flick test

Tail flick test is focusing the light burning onettmiddle one-third of the animal's tail. In this
experiment, 30 mice in five groups (6 mice in eapioup) were treated with different
concentrations ofCuNPs (25, 50, and 75 mg/kg), morphine (positivata) as well as
morphine along with 25 mg/kg of CuNPs in tail flitkst and their termal pain threshold was
evaluated. Light intensity of the tail flick appars (Sparco, Iran) was adjusted to make a2to 4 s
latency time in the intact animal. A cutoff time B® s was considered to prevent any possible
tissue damage. Latency time was recorded thride 1%tmin interval for each set of the tail flick

test; the mean was considered as a thermal pashbid (tail flick latency) (20).

2.6. Hot plate test

The plate temperature of the device was set to 2530 for evaluation of pain sensitivity of
treated mice with CuNPs (25, 50, and 75 mg/kg), phime (positive control) as well as
morphine + 25 mg/kg of CuNPs. The desired apparaotained a plate with the diameter of 19
cm and a Plexiglas wall with height of 30 cm (LE#h0del, Lsi LETICA, Spain). The interval
between the start of the experiment and the lickiagt paw or jumping measured as reply time

to thermal pain (maximum cutoff was considered 5(28).

2.7. Rotarod test



To evaluate the motor coordination in mice we ubedrotarod test. Briefly, mice were educated
to keep for 3 min on a rolling rod (3 cm, diamet@tating at 8 rpm. Then three groups (six mice
in each) were administrated by the various dose€wiPs(25, 50, and 75 mg/kg) and one
group received normal saline as negative contioblly after administration CuNRsnd normal
saline, animals were placed on the rolling rod strednumber of falls experienced by the mice

during the procedure (3 min) was registered [20].

2.8. Statistical analysis

SPSS software version 17.0 (SPSS Inc., ChicagoU8A) was used to analyze the obtained
data. One-way ANOVA test as well as Tukey's post-tast was used to assess the difference

between experimental groups. And finally P<0.05 w@ssidered statistically significant.

3. Reaults

3.1. Characteristics of CuNPs
3.1.1. UV-Vis spectrumanalysis
The highest peak of the synthesized CuNPs was asén the zone of 414 nm. The metallic
copper existence was proved by EDX analysis (Fjg.The copper nanoparticles at 1 KeV
revealed a sorptive peak, indexing for metallicopanticles of copper. The obtained findings
demonstrate that at the wavelength of 414 nm, Haeacteristic of the resonance band of the

surface plasmon happened for CuNPs (Fig. 2).



3.1.2. FTIRanalysis

Results of FTIR analysis showed that the biomokscurh the extract reduced the copper sulfate
solution; further, they would be used as coatimysnianoparticles. The bands at 3380, 2928,
1741, 1604, 1400, 1050, and 1271 tere attributed to the O-H stretching of alcohotl an
phenol, C-H stretching of the aliphatic group, Csi@tching of ester carbonyl, C=C stretching

of the aromatic ring, and C-O stretching of estespectively (Fig. 3).

3.1.3. SEM analysis

Based on the obtained SEM results, the green ssimthte CUNPs had a spherical morphology
and the size of the particles was measured betdvéand 41 nm (Fig. 4).

3.2. The analgesic effect of CUNPs extract on Tail flick test

Fig. 5 shows the analgesic effects of CuNPs asdtse-dependent response in the tail-flick
examination. CuNPs at the concentrations of 25a8@,75 mg/kg showed a mean latency time
of 3.8, 4.9, and 7.2 s, respectively; demonstragirsignificant (p<0.05) antinociceptive effect in
comparison with the control group. The results alsowed that CuNPs at the dose 75 mg/kg
and CuNPs (25 mg/kg) + morphine significantly (B&).increased the latency time compared
with morphine alone.

3.3. Theanalgesic effect of CUNPs on the hot-plate test

As shown in Fig. 6,CuNPs at the concentrations of 25, 50, and 75 mg/kg haten
antinociceptive activity as a dose-dependent respoBased on the obtained results CuNPs at
the dose 75 mg/kg and CuNPs (25 mg/kg) + morpHiogved a longer reaction time compared
with morphine alone.

3.4. Rotarod test



Based on the obtained results by motor coordinggst) no significant (p>0.05) difference was
observed after the administration of CuNfshe doses of 25, 50, and 75 mg/kg in the sensory

motor test.

4. Discussion

Pain is a sensory and protective mechanism thaesndie living organism duly aware of the
harmful factors of the periphery and respond adogig [21]. Since all people with any level of
life have the earliest age experience of pain tiwe, achieving ways to reduce pain has been
constantly one of the most important requiremetfittwnan life [4]. Although humans with
discovering opioid drugs have achieved this dentana great extent, the side effects such as
tolerance to analgesia, addiction, respiratory elegpon, sleep apnea, fatigue, and vomiting have
raised a serious problem with taking these medinatj4].

Attaining to new agents that despite being low-tske the desired properties caused special
attention of researchers to “nanotechnology”. Adoag to scientific literature, nanotechnology
is the ability to produce new materials, tools, aydtems with control over molecular and
atomic levels. This science, which many researchet®ve will have a huge impact on the
future of humankind, is applicable in many fieldgls as pharmacology, medicine, the chemical
industry, mechanics, cosmetics, resource sustdityabind transportation [5].

Although physical and chemical methods may havedgbmlogical activity, due to cost-
intensiveness, difficulty in supplying, and, aboat, high toxicity, today they have been
replaced by more favorable methods such as Greeth&jis. Green Synthesis is the design of
chemical products and processes that reduce omelienthe use of the generation of hazardous

substances [22].



Instinctively, from the beginning of history, hungahave been searching for herbal resources to
find drugs to treat their diseas€.spinosa, which is known among the Persians with the local
name “Kabar”, is an acanaceous and full of foliageubs with numerous medicinal properties,
including diuretics, diaphoretic, laxatives, andi-aorms [23]. In this study, we usé&tl spinosa
fruits as a biological agent to facilitate the $yt#is of CuNPs and, subsequently, examined its
acute and chronic analgesic effects on laboratonypas. In this investigation, using this plant
and in the form of green synthesis methods, wel tigeobtain CuNPs; the synthesized CuNPs
were spherical and their approximate size was lEtvld and 41 nm. Until now, plants such as
Euphorbia nivulia [24], Magnolia kobus [25], Nerium oleander [26], andEclipta prostrata have
been used in the biosynthesis of CuNPs. Neverthelexzognizing the plants’ capacity as
biological material for the synthesis of nanopde8an detail requires more studies [27-29].

To evaluate the analgesic effects of the intendgermental factors, the hot plate is one of the
most reliable tests. Based on the obtained datanitbe stated that the synthesized CuNPs may
act as a dose-dependent response and reduce theapaed by thermal stimulation. In this test,
there was a significant difference between the gsaeceiving CuNPs and the control group in
terms of being affected by the pain (p<0.05). Aeotiest that was used to study spinal responses
and decipher the central analgesic route was th#itk test; the possible conjecture is that the
analgesic effects of CuNPs are applied via theraknérvous system.

So far, several studies have been conducted orantiaociceptive effects of biosynthetic
nanoparticles. For example, Islam et al. (2015aistudy in Pakistan concluded that gold
nanoparticles improve the therapeutic abilityEmiphorbia milii extract and have considerable
antinociceptive effects, muscle relaxant, and seelassets [30]. In Iran, Jahangiri et al. (2013)

investigated the effects of magnesium oxide narimbes on the perception of the chemical pain



resulting from the two tests of acetic acid andrfalin in NMRI mice. The results of this study
showed that Mgo-NPs affect the mechanisms involmegohin and possibly affect the analgesic
properties through blockage of NMDA glutamate récep[31].

In another similar study in Iran, Kesmaty et alD12) examined the antinociceptive effects of
zinc oxide nanoparticles on rats. The results sklogignificant ZnO-NPs analgesic effects at
low levels (0.5 and 1 mg/kg) compared to the cdrgroup in the Tail flick test. Also, the results
of the hot plate test at low levels ZnO-NPs (0.9kgyindicated the antinociceptive effects of
this nanopatrticle [32]. de Araujo et al (2017) alsve demonstrated that gold nanoparticles
showed peripheral analgesia in the hot plate te#teadose of 150Qg/kg in the tested Swiss
mice [33].

Chiguvare et al (2016) showed that the Buchu p&dtact along with silver nanoparticles
showed potent analgesic effects in Swiss albinermdormalin test compared with the aspirin
drug and the extract alone (34). These differenicesfficacy and analgesic activity of
nanoparticles can be related to the type of natiofes, method of preparation as well as type of
studied analgesic examination.

To the best of our knowledge, there is no artidmuh the analgesic effects of CuNPs
synthesized by chemical and biological methods, dwvaw there are some studies that prove
their anti-microbial and antioxidant effects [23h this regard, in some scientific texts, the
antinociceptive properties of the copper elememt i role in the mechanism of pain control
have been mentioned [6]. Although the exact knogdedf the mechanism of the antinociceptive

effect of CUNPs requires further studies, we méateehis effect to the central mechanisms.

Conclusion

10



The results of present study confirm the antinquive effects of biosynthetic copper
nanopatrticles fronC. spinosa fruits. Although it is clear that the use of it aspain reliever

requires additional researches in the field of pteanology and toxicology. In addition, knowing
the exact physiological mechanisms involved cao &l a major step towards finding more

effective drugs to relieve pain.
ACKNOWLEDGMENT

The authors should be thankful from the staff ofiR#erbal Medicines Research Center,

Khorramabad, Iran.
CONFLICT OF INTEREST

The authors declare no conflict of interest inphesent study.

Provenance and peer review

Not commissioned externally peer reviewed.

11



REFERENCES

1. Lamont LA, Tranquilli WJ, Grimm KA. Physiology ofgm. Vet Clin North Am Small
Anim Pract. 2000; 30:703-28.

2. Crofford LJ Chronic Pain: Where the Body Meets Brain Trans Am Clin Climatol
Assoc. 2015; 126:167-83.

3. Els C, Jackson TD, Kunyk D, Lappi V, SonnenberdgiBgtvedt R, et al. Adverse events
associated with medium- and long-term use of ogidad chronic non-cancer pain: an
overview of Cochrane Reviews. Cochrane DatabaseR®ys 2017; 10: CD012509.

4. Delazar A, Reid RG, Sarker SD. GC-MS analysis efeélsential oil from the oleoresin
of Pistacia atlantica var. mutica. Chem Nat Comp 2004; 40: 24-7.

5. Kumar P, Roy I. Applications of gold nanoparticiasclinical medicine. Inter J Pharm

Pharm Sci 2016; 8; 9-16.

12



6. Szymaski P, Faczek T, Markowicz M, Mikiciuk-Olasik E. Developmemntf copper
based drugs, radiopharmaceuticals and medical m@mateBiometals. 2012; 25: 1089-
112.

7. Salavati-Niasaria M, Fereshteh Z, Davarb F. Symshe$ oleylamine capped copper
nanocrystals via thermal reduction of a new premuiRolyhedron 2009; 28: 126-130.

8. Salavati-Niasaria M, Mir N, Davarb F. A novel presor for synthesis of metallic copper
nanocrystals by thermal decomposition approach.liégpBSurface Science 2010; 256:
4003-4008.

9. Salavati-Niasari M. Zeolite-encapsulation coppégr(@omplexes with 14-membered
hexaaza macrocycles: synthesis, characterizatiah @atalytic activity. Journal of
Molecular Catalysis A: Chemical. 2007;217: 87-92.

10. Salavati-Niasari M. Host (nanocage of zeolite-Y&gtu (manganese(ll), cobalt(ll),
nickel(ll) and copper(ll) complexes of 12-membenadcrocyclic Schiff-base ligand
derived from thiosemicarbazide and glyoxal) nangoosite materials: Synthesis,
characterization and catalytic oxidation of cychdme. Journal of Molecular Catalysis
A: Chemical. 2008; 283; 120-128.

11.Mousavi-Kamazani M, Zarghami Z, Salavati-Niasari Macile and Novel Chemical
Synthesis, Characterization, and Formation Mechanaf Copper Sulfide (Cu2S,
Cu2S/CuS, CuS) Nanostructures for Increasing thei&icy of Solar Cells. J. Phys.
Chem. C 2016, 120, 4, 2096-2108.

12.Salavati-Niasari M. Synthesis and properties ofrmi&nbered hexaaza macrocycles
complexes of copper (ll) produced by one-pot temeplainorganic Chemistry

Communications 2004;7 (5): 698-700.

13



13. Salavati-Niasaria M, Davarb F. Synthesis of coget copper(l) oxide nanoparticles by
thermal decomposition of a new precursor. Matetialsers 2009; 63: 441-443.

14.Behpour M, Ghoreishi SM, Salavati-Niasari M, EbrahiB. Evaluating two new
synthesized S—N Schiff bases on the corrosion gpeoin 15% hydrochloric acid.
Materials Chemistry and Physics 2008; 107: 153-157.

15.Saedi Dezaki E, Mahmoudvand H, Sharififar F, Fall&Monzote L, Ezatkhah F.
Chemical composition along withanti-leishmanial aogtotoxic activity of Zataria
multiflora.Pharm Biol 2016; 54:752-8.

16.Khatami M, Amini E, Amini A, Mortazavi SM, Kisharkarahani Z, Heli H. Biosynthesis
of silver nanopatrticles using pine pollen and eaatin of the antifungal efficiency. Iran
Biotechnol 2017; 15: 1-7.

17.Khatami M, Mehnipor R, Poor MHS, Jouzani GS. Fadimsynthesis of silver
nanoparticles usingDescurainia sophia and evaluation of their antibacterial and
antifungal properties. J Clust Sci 2016; 27: 16@1-1

18.Khatami M, Amini E, Amini A, Mortazavi SM, Kisharkarahani Z, et al. Biosynthesis of
silver nanoparticles using pine pollen and evatuatif the antifungal efficiency. Iran J
Biotechnol 2017; 15: 1-7.

19.Soltani Nejad M, Khatami M, Shahidi Bonjar GH. Eadellular synthesis gold
nanotriangles using biomass of Streptomyces meva8. IET Nanobiotechnol 2016; 10:
33-8.

20.Hosseinzadeh H, Haddadkhodaparast MH, Arash ARinAciteptive, antiinflammatory
and acute toxicity effects ofalvia leriifolia benth. Seed extract in mice and rats.

Phytother Res. 2003;17:422e425.

14



21.Swieboda P, Filip R, Prystupa A, Drozd M. Assesdnadrpain: types, mechanism and
treatment Ann Agric Environ Med. 2013;1:2-7.

22.Makarov VV, Love AJ, Sinitsyna OV, Makarova SS, Masky IV, Taliansky ME,
Kalinina NO. Green Nanotechnologies: Synthesis etdViNanoparticles Using Plants.
Acta Naturae. 2014; 6: 35-44.

23.Ebrahimi K, Shiravand S,Mahmoudvand H. Biosynthedisopper nanoparticles using
aqueous extract of Capparis spinosa fruit and tigegson of its antibacterial activity.
Marmara Pharm J. 2017; 24: 866-71.

24.Valodkar M, Jadeja RN, Thounaojam M®evkar RC, Thakore S. Biocompatible
synthesis of peptide capped copper nanoparticléstlaeir biological effect on tumor
cells. Mater Chem Phys. 2011; 128: 83-89.

25.Lee H, Song JY and Kim BS: Biological synthesis aafpper nanoparticles using
Magnolia kobus leaf extract and their antibacterial activity. de@h Technol Biotechnol.
2013; 88: 1971-7.

26.Gopinath M, Subbaiya R, Masilamani Selvam M, Sur&hSynthesis of copper
nanoparticles from Nerium oleander leaf aqueousaekaind its antibacterial activity. Int
J Curr Microbiol App Sci. 2014; 3: 814-18.

27.Chung lll, Rahuman A, Sampath M, Green synthe$isopper nanoparticles using
Eclipta prostrata leaves extract and their antiaxidand cytotoxic activities. Exp Ther
Med. 2017; 14: 18-24.

28.Janakiraman M. Protective efficacy of silver nartipes synthesized fror@lymarin on
cisplatin induced renal oxidative stress in albino rat. ddté\ppl Pharm. 2018; 10: 110-

16.

15



29.Murugesan S, Bhuvaneswari S, Sivamurugan V. Greethasis, characterization of
silver nanoparticles of a marine red al§ayridia fusiformis and their antibacterial
activity”. Inter JPharm Pharm Sci. 2017; 9: 192-7.

30.Islam N, Khan I, Rauf A, Muhammad N, Muhammad SBhah MR. Antinociceptive,
muscle relaxant and sedative activities of goldopanticles generated by methanolic
extract ofEuphorbia milii. The official J Inter Sci Comp Med Res. 2015;15:160

31.Jahangiri L, Kesmati M, Najafzadeh H. Evaluationaofalgesic and anti-inflammatory
effect of nanopatrticles of magnesium oxide in migth and without ketamine. European
Rev Med Pharm Sci. 2013; 17: 2706-10.

32.Kesmati M, Torabi M, Ghandizadeh Dezfuli M. Evaloat of antinociceptive effect of
zinc oxide nanoparticles in female rats. Auton ideai Basic Clin. 2014;5: 80-7.

33.de Aradjo RF Junior, de Araudjo AA, Pessoa JB, Eréleto FP, da Silva GR, Leitdo
Oliveira AL, de Carvalho TG, Silva HF, Eugénio Mar8'Anna C, Gasparotto LH. Anti-
inflammatory, analgesic and anti-tumor propertiegad nanoparticles. Pharmacol Rep.
2017;69(1):119-129.

34.Chiguvare H, Oyedeji OO, Matewu R, Aremu O, Oyemitad, Oyedeji AO, Nkeh-
Chungag BN, Songca SP, Mohan S, Oluwafemi OS. &giglof Silver Nanoparticles
Using Buchu Plant Extracts and Their Analgesic Brogs. Molecules. 2016 14;21(6).

pii: E774.

16



75—
%7 |

67.5 —

60 —

52.5—

T T T T L T 1
40!3!1 3500 3000 2500 2000 17‘.’:0 1500 1250 1000 750 5[:0

Figure 1. EDX to check the presence of copper eiéme

17



3 -
18 -

16 -

14 —

F2:-

Absorption -
0.8

06 -

0.4

02 -

O

300 350 400 450 500 550 600 650 70O 750 800
Wavelenzth {nm}

Figure 2. The absorption spectrum of synthesized coppevpeaticles.

18



Journal Pre-proof

s ) oo == o0 =] - =x

Tews

Figure 3. The FTIR spectrum of synthesized coppeopatrticles.

19



Figure 4. Scanning electron microscope of copperoparticles synthesized using aqueous

extract ofCapparis spinosa fruit.
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Highlights

We evaluated the antinociceptive effects of green synthesized copper nanoparticles

The antinoci ceptive effect of CUNPs was evaluated by tail-flick, hot-plate and rotarod test.
Hot plate and tail flick tests showed the potent analgesic effect of biosynthetic CUNPs

No significant difference was observed after administration of CuNPsin sensory motor test.

The results showed the analgesic effects of CUNPs especially in combination with morphine.
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