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ABSTRACT: Postoperative pain management is prerequisite element for care of 

surgical patient. Objective of this study was to develop and evaluate nefopam 

hydrochloride loaded poly (meth) acrylates nanospheres (NFH-NS) for post-

incisional pain treatment. Nefopam hydrochloride (NFH) is a centrally acting, non-

opioid analgesic exclusive for treatment of post-incisional pain. NFH-NS were 

fabricated using eudragit RL 100: RS 100 by quasi solvent diffusion technique to 

provide sustained release of NFH. Entrapment efficiency (% EE), drug loading (% 

DL), z-average, polydispersity index and zeta potential (ζ) of NFH-NS was found 

84.972 ± 1.23%, 21.41 ± 2.02 %, 648 ± 4.8 nm, 0.53 and + 4.48 mV, respectively. 

Scanning electron micrographs asserted smooth morphology and substantial 

spherical shape of nanospheres. In-vitro dissolution test revealed that NFH-NS 

followed fickian diffusion for drug transport. Mean dissolution time, dissolution 

efficiency and difference factor (f1) for NFH-NS was 5.68 h, 68.9 % and 31.83, 

respectively, which indicated dissimilarity in dissolution profiles as compared to 

NFH. % EE and % DL of NFH-NS at 25 ± 2°C/60 ± 5 % RH and 40 ± 2°C/75 ± 5 % 

RH revealed stability of formulation. Maximum % reversal of mechanical allodynia 

was achieved after peroral administration of NFH-NS (30 mg kg–1) in rat model of 

post-incisional pain for 14 days. Minimum effective dose (MED) and ED50 of NFH-

NS was found 10 mg kg–1 and 16.4 mg kg–1, respectively. 

INTRODUCTION: Drug delivery is multifaceted 

and autonomous field of research 
1
. Polymeric drug 

delivery systems have been extensively employed 

to provide captivating substitute for dynamic and 

long-term delivery of therapeutic agents. Polymeric 

dosage forms contribute many benefits such as 

reduced frequency of drug administration, site-

specific and sustained delivery of drugs 
2-4

.  
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Polymeric nanosphere delivery systems have 

proficiency to enhance drug stability, upgrade its 

duration of therapeutic effect and diminish its 

degradation as well as metabolism 
5-8

. 

 

Postoperative pain management is prerequisite 

element for care of surgical patient. Most of 

patients suffer from severe pain during the first few 

days post-surgery 
9, 10

. Therefore, post-incisional 

pain has great significance for investigation 
11, 12

. 

Nefopam hydrochloride (NFH) is a non-opioid 

analgesic that acts centrally by inhibiting reuptake 

of triple neurotransmitter i.e. dopamine (DA), 

noradrenalin (NA) and 5-hydroxytryptamine (5-

HT) to maintain adequate monoamines in pre-

synaptic cleft 
11, 13

. Other mode of action may be 
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through blockage of NMDA mediated 

glutamatergic transmission of calcium influx or 

voltage-gated sodium channels which leads to anti-

nociceptive effect 
14-16

. It has been reported in 

literature that plasma half-life, protein binding and 

oral bioavailability of NFH is 3-5 h, 75 % and 40 

%, respectively 
14

. NFH undergoes substantial 

hepatic biotransformation to desmethylnefopam 

(which seems to be biologically active) and N-

oxide-nefopam 
17

. Major route of elimination (87 

%) is renal although a small part (8 %) is excreted 

in faeces 
18

. Nefopam 20 mg was equipotent to 

morphine 6-12 mg or to meperidine 50 mg 
11, 19

. 

NFH is contemplated to be safe and well tolerated 

because it’s reported adverse effects such as 

drowsiness, nausea, vomiting and sweating are 

minor 
9, 20, 21

. NFH neither affects platelet function 

like NSAIDS nor leads to addiction or tolerance 

like opioid. It has been exclusive drug for treatment 

of post-incisional and neuropathic pain. It can be 

used for relief of dental, musculo-skeletal, acute 

traumatic, acute wound and cancer pain 
18, 22-24

. 

 

Objective of this research was to develop and 

evaluate nefopam hydrochloride loaded poly 

(meth) acrylates nanospheres (NFH-NS) for post-

incisional pain management. In this study, NFH-NS 

were fabricated using eudragit RL 100: RS 100 by 

quasi solvent diffusion technique to provide 

sustained release of NFH and characterized for 

various parameters such as entrapment efficiency, 

drug loading, mean particle size, polydispersity 

index, zeta potential and scanning electron 

micrographs. In-vitro drug release characteristics 

and stability studies were also investigated. In 

addition, potency and efficacy of NFH-NS was 

investigated in a rat model of post-incisional pain. 

 

MATERIAL AND METHODS: 

Materials: 

Nefopam hydrochloride (C17H20ClNO, 5-methyl-1-

phenyl-1, 3, 4, 6-tetrahydro-2, 5-benzoxazocine 

hydrochloride, Mw 289.8 g mol
–1

, CAS NO-23327-

57-3, 99.57% purity) was procured from Hangz 

Hou-Daying-Chem. Company Ltd. China. Eudragit 

RL 100 and RS 100 were received as gift sample 

supplied by Evonik Industries AG, Mumbai, India. 

Span 80 (sorbitan monooleate, HLB-4.3), 

magnesium stearate (magnesium octadecanoate, 

591.27 g mol
–1

), sodium hydroxide, potassium 

dihydrogen phosphate and methanol were obtained 

from Loba Chemicals Private Limited, Mumbai, 

India. Acetone (2-propanone, C3H6O, Mw 58.08 g 

mol
–1

), heavy liquid paraffin and n-hexane (C6H14, 

Mw 86.18) were obtained from Merck Specialties 

Private Limited, Mumbai. Petroleum ether was 

purchased from Thomas Bakers Chemical Private 

Limited, Mumbai. Isofluorane was procured from 

Sigma, USA. All other chemicals utilized were of 

analytical grade. 

 

Animals: 

Animal experiments were carried out with prior 

permission from institutional animal ethics 

committee (IAEC/CCP/13/PR-010) and care of the 

animals was carried out as per the guidelines of 

committee for the purpose of control and 

supervision of experiments on animals (CPCSEA), 

ministry of environment and forest, government of 

India (Chitkara college of pharmacy animal facility 

registration number: 1181/ab/08/CPCSEA). Rats 

(male wistar, 180-200 g) were used in all 

experiments and allowed free access to food and 

water. All the animals were maintained on 12 h 

light-dark cycle in temperature and humidity 

controlled rooms. Efforts were made to restraint 

affliction and to utilize minimum number of 

animals essential to achieve statistical significance. 

 

Preparation of poly (meth) acrylates 

nanospheres: 

Quasi solvent diffusion technique was successfully 

employed for fabrication of nefopam 

hydrochloride-loaded poly (meth) acrylates 

nanospheres (NFH-NS) which were composed of 1: 

3 molar ratios of NFH and poly (meth) acrylates 

(eudragit RL 100: RS 100; 1: 2). Accurate quantity 

of NFH, eudragit RL 100 and RS 100 were 

dissolved in acetone-ethanol solvent mixture to 

form dispersed phase (DP). Continuous phase (CP) 

consist of heavy liquid paraffin containing n-

hexane as hardening agent and sorbitan monooleate 

as an emulsifier. DP was extruded slowly through 

syringe # 20 to CP to form dispersion. After 

continuous stirring for 4 h on magnetic stirrer 

(Remi Instruments Division, India) at 38 ± 0.5
o
, 

dispersion was centrifuged and washed with 

petroleum ether. Nanospheres were
 
accumulated by 

filtration utilizing 0.22 μm membrane filters 

followed by ultracentrifugation at 20,000 rpm for 



Singh et al., IJPSR, 2016; Vol. 7(5): 1967-1977.                                           E-ISSN: 0975-8232; P-ISSN: 2320-5148 

International Journal of Pharmaceutical Sciences and Research                                                                              1969 

30 minutes applying cooling centrifuge (RIS-24 

BL, Remi Instruments Division, and India) and 

freeze-dried using lyophilizer (ISIC Make, India). 

Schematic representation for fabrication of NFH-

NS is delineated in Fig. 1. 

 

 
FIG. 1: SCHEMATIC REPRESENTATION OF 

EXPERIMENTAL PROCEDURE FOR FABRICATION OF 

NFH-NS 

 

Characterization of NFH-NS: 

Entrapment efficiency and drug loading 

determination: 

50 mg of NFH-NS was accurately weighed and 

extracted with phosphate buffer, pH 7.4 for 24 h 

and centrifuged for 10 min at 3500 rpm. 

Supernatant was withdrawn and analyzed 

spectrophotometrically at 266 nm (Systronics 

AU2701). NFH concentration in the sample was 

determined using calibration curve regression 

equation. Entrapment efficiency (% EE, w/w) and 

drug loading (% DL, w/w) of NFH-NS was 

calculated by following equations 
25, 26

: 

 

          Eq. (1) 

                        

    Eq. (2)                         

 

Particle size distribution by dynamic light 

scattering (DLS): 

Z-average and polydispersity index (PDI) of NFH-

NS was determined by dynamic light scattering 

(DLS) using zetasizer ver. 7.03 (Nano ZS, Malvern 

Instruments Ltd., UK). Analysis was performed at 

25
o
C using disposable size cuvette at count rate of 

165.6 kcps. Double distilled water with refractive 

index and viscosity of 1.330 and 0.8872 cP, 

respectively, was utilized for dilution of sample 

(500 ×). 

 

Zeta potential (ζ) analysis: 

NFH-NS was characterized by zeta potential (ζ) 

analysis using zetasizer ver. 7.03 (Nano ZS, 

Malvern Instruments Ltd., UK). Double distilled 

water with refractive index, dielectric constant and 

viscosity values 1.330, 78.5 and 0.8872, 

respectively, was used for diluting sample to 

appropriate concentration. Sample was placed in 

clear disposable zeta cell and analyzed at count rate 

of 29.3 kcps. 

 

Surface morphology of nanospheres: 

Surface morphology of NFH-NS was investigated 

using scanning electron microscopy (SEM). 

Nanospheres were coated with gold palladium for 

150 seconds to apply 20 nm films under an 

atmosphere of air (Coater Polaron, 18mA current at 

1.4 kV) and examined with a variable pressure 

scanning electron microscope (Hitachi S3400N). 

 

In-vitro dissolution test: 

In-vitro drug release profile study: 

Dialysis bag diffusion technique was used for in-

vitro drug release profile study of NFH-NS 
27, 28

. 

Diffusion membrane with molecular weight cut-off 

(MWCO) of 12,000-14,000 Da (Himedia, India) 

was soaked in phosphate buffer, pH 7.4 for 12 h 

before being used for experiment 
29

. NFH or NFH-

NS was placed in dialysis bag which was sealed at 

both ends. Dialysis bag was immersed in 50 mL of 

phosphate buffer, pH 7.4, which was stirred at 200 

rpm on magnetic stirrer (Remi, India) and 

maintained at 37 ± 0.5 ºC. Two mL sample was 

withdrawn at regular time intervals (0.5, 1, 2, 4, 6, 

8, 12, 16, 24 h) and reloaded with equivalent 

volume of fresh release medium.  

 

Concentration of NFH in sample was analyzed by 

UV spectrophotometry at 266 nm using double 

beam UV spectrophotometer (Systronics AU2701, 

India). All the experiments were performed in 

triplicate (n = 3), and the average values were 

taken. Cumulative drug released (%) vs. time (h) 

were plotted to observe in-vitro drug release pattern 

from NFH-NS and free NFH 
6, 30

. 
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In-vitro drug release kinetics analysis by 

mathematical-models:  

In order to investigate the release mechanism of 

drug from NFH-NS, in-vitro drug release data was 

analyzed using various mathematical models i.e. 

zero-order kinetics, first-order kinetics, Hixson-

crowell cube root model, higuchi model, 

Korsmeyer-peppas model, and weibull model 

employing Eqs. (3) - (8), respectively. Plotted data 

were fitted with linear regression to obtain 

regression equation and coefficient (r
2
) 

31, 32
. 

 

                      Eq. (3) 

        Eq. (4) 

   Eq. (5) 

                    Eq. (6) 

    Eq. (7) 

     Eq. (8) 

                                 

Where, F denotes fraction of drug released up to 

time t; K0, Kf, KH, p, KP, K1/3, td and β are 

parameters of models. 

 

Comparison of in-vitro drug release profile by 

model-independent methods: 

Model independent methods i.e. ratio test and pair-

wise procedure were used for comparison of in-

vitro drug release profiles of NFH and NFH-NS. 

For ratio test, comparison was made on basis of 

mean dissolution time (MDT) calculated using 

following equation: 

 

  Eq. (9) 

                                   

Where, j is sample number; n is number of 

dissolution sample times;   j and ∆Mj are time at 

midpoint and additional amount of drug dissolved 

between tj and tj–1, respectively. 

 

For pair-wise comparison, difference factor (f1) 

which measured percent error between in-vitro 

drug release curves of NFH and NFH-NS over all 

time intervals was calculated using Eq. (10). 

Dissolution efficiency (% DE) used to characterize 

drug release profile was calculated applying Eq. 

(11) and (12) 
31, 33, 34

. 

 

            Eq. (10) 

                            Eq. (11) 

                      Eq. (12) 

Where, n is sampling number; R and T is percent 

dissolved of NFH and NFH-NS at each time point 

j; SA = Shaded area under in-vitro drug release 

curve up to time t; R = Rectangle area (y100 × t) 

described by 100% dissolution up to time t and y is 

drug percent dissolved at time t. 

 

Stability study: 

Following ICH guidelines Q1A (R2), NFH-NS 

were kept in sealed glass vials at elevated 

temperatures and relative humidity in stability 

analysis test chamber (CHM 10S, REMI, India) at 

25 ± 2°C/60 ± 5% RH and 40 ± 2°C/75 ± 5 % RH 

over a period of 12 months for conducting long 

term and accelerated stability testing, respectively 
35, 36

. Samples were withdrawn at preset time 

intervals of 3, 6 and 12 months and characterized 

for change in % EE and % DL (as per 

aforementioned protocol). 

 

In-vivo evaluation: 

Drug administration: 

NFH and NFH-NS were dissolved in phosphate-

buffer solution. Isofluorane was used for anesthesia 

in incisional pain model. Animals were randomly 

divided into several experimental groups: 1 - 

phosphate-buffer solution (5 ml kg
–1

) treated 

control group, 2 - NFH (10 mg kg
–1

) treated 

reference group, 3 - NFH-NS (10 mg kg
–1

) treated 

test group-I, 4 - NFH-NS (20 mg kg
–1

) treated test 

group-II, and 5 - NFH-NS (30 mg kg
–1

) treated test 

group-III. Sham group was included in incisional 

pain model. All drug preparations were 

administered by peroral (p.o) route using oral 

gavage. 
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Post-incisional pain study by incisional pain 

model: 

Surgery: Surgery of rats was conducted after 

anaesthetization with 2% isofluorane. Using sterile 

technique, 1 cm longitudinal incision was made 

with 10 # scalpel, through skin and fascia of plantar 

aspect of left hind paw, starting 0.5 cm from 

proximal edge of heel and extending toward toes. 

Skin was opposed with two single interrupted 

sutures using 5-0 nylon with gentle pressure. 

Povidone-iodine antibiotic powder (Cipladine, 

Cipla Ltd. Mumbai, India) was sprinkled over 

wound site and animals were allowed to recover in 

their home cages 
10, 12, 37

. Sham-operated rats 

received anesthesia, but not an incision. 

 

Treatment of injury: 

Von Frey paw withdrawl thresold (VFWT) was 

determined prior to surgery (baseline) on day 0 and 

24 h post-ligation (pre-dose) on day 1, for each rat 

of different groups. Drug preparations were 

administered immediately after the pre-dose test 

and continued daily to day 14 post-ligation. 

Behavioral test (mechanical allodynia) was 

recorded at different time intervals (0.5, 1, 2, 4, 6, 

8, 10 h, 3, 5, 7 and 14 day) post-dose treatment. 

 

Behavioral test (mechanical allodynia): 

Automated electronic von Frey nylon 

monofilaments (Stoelting, USA) were used to 

determine VFWT to non-noxious mechanical 

stimulus. Each rat was positioned on wire mesh 

cage with an uplifted metal screen surface. 

Electronic von Frey employed a single nonflexible 

filament to which experimenter implemented an 

increasing force. Stimulus was applied 

progressively to plantar surface of left hind paw of 

individual animal. End point was contemplated as 

nocifensive paw withdrawal 
38

. Percent reversal of 

allodynia was determined using following 

equation: 

 

 Eq. (14)                   

 

Statistical Analysis: 

All the results were represented as mean value ± 

standard deviation. Two-way ANOVA followed by 

bonferroni post-test for comparison and 

significance study was performed using GraphPad 

Prism version 5.01 for windows (GraphPad 

Software, San Diego California, USA). Statistical 

difference (p < 0.05) was considered significant. 

Dose that produced 50% of the maximum percent 

reversal (ED50) was calculated using the curve-

fitting functions in GraphPad Prism 5.01. 

 

RESULT AND DISCUSSION: 

Characterization of NFH-NS: 

Entrapment efficiency and drug loading of NFH-

NS was 84.972 ± 1.23% and 21.41 ± 2.02%, 

respectively. Entrapment and loading capacity of 

fabricated nanospheres was found satisfactorily 

high. Z-average and polydispersity index of 

nanospheres was found 648 ± 4.8 nm and 0.53, 

respectively (Fig. 2). Data illustrated homogeneity 

with comparatively narrow particle size distribution 

in nanometric range. Zeta potential (ζ) value of 

NFH-NS was determined + 4.48 mV (Fig. 3). 

Positive value of zeta potential may be attributed to 

cationic poly (meth) acrylates with quaternary 

ammonium group. Scanning electron micrographs 

asserted that nanospheres were substantially 

spherical in shape with smooth morphology (Fig. 

4).  

 

Statistical Analysis: 

All the results were represented as mean value ± 

standard deviation. Two-way ANOVA followed by 

bonferroni post-test for comparison and 

significance study was performed using GraphPad 

Prism version 5.01 for windows (GraphPad 

Software, San Diego California, USA). Statistical 

difference (p < 0.05) was considered significant. 

Dose that produced 50% of the maximum percent 

reversal (ED50) was calculated using the curve-

fitting functions in GraphPad Prism 5.01. 

 

RESULT AND DISCUSSION: 

Characterization of NFH-NS: 

Entrapment efficiency and drug loading of NFH-

NS was 84.972 ± 1.23% and 21.41 ± 2.02%, 

respectively. Entrapment and loading capacity of 

fabricated nanospheres was found satisfactorily 

high. Z-average and polydispersity index of 

nanospheres was found 648 ± 4.8 nm and 0.53, 

respectively (Fig. 2). Data illustrated homogeneity 

with comparatively narrow particle size distribution 

in nanometric range. Zeta potential (ζ) value of 

NFH-NS was determined + 4.48 mV (Fig. 3). 
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Positive value of zeta potential may be attributed to 

cationic poly (meth) acrylates with quaternary 

ammonium group. Scanning electron micrographs 

asserted that nanospheres were substantially 

spherical in shape with smooth morphology (Fig. 

4).  

 

 

 
FIG. 2: PARTICLE SIZE DISTRIBUTION PATTERNS OF NFH-NS 

 

 
FIG. 3: APPARENT ZETA POTENTIAL REPORT OF NFH-NS 

 

 
FIG. 4: SCANNING ELECTRON MICROGRAPHS OF NFH-NS AT (× 9500) MAGNIFICATION 
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In-vitro dissolution study: 

NFH was released from NFH-NS following 

biphasic pattern with an initial ‘burst release’ of 

loosely bound NFH on or near the surface of 

particles during first 4 h and then sustained release 

of remaining drug from core due to diffusion from 

polymer matrix over 24 h. However, NFH rendered 

a rapid release of drug within 6 h (Fig. 5). 

Mechanism of drug release from NFH-NS was 

resolved by finding R
2
 value for various 

mathematical kinetic models viz. zero-order 

kinetics, first-order kinetics, Hixon-crowell, 

higuchi, korsmeyer-peppas and weibull model (Fig. 

6). In-vitro drug release of NFH-NS was best 

explained by korsmeyer-peppas equation with 

regression coefficient (r
2
), 0.988 (Fig. 6e). This 

indicted that NFH-NS followed fickian diffusion 

drug transport mechanism 
31

. 

 

 
FIG. 5: IN-VITRO DRUG RELEASE PROFILES FROM NFH-NS AND NFH IN PHOSPHATE BUFFER, PH 7.4 AT 37 ± 0.5oC 

 

 
FIG. 6: IN-VITRO DRUG RELEASE KINETIC MODEL FOR NFH-NS (A) ZERO–ORDER, (B) FIRST–ORDER, (C) HIXON–

CROWELL MODEL, (D) HIGUCHI MODEL, (E) KORSMEYER–PEPPAS MODEL, AND (F) WEIBULL MODEL 
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MDT for pure NFH and NFH-NS was found to be 

2.12 and 5.68 h, respectively, (Table 1) which 

indicated that in-vitro drug release from 

nanospheres was considerably slower than from 

pure drug. Reason behind this might be entrapment 

of drug in poly (meth) acrylates polymers which 

gets swell in presence of water and digestive fluids 

and exhibit slow release by diffusion. % DE for 

NFH and NFH-NS was found 18.95 and 68.9 %, 

respectively (Table 1). Higher dissolution 

efficiency of NFH-NS could be due to increased 

surface area to volume ratio. In order to consider 

similar dissolution profiles between reference and 

test formulation, f1 values should be lower than 15 

(0-15). Difference factor (f1) between NFH-NS and 

NFH was 31.83 which indicated dissimilarity 

between dissolution profiles as the value was > 15 
31

. 

 

TABLE 1: DISSOLUTION EFFICIENCY (% DE) AND 

MEAN DISSOLUTION TIME (MDT) OF NFH AND 

NFH-NS 

Formulation % DE MDT 

NFH 18.95 2.12 

NFH-NS 68.90 5.68 

 

Stability study: 

Long term and accelerated stability testing of NFH-

NS was conducted as per ICH guidelines Q1A (R2) 

and ICH Q1. NFH-NS were characterized for 

change in % EE and DL at predetermined time 

intervals of 3, 6 and 12 months. It was observed 

that there was no significant change (p > 0.05) in % 

EE and DL of samples kept at 40 ± 2°C/75 ± 5 % 

RH as compared to those placed at 25 ± 2°C/60 ± 

5% RH (Fig. 7) which revealed stability of 

formulation on storage at elevated temperature and 

humidity conditions. 

 

 
FIG. 7: % EE AND % DL OF NFH-NS AGAINST STORAGE TIME AT 25 ± 2 oC/60 ± 5% RH AND 40 ± 2 oC/75 ± 5 % RH 25oC 

 

In-vivo evaluation:  

Postoperative pain study was performed by 

incisional pain model to compare NFH (10 mg kg
–

1
) and NFH-NS (10-30 mg kg

–1
) employing 

mechanical allodynia for behavioral testing of rats. 

VFWT determined by electronic von Frey assay 

prior to incision was 75.1 ± 2.4 (baseline). All rats 

underwent VFWT testing before treatment (pre-

dose) followed by post-dose testing. Control group 

exhibited strong allodynia during experimental 

period as compared to NFH-NS treated groups (p < 

0.001). On the contrary, phosphate-buffer treated 

sham group did not display mechanical allodynia  

 

during experimental period. NFH-NS 10-30 mg kg
–

1
 treated

 
group

 
produced significant difference in 

VFWT till 14 day of drug administration as 

compared to NFH 10 mg kg
–1

 treated reference 

group (p < 0.05, p < 0.01, p < 0.001) (Fig. 8). Data 

illustrated sustained release of drug from NFH-NS. 

Furthermore, it was investigated that NFH-NS 20-

30 mg kg
–1

 treated animals exhibited significantly 

higher VFWT as compared to NFH-NS 10 mg kg
–1

 

treated animals
 
(p < 0.001, at all time points) which 

manifested that NFH-NS produced dose-dependent 

attenuation of pain. 
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Minimum effective dose (MED), onset and 

duration of action for NFH-NS was retrieved from 

the curve obtained in incisional pain model (Fig. 

8). MED, minimum dose that elicited statistically 

significant response as compared to vehicle-treated 

controls was 10 mg kg
–1

. Onset of action, earliest 

detected statistically significant response with 

MED was found 0.5 h. NFH-NS exhibited long 

duration of action as indicated by statistically 

significant VFWT at various time points post-dose 

at MED (10 mg kg
–1

) (Fig. 8, Table 2). 

 

 

FIG. 8: VFWT FROM VARYING DOSES OF NFH-NS ADMINISTERED VIA P.O. ROUTE (N = 5). ASTERISK INDICATES 

SIGNIFICANT DIFFERENCE BETWEEN NFH-NS AND NFH (*P < 0.05, ɸP < 0.01, #P < 0.001). BL INDICATES BASELINE 

 

Dose response curve was constructed between dose 

(NFH-NS 10-30 mg kg
–1

) and maximum % 

reversal of allodynia at corresponding dose. 

Maximum percent reversal was reported for highest 

studied dose 30 mg kg
–1

 (Fig. 9). Dose that 

produced 50 % of maximum percent reversal 

(ED50) as calculated by curve-fitting functions in 

GraphPad Prism 5.01 was found 16.4 mg kg
–1 

(Table 2). 

 
FIG. 9: MAXIMUM % REVERSAL OF ALLODYNIA 

PRODUCED BY NFH-NS (10–30 MG KG–1, P.O.) (N = 5) 

 
TABLE 2: REPORTS OF NFH-NS AGAINST TACTILE 

ALLODYNIA IN RAT MODEL OF INCISIONAL PAIN 

Compound NFH-NS 

Doses (mg kg
–1

) 10, 20, 30 

Route p.o 

MED (mg kg
–1

) 10 

Onset of action (h) by 0.5 

Duration of action long 

Maximum percent 

reversal 

72, 84, 92 % 

ED50 (mg kg
–1

) 16.4 

 

CONCLUSION: Our findings clearly 

demonstrated that poly (meth) acrylates 

nanospheres of nefopam hydrochloride synthesized 

by quasi solvent diffusion technique followed 

fickian diffusion for drug transport with an initial 

‘burst release’ succeeded by sustained release over 

24 h. Long term and accelerated stability testing 

revealed stability of NFH-NS on storage at 25 ± 

2°C/60 ± 5% RH and 40 ± 2°C/75 ± 5 % RH. It 

was investigated that maximum reversal of 

mechanical allodynia was achieved after p.o 
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administration of NFH-NS (30 mg kg
–1

) in a rat 

model of post-incisional pain study. We have 

researched the potency and efficacy of NFH-NS in 

a rat model of post-incisional pain. MED and ED50 

of NFH-NS was found 10 mg kg
–1

 and 16.4 mg kg
–

1
, respectively. Current investigation conclusively 

manifested sustained as well as dose dependent 

effect of NFH-NS. These findings should prove 

useful in the study of post-incisional pain and 

assessment of novel treatments. 
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