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Schiff bases are important class of organic compounds have extensively used in numerous fields such 
as biological, inorganic and analytical chemistry, and due to their broad spectrum biological activities 
Schiff bases are used in medicinal and in the development of pharmaceuticals. Pain is description of 
feelings with extremely divergent character of intensity ranging from disagreeable to intolerable. The 
struggle to relieve pain began with the origin of humanity. The analgesic activity was tested on HA1-HA4 
(12.5mg and 25mg/kg) through acetic acid induced writhing, formalin test, tail immersion and hot plate 
models. The possible involvement of opioid receptor was also surveyed utilizing naloxone in tail 
immersion and hot plate model. HA1-HA4 has a safety profile up to 400mg/kg dose without any 
behavioral changes and mortality noted. Potential analgesic response was noted (*P<0.05, **P<0.01, 
***P<0.001) in formalin, acetic acid and heat induced pain models followed by investigating the inclusion 
of opioid receptors.  

Keywords: Schiff base, in-vivo analgesic, hotplate, naloxone, opioid receptor, mice. 

 
INTRODUCTION 

Schiff bases are the chemical class of organic 
compounds formed by the condensation reaction of 
carbonyl compounds with primary amines and has 
gained importance in the present scenario (Chopde 
et al. 2017). Schiff bases are the compounds with 
the functional group of azomethine or imine (–
C=N–). Schiff bases were first prepared by Hugo 
Schiff by the condensation reaction of primary 
amines with carbonyl compounds (Cimerman et al. 
2000, Schiff, 1864, Kumar et al. 2009).  

Pain is description of feelings with extremely 
divergent character of intensity ranging from 
disagreeable to intolerable. To relieve pain, the 
struggle began since the origin of humanity. An 
analgesic is defined as a medicine bringing 

approximately numbness to irritation without 
misfortune of consciousness. Pain relieving drugs 
act in different ways on the central as well as on the 
peripheral nervous systems (Cregg et al. 2013). 
Inflammation could be a defense reaction of the 
body towards unsafe boosts such as allergens 
or/and damage to the tissues; on the other side, 
unrestrained inflammatory reaction is one of the 
most cause of inflammatory disorders such as 
hypersensitivities, metabolic disorders, 
cardiovascular dysfunctions, cancers, and immune 
system disorders conferring considerable financial 
burden on people as well as on the society (Chen 
et al.2017).  

There are few medications for controlling, 
confining and stifling pain and inflammatory crisis 
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are the steroids, NSAIDs (non-steroidal anti-
inflammatory drugs) and immunosuppressant are 
the available medications which are linked with 
adverse effects while in practice our aim is to get 
highest efficacy by applying minimum effective 
dose with the least adverse effects (Liu et al. 2013). 
Therefore, we required to apply analgesic and anti-
inflammatory parameters in the medication therapy 
to accomplish enhanced pharmacological 
response with the lowest degree of undesired 
effects. Schiff bases are vital course of the organic 
compounds with a wide extend of applications in 
numerous areas counting biological, in-organic and 
analytical chemistry. Schiff bases exhibited a wide 
range of activities such as anti-inflammatory in 
medicinal and pharmaceutical fields (Kalluraya et 
al. 2012), analgesic (Pandey et al. 2012), anti-
diabetic (Yuan et al. 2009), antimicrobial (Patel and 
Patel, 2011), anticonvulsant (Bhat and Al-Omar, 
2011), antidepressant (Sadia et al. 2020), anti-
tubercular (Aboul-Fadl et al. 2010), anticancer 
(Creaven et al. 2010), antioxidant (Wei et al.2006), 
anthelmintic (Revanasiddappa et al. 2010), 
antioxidant (Bala et al.2013) , antihypertensive 
(Ganguli et al. 2012) and so forth. Schiff base 
derivatives in several manners encouraged the 
researchers to design novel heterocyclic/aryl Schiff 
base derivatives in the development of new 
environmental friendly technologies. 
  
MATERIALS AND METHODS 

Experimental 
Aromatic chiral amines, substituted 

benzaldehyde and Tween-80 were purchased from 
Chemical Company Sigma Aldrich, Germany. 
Diclofenac sodium, Tramadol, naloxone and 
indomethacin were purchased locally. Analytical 
grade solvents and chemicals used were 
purchased from E. Merck such as ethanol, 
methanol, ethyl acetate, hexane, acetic acid. TLC 
(thin-layer chromatography) 0.5 mm thickness on 
(Merck 60F254) silica gel-G coated aluminium 
plates were used to checked progress of reaction 
and the spots were visualized under UV light (254 
nm). Schiff bases were washed with water and 
purified by recrystallization in absolute ethanol. 1H-
NMR spectra was noted on Bruker SF 
spectrophotometer at frequency of 300 megahertz 
(MHz) in deutrated chloroform (CDCl3). IR data 
was generated on KBr disk method using Infrared 
spectrometer. Electrothermal 9100 (Barnstead UK) 
apparatus was used for melting points in the open 
capillary tubes and were uncorrected. 

Synthesis of chiral schiff bases (HA1-HA4): 
Chiral Schiff bases were synthesized by 

treating substituted benzaldehydes with chiral 
amines by grinding in mortar and pestle for a period 
of 30 minutes at room temperature without addition 
of any solvent or catalyst. The reactions were 
monitored by TLC. The reaction mixture became 
turns pasty after grinding. After reaction completion 
the products were filtered, washed with water, dried 
and recrystallized in ethanol shown in Figure 1 
(Khadsan et al. 2010). 

(S,E)-N-benzylidene-1-phenylethanamine 
(HA1):  

Chiral Schiff base (HA1) was synthesized by 
treating 1 mmol (0.128 ml) (S)-(-)-α-
methylbenzylamine with 1 mmol (0.102 ml) 
benzaldehyde. Light yellowish crystals, solubility: 
chloroform and ethanol, yield: 78%, mp: 77-81oC, 
rf: 0.72, 1H NMR 300 MHz (CDCl3) δ 7.76 (d, J = 
8.01 Hz, 2H), 7.22 – 7.42 (m, 12H), 4.25 (q, 1H), 
1.52 (d, 3H), IR (KBr, cm-1) 1645.28, 1448.54, 
1379.10, 752.24, 692.44. 

(S,E)-N-(4-chlorobenzylidene)-1-
phenylethanamine (HA2):  

Chiral Schiff base (HA2) was synthesized by 
treating (S)-(-)-α-methylbenzylamine 1 mmol 
(0.128 ml) with 1 mmol (0.140 gm) 4-
cholorbenzaldehyde. White crystals, solubility: 
chloroform, ethanol, yield: 84%, mp: 90-94 oC, rf: 
0.80, 1H NMR 300 MHz (CDCl3) δ 8.35 (s, 1H), 7.73 
– 7.77 (m, 2H), 7.47 – 7.29 (m, 6H), 7.24 – 7.28 (m, 
1H), 4.57 (q, 1H), 1.61 (d, 3H), IR (KBr, cm-1) 
2957.25, 2825.12, 1637.56, 1487.12, 1377.17, 
1087.85. 

(R,E)-N-benzylidene-1-phenylethanamine 
(HA3):  

Chiral Schiff base (HA3) was synthesized by 
treating 1 mmol (0.128 ml) (R)-(+)-α-
methylbenzylamine with 1 mmol (0.102 ml) 
benzaldehyde. Light yellow crystals, solubility: 
chloroform, ethanol, yield: 75.8%, mp: 78-82°C, rf: 
0.76, 1H NMR 300 MHz (CDCl3) δ 8.42 (s, 1H), 7.87 
(m, 2H), 7.38 (m, , 8H), 4.60 (q, J = 6.5 Hz, 1H), 
1.64 (J = 6.6 Hz, 3H), IR (KBr, cm-1) 1645.28, 
1448.54, 1379.10, 752.24, 692.44. 

(R,E)-N-(4-chlorobenzylidene)-1-
phenylethanamine (HA4):  

Chiral Schiff base (HA4) was synthesized by 
treating (R)-(+)-α-methylbenzylamine 1 mmol 
(0.128 ml) with 1 mmol (0.140 gm) 4-
chlorobenzaldehyde. White crystals, solubility: 
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chloroform, ethanol, yield: 75.8%, mp: 88-92°C, rf: 
0.83,1H NMR 300 MHz (CDCl3) δ 8.35 (s, 1H), 7.75 
(d, J = 8.4 Hz, 2H), 7.50 – 7.33 (m, 6H), 7.31 – 7.24 
(m, 1H), 4.57 (q, J = 6.6 Hz, 1H), 1.62 (d, J = 6.6 
Hz, 3H), IR (KBr, cm-1) 2957.25, 2825.12, 1637.56, 
1487.12, 1377.17, 1087.85. 

 

 
Figure 1: Structures of synthesized Schiff 

bases (HA1-HA4). 

Pharmacological activities 

Animals 
Male Balb/C mice weighing 17-23gm were 

used in the study and kept in animal house having 
access to water and food freely ad libitum. Mice 
were kept with light and dark cycle of about 12 h 
each (light at 6:00 am) and a relative humidity of 
50-55% at room temperature around 22-25°C. A 
study was conducted as per approval from the 
Departmental Ethical Committee (Pharm/EC/75-
01/20), (Scientific Procedures Issue-I of the 
University of Malakand) in compliance with 
provisions of the Animal Bye-Laws 2008. 

Acute toxicity  
For acute toxicity in mice, the activity was 

carried out in two phases at different dose 
concentration in various groups. The mice in each 
group were observed for any untoward effects or 
mortality for 24 h followed by its observation for 14 
days with free access of food and water (Lorke, 
1983). 

Writhing test by acetic acid 
The Schiff base (HA1-HA4) was given orally 

(p.o) to mice in experimental groups (n=6) at 
different dose concentrations of 12.5mg and 
25mg/kg b.w 30 minutes prior to (0.6%, 10 mL/kg, 
i.p.) acetic acid administration. The nociception 
intensity was noted in response to number of 
writhes produced within 30 minutes after acetic 
acid administration (Koster, 1959). 

Licking response by formalin 
The mice were treated in experimental groups 

(n=6) with Schiff base (HA1-HA4) (p.o) at different 
dose concentrations 1 hour before the treatment of 
animals with formalin (1%, 50 μL) in respective 
groups of animals in the right hind paw. The treated 
paw of mice was experiential for 30 minutes in an 
plexiglass box and the paw licking time in seconds 
was recorded in two phases, 0-5 min in first phase 
(neurogenic pain), and second phase 15–30 min 
(inflammatory pain) (Hunskaar and Hole, 1987, 
Pandurangan et al. 2013). 

Hot Plate Test and Involvement of opioid 
system 

Following the previously reported protocol, the 
test was carried out to determine reaction time of 
mice as licking, shaking of the paw or jumping off 
from the hot surface maintain at 55 ± 2°C. The data 
was recorded 30 minutes after administration of 
with Schiff base (HA1-HA4) or vehicle (10 mL/kg, 
i.p.). Tramadol (20 mg/kg) and morphine (5 mg/kg) 
were given 30 minutes before the hot plate test. 
Naloxone (2 mg/kg) was used to assess the 
involvement of opioid system (Imam and Sumi, 
2014, Eidi et al. 2016). 

Statistical analysis: 
All values were presented as mean ± SEM and 

to analyze variance and calculation of Dunnett’s 
test GraphPad prism 5 software versions 5.01 was 
used. P-values ≤ 0.05 were considered significa 

 
RESULTS AND DISCUSSION 

Acute toxicity 
It is important to study and evaluate the 

pharmacological bio-potentials of the tested 
samples prior to pharmacological in-vivo 
screening. Studying the acute toxicity is significant 
in light of the fact that there are numerous agents 
that have potential remedial impacts yet because 
of their harmfulness can't be utilized as a 
therapeutic source. During the current study, HA1-
HA4 has a safety profile up to 400mg/kg dose 
without any behavioral changes and mortality 
noted.  

Acetic Acid Induced writhing method 
The analgesic action of HA1-HA4 was 

evaluated at a dose of 12.5 and 25mg/kg by 
inducing writhing using acetic acid method. 
Writhing is a characteristic action of extending the 
abdomen and hind limb stretching when acetic acid 
is injected to mice.  
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Table 1: Acetic acid induced analgesic activity 
of HA1-HA4.  

Sample/Dose (mg) 
Number  

of writhes 
Percentage 

Control 56.39±1.66 ---- 

HA1 
12.5 18.31±1.23*** 67.53 

25 16.03±1.67*** 71.57 

HA2 
12.5 17.22±1.89*** 69.46 

25 15.77±1.66*** 72.03 

HA3 
12.5 22.96±1.88* 59.28 

25 18.94±1.32** 66.41 

HA4 
12.5 22.65±1.86* 59.83 

25 19.57±2.04** 65.30 

Diclofenac 10 8.71±1.51*** 84.55 

 
All values were presented as mean ±SEM (n=6), 

when compared to control group *P<0.05, **P<0.01, 
***P<0.001. 

The writhing frequency was counted in which 
the HA1 expressed a significant reduction in total 
writhes at all doses. At dose 12.5mg/kg and 
25mg/kg the HA1 has shown 67.53% (18.31±1.23, 
P<0.001, n=6) and 71.57% (16.03±1.67, P<0.001, 
n=6) respective inhibitory activity upon comparing 
with control group (56.39±1.66, n=6) like stated in 
Table 1 and Figure 2. 
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Figure 2: Analgesic activity of HA1-HA4 using 
acetic acid model. 

Apart from HA1, other Schiff bases (HA2-HA4) 
were also analyzed. Among these most promising 
effects was observed by HA2 at a dose of 12.5 and 
25mg that was found to be 69.46% (17.22±1.89, 
P<0.001, n=6) and 72.03% (15.77±1.66, P<0.001, 
n=6) respectively when compare to control group. 
The standard diclofenac sodium at a dose of 
10mg/kg b.w showed 84.55% (8.71±1.51, 
P<0.001,n=6).  

Formalin induce paw licking response 
Formalin induced pain method was used for 

analgesic effect evaluation of HA1-HA4 at a dose 
of 12.5 and 25mg/kg. The HA1 at a dose of 12.5 
and 25 mg/kg showed analgesic activity and 

reduced the pain by 57.55% (14.91±124, P<0.01, 
n=6) and 67.17 %(11.53±1.64, P<0.001, n=6) in 
biphasic manner (first and second phase) 
respectively when compare to control group 
(35.12±1.22, n=6 and 61.47±1.39, n=6) as shown 
in Table 2. 

Apart from HA1, other Schiff bases (HA2-HA4) 
were also analyzed. Among these most promising 
effects was observed by HA2 at a dose of 12.5 and 
25mg that was found to be 56.66% (15.22±1.83, 
P<0.01, n=6) and 65.15% (12.24±1.65, P<0.001, 
n=6) respectively in 1st phase when compare to 
control group(35.12±1.22, n=6). Similarly in 2nd 
phase, the HA2 at a dose of 12.5 and 25 mg/kg 
reduced the pain by 68.73% (19.22±1.81, P<0.001, 
n=6) and 72.88% (16.67±1.66, P<0.001, n=6) 
respectively upon comparing with control group 
(61.47±1.39, n=6). 

Indomethacin pretreated animals (10 mg/kg) 
produced a substantial drop in the total time of 
paw-licking up to 78.50% (13.21±1.39, P<0.001, 
n=6) during 2nd phase test while mild reduction 
was observed in time of paw-licking as 24.60% in 
the first phase.  

Current study shows that doses of HA1-HA4 
(12.5 and 25 mg/kg) abridged the number of paws 
licking remarkably in inflammatory as well as 
neurogenic pain response P<0.05, P<0.01 and 
P<0.001, n=6).  

Tail Immersion method 
Table 3 expresses results of tail immersion 

model of analgesic response of HA1-HA4 shown at 
a dose of 12.5 and 25 mg/kg. At 90 min latency 
increased of the maximum analgesic effect of HA2 
was observed. 

The latency response was counted in seconds 
which HA1 expressed a significant increase in 
latency at a dose of 12.5 mg/kg and 25 mg/kg 
showed 50.96 (2.61±0.021, P<0.01, n=6) at 90 min 
and 62.35 (3.40±0.051, P<0.001, n=6) at 90 min 
respectively after compared with control group 
1.28±0.023, n=6.  

Apart from HA1, other Schiff bases (HA2-HA4) 
were also analyzed. Among these most promising 
effects was observed by HA2. The HA2 at a dose 
of 12.5mg/kg showed 51.70 (2.65±0.021, P<0.01, 
n=6) at 90 min that was comparable to control 
group 1.28±0.023, n=6. Similarly, the HA2 at a 
dose of 25mg showed maximum response of 
63.01% (3.46±0.034, P<0.01, n=6) at 90 min when 
compare to control group 1.28±0.023, n=6 as 
shown in Table 3. 

Whereas, Tramadol, a centrally acting opioid 
analgesic agents, revealed significant post 
treatment activity which was found to be 84.43% 



Afridi et al.        In vivo analgesic potential of enantiomerically pure Schiff bases using animal model 

 

    Bioscience Research, 2021 volume 18(1): 685-694                                                             689 

 

(8.22±0.034, P<0.001, n=6) when compared with 
control group 1.28±0.023, n=6, as shown in Table 
3. 

Animals were tested with naloxone which 
produced a significant decreased in the analgesic 
activity standard used. However, naloxone 
pretreatment causes partial reversion of HA1-HA4 
analgesic effect at dose dependent manner in mice 
in Tail immersion model indicating some other 
possible mechanisms apart from opioid receptors 
involvement. 

Hot plate test  
Table 4 expresses the hot plat test result of 

analgesic response of HA1-HA4 shown at a dose 
of 12.5 and 25 mg/kg. At 90 min latency increased 
of the maximum analgesic effect of HA2 was 
observed. 

The Latency response in sec was counted in 
which HA1 expressed a significant increase in 
latency at a dose of 12.5 mg/kg and 25 mg/kg 
showed 50.75% (3.33±0.045, P<0.001, n=6) at 90 
min and 57.51% (3.86±0.039, P<0.01, n=6) at 90 
min respectively after compared with control group 
1.28±0.023, n=6. Apart from HA1, other Schiff 
bases (HA2-HA4) were also analyzed. Among 
these most promising effects was observed by 
HA2. The HA2 at a dose of 12.5mg/kg showed 
62.04% (4.32±0.048, P<0.001, n=6) at 90 min that 
was comparable to control group 1.28±0.023, n=6. 
Similarly, the HA2 at a dose of 25mg showed 
maximum response of 70.13% (5.49±0.051, 
P<0.01, n=6) at 90 min when compare to control 
group 1.28±0.023, n=6 as shown in Table 4. 

Whereas, Tramadol, a centrally acting opioid 

analgesic agents, revealed significant post 
treatment activity which was found to be 83.79% 
(10.12±0.038, P<0.001, n=6) after compared with 
control group 1.28±0.023, n=6 as shown in Table 
4. 

Animals were tested with naloxone which 
produced a significant decreased in the analgesic 
activity standard used. However, naloxone 
pretreatment causes partial reversion of HA1-HA4 
analgesic effect at dose dependent manner in mice 
in Tail immersion model indicating some other 
possible mechanisms apart from opioid receptors 
involvement. 

Results of this study showed analgesic activity 
of to elucidate the pain relieving effects HA1-HA4 
in different testing methodologies such as acetic 
acid, formalin, tail immersion and hot plate test. 
Furthermore, exploration of possible mechanisms 
of these effects highlighted their pharmacological 
activities. Compounds HA1-HA4 in the acetic acid-
induced writhing assay significantly (P<0.01 and 
P<0.001, n=8) delayed the onset and inhibition of 
writhing periods (Table 1). This is a reliable method 
for the assessment of peripheral and central 
analgesic effect of new agents (Le Bars et al., 
2001). In the tissue of visceral fluid, administration 
of acetic acid (i.p.) cause release of cytokinin, 
histamine, bradykinin, lipoxygenase (LOX), 
cyclooxygenase (COX), serotonin, and 
prostaglandins (PGs). The release of these 
inflammatory mediators results in a pathological 
condition of pain by exciting the primary afferent 
nociceptors, which is distinguished as writhing 
(Ikeda et al. 2001).  

Table 2: Formalin-induced paw-licking response 

Sample/Dose (mg) 

1st Phase 2nd Phase 

licking  time 
 (sec) 

Percentage 
licking  time 

(sec) 
Percentage 

Control 35.12±1.22 ---- 61.47±1.39 ---- 

HA1 
12.5 14.91±124** 57.55 20.31±1.43** 66.96 

25 11.53±1.64*** 67.17 18.03±1.47*** 70.67 

HA2 
12.5 15.22±1.83** 56.66 19.22±1.81*** 68.73 

25 12.24±1.65*** 65.15 16.67±1.66*** 72.88 

HA3 
12.5 17.06±1.48** 51.42 23.96±1.68** 61.02 

25 14.29±1.36*** 59.31 21.49±1.55** 65.04 

HA4 
12.5 17.45±1.55** 50.31 21.85±1.47** 64.45 

25 15.27±1.04*** 56.52 19.87±1.73*** 67.68 

Indomethacin 10 26.48±1.33* 24.60 13.21±1.39*** 78.50 

Mean ± SEM (n=6), *P<0.05, **P<0.01 and ***P<0.001 vs control group (one-way ANOVA followed by Dunnetts: 
compare all vs control test). 
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Table 3: Analgesic response using tail immersion method 

 

Sample/Dose (mg) 
Latency response (sec) % at 90 

min 0min 30min 60min 90min 120min 150min 180min 

Control 1.21±0.027 1.39±0.031 1.26±0.034 1.28±0.023 1.33±0.031 1.27±0.041 1.22±0.042 ---- 

HA1 
12.5 1.31±0.021 2.32±0.029 2.43±0.031 2.61±0.021** 2.6±0.035 2.56±0.012 2.11±0.025 50.96 

25 1.12±0.025 1.43±0.025 2.77±0.034 3.40±0.051*** 3.89±0.041 3.21±0.034 2.57±0.031 62.35 

HA2 
12.5 1.22±0.026 1.96±0.024 2.43±0.029 2.65±0.021** 2.35±0.038 2.16±0.029 1.56±0.034 51.70 

25 1.21±0.031 2.23±0.026 2.98±0.034 3.46±0.034** 3.51±0.045 3.24±0.031 2.35±0.024 63.01 

HA3 
12.5 1.32±0.028 2.32±0.027 2.41±0.033 2.14±0.036** 2.54±0.036 1.85±0.026 1.53±0.021 40.19 

25 1.24±0.025 2.46±0.024 3.21±0.034 2.19±0.041*** 3.01±0.038 2.63±0.025 2.51±0.034 41.55 

HA4 
12.5 1.15±0.027 1.75±0.021 2.18±0.031 2.27±0.045** 2.31±0.036 1.74±0.027 1.66±0.031 43.61 

25 1.22±0.020 1.96±0.028 3.39±0.041 3.01±0.035*** 3.16±0.039 2.51±0.027 2.07±0.028 57.48 

Tramadol 10 1.29±0.027 4.51±0.036 6.67±0.039 8.22±0.034*** 8.11±0.042 7.31±0.023 5.89±0.034 84.43 

HA1+Naloxone 
12.5+2 1.12±0.024 1.22±0.021 2.06±0.024 1.59±0.024 1.14±0.023 1.21±0.021 1.11±0.025 ---- 

25+2 1.06±0.014 1.67±0.026 2.53±0.026 2.16±0.026 2.26±0.028 1.93±0.021 1.59±0.019 ---- 

HA2+Naloxone 
12.5+2 1.07±0.014 1.58±0.024 1.86±0.025 2.06±0.031 1.59±0.034 2.16±0.026 1.16±0.016 ---- 

25+2 1.11±0.015 1.33±0.028 1.59±0.037 1.79±0.028 2.03±0.026 1.06±0.016 1.02±0.021 ---- 

HA3+Naloxone 
12.5+2 1.16±0.130 1.56±0.027 1.35±0.026 2.26±0.029 2.11±0.029 2.02±0.021 1.14±0.014 ---- 

25+2 1.20±0.014 1.86±0.031 2.01±0.026 1.95±0.034 2.16±0.035 1.21±0.026 1.86±0.027 ---- 

HA4+Naloxone 
12.5+2 1.09±0.012 1.26±0.028 2.34±0.029 2.17±0.024 1.95±0.026 1.22±0.024 1.59±0.024 ---- 

25+2 1.06±0.015 1.89±0.029 1.99±0.031 2.34±0.026 2.64±0.016 2.25±0.026 2.03±0.026 ---- 

Tramadol+Naloxone 10+2 1.20±0.010 1.37±0.024 1.27±0.027 1.28±0.018 1.31±0.021 1.26±0.025 1.20±0.022 ---- 

Mean ± SEM,*P<0.05, **P<0.01 and ***P<0.001 vs control group (one-way ANOVA followed by Dunnetts: compare all vs control test). 
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Table 4: Analgesic response using hot plate method 
 

Sample/Dose (mg) 
Latency response (sec) 

At 90 
0min 30min 60min 90min 120min 150min 180min 

Control 1.71±0.041 1.69±0.035 1.72±0.044 1.64±0.021 1.69±0.043 1.67±0.021 1.72±0.043 ---- 

H1 
12.5 1.69±0.039 2.32±0.031 3.65±0.360 3.33±0.045*** 4.33±0.032 3.78±0.034 2.31±0.027 50.75 

25 1.76±0.028 2.04±0.032 3.42±0.038 3.86±0.039** 3.43±0.032 3.21±0.031 2.57±0.024 57.51 

H2 
12.5 1.56±0.024 2.45±0.036 3.86±0.034 4.32±0.048*** 3.87±0.041 3.22±0.028 2.61±0.031 62.04 

25 1.69±0.056 4.70±0.038 4.77±0.041 5.49±0.051*** 4.69±0.046 3.24±0.031 2.77±0.034 70.13 

H3 
12.5 1.71±0.026 3.21±0.012 3.22±0.034 2.92±0.035** 3.58±0.031 3.18±0.027 3.11±0.029 43.84 

25 1.53±0.027 3.89±0.034 4.41±0.038 3.44±0.035*** 4.55±0.039 2.63±0.023 2.51±0.041 52.33 

H4 
12.5 1.71±0.026 3.17±0.029 3.46±0.037 3.47±0.041** 3.51±0.035 3.21±0.027 1.66±0.013 52.74 

25 1.64±0.026 3.58±0.031 3.84±0.036 3.96±0.043*** 4.79±0.041 4.18±0.036 2.07±0.031 58.59 

Tramadol 10 1.68±0.019 4.51±0.041 8.19±0.055 10.12±0.038*** 9.91±0.045 9.82±0.039 8.73±0.031 83.79 

HA1+Naloxone 
12.5+2 1.69±0.025 2.01±0.026 2.96±0.026 3.11±0.028 3.03±0.025 3.01±0.028 2.01±0.026 ---- 

25+2 1.71±0.016 1.99±0.027 2.87±0.021 2.98±0.026 3.05±0.031 2.96±0.026 2.14±0.024 ---- 

HA2+Naloxone 
12.5+2 1.42±0.024 1.84±0.024 2.67±0.024 2.46±0.042 3.21±0.028 2.58±0.023 1.94±0.023 ---- 

25+2 1.81±0.025 2.01±0.023 2.58±0.026 2.88±0.025 2.54±0.024 2.12±0.021 3.02±0.021 ---- 

HA3+Naloxone 
12.5+2 1.66±0.028 2.55±0.024 2.89±0.031 3.25±0.026 2.89±0.039 2.59±0.024 2.58±0.023 ---- 

25+2 1.68±0.019 2.62±0.027 3.15±0.025 3.52±0.031 3.66±0.028 2.06±0.026 2.11±0.028 ---- 

HA4+Naloxone 
12.5+2 1.55±0.017 2.56±0.024 3.12±0.022 3.93±0.034 3.92±0.025 3.84±0.028 2.86±0.027 ---- 

25+2 1.66±0.021 2.65±0.026 2.84±0.021 4.01±0.028 3.59±0.029 3.56±0.025 1.53±0.026 ---- 

Tramadol+Naloxone 10+2 1.66±0.015 1.71±0.024 1.78±0.026 1.68±0.028 1.73±0.026 1.66±0.25 1.70±0.021 ---- 

Mean ±SEM. *P<0.05, **P<0.01 and ***P<0.001 vs control group (one-way ANOVA followed by Dunnetts: compare all vs control test)
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Therefore, it could be suggested that the HA1-
HA4 (12.5 and 25 mg/kg) may cause the reduction 
in the release of inflammatory mediators by acetic 
acid. Compounds HA1-HA4 interrupted the 
nociceptive signals transduction to primary afferent 
nociceptors by delaying writhing onset. Further, 
lessening within the numbers of writhing  periods, 
postponed onset time of writhing could be ascribed 
to the down-regulation of the inflammatory 
cytokines TNF-α, IL-6 and IL-1β proteins (Yin et al. 
2016). 

Formalin administration educes the biphasic 
nociceptive pain in the sub plantar region of paw, 
in phase first, it produced neurogenic pain while in 
second phase inflammatory pain is produced 

(Lopes et al. 2019). The licking/biting response and 
edema of paw induced by formalin may directly 
linked to the liberation of inflammatory cytokines, 
TNF-α, a-CASP6, p-CASP6, IL-6 and IL-1β 
proteins (Yin et al. 2016). Therefore, it could be 
postulated that the HA1-HA4 caused down 
regulation of the inflammatory cytokines. Several 
reports revealed that naproxen and indomethacin 
(peripherally acting drugs) attenuate the second 
phase and inhibit the release of bradykinin, 
serotonin, histamine, prostaglandins (PGs) 
whereas tramadol (centrally acting drug) 
suppresses the both phases of nociception in 
formalin test (Munro, 2009). The HA1-HA4 
significantly (P<0.01 and P<0.001, n=6, Table 2)

in both phases the formalin-induced nociceptive 
response was reduced and the effect was more 
prominent in the inflammatory phase which 
suggested the involvement of supraspinal systems 
in the analgesic response. These findings signified 
the central analgesic as well as anti-inflammatory 
potentials of the HA1-HA4. 

The assessment of centrally acting drugs tail 
emersion and hot plate methods were used and 
can be differentiated based on their pathway of 
nociception. Tail emersion in hot water produced 
spinally mediated nociception whereas hot plate is 
only selective for the supraspinally mediated 
nociception (Shoaib et al., 2016, Gunn et al., 2011). 
Initiation of analgesic action, opioid agents 
involved the spinal and supraspinal receptors 
(Pathan and Williams, 2012). Therefore, the results 
(Table 3 and 4) showed that the compounds HA1-
HA4 inhibited nociception which were associated 
with spinal and supraspinal opioid receptors in the 
central nervous system. The anti-nociceptive effect 
of compounds HA1-HA4 verified this hypothesis by 
naloxone antagonism and that was partially 
produced in tail flick and hot plate models (Table 3 
and 4). Naloxone is a nonselective opioid receptor 
antagonist (Li et al. 2019). In both experimental 
models, Naloxone reduced morphine-induced 
latency time at the given concentration. In the 
current study we can see that the activity of 
tramadol (standard opioid analgesic) and those of 
the test samples goes parallel and are almost 
comparable. In the same manner, once again the 
analgesic potential of test samples and tramadol 
was considerably affected by the prior 
administration of naloxone and shows the 
involvement of opioid receptors. 

Taken all together the current study attested 
the role of HA1-HA4 as analgesic and may serve 
as promising candidates and warrant particular 

consideration in further research and development 
for the management of pain. 

CONCLUSION 
This work is a part of our ongoing research on 

synthesis and pharmacological evaluation of Schiff 
bases. In this study, four Schiff bases HA1-HA4 are 
successfully synthesized and characterized. The 
compounds were then screened for analgesic 
response in mice models. The HA1-HA4 showed 
analgesic response in all models of pain 
suggesting the possible partial involvement of 
opioidergic system in the analgesic response. 
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