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ABSTRACT: Syringic acid presents various biological properties such as antioxidant, anti-inflammatory, anticancer, 
and other activities. The present experiment aimed to investigate the effect of the oral administration of syringic acid 
(10, 50, and 100 mg/kg) on its possible nociceptive response using hot-plate and tail-flick assay in the Balb-C mice 
model. The mice were pre-treated with 5 mg/kg atropine 15 min before, 1mg/kg mecamylamine 20 min before, 1mg/kg 
ketanserin 30 min before, 1 mg/kg ondansetron 30 min before, 1mg/kg yohimbine 30 min before, 1 mg/kg prazosin 30 
min before and 5 mg/kg naloxone 15min before the administration of the Syringic acid. Dose-dependent antinociceptive 
activity of syringic acid was reported for 50 and 100 mg/kg doses in tail-flick and hot-plate assays, respectively. In 
further, mecamylamine, yohimbine, and naloxone significantly reversed syringic acid-induced response to thermal 
stimuli in tail-flick and hot-plate assays, respectively. From the data, it was confirmed that syringic acid presents central 
antinociceptive effects which may be coordinated by supraspinal/spinal mediated cholinergic, opioidergic, and 
adrenergic, inflection. 
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 1.  INTRODUCTION 

Pain relief management is a very significant factor for clinical practice since pain especially in a chronic 

state can affect a patient’s life. Pain has been associated with tissue injury and its alleviation can improve 

human conditions or general animal welfare [1,2]. Therefore, several biomedical and research methodologies 

have been introduced in order to understand and explore the possible mechanisms involving pain. Besides 

this, novel drug candidates that can decrease pain are also designed with interesting analgesic properties [3–

5]. Nonetheless, there still an urgent need for developing novel analgesics for better pain relief. In order to 

study the mechanisms of pain and analgesia, numerous animal models have been employed and found to be 

effective [6,7]. Besides, preclinical studies are essential for drug development and design [8]. 

It was stated that nociception provides neural feedback which enables the central nervous system to 

detect and avoid noxious and potentially damaging stimuli [9]. Normally, nociception and pain can be 

promoted at specific conditions such as extreme pressure and/or temperature which can be harmful to tissues. 

Moreover, toxic compounds and inflammatory mediators may also evoke nociception and pain [10]. The 

aforementioned physical or chemical stimuli when taking place, are being detected from specific peripheral 

sensory neurons known as nociceptors. In general, the pain has been described to present various qualities 

and temporal properties which are dependent on the stimulus modality and locality [10,11].  

Four significant forms of pain have been identified and classified as acute pain, nociceptive pain, chronic 

pain, and neuropathic pain. Nociceptors are being triggered by acute noxious stimuli such as heat or cold 

temperatures, mechanical force, or chemical stimulation; nociceptive pain normally arises when the tissues 

are being damaged due to physical or chemical agents i.e. trauma, surgery, or chemical burns [12–14]. Thus, 

drugs with antinociceptive properties can be helpful in clinical practice. 

Syringic acid (Figure 1), also chemically known as 4-hydroxy-3,5-dimethoxybenzoic acid, is a 

widespread phenolic compound found in natural sources as plants. It presents various biochemical properties 

such as antimicrobial, anti-inflammatory, antioxidant activities. In addition, it has been suggested as a 

cardioprotective and protective agent for the liver and brain/central nervous system [15–17]. The role of 

syringic acid in inhibiting neurodegenerative progress is improved due to its ability of crossing the blood-

brain barrier. Syringic acid has been generally used in clinical practice and the industrial sector [15]. According 
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to the published reports, syringic acid has been demonstrated to reduce pain in acute pancreatitis and several 

plant extracts with syringic acid have been found to be effective in alleviating pain [18–20]. 

Herein, we report the possible antinociceptive properties of syringic acid; in the past, a derivative of SA, 
known as syringin was studied along with sinapyl alcohol [21]. As a result, the purpose of this research was 
to explore and compare the antinociceptive effects of syringic acids on hot-plate and tail-flick assays in an in 
vivo model. 

 

Figure 1. Chemical structure of syringic acid. 

2. RESULTS  

2.1. Antinociceptive effect of syringic acid 

Figure 2 presents the antinociceptive effects of syringic acid according to hot-plate and tail-flick assays. 

Accordingly, it can be seen that diclofenac used as the reference drug, significantly hindered the pain response 

in comparison with the control group. This significant inhibition of pain response was recorded for both hot-

plate (p<0.001) and tail-flick (p<0.001) tests. Moreover, the application of syringic acid at doses of 10, 50 

(p<0.05), and 100mg/kg (p<0.05) induced a notable as well as a dose-dependent increment in the mean basal 

reaction time in hot-plate and tail-flick tests, in comparison with the control group. Consequently, the obtained 

data clearly demonstrated that oral administration of 100mg/kg of syringic acid was remarkably more 

efficacious than the application of lower doses (10, 50mg/kg) of syringic acid and the control group as well. 

2.2. Evaluation of the mechanism of antinociceptive action of syringic acid 

2.2.1. Role of the cholinergic mechanisms in the antinociceptive effect of syringic acid 

As shown in Figure 3, atropine (5mg/kg, i.p) had no significant analgesic activity in both tail-flick and 

hot-plate tests. Syringic acid (p<0.05) and syringic acid plus atropine (p<0.05) showed a significant effect on 

pain response as compared to the control group. On the other hand, intraperitoneal injection of atropine 

slightly decreased antinociceptive activity of syringic acid (100mg/kg) in the hot-plate test but that change 

was not statistically significant. 

As seen in Figure 4, a single administration of mecamylamine (1mg/kg, i.p.) was failed to show 

significance compared to the control group. Importantly, intraperitoneal pre-treatment with 1mg/kg 

mecamylamine significantly reversed the antinociceptive action of syringic acid (100mg/kg) in the hot-plate 

(p<0.01) and tail-flick (p<0.01) tests in comparison with the syringic acid alone. 

2.2.2. Role of the serotonergic mechanisms in the antinociceptive effect of syringic acid 

In order to clarify the effect of ketanserin treatment on tail-flick and hot-plate tests, a single 

administration of ketanserin (1mg/kg) caused no significant difference in antinociceptive response (Figure 5). 

The results indicate that ketanserin did not revert the antinociceptive effect observed for syringic acid in a 

significant way.  

As depicted in Figure 6, the administration of intraperitoneal injection of 5mg/kg ondansetron neither 

affected the nociceptive response nor modified the antinociceptive activity of syringic acid (100mg/kg) in the 

hot-plate and tail-flick assays. Moreover, ondansetron pre-treatment did not significantly decrease in latency 

of the syringic acid-mediated analgesic responses in the hot-plate and tail-flick tests.  

2.2.3. Role of the adrenergic mechanisms in the antinociceptive effect of syringic acid 

Figure 7 shows that pre-treatment with prazosin (5 mg/kg, i.p.) itself did not exert any antinociceptive 

effects in both hot-plate and tail-flick tests. The pre-treatment with prazosin did not reduce the syringic acid-

induced acute thermal antinociceptive effect in the hot-plate or tail-flick tests. 
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Figure 2. Antinociceptive effects of 10, 50, and 100 mg/kg (p.o.) syringic acid and 25 mg/kg diclofenac (p.o.) 

on the hot-plate and tail-flick assays. Statistically significant difference; *p<0.05, **p<0.01, ***p<0.001 vs. 

control. Data are expressed as mean ± SEM. MPE: Maximal possible antinociceptive effect.  

 

Figure 3. Effects of 5 mg/kg atropine (ip) on the antinociceptive activity of 100 mg/kg syringic acid (po) in 

the hot-plate and tail-flick assays. Statistically significant difference; *p<0.05, ***p<0.001 vs. control. Data are 

expressed as mean ± SEM. MPE: Maximal possible antinociceptive effect.  

 

Figure 4.  Effects of 1 mg/kg mecamylamine (ip) on the antinociceptive activity of 100 mg/kg syringic acid 

(po) in the hot-plate and tail-flick assays. Statistically significant difference; *p<0.05, ***p<0.001 vs. control; 
##p<0.01 vs. syringic acid alone. Data are expressed as mean ± SEM. MPE: Maximal possible antinociceptive 

effect.  

 

Figure 5. Effects of 1 mg/kg ketanserin (ip) on the antinociceptive activity of 100 mg/kg syringic acid (po) 

in the hot-plate and tail-flick assays. Statistically significant difference; *p<0.05, **p<0.01, ***p<0.001 vs. 

control. Data are expressed as mean ± SEM. MPE: Maximal possible antinociceptive effect.  
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Figure 6. Effects of 5 mg/kg ondansetron (ip) on the antinociceptive activity of 100 mg/kg syringic acid (po) 
in the hot-plate and tail-flick assays. Statistically significant difference; *p<0.05, ***p<0.001 vs. control. Data 
are expressed as mean ± SEM. MPE: Maximal possible antinociceptive effect. 

 

Figure 7. Effects of 5 mg/kg prazosin (ip) on the antinociceptive activity of 100 mg/kg syringic acid (po) in 
the hot-plate and tail-flick assays. Statistically significant difference; *p<0.05, ***p<0.001 vs. control. Data are 
expressed as mean ± SEM. MPE: Maximal possible antinociceptive effect. 

According to Figure 8, yohimbine (1mg/kg, i.p.) was revealed to neither attenuate nor potentiate the 

antinociceptive actions in the mouse tail-flick and hot-plate assays. More specifically, i.p. administration of 

yohimbine (1mg/kg) demonstrated a significant reduction on the antinociceptive activity of syringic acid in 

hot-plate (p<0.001) and tail-flick (p<0.01) analyses, in comparison with the syringic acid (100mg/kg) alone. 

2.2.4. Role of the opioidergic mechanisms in the antinociceptive effect of syringic acid 

Figure 9 depicts the involvement of opioid receptors in the antinociceptive effects of syringic acid 

assessed using hot-plate and tail-flick tests, respectively. The results in Figure 9 show that the treatment of 

mice with naloxone (5mg/kg, i.p.) did not significantly alter the latency response in the hot-plate and tail-flick 

tests. On the other hand, the pre-treatment with naloxone, the non-selective opioid antagonist significantly 

blocked syringic acid-induced antinociception in the hot-plate (p<0.001) and tail-flick (p<0.01) tests in 

comparison with syringic acid alone. 

3. DISCUSSION 

In the present study, extensive research for the possible central antinociceptive effects of syringic acid 

using various pharmacological approaches, such as hot-plate test and tail-immersion test, was performed. 

Although the tail-flick reflex is a spinally organized response, the hot-plate model is considered a central reflex 

and is an interesting model for evaluating supra-spinal-acting drugs [22]. It can be generally concluded that 

syringic acid reveals statistically significant antinociceptive properties of the treated mice compared with the 

control treated mice group. Moreover, it can be suggested that the antinociceptive effects as demonstrated by 

the hot-plate and tail-immersion assays, were mostly arranged by spinal and supraspinal-mediated 

opioidergic, cholinergic, and adrenergic systems.  

A previous study reported that syringic acid application (1000 mg/kg/day, p.o for 14 days), did not 

induce any side effects on the body weight, food intake, erythropoiesis, leucopoiesis as well as internal body 

organs. The obtained results were confirmed through the evaluation of several biochemical and hematological 

parameters, relative body organ weight, and histopathological studies [23].  
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Figure 8. Effects of 1mg/kg yohimbine (ip) on the antinociceptive activity of 100mg/kg syringic acid (po) 
in the hot-plate and tail-flick assays. Statistically significant difference; *p<0.05, ***p<0.001 vs. control; 
##p<0.01, ###p<0.001 vs. syringic acid alone. Data are expressed as mean ± SEM. MPE: Maximal possible 
antinociceptive effect.  

 

Figure 9. Effects of 5mg/kg naloxone (ip) on the antinociceptive activity of 100mg/kg syringic acid (po) in 
the hot-plate and tail-flick assays. Statistically significant difference; **p<0.01, ***p<0.001 vs. control; ##p<0.01, 
###p<0.001 vs. syringic acid alone. Data are expressed as mean ± SEM. MPE: Maximal possible 
antinociceptive effect.  

In the literature, it has been said that acetylcholine which is a neurotransmitter of the central nervous 

system, acts in pain transmission [24]. In further, muscarinic receptors are being activated and induce the 

various modulators release as well as the permeability of numerous ion channels. These channels and 

modulators mostly control the transmission of pain. Several types of researches, involving animal 

experimental procedures, have reported the analgesic activity of cholinergic agonists by inducing the 

cholinergic pathway through the activation of muscarinic receptors [25]. However, in this research, the 

atropine application was not capable of attenuating the antinociceptive activity of syringic acid, pointing to 

the absence of the muscarinic system participation, in syringic acid effects. 

Moreover, last decades, the pharmacological involvement of nicotinic cholinergic receptors for pain 

management, has been thoroughly studied. It has been demonstrated that the aforementioned receptors are 

widely expressed in the central and peripheral nervous system as well as in the immune cells. Consequently, 

pharmacological drugs like recent α4β2 nicotinic receptor agonists are being produced the controlling the pain 

[26]. The reduction of pain signal neurotransmission in the spinal cord is stimulated by the activation of 

descending inhibitory mechanisms, of supraspinal and midbrain α4β2 nicotinic acetylcholine receptors 

activates [27]. From the above, it can be suggested that the antinociceptive effect of syringic acid as studied 

through hot-plate and tail-flick assays was significantly antagonized by the pre-treatment with 

mecamylamine. Mecamylamine is a known nicotinic acetylcholine receptor antagonist. Subsequently, the 

antinociceptive activity of syringic acid could be organized by spinal and supraspinal mediated nicotinic 

acetylcholine receptors. 

It has been reported that inhibitory descending pathways modulate pain perception as the main 

neurotransmitter involved serotonin has been suggested. Thus, the inhibition of pain transmission mediated 

via serotonin seems to be promoted from the aforementioned descending routes composing the raphe nuclei 

toward the dorsal horn of the spinal cord [24]. Consequently, the serotonergic system and serotonin receptors 
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have been identified as therapeutic targets in order to pain management. For example, the application of 

antidepressants in pain management has been based on the suggested approach [28]. In this study, the potent 

analgesic mechanism of syringic acid was studied after ketanserin and ondansetron administration to mice. 

The specific drugs were used in order to assess their inhibitory effect on the analgesic activity of the syringic 

acid. The obtained data demonstrated that the antinociceptive activity of syringic acid is not related to 5-

HT2A/2C or 5-HT3 serotonergic receptors. 

Furthermore, it has been reported that the perception of pain could be associated with the noradrenergic 

neurons in the locus ceruleus mediate analgesia through axon terminals in the spinal dorsal cord. Therefore, 

many alpha noradrenergic receptor agonist drugs (i.e. dexmedetomidine and clonidine) have shown analgesic 

activity [29]. In this study, prazosin did not influence the analgesic effect of the syringic acid demonstrating 

the absence of α1 adrenergic participation in the syringic acid activity. Besides, it has been reported that the 

application of α2-adrenoceptor agonists might produce anti-nociception in rodents. This effect could be 

associated with the inhibition of synaptic transmission in the dorsal horn of the spinal cord. Moreover, it was 

evidenced that the stimulation of the descending noradrenergic system could lead to the activation of spinal 

α2-adrenoceptor and antinociception [30,31]. Abubakar et al have reported that the three α2-adrenoceptor 

subtypes can act as presynaptic inhibitory feedback receptors to control the release of catecholamines from 

adrenergic neurons. Therefore, they are linked to the antinociceptive process [32]. In this study, the 

pretreatment of mice with yohimbine (α2-adrenergic receptor antagonist) significantly reduced the 

antinociceptive activity of syringic acid. This fact could demonstrate that spinal and supraspinal mediated α2-

adrenergic receptor plays a significant role in its antinociceptive activity. 

Furthermore, naloxone has been recommended for the determination of receptor affinity of type-

selective opioids in mammals. Nonetheless, naloxone seems to preferentially interact with μ binding sites. 

Moreover, naloxone presents a significant affinity for κ opioid receptors and less affinity for δ opioid receptors 

[33]. The activation of even one of the aforementioned opioid receptors by periaqueductal gray area via the 

administration of beta-endorphin, morphine, or other opioids provokes potent antinociception at supraspinal 

sites. In addition, it activates the descending pain control pathways, which have been reported to be mediated 

by the brainstem rostral ventromedial medulla [34]. In further, naloxone reverted the antinociceptive activity 

of syringic acid in both hot-plate and tail-flick assays. Therefore, the obtained data reveal that the opioid 

receptors can play a significant role in the spinal and supraspinal mediated antinociceptive effect of syringic 

acid.   

Dalmagro et al. reported that syringic acid can resist the provoked-glutamate casualty in the cortical 

and hippocampal slices revealing the involvement of the neuroprotection in the antidepressant-like activity 

[35]. Glutamate is the major excitatory neurotransmitter in the central neural system; it involves the processes 

of nociceptive transmission, development, and maintenance of the nociceptive response via the ionotropic 

(iGLURs) and metabotropic (mGLURs) receptors. This fact may result in the excitation and sensitization of 

peripheral, central spinal, and/or supraspinal nociceptors [36,37]. Besides, previously researched have 

claimed that glutamate receptors could play a role in syringic acid-induced antinociception [38]. Additionally, 

syringic acid significantly decreased dopamine levels; the syringic acid induced dopamine levels of the 

hippocampus can facilitate recognition and short-term memory through the activation of dopaminergic 

receptors or pathways [39]. According to a recent study, D1- and D2-like dopamine receptors are importantly 

involved in antinociceptive responses induced by chemical stimulation of the lateral hypothalamus [40]. 

Subsequently, it can be assumed that the hypothalamus-mediated dopaminergic pathway could be 

contributed to the antinociceptive activity of syringic acid. 

4. CONCLUSION 

Based on the results retrieved from the present investigation, it was summarized that syringic acid 

possesses analgesic and antinociceptive properties. This rich in phenols compound can therefore potentially 

applied in pain management applications and open up a new window for pain relief. The antinociceptive 

effect of syringic acid can be measured in a dose-dependent manner. It can be said that future studies would 

be needed in order to establish the mechanism of the observed actions. Herewith, it was introduced new 

assumptions to show that syringic acid as a potential analgesic agent which may be further evaluated to 

improve pain therapy. 
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5. MATERIALS AND METHODS 

5.1. Chemicals and materials 

Syringic acid was purchased from Cayman Chemical Company, USA. Tween 80, yohimbine 
hydrochloride, diclofenac sodium, ketanserin tartrate, mecamylamine hydrochloride, naloxone 
hydrochloride, atropine sulfate, prazosin, and ondansetron were purchased from Sigma, Germany. Each 

chemical compound or solvents used, were of analytical grade, if not otherwise stated. 

5.2. Animals 

For the current study, adult male BALB/c mice with 20-30g in weight were used. All mice were kept at 
20-25◦C with 12h light/dark cycles and 55±15% relative humidity. The acclimation of animals at these 
conditions was done at least 7 days before the initiation of dosing; mice were given ad libitum access to food 

and water. In further, the mice fasted for a fixed period (e.g., overnight) before the nociception tests. The 
analysis assays were done between 8.00 and 12.00 a.m. They were only given water during the six hours prior 

to the experimental procedures, in order to prevent any food interactions of food with syringic acid. The 
experimental procedures were carried out in compliance with the recommendations of the National Institute 
of Health Guide for the Care and Use of Laboratory Animals and were accepted by the Medipol University 

Ethical committee. The procedure was taken place with extra care and concern (Approval no: 2020-67). 

5.3. Drugs and pharmacological procedures 

The animals were randomly divided into 17; each experimental group consisted of 6 mice. The control 
group received only solvent vehicle. As a reference drug, Diclofenac (25mg/kg) was orally administrated [41]. 
In further, syringic acid was also orally administered (Tween 80 (%1,v/v)) at the doses of 10, 50, and 

100mg/kg. Moreover, intraperitoneal injections of the used antagonists were chosen.  
The action mechanisms were investigated by pre-treating the mice with muscarinic receptor antagonist 

– atropine (5mg/kg), nicotinic receptor antagonist - mecamylamine (1mg/kg), serotonin 5-HT2A/2C receptor 
antagonist - ketanserin (1mg/kg), serotonin 5-HT3 receptor antagonist – ondansetron (1mg/kg), α2-

adrenoceptor antagonist – yohimbine (1mg/kg), α1-adrenoceptor antagonist - prazosin (1mg/kg), and opioid 
antagonist - naloxone (1mg/kg),  at 20, 30, 30, 30, 30  and 15 min before the administration of Syringic acid, 
respectively. Before any combination studies were conducted, the antinociceptive effect of the antagonist 

agents when administered alone was examined in the mouse hot-plate and tail-flick assay.  
Hot-plate and tail-flick tests (60 min after syringic acid administration) were performed in order to 

measure the pain threshold. The antagonist doses were chosen based on the efficacies demonstrated in 
previous investigations of these receptors. The antagonist/drug doses and administration schedules were 
chosen according to previous reports [38,42,43]. 

5.4. Pharmacological tests 

5.4.1. Hot-plate test 

A hot-plate test was applied in order to examine the antinociceptive effect of syringic acid. The choice 
of animals for the hot-plate test was based on their response time of up to 15s such as to thermal stress. The 
animal selection was done the previous day of the experiment. A hot-plate analgesia meter was utilized to 

measure the pain reflexes in response to thermal stimuli (Ugo Basile Instruments, Comerio, Italy). The mice 
from each party were put on the pre-heated plate (55±0.5°C). As reaction time was taken the latency of licking 

or flicking its hind paw or jumping upward. The 20s were chosen as cut-off time in order to minimize hind 
paw damage. Finally, the mice behavior was recorded before treatment and after treatment [44]. 

5.4.2. Tail-flick test 

A tail-flick unit (Ugo Basile, Italy) was used in order to obtain the tail-flick latency; the kit consisted of 
an infrared radiant light source (100W, 15V bulb) centered on a photocell using a parabolic mirror. Leather 

gloves have been used to gently handle rodents, throughout the experimental procedures. The radiant heat 
was localized 3cm from the distal tip, and the time taken for the tail to flick or twitch was recorded (tail-flick 
time). The test was stopped if the latency exceeded over 15s (cut-off time) [45]. 

The obtained data from the hot-plate and tail-flick experiments were given as a percentage of the 
maximal possible effect (MPE%) using the following Equation 1. The percentage was calculated via response 

latency against thermal stimulus:  
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MPE% = [{(Post-druglatency) − (Pre-druglatency) / {(Cut-off time) − (Pre-druglatency)}] X 100  Eq. 1 

5.5. Statistical analysis 

The statistical analyses were performed with GraphPad Prism 7.0 software, Inc., San Diego, CA. The 
representation of the results was recorded as mean ± SEM. In further, the analysis of the data was done with 
a one-way analysis of variance followed by post hoc (Tukey’s) analysis. The p value of less than 0.05 was 
considered statistically significant. 
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