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Abstract 

The present study aimed to assess the effect of oral curcumin administration on different types of experimental pain and to 

evaluate its effect on motor activity and coordination. The study was conducted on mice were divided in 4 groups and which 

received different doses of curcumin through gavage or olive oil (control). Tail Flick, Hot Plate, Rota Rod and Activity Cage 

tests were performed at baseline and 30, 60, 120, 180 and 240 minutes after administration. The most efficient dose (120 

mg/kg bw) was chosen for the subsequent assessment. The group that received 120 mg/kg bw oral curcumin had an increased 

pain tolerance in both Tail Flick and Hot Plate tests. Curcumin had no effect on paw formalin-induced pain, but significantly 

decreased the pain-related behaviour in the orofacial formalin-induced pain test and in the visceral pain test. The substance 

had no influence on motor activity or coordination. Our study proved that curcumin administrated by gavage is effective in 

nociceptive, visceral and inflammatory experimental pain even after single-dose administration. 

 

Rezumat 

Obiectivele studiului au fost evaluarea efectului administrării orale a curcuminei în diferite tipuri de durere experimentală și asupra 

activității motorii și a coordonării. Șoarecii incluși în studiu au fost împărțiți în 4 grupuri și au primit, prin gavaj, doze diferite 

de curcumină sau ulei de măsline (control). Testele Tail Flick, Hot Plate, Rota Rod și Activity Cage au fost efectuate atât 

înainte cât și la 30, 60, 120, 180 și 240 minute după administrare. Doza cea mai eficientă (120 mg/kgc) a fost aleasă pentru 

evaluările ulterioare. Grupul care a primit 120 mg/kgc curcumină orală a avut toleranță crescută la durere, atât la testul Tail Flick, 

cât și Hot Plate. Curcumina nu a avut nici un efect asupra durerii-induse-de-formalină de la nivelul labei, dar a scăzut semnificativ 

comportamentul indus de durere, la testul pentru durere orofacială indusă de formalină și testul durerii viscerale. Substanța nu 

a avut nici o influență asupra activității motorii sau coordonării. Studiul evidențiază faptul că administrarea curcuminei prin gavaj 

este eficientă în durerea experimentală nociceptivă, viscerală și inflamatorie, chiar după administrarea unei singure doze. 
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Introduction 

Curcumin is the main curcuminoid of the spice 

turmeric, which is widely used in Asian cuisine to add 

yellow colour, as a flavour, and as a preservative [1]. 

Currently, it is available as a nutritional supplement and 

there is no evidence of severe side effects following 

chronic treatment or large-dose ingestion [2]. 

In recent years, more and more studies have assessed 

the potential therapeutic effects of curcumin in several 

types of conditions. The main mechanisms underlying 

curcumin’s effect seem to be antioxidant and anti-

inflammatory. Curcumin inhibits enzymes involved in 

reactive oxygen species (ROS) production [3], decreases 

myeloperoxidase activity and acts as an independent 

ROS scavenger [4, 6]. During inflammation, curcumin 

decreases leucocyte recruitment [5], reduces interleukin 

and TNF-α production [7], together with decreasing 

mediators such as phospholipase, lipoxygenase, cyclo-

oxygenase-2, prostaglandins, and nitric oxide [8]. 



FARMACIA, 2020, Vol. 68, 5 

 830 

The effect of curcumin on pain is still a matter of 

ongoing research. Its antiinflammatory and anti-oxidant 

effects have been explored in several clinical trials on 

post-operative pain and fatigue [9], knee osteoarthritis 

[10] or chemotherapy-induced neuropathic pain [11] 

and available results suggest that curcumin is a potent 

analgesic. However, these trials only investigated chronic 

curcumin treatment and have not assessed its effect on 

acute pain. Furthermore, the effects of curcumin on 

nociception and visceral pain are less known and most 

available data comes from intraperitoneal administration 

of curcumin, a route that is not usually applicable in 

the clinical practice. Curcumin has a poor oral bio-

availability, most likely due to its hydrophobic nature 

and reduced digestive absorption [12]. However, in 

clinical practice, oral treatment remains the route of 

administration associated with the highest compliance. 

The aim of this study was to assess the effect of 

oral curcumin administration on different types of 

experimental pain (inflammatory, visceral and nociceptive) 

and to evaluate the drug’s effect on motor activity 

and coordination. 

 

Materials and Methods 

Animals 

The experiments were conducted on male BALB/c mice 

(28 - 34 g) housed in cages under a 12-h light/dark 

cycle, with free access to food and water. All animals 

were habituated to the testing room prior to experiments; 

the experimental protocol was approved by the ethics 

committee of the “Gr. T. Popa” University of Medicine 

and Pharmacy, Iaşi, Romania. All procedures complied 

with the European Communities Council Directive 

2010/63/EU and followed the recommendations of the 

NIH Guide for the Care and the Use of Laboratory 

Animals. 

The drugs used in the experiment were: 37% form-

aldehyde (Fluka, Germany), acetic acid (Sigma, Germany) 

and curcumin (Curcuma longa (Turmeric), powder, 

Sigma, Germany). 

Nociceptive Models 

The Tail Flick test was performed following the method 

described by D’Amour and Smith [13]. The distal part 

of the tail was placed on the heat source of the Tail 

Flick unit (37360 UgoBasile) and the time until the 

animal removed it away from the heat was recorded. 

The Hot Plate test was performed following the method 

described by Woolfe & MacDonald [14]. The mice 

were placed on the hot-plate device maintained at 

55 ± 1°C (model-DS 37, UgoBasile) and the time to 

the first nociceptive response (licking, shaking of hind 

paws or jumping off the surface) was recorded. 

Locomotor Activity Assessment 

In order to assess spontaneous motor activity, an 

automatic recording system (Activity Cage 7420, Ugo 

Basile, Italy) was used. Mice were placed in an acrylic 

rectangular cage with horizontal and vertical infrared 

sensors and the number of horizontal and vertical 

movements over a three-minute interval was recorded. 

Formalin-induced Experimental Pain 

Both orofacial and paw formalin tests were performed 

as described previously [15]. Mice were acclimatized 

before the test, after which 20 μL 5% diluted formalin 

were injected subcutaneously either in the plantar 

surface of the right hind paw (paw formalin test – PFT) 

or in the right whisker pad (orofacial formalin test – 

OFT) with a micro syringe. After injection, the animals 

were placed in an acrylic test box for a 45 min 

observation period, during which the number of seconds 

spent expressing pain-related behaviour was counted. 

The Acetic Acid Induced Writhing Test (Visceral pain) 

was performed as described previously [16]. Mice 

were acclimatized in an acrylic chamber for 20 minutes. 

Afterwards, they each received 0.1 mL/10 mg bw 

i.p. 1% acetic acid and the number of stretches was 

counted over a 30-minute interval. We defined a stretch 

as a contraction of the abdominal muscles accompanied 

by an extension of the forelimbs and elongation of 

the body. 

Study Design 

Mice were divided in four acute groups (8 mice/group): 

three of the groups received different doses of curcumin 

through gavage (60 mg/kg bw – group CC60; 120 

mg/kg bw – group CC120; 300 mg/kg bw – group 

CC300) and one group received an equivalent volume 

(0.2 mL) of olive oil (group C – control). Tail Flick, 

Hot Plate and Activity Cage assessment were performed 

at baseline (before curcumin/olive oil administration) 

and 30, 60, 120, 180 and 240 minutes after. To assess 

curcumin’s antinociceptive effect on inflammatory and 

visceral pain, two other groups of mice (n = 24 mice 

per group) were tested: one group received curcumin 

(120 mg/kg bw) – CC120 group and the other an 

equivalent volume of olive oil through gavage - control 

group. 150 minutes after curcumin/olive oil treatment, 

every 8 mice, randomly selected, received intraplantar 

formalin injection, orofacial formalin injection or intra-

peritoneal acetic acid injection (i.e. for each model of 

experimental pain there were eight mice for CC120 

group and eight mice for control group). 

Data Analysis 

Data are expressed as mean ± SEM. For the Hot Plate 

and Tail Flick tests, antinociception was quantified as 

the percentage of maximal possible effect (%MPE) 

according to the following formula [17]: 

% MPE = [(postdrug latency - predrug latency)/ 

(cut-off - predrug latency)] x 100. 

For the formalin and acetic acid induced pain tests, 

the antinociceptive activity was expressed as percentage 

of inhibition of nociceptive behaviour (INB) using the 

formula [15]: 

% INB = [(mean Control Group - mean Curcumin 

Group)/(mean Control Group)] x 100. 
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The statistical assessment was performed by means 

of SPSS v.20. Paired and unpaired student t test and 

repeated measures ANOVA were used when appropriate. 

Post-hoc comparisons were performed by using the 

Bonferoni test. The significance level was set at < 

0.05. 

 

Results and Discussion 

The effect of curcumin on nociception 

Regarding the Tail Flick test, there were no significant 

between-group differences at baseline. After 30 min, 

there was a significant increase in tail flick latency in 

the CC120 group while latencies remained similar to 

baseline in all other groups (Figure 1). The anti-

nociceptive effect of the 120 mg/kg bw curcumin 

dose persisted for three hours, with means of 6.61 ± 

0.50 s in the CC120 group vs. 5.36 ± 0.40 s in the 

control group at this time point (Figure 1). The MPE 

in the CC120 group was 27.50% (at 60 minutes), 

with p < 0.005 at this time point. 

 

 
Figure 1. 

Tail Flick latency (mean ± SEM) throughout the 

experiment in the control and curcumin groups 
* = p < 0.05 versus the other groups; 

MPE – maximal possible effect (%) 

 

There was no significant difference between groups 

in the Hot Plate latency at baseline. Although MPEs 

were positive throughout the experiment for all curcumin-

treated groups, a clear antinociceptive effect on the 

Hot Plate test was visible only for the CC120 group 

at 180 and 240 minutes after administration. At these 

time points average values were 10.42 ± 1.19 s and 

10.67 ± 1.35 s in the CC120 group vs. 6.83 ± 0.55 s 

and 6.56 ± 0.67 s in the control group (Figure 2). 

Average MPEs in the CC120 group exceed 50% at 

both time points. ANOVA two-way assessment identified 

a significant time-substance interaction for the Hot 

Plate test, with a p value of 0.006. 

After analysing the results in the Hot Plate and the 

Tail Flick test, we decided that the optimal curcumin 

dose for experimental pain tests is 120 mg/kg bw, since 

it was the only effective dose in non-neuropathic mice. 

Also, due to the results that showed an antinociceptive 

effect in the first three hours in the Tail Flick test 

and in the last two hours in the Hot Plate test, we 

decided to perform all pain tests 150 minutes after 

curcumin gavage. 

 

 
Figure 2. 

Hot Plate latency (mean ± SEM) throughout the 

experiment in the control and curcumin groups 
* = p < 0.05 versus the other groups; 

MPE – maximal possible effect (%) 

 

The effect of curcumin on locomotor activity 

All groups were similar in terms of spontaneous 

locomotor activity at baseline. However, there was 

a decrease of both horizontal and vertical movements 

similar in all curcumin and control groups that 

corresponded to a statistically significant time effect 

(p < 0.0001 for both horizontal and vertical movements). 

The effect of curcumin on experimental pain 

There were no significant differences between pain-

related behaviours in the two groups in the paw 

formalin test. Average values were 90.13 ± 8.29 s in 

the control group and 92.25 ± 9.02 s in the CC120 

group for the first phase of the test (p = 0.86) and 

109.0 ± 22.29 s in the control group and 109.4 ± 18.52 s 

in the CC120 group (p = 0.98) for the second phase 

of the test. For this test, the INB was -2.35% for 

phase I and -0.36% for phase II. 

 

 
Figure 3. 

Time spent expressing pain-related behaviours in the 

orofacial formalin test in the two groups (mean ± SEM); 
* = p < 0.05 

 

In the first phase of the orofacial formalin test, curcumin 

induced statistically significant antinociception, with 

an average of 92.50 ± 6.69 s in the control group vs. 

15.63 ± 6.10 s in the CC120 group (p < 0.0001). In 

the second phase, the difference remained statistically 

significant (p = 0.0001), with averages of 177.9 ± 18.54 s 
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in the control group vs. 64.38 ± 10.57 s in the CC120 

group (Figure 3). For this test, INB was 83.13% for 

phase I and 63.81% for phase II. 

Regarding visceral experimental pain, in the CC120 

group, the average number of writhes was 36.63 ± 

12.34, whereas in the control group, the average was 

108.0 ± 12.40. This difference was statistically significant, 

with a p value of 0.0013. The INB for the acetic 

acid induced writhing test was 66.08% (Figure 4). 

 

 
Figure 4. 

Number of writhes (mean ± SEM) in the two 

groups after acetic acid administration; * = p < 0.05 

 

Our behavioural study demonstrates that single-dose 

oral curcumin is effective on thermo-nociception and 

on inflammatory pain induced by formalin and acetic 

acid. 

In our study, curcumin had an analgesic effect on 

thermo-nociception only at a dose of 120 mg/kg bw. 

The smaller and larger doses had a tendency to increase 

resistance to experimental pain, but their effect was 

not statistically significant. It is possible that the smaller 

dose was too small to generate a significant effect, 

especially since the low bioavailability of oral curcumin 

is well-known [18]. The larger dose (300 mg/kg bw) 

was also inefficient, possibly due to the pro-inflammatory 

effects of large doses of curcumin [19]; the 300 mg/kg 

bw dose administered in our study is approximately 

1.7 grams when converted to human equivalent dose 

[20, 21], which is significantly larger than the average 

doses used in clinical studies. 

The dose of 120 mg/kg bw induced a persistent anti-

nociceptive effect in the Tail Flick test over a 3 hour 

period with a maximum effect at one hour. The effect 

of curcumin on spinal pain (as assessed by the Tail 

Flick test) [22] is similar to available literature data. 

In one study, a diglutaryl curcumin derivate was more 

effective than aspirin on the tail flick test and induced 

a MPE three times higher than our results after three 

hours [23]. In another animal study, the authors found 

that 25 mg/kg bw curcumin prodrug had a pronounced 

antinociceptive effect as assessed by the tail flick 

test [22]. 

In the Hot Plate test, a model for testing analgesics 

with a supra-spinal effect [22], 120 mg/kg bw curcumin 

was associated with analgesia that started only three 

hours after administration. Our results indicate that 

curcumin is more potent in alleviating supra-spinal 

nociception when compared with other available data. 

However, since other studies [24, 25] used intraperitoneal 

administration or different types of curcumin, the 

different nociceptive responses for the Hot Plate test 

could be the consequence of these factors. Moreover, 

curcumin’s antinociceptive effects on Hot Plate were 

mostly reported in either diabetic or chronic constriction 

injury mice, models in which the nerve fibres are 

damaged, whereas in our study the animals had an 

intact nervous system. 

Curcumin had no influence on spontaneous motor 

activity as assessed by the Activity Cage. These findings 

support the idea that our results are evidence of 

curcumin’s antinociceptive effect and not a consequence 

of motor impairment or coordination abnormalities. 

The effect of curcumin on formalin-induced 

experimental pain 

Oral administration of a single dose of curcumin had 

a significant antinociceptive effect on the formalin-

induced orofacial pain, but no effect on the plantar 

pain test.  

Our results on the orofacial formalin test are in agreement 

with previously published data. Even if the dose, route 

of administration and timing are different between 

studies, other authors have also shown that curcumin 

administration [26-28] has an antinociceptive effect 

on both phases of this test. 

Contrary to other studies, we found that curcumin does 

not influence the intensity of pain-evoked behaviour 

in the paw formalin test. However, some methodological 

differences between studies must be mentioned. Thus, 

Fattori et al. used subcutaneous administration route, 

the Swiss strain, and a curcumin dose of 10 or 30 

mg/kg bw administrated 1 hour before the test [29]. 

Considering another study on orofacial formalin test 

we found, Han et al. used the intrathecal administration 

route, Sprague Dawley rats and curcumin that was 

administrated 10 minutes prior to formalin experimental 

pain [8]. 

Studies show that the first 5 minutes of formalin-

induced pain are a consequence of TRPA1 (transient 

receptor potential cation channel subfamily A, member 

1) receptors which activate specific nociceptors [30], 

whereas the second phase of the formalin test is related 

to cytokine production [31]. In recent years, studies 

have shown that the well-known mechanosensitive 

TRPV4 (transient receptor potential cation channel sub-

family V, member 4) contributes to formalin-induced 

inflammation secondary to extracellular osmolarity 

changes, suggesting it is an important endogenous 

mediator of the neurogenic inflammatory reaction [32]. 

TRPV4 acts on the trigeminal sensory neurons in the 

orofacial formalin-induced experimental pain model 

and plays an important role as a signalling molecule in 

irritation-evoked trigeminal pain; furthermore, it is 
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also expressed in visceral sensory DRG (dorsal root 

ganglion) neurons involved in visceral hypersensitivity. 

In 2013, Vandewauw et al., mapped the presence of 

TRPV4 through ganglia and found a statistically 

significant variability between anatomically different 

ganglia with a higher level of TRPV4 in trigeminal 

ganglia as compared with lumbar DRG [33, 34]. This 

could explain why in our study single-dose curcumin 

oral administration had an analgesic effect only in the 

orofacial formalin test, with no effect on the paw 

formalin test. 

The effect of curcumin on visceral experimental pain 

The acetic acid-induced abdominal pain model is a 

sensitive test that detects the analgesic effect of 

substances or doses that may appear ineffective in 

other pain models. In our study, single-dose oral 

curcumin administration induced a statistically significant 

decrease in the number of writhes proving a clear-cut 

antinociceptive effect for curcumin. To our knowledge, 

this is the first study to report the effect of oral single-

dose curcumin administration in the visceral pain test. 

Our results are in agreement with other studies [29, 

35] assessing visceral experimental pain, although the 

authors used non-oral routes of administration. 

Although there are several studies assessing the effects 

of curcumin on different conditions, available results 

are heterogeneous due the use of different doses or 

routes of administration, distinct methods of curcumin 

preparation and various animal species/strains. All these 

differences hinder the possibility of a head-to-head 

comparison. In our study, by using only one route of 

administration in all models of inflammatory experimental 

pain and thermo-nociception, we demonstrated that at 

the same dose the paw formalin test is less sensitive 

to curcumin’s effects when compared with the orofacial 

formalin test and visceral pain test and that the smaller, 

as well as the larger doses do not work better on 

thermo-nociception. 

Limits of the study 

The main limitations of the study are the fact that not 

all types of pain were assessed (we did not assess the 

effect of curcumin on neuropathic pain) and that its 

design is purely behavioural. 

 

Conclusions 

Although its effects on inflammatory and neuropathic 

pain are well-known and currently investigated in 

clinical trials, the effect of curcumin should be explored 

in other types of pain as well. Our study showed 

that curcumin is effective in both nociceptive and 

inflammatory experimental pain even after single-dose 

oral administration. Preclinical studies in the field should 

focus on the effect of orally-administered curcumin 

in order for their results to be transferred to clinical 

practice more quickly. 
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