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Abstract: The study validated the application of infrared thermography in a serotonin-induced itch model in rats since the 
only available method in animal models of itch is the count of scratching bouts. Twenty four adult Sprague-Dawley male 
rats were used in 3 experiments: 1) local vasomotor response induced by intradermal serotonin (10 l) was evaluated 
against isotonic saline and Methysergide (10 l); 2) dose-temperature relation of intradermal serotonin with different 
concentrations (1%, 2%, 4%) at the site of injection was tested; 3) the local vasomotor responses in anaesthetized rats with 
no scratching reflex was investigated. Serotonin elicited significant scratching and lowered the local temperature at the 
site of injection. A negative dose-temperature relationship of serotonin was found by thermography. Vasoregulation at the 
site of serotonin injection took place in the absence of scratching reflexes. Thermography is a reliable, non-invasive, and 
objective method for assessment in serotonin-induced itch model in rat. 
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INTRODUCTION 

 Itch is an unpleasant sensation associated with a desire to 
scratch [1], which can impair the quality of life. It is a 
frequent complaint and the most common symptom in 
metabolic and various skin diseases [2, 3]. Scratching 
behavior is an important component of different skin 
diseases in human, and the duration of scratching indicates 
the degree of skin damage [4]. Itch sensation acts as a 
physiological self-protective mechanism to support the 
defense of the skin against external damaging agents [3]. 
Similar mechanism is known from other cutaneous 
sensations such as pain, touch, vibration, cold and heat. 
Clinically, itch is classified into four categories: 
pruritoceptive itch, neuropathic itch, neurogenic itch and 
psychogenic itch [5, 6]. The present study will only consider 
pruritoceptive itch. 

 Currently available medicines are often not successful in 
subsiding pruritus and there is still a need for new 
antipruritic medicine for treating itch in clinical 
dermatology. New medicines are required by law to be tested 
on animals (European directive 2001/83/EC, Annex 1 part 
4). Scratching behavior is widely used for assessment of itch 
in animal models [4, 7]. There are a few well-established 
pharmacological animal models for studying itch and its 
respective medicine that are mostly based on application of 
prutitogenic agents into the skin of animal and assessment of 
scratching behaviors [8-12]. Although scratching behavior is 
used as an itch index in animal studies, it is also a 
component of normal grooming [13], thus scratching may 
occur under non-pruritic conditions. Hence, establishment of  
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a reliable and quantitative method is important in order to 
make objective assessments of itch in animal models and test 
the efficacy of new antipruritic drugs. 

 It has been shown that induced itch in human skin could 
influence the local skin temperature (vasomotor responses) 
[14]. There are some difficulties using the conventional 
technique of contact measurements [15]. These methods are 
time consuming and often cause soft-tissue deformation 
during the measurements. To overcome this problem, optical 
measurements are presented and replacing the conventional 
approaches. Optical techniques are non-invasive, and have 
high speed, high resolution and better precision properties 
[15]. Infrared imaging, as an optical approach, has been used 
in many studies within the medicine field, including wound 
care, sport medicine, forensic medicine, anesthesiology, 
peripheral vascular diseases and cancer diagnosis [16-18]. In 
infrared thermography, the released infrared radiation with a 
wavelength of 0.8–1 m creates the temperature distribution 
of a body surface [19]. An infrared camera detects and 
captures the infrared heat energy released from body surface. 
The captured energy is converted to an energy signal [18], 
which together with other parameters including emissivity, 
ambient temperature, the distance of the object from the 
camera and environment humidity is used to calculate the 
definite temperature of the skin surface [19]. Blood plays an 
essential role in heat exchange between the body surface and 
ambient temperature; therefore, identification of some 
diseases by thermography is generally associated with 
changes in blood perfusion at superficial level. Infrared 
thermo-imaging, which makes a clear representation of skin 
temperature distribution [20], is a non-invasive technique 
that can potentially be used for assessment of vasomotor 
response in animal itch models. 
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AIMS AND HYPOTHESIS 

 The aim of the present study was to validate the 
application of infrared (IR) thermography in a serotonin-
induced itch model in rat. It was hypothesized that, infrared 
thermography can show: 

1. Correlation between itch-related scratching behaviors 
and changes in vasomotor response. 

2. Modulation of vasomotor response due to intradermal 
injection of serotonin by application of methysergide, 
which is a non-selective serotonin antagonist. 

3. Dose-temperature relation of serotonin at the site of 
injection. 

4. Vasomotor response due to itch-induced serotonin is 
independent of scratching reflex. 

MATERIALS AND METHODS 

 The study protocol was approved by the Danish 
Experimental Animal Inspectorate, and all the procedures 
were carried out in accordance with the International 
Association for the Study of Pain (IASP) and Guidelines for 
the Care and Use of Laboratory Animals. The study included 
3 experiments; these are explained as following: 

Animal 

 In all experiments in the present study Sprague-Dawley 
rats (age: 52-56 days, sex: male and weighted: 252-257 
grams) were used. The rats were housed (2 per cage) in a 
room under controlled temperature (20±2 °C) and light 
(lights on 08:00–20:00 h). Food and water were freely 
available. 

Sample Size 

 Previous data indicated that a samples size of 8 was 
enough to record a significant effect of serotonin on 
scratching compered with saline [21]. Concidering 3Rs law 
(“reduce”, “replace” and “refine”), the sample size 8 was 
used in the present study. 

Shaving Procedure 

 To measure a local skin temperature at the site of 
injection the rats were briefly anesthetized (4 % isoflurane) 
and the fur over the rostral portion of their back was shaved 
(area of 3 3 cm2). In order to avoid skin irritation and any 
possible false temperature change in the skin caused by 
shaving machine, the rats were shaved 24 hours prior to the 
experiments. 

Test Agents 

 Serotonin Hydrochloride (25 mg 5-HT; Sigma, Denmark) 
was used as an itch induced agent. Methysergide maleate 
was used as serotonin antagonist (2 mg; Sigma, Denmark). 
Sterile physiological saline (0.9% NaCl) was used as control. 
All test agents were injected intra-dermal (ID). The test 
agents were prepared by the same experienced laboratory 
technician, and the investigator was blinded to the content of 
all injections. 

Injection Procedure 

 For intra-dermal (ID) injections, a custom-made special 
loose restrainer was used. The restrainer had an opening 

window (3x3 cm2) with a sliding door on the top. To 
eliminate any stress factor, for the ID injections the restrainer 
was placed in the chamber in order for the rat to enter the 
restrainer on its own will. From the opening on the top of the 
restrainer the solutions were injected over 20 seconds using a 
50-μl Hamilton micro syringe through PE-50 micro tube 
connected to a needle. A silver pen was used to mark the site 
of injection. The needle was left in place for 10 seconds post 
injection. Then, the needle was removed and the rat was 
quickly placed in an opaque, open-top, glass observation 
chamber (L x W x H = 33 33 40 cm3) for IR video-
recording. 

Local Temperature Measurement 

 An infrared video camera (SATIR-S280, GSAT INC., 
China) was used for continuous real time monitoring of the 
local skin temperature. The camera has spectral range of 7.5-
13 m and measures temperature in the range of -40°C to 
+160°C with accuracy of ±0.02°C. 

Monitoring Procedure 

 Prior to any injection, a 5 minutes baseline thermography 
was recorded to obtain a baseline temperature at the shaved 
area. After any injection the rates were continuously IR 
video recorded in 90 minutes in experiments 1 and 2. In 
experiment 3 the IR video recording’s time was 45 minutes. 
Shortly after the injections the investigator left the room to 
avoid any behavior distraction. Both the recording of 
scratching behaviors and local temperature measurement 
were done simultaneously in a totally dark room using the IR 
camera, as the behaviors were clearly recognized in the IR 
recordings; thus the synchronization problem was 
eliminated. 

Assessment of Scratching Behavior and Local Skin 
Temperature 

 To see whether thermography can indicate a local skin 
temperature due to an itch-induced agent a well-known 
animal model of itch applying serotonin into the skin of rat 
was used [7, 12, 22-25]. 

 A series of one or more scratching movements by the 
hind paw that is directed toward the injection site is defined 
as a scratching bout, which ends when the rat either licks its 
hind paw or places it back on the floor [7]. In the present 
study, the total number of scratching bouts was used for 
assessment of itch-induced behaviors. Playback of the video 
recordings was slowed down to 1/15th of normal speed (15 
frames/s resolution) to count the bouts. From the IR images, 
max., min. and average temperature at the site of injection 
were extracted and presented as numbers using special 
software (SatReport 3.1 for SAT camera, China). 

 Experiment 1: a cross over and double blind experiment 
was designed. Experiment 1 was conducted by two sub-
experiments (Exp 1.1 and Exp 1.2). 

 Exp 1.1: In Exp 1.1 the use of thermography in the above 
mentioned model was evaluated. The rats were divided into 
two groups (n1 = n2 = 8), which received either ID serotonin 
(10 l of 20 mg/ml) or saline (10 l of 0.9% NaCl), and the 
association between scratching behaviors and temperature at 
the site of injection in both groups were examined. The 2% 
concentration for serotonin was chosen because it elicits the 
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greatest number of scratching bouts [26], and it is 
intermediate compared with concentration of 5-HT used in 
other studies of rats [12] and mice [23]. Ten micro liters 
sterile physiological saline (0.9% NaCl) was used as control. 

 Exp 1.2: In order to validate the application of 
thermography and to see whether thermography can 
quantitatively show the modulation of local skin temperature 
caused by serotonin, in Exp 1.2, a well known antagonist for 
serotonin (Methysergide) was used. One week after the end 
of the first experiment, the rats were divided into two groups 
(n1 = n2 = 8), which received either ID serotonin (10 l of 
2%) plus saline (10 l of 0.9% NaCl) or serotonin (10 l of 
2%) plus methysergide (10 l of 0,047 mg/ml) and the 
number of scratching bouts and local skin temperature 
changes at the site of injection were assessed. Methysergide 
injection was prepared at a total concentration of 100 nmol 
(47 g/ml) and injected in a volume of 10 l (10 nmol; 0,047 
mg/ml). Methysergide (0.3–10 nmol) dose-dependently 
showed to inhibit 5-HT-induced scratching in mice [23]. 

 Experiment 2: In a cross over experiment 8 Sprague-
Dawley male rats were used. This experiment was designed 
to see if IR thermography can explore a dose-temperature 
relation between the injected serotonin doses and the 
corresponding temperature change at the site of injection. 
The experiment was conducted in a 4-weeks time span. First 
week; the rats received ID saline (10 l of 0.9% NaCl), 
which was used as control group. In the next three 
successive weeks the rats were injected serotonin ID with 3 
different concentrations (10 l of 1%, 10 l of 2% and 10 l 
of 4%). After each injection the relation between temperature 
change at the site of injection and the injected dose was 
examined. Injections, shavings and thermography procedures 
were the same as were explained in experiment 1. 

 Experiment 3: Experiment 3 was designed to examine 
the effect of anesthesia on the change of the local skin 
temperature due to serotonin injection; avoiding the 
scratching behavior. The rats were anesthetized with 
isoflurane (4%) for 45 minutes. To keep the rats 
anesthetized, isoflurane was supplied through a mask. After 
5 minutes (in the remaining 40 minutes) the rats were 
supplied by 2.5% isoflurane. To maintain the normal body 
temperature, the rats were placed on an electrical 
temperature regulator pad. In experiment 3 eight rats were 
used. To fulfill the 3R-low, the rats were used as their own 
control. The rats were shaved at two locations; one at the 
rostral part (treatment area) and the other one at the caudal 
part of the back (control area). Shaving procedure was the 
same as described in experiment 1. Experiment 3 contained 2 
sub-experiments (Exp 3.1 and Exp 3.2). 

 Exp 3.1: In the Exp 3.1 the ID injected agents were 10 l 
of 2% serotonin in the treatment area and 10 l of 0.9% 
NaCl saline in the control area. 

 Exp 3.2: In Exp 3.2 ten l of 2% serotonin plus 10 l of 
0,047 mg/ml methysergide were co-administrated ID at the 
treatment area, and 10 l of 2% serotonin plus 10 l of 0.9% 
NaCl saline were co-administrated ID at the control area. 
Prior to any injections, the rats were IR thermography 
recorded in 5 minutes to obtain a baseline temperature. Then 
after the injections the rats were monitored for IR 
thermography in 45 minutes. 

STATISTICAL ANALYSIS 

 For comparison between the groups every 5 minutes 
during 45 or 90 minutes either ANOVA or Mann-Whitney 
rank sum test was used. Either Spearman Rank Order 
Correlation or Pearson Product Moment was applied to test 
the correlation between temperature and number of 
scratching bouts. The significant level was considered as 
P<0.05. Data were presented as Means (S.E.M). The 
statistics were performed using SigmaPlot version 11.0 
program. 

RESULTS 

 Experiment 1: Experiment 1 contains 2 sub-experiments 
(Exp 1.1 and Exp 1.2). In Exp1.1, serotonin elicited 
significant (p<0.001) scratching bouts (9.281(0.852)) at the 
site of injection compared with saline (1.094 (0.852)), and 
the difference was 8.188 bouts. The temperature at the site of 
injection in serotonin group (35.607 (0.0757) °C) was 
significantly (p<0.001) decreased comparing with saline 
group (36.050 (0.14) °C) and the difference was 0.443 °C. 
Fig. (1a) illustrates the average temperature at the site of 
injection, measured every 5 minutes, in saline and serotonin 
groups. First scratching bouts were observed with 
approximately 5-10 minutes delay and the successive 
scratching bouts appeared intermittently lasting up to 90 
minutes in almost every rat. 

Fig. (1a). Average temperature at the site of injection measured 
every 5 minutes by infrared thermography in the saline and 
serotonin groups.  

 In serotonin group, Spearman Correlation, revealed a 
significant negative correlation ( =-0.786, p= 0.0013) 
between average temperature and the corresponding average 
number of scratching bouts (Fig. 1b). 

 In Exp 1.2, serotonin+saline elicited significant 
(P<0.001) scratching bouts (9.521 (1.004)) at the site of 
injection compared with serotonin+methysergide group 
(1.844 (1.004)) and the difference was 7.677 bouts (Fig. 2a). 
Temperature at the site of injection in serotonin+saline group 
(35.138 (0.0742) °C) was significantly (P=0.007) reduced 
compared with serotonin+methysergide group (35.426 
(0.143) °C) and the difference was 0.2880 °C. Methysergide 
significantly reduced the pruritic effect of serotonin (Fig. 2a) 
and increased the temperature at the site of injection (Fig. 
2b). 
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Fig. (1b). Spearman Correlation shows a significant negative 
correlation (= -0.786, p = 0.0013) between average temperature and the 
corresponding average number of scratching bouts in serotonin group. 

Fig. (2a). Average scratching bouts in serotonin + methysergide 
and serotonin + saline groups. Methysergide significantly reduced 
the pruritic effect of serotonin at the site of injection 

 

Fig. (2b). Average temperature at the site of injection in 
serotonin+saline and serotonin+ methysergide groups measured every 5 
minutes. Serotonin + saline group significantly (P=0.007) reduced 
vasomotor response (lower temperature) at the site of injection. 

  Experiment 2: IR thermography could clearly indicate a 
negative relation (Fig. 3) between the concentrations of the 
injected serotonin and the corresponding temperature at the 
site of injection. There were significant differences 
(P<0.001) when comparing saline group with serotonin 
groups (1%, 2% and 4% concentrations), see Table 1. 

 Experiment 3: Comparing the mean temperature at the 
site of injection in serotonin group with saline group, there 
was a significant difference (0.687 °C, p<0.001). The most 
significant difference appeared on the 10th minute of the 
trials (0.740 °C, p<0.001). The difference was gradually 
reduced afterwards (Fig. 4a). 

 

Fig. (3). Dose-temperature relationship of serotonin with different 
concentrations (1%, 2% and 4%), and the corresponding 
temperature at the site of injection. 

Table 1. Dose-Response Effect of Serotonin (1%, 2% and 

4%) on Vasomotor Response at the Site of Injection, 

Injected Intradermally 

 

Comparison Diff. of Means (°C) 

Saline vs 1% Serotonin  0.469 

Saline vs 2% Serotonin  1.198 

Saline vs 4% Serotonin  1.640 

There is a negative association between the concentrations of the injected serotonin and 
the corresponding temperature at the site of injection. There are significant differences 
(P<0.001) when comparing saline and serotonin with different concentrations. 

 

 Serotonin+methysergide group induced significantly 
(p<0.001) higher temperature change compared to 
serotonin+saline group (difference of means: 0.592 °C). The  
most significant difference was observed on the 15th minute 
of the trials (0.657 °C, p<0.001). Fig. (4b) illustrates that. 

DISCUSSION 

 To the best of our knowledge, for the first time, we used a 
combination of thermography method with scratching 
behavioral assessment in a rat model of itch. The effect of 
serotonin and methysergide (an antagonist of 5-HT receptor) on 
scratching behavior and local skin temperature indicated that, 
there is a correlation between itch-related scratching behaviors 
and changes in vasomotor response. Methysergide, which is a 
non-selective serotonin antagonist, modulated the local 
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vasomotor response at the site of injection. By IR thermography 
we could clearly observe a dose-temperature relationship for 
serotonin on temperature change at the site of injection. 
Anesthesia showed no influence on vasomotor responses while 
scratching reflexes were absent. 

 

Fig. (4a). Mean temperature at the site of injection in serotonin and 
saline groups, measured every 5 minutes in 90 minutes. There is a 
significant (p<0.001) difference. 

 

Fig. (4b). Mean temperature at the site of injection in Serotonin + 
methysergide and serotonin + saline groups, measured every 5 
minutes in 90 minutes. There is a significant (p<0.001) difference. 

 Our findings in the first experiment showed that co-
administration of methysergide and serotonin diminished the 
scratching behavior and increased the skin temperature while 
co-administration of serotonin and saline, elicited remarkable 
scratching and decreased the temperature at the site of injection. 
We observed that the scratching reflexes occurred when the 
local temperature was low, and was increased after scratching. 
There was a negative correlation between temperature changes 
and the number of scratching bouts in serotonin group. A 
possible explanation for the reduction of the local temperature is 
that, serotonin might cause local vasoconstriction. This 
phenomenon was supported by the oposite relation between the 
concentration of injected serotonin and the temperature at the 
site injection found in experiment 2. 

 At the same time serotonin stimulates local cutaneous itch-
specific high dense mechano-insensitive neurons using itch-
specific high dense innervated C-fibers in the skin (60-70% of 
primary afferent neurons that innervate the skin) as afferent 
units for mediating itch sensations to Central Nerve System 
(CNS) [27], which leads to the scratching reflexes. Scratching in 
turn would up-regulate the local blood circulation to wash the 
stimulating agent away. The washout actions by the blood have 
been generated in a dynamic manner. This is probably why the 
changes in temperature at the site of injection found in the 
present study had waveform. Thomsen et al., believed that “the 
scratching of the rostral back was due to a local stimulus from 
the injected skin area, and was not a response to systemic absor-
ption of serotonin into the blood stream” [12]. This statement is 
in harmony with our results and the above explanation. 

 When the rats were anesthetized and scratching reflex was 
absent, the local vasoregulation and blood stream was still 
taking place. Our results from experiments 1 and 3 indicate that 
scratching reflex might have an intensifying effect on the local 
vasoregulation and blood stream. A 5-10 minutes delay in the 
onset of first scratching reflexes was observed in some rats. This 
silent period could probably be due to the transient neuronal 
disturbance resulting from a local injection trauma or a 
defensive reaction of the animal [12]. Yamaguchi et al. reported 
a dose-dependent (0.3–10 nmol) inhibition of 5-HT-induced-
scratching by methysergide in mice [23]. The used dose for 
methysergide in the present study was 10 nmol (0.047 mg/ml), 
which also showed a significant inhibition of serotonin in the 
present itch-model in rats. Our result is consistent with the result 
from Yamaguchi et al. study. 

 Kosteletzky et al. [28] studied the quality and intensity of 
the sensations, axon reflex flare, sympathetic skin 
vasoconstrictions and the interference of scratching in humans. 
They used histamine and Cowhage which contains 5-
hydroxytryptamine (serotonin 5-HT) as two different itch 
stimulators. The results indicated that Cowhage induced a 
sharper itch sensation and stronger vasoconstrictor reflexes 
compared with histamine. This finding also supports the results 
in the present study. Newman et al. investigated in a study the 
vascular and metabolic effects of serotonin and norepinephrine 
using the constant-flow perfused rat hindlimb model. They 
observed a transient washout of red blood cells when low-dose 
norepinephrine (LDNE) was added to the perfusion solution. 
However, they did not observe red cell washout when serotonin 
was added to the perfusate. The result of Newman et al. study 
indicates that, LDNE employs a new vascular space and 
serotonin close off the formerly perfused vascular space. Based 
on these findings, Newman et al. concluded that serotonin 
increases functional shunting and decreases capillary surface 
area. Newman et al. found that serotonin in the course of its 
vasoconstrictor activity at selected sites in the rat hindlimb 
vasculature inhibit access to nutritional regions and increases 
flow in nonnutritive vessels. The concept of serotonin affects on 
functional vascular shunting was earlier proposed by Rippe et 
al. [29]. Rippe et al. observed that serotonin infusion decreased 
both capillary diffusion and filtration capabilities in the rat 
hindlimb model. Results from Rippe et al. and Newman et al. 
support our finding regarding the vasoconstriction effect of 
serotonin. 
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 On the other hand, Zhang et al. [30] investigated the role of 
serotonin in controlling blood flow and protein kinetics in both 
normal skin and scalded skin, using methysergide to block the 
action of serotonin on protein kinetics in normal and scalded 
skin of anesthetized rabbits. They reported that methysergide 
administration reduced blood flow in normal and scalded skin, 
indicating the primary role of serotonin in increasing wound 
blood flow (vasodilatation). This finding is not in agreement 
with our results. One possible explanation could be that Zhang 
et al. administered methysergide through intravenous infusion 
and afterwards was injected intramuscularly every 3–5 h until 
the 48th h, while we administrated serotonin and methysergide 
intradermal and studied the effect of serotonin locally where 
methysergide challenging serotonin directly at the site of 
injection and avoiding the systemic effect. We know that these 
two vascular routes (nutritive and non-nutritive) are controlled 
by a variety of vasoregulators (e.g. hormones, neural input, 
insulin, etc.)[31], in which each and every has different 
underlying vasoregulation mechanisms. Thus, these 
fundamental differences make it impossible to compare our 
results with those results from Zhang et al. 

CONCLUSION 

 Findings from the present study indicate that, there is a 
significant negative correlation between average temperature 
and average number of scratching bouts in serotonin group. 
Serotonin+saline group decreased the temperature compared 
with serotonin+methysergide group. Our results also showed 
that serotonin has a vasoconstriction effect, and local 
vasoregulation at the site of injection is independent of 
scratching reflex; however, scratching reflexes intensify the 
local vasoregulation effect of serotonin. Outcomes of the 
present study suggest that, assessing anti-pruritus drugs is 
possible in anesthetized animal reducing unpleasant itch 
experience in animals. Furthermore, handling and assessment of 
quantitative measurements are easier when the animals are 
anesthetized. 

 Application of IR thermography in serotonin-evoked itch 
model in rats proved to be a useful objective, non-invasive 
method to monitor dynamic real time changes in pruritus and 
anti-pruritus testing in dermatology research. Moreover, this 
method would be useful for monitoring of medications and 
treatments in clinical dermatology. 
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