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Abstract 

Stress effect on nociception is a topic of particular interest in scientific research. Our objective 
is to evaluate the influence of stress on dorsal root ganglion (DRG) nociceptive neurons and on 
cutaneous nerve fibers arising from these neurons, from both glabrous and hairy skin.  

The study included adult male Wistar rats divided into four groups: Stress 1 day, Stress 10 
days, Stress 21 days and Control. Stress was administered by restraining the rats for 2 h per day. 
Subsequently, skin samples and DRGs were collected for immunohistochemical evaluation of cutaneous 
nociceptive nerve fibers and of primary sensory neurons, respectively. 

Our results show that stress exposure induces a moderate increase of dermal nociceptive free 
nerve endings density in glabrous skin. The stress-induced increase of nociceptive activity, as evidenced 
by an increased expression of peripherin and TRPV1 (VR1) receptor, was more prominent in primary 
sensory neurons. Besides the impact on pain sensitivity, increased activity of nociceptive nervous 
structures might be associated with activation of neurogenic inflammatory processes. Thus, the impact 
of stress on nervous structures involved in nociception may explain both the role of stress in modulating 
nociceptive sensitivity and stress involvement in triggering or worsening of many inflammatory skin 
diseases. 

 
Keywords:nociception, peripherin, TRPV1 (VR1), skin, DRG neurons 

 
1. Introduction 

Stress, “the nonspecific response of the body to any demand”, as it was defined by 
Hans Selye [1, 2], has become a common part of modern lifestyle, in which the human body 
has to face more frequently and more intense challenges for which to adapt. The action of 
stressors is associated with significant changes in homeostatic mechanisms of the body, but 
also has a complex emotional impact [3]. In turn, pain has a physical and an emotional 
component, being defined as „an unpleasant sensory and emotional experience associated 
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with actual or potential tissue damage or described in terms of such damage” [4]. Thus, even 
at a conceptual level, a complex relationship between stress and pain is to be expected.  

In this area of research, a topic of particular interest is the influence of stress on 
nociception. Even though numerous studies have investigated this topic, the results are 
conflicting. Some researchers have shown that stress associates with a reduced nociceptive 
sensitivity, while others report its augmentation. Stress effect on nociceptive threshold seems 
to be dependent on the character of the exposure to stress: acute or chronic, the type of the 
stressing agent, and on various individual factors [5-8]. Previous studies have shown that 
chronic psychoemotional stress reduces the pain threshold in humans [9]. Moreover, most 
previous experimental studies have shown that chronic exposure to stress is associated with a 
hiperalgesic effect for thermal, mechanical and chemical nociceptive stimuli [7, 10-13]. This 
effect is probably dependent on the sympato-adrenal system, involving neuroplasticity and 
phenotypical changes in nociceptors [7, 10, 14-16]. However, other studies have shown 
opposing effects, such as an increased nociceptive threshold induced by repeated exposure to 
stress in rats [17]. Conflicting results on the effect of acute stress on nociception have also 
been described. Thus, there are studies on human subjects suggesting an increased sensitivity 
to pain after psychogenic stress induction [18-20]. Also, numerous studies conducted on 
laboratory animals have shown that acute stress inhibits nociceptive reflex responses induced 
by chemical, thermal or mechanical stimuli [5, 11, 12, 21-34]. As a consequence, a stress-
induced analgesic effect was suggested, probably mediated by the activation of descending 
inhibitory pain pathways [8, 31, 35]. However, other studies suggest that acute stress may be 
associated with an increase in nociceptive reflex responses [36-38]. It was also shown that 
acute stress stimulates learned escape responses induced by nociceptive stimulation, 
suggesting a hyperalgesic effect [5]. 

Considering that assessment of impact exhibited by stress on the process of skin 
nociception is associated with so many controversies, a study of stress-induced morphological 
changes of nervous structures involved in nociception may provide a new insight into the 
complex relationship between stress and pain. One of the best methods to identify dermal 
nociceptive nerve fibers and to assess the impact of stress on their density is by using 
peripherin as an immunohistochemical marker. Peripherin is a protein that belongs to the type 
III intermediate filaments and is a marker of nociceptive thin myelinated and unmyelinated 
nerve fibers and of their neurons of origin [39, 40]. In order to investigate the effects of stress 
on DRG (dorsal root ganglion) nociceptive neurons, a very efficient technique is the 
immunohistochemical assessment of peripherin and TRPV1 (Transient Receptor Potential 
Vanilloid 1) (VR1) receptor expression. Previous immunohistochemical studies have shown 
that in adult rats more than half of the DRG neurons are immunoreactive to peripherin, and 
that most of them are small-diameter neurons [41]. TRPV1 (VR1) is a marker of nociceptive 
nerve structures and is mainly expressed by a subpopulation of small diameter DRG neurons 
that are the origin of nociceptive unmyelinated fibers [42]. The same receptor was identified 
in the neurons of origin for thin myelinated nociceptive fibers [43]. In adult rats, most of the 
DRG neurons are immunoreactive for TRPV1 (VR1) and over 70% of the TRPV1 (VR1) 
positive DRG neurons are also immunoreactive for peripherin [40]. 

In most previous experimental studies, stress exposure was limited to a single 
application, and the effects on skin were investigated immediately after stress exposure [44], 
at 1 day [45] or 2 days post-stress [46-48]. A single study used repeated stress exposure for 1 
hour per day, for 10 consecutive days [49]. Moreover, the great majority of previous studies 
have investigated the effect of stress on nociceptive nerve fibers only in hairy skin.  
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The objective of our study is to evaluate the influence of short-term and repeated 
stress exposure on the DRG nociceptive neurons and on the cutaneous nerve fibers arising 
from these neurons in both hairy and glabrous skin. 

 
2. Materials and methods 

2.1. Experimental protocol. Experiments were performed in accordance with 
European Guidelines on Laboratory Animal Care and the methodology approved by the 
"Carol Davila"University of Medicine and Pharmacy Ethics Committee. 

The study included 29 adult male Wistar rats, weighing 250-350 g, that were 
randomly divided into four groups: Stress 1 day group (n = 8), Stress 10 days group (n = 7), 
Stress 21 days group (n = 6) and Control group (n = 8). Rats were kept in clean cages, 
maximum of 5 rats per cage in standard experimental conditions, including light - dark cycles 
of 12h/12h, temperature 22 ± 2° C and free access to water and food.  

The protocol of stress induction consisted in placing the rats in a well ventilated 
restrainer that did not allow their movement without causing any compression. The stress 
induced by this technique is considered to be of moderate intensity and of a mainly 
psychological nature [50-52]. The 2 hour/day restraining procedure was administered in a 
separate room, for 1, 10 and 21 consecutive days (Stress 1 day, Stress 10 days and Stress 
21days groups, respectively). The rats from the Control group were kept in their standard 
under normal housing conditions. 

Subsequently, the animals were euthanized by ethyl ether overdose, and hairy and 
glabrous skin samples were collected for the immunohistochemical examination of cutaneous 
nociceptive nerve fibers. Glabrous skin samples were harvested from the plantar region of the 
posterior members and the hairy skin samples from the ears. Also, for the 
immunohistochemical evaluation of primary sensory neurons, DRGs from thoracolumbar 
region were collected from two rats for each group, each ganglion being considered as a 
separate entity. The total number (n) of DRGs analyzed for each group was as follows: Stress 
1 day group n = 7, Stress 10 days group n = 5, Stress 21 days group n = 5 and Control group n 
= 4. 

2.2. Preparation of tissue samples for light microscopy. Tissue samples were 
collected within 2 minutes after the animals were sacrificed for skin samples and within 5 
minutes for DRGs. After harvesting, samples were fixed in 4% formaldehyde in 150 mM 
phosphate buffer, pH 7.5, for 24±1 hours. Representative fragments of glabrous and hairy skin 
and DRGs were dehydrated through a graded series of ethanols (70, 90, 96, 100%), clarified 
in n-butanol and embedded in paraffin. Representative tissue fragments were dissected from 
the donor paraffin blocks and placed in a recipient sectionable vegetal matrix, (maximum 12 
samples per block), using the "tissue microarray" technique [53]. The resulting blocks were 
sectioned semiserially at 5 m and prepared for staining. 

2.3. Imunohistochemistry. The resulting slides were baked for 60 minutes at 59°C, 
dewaxed in xylene and rehydrated through a graded series of ethanols, as customary. Antigen 
retrieval was performed using Tris -EDTA solution, pH 9.0, for 5 minutes, at 126° C. The 
slides were blocked for non-specific staining for 1 hour with 5% normal goat serum in TBS 
(Tris buffered saline, 50mM, pH 7.4, supplemented with 0.05% Tween 20) and incubated at 
4° C for 18 h with primary antibody in the following concentrations: 1/1000 for anti-
Peripherin – marker for nociceptive neurons, and 1/500 for anti-VR1. The slides were rinsed 
with TBS and endogenous peroxidases were inactivated with 3% hydrogen peroxide for 30 
minutes at room temperature. The slides were rinsed and then incubated for 30 minutes with 
Envision Flex HRP (Dako, Glostrup, Denmark). The color reaction was developed with DAB 
+ (Dako, Glostrup, Denmark) for 5 minutes. Nuclear counterstaining was performed with 1% 
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chlorofom-purified methyl green in acetate buffer, pH 4.0 for 20 minutes. The slides were 
rinsed with distilled water, dehydrated briefly with n-butanol, clarified with xylene, mounted 
in Cytoseal 60 and stored for further analysis. 

 

 
Figure 1.(A)Dermal peripherin positive nerve fibers enclosed in peripheral nerve ( ) from 

glabrous skin; (B) Free nerve endings at the base of a hair follicle (*) and dermal peripherin positive 
nerve fibers ( ) in hairy skin. Original magnification 400×. 

 
2.4. Histomorphomeric analysis of images by light microscopy. Light microscopy 

images were acquired and stored digitally using an Olympus CKX41 microscope equipped 
with a SLR Olympus E330 digital camera. Evaluation of light microscopy images was 
performed in a blinded fashion, using the image analysis software ImageJ 1.45. 
Histomorphometric analysis of skin tissue was performed at a magnification of 400× and the 
epidermis, dermis and hypodermis were examined separately. Since the most conclusive data 
were obtained at the dermis level, this skin compartment was selected for further evaluation. 
For both glabrous and hairy skin, we determined the density of peripherin positive nervous 
structures – nerve fibers enclosed in peripheral nerves and free nerve endings (see Figure 1), 
per mm2 of dermal tissue. Dermal area of each evaluated skin sample section was delineated 
and quantified using microscopic calibration scales. Subsequently, all peripherin positive 
nerve structures detected in the examined dermal area were evaluated, and their number was 
quantified in relation to the total area of dermal tissue. 

For histomorphometric analysis of DRGs, we examined images acquired at 100× 
magnification. We performed a semiquantitative assessment of immunohistochemical staining 
for peripherin in primary sensory neurons. Cells were segregated in four categories: negative, 
low-positive, positive and highly-positive. We analysed all the neurons identified on the tissue 
slides of each examined ganglion and we determined the percentage of neurons from each 
category compared to the total number of neurons. For each ganglion we examined at least 40 
cells. A similar procedure was conducted for TRPV1 (VR1) immunohistochemistry (for each 
ganglion a minimum of 80 cells being examined). 

2.5. Chemicals. All reagents were purchased from Sigma-Aldrich (St. Louis, 
Missouri, USA), unless otherwise stated. The primary antibodies used in 
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immunohistochemical study were: anti-Peripherin antibody - nociceptive neuron marker 
(ab4666, Abcam, Cambridge, UK) and anti-VR1 antibody (ab6166, Abcam, Cambridge, UK). 

2.6. Statistical analysis. We used Bartlett's test for the assessment of the normality 
and homogeneity of data distribution. The differences between experimental groups were 
evaluated using one-way between groups analysis of variance (ANOVA) followed by Tukey 
post hoc test, (when data had normal distribution and homogeneity), and Kruskall-Wallis test 
followed by 2-tailed Multiple Comparison Test (when data did not express a normal 
distribution and homogeneity), respectively. For each group, the results were expressed as 
mean ± standard deviation (SD). P values <0.05 were considered significant. 

 
3. Results 

3.1. Assessment of stress effects on the density of dermal peripherin positive 
nervous structures  

 

 
Figure 2.Comparative analysis between groups of the density of dermal peripherin positive 

nerve fibers and free nerve endings in glabrous and hairy skin. In glabrous skin stress exposure had no 
impact on (A) the density of dermal peripherin positive nerve fibers, but induced an increase of (B) 
peripherin positive free nerve endings.  In hairy skin, there was no significant difference between 
groups for (C) peripherin positive dermal nerve fibers, nor for (D) dermal peripherin positive free 
nerve endings. 

 
In glabrous skin there was no statistically significant difference between groups for the 

density of dermal nerve fibers enclosed in peripheral nerves (P = 0.342595, ANOVA). 
However, stress exposure induced an increase of dermal peripherin positive free nerve 
endings from 5.63061 ± 4.28291 / mm2 for Control group, to 11.76151 ± 6.18606 / mm2 for 
Stress 1 day group, 14.54485 ± 10.45456 / mm2 for Stress 10 days group, and 15.78646 ± 
6.38119 / mm2 Stress 21 days group (P = 0.049864, ANOVA). However, the comparative 
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analysis between groups did not reveal differences with statistical significance (all P values 
>0.061604, Tukey post hoc test) (see Figure 2). 

In hairy skin, no statistically significant difference between groups was found for  the 
dermal nerve fibers enclosed in peripheral nerves (P = 0.068166, ANOVA), nor for the 
dermal free nerve endings (P = 0.735535, ANOVA) (see Figure 2). 

3.2. Assessment of stress effects on TRPV1 (VR1) expression in DRG neurons 
(see Figures 3 and 4) 

 

 
Figure 3.Immunohistochemical evaluation of TRPV1 (VR1) expression in primary sensory 

neurons; DRGs harvested from (A) Control; (B) Stress 1 day; (C) Stress 10 days; (D) Stress 21 days 
groups. Original magnification 100×. 

 
In Control group the proportion of TRPV1 (VR1) negative primary sensory neurons 

was 29.74185 ± 20.61401 % . Stress exposure was associated with a gradual decrease in their 
proportion to 24.50735 ± 14.51920 % in Stress 1 day group, 12.59128 ± 7.18412 % in Stress 
10 days group and 6.43266 ± 4.08520 % in Stress 21 days group (P = 0.027048, Kruskall-
Wallis test). However, comparative analysis between groups showed no statistical 
significance (all P values > 0.05882, two-tailed Multiple Comparisons test). 

The percent of TRPV1 (VR1) low-positive neurons increased gradually from 
46.41394 ± 9.64744 % in Control group to 56.45082 ± 8.04705 % in Stress 1 day group, 
62.37468 ± 6.15587 % in Stress 10 days group and 65.47957 ± 11.011 %  in Stress 21 days 
group (P = 0.024498 , ANOVA). A statistically significant difference was seen between 
Control rats and rats exposed to stress for 21 days (P = 0.022458, Tukey post hoc test). 

Proportion of TRPV1 (VR1) positive neurons was similar for all experimental groups 
(P = 0.595619, ANOVA). In contrast, exposure to stress led to an important increase in the 
percentage of high-positive neurons, from 0.67262 ± 0.32357 % in Control group to 1.71578 
± 0.57948 % in Stress 1 day group, 1.97046 ± 0.32703 % in Stress 10 days group and 3.98790 
± 0.53883 % in Stress 21 days group (P = 0.00000007, ANOVA) . When compared to the 
Control group, this difference was statistically significant even after a single session of stress 
exposure (P = 0.014266, Tukey post hoc test), and increased even further for Stress 10 days 
group ( P = 0.004481, Tukey post hoc test) and for Stress 21 days group (P = 0.000178, 
Tukey post hoc test). In addition, statistically significant changes were found in Stress 21 day 
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group when compared to both Stress 1 day group (P = 0.000179, Tukey post hoc test) and 
Stress 10 days group ( P = 0.000193, Tukey post hoc test). 

 

 
Figure 4.Semiquantitative assessment of immunohistochemical staining for TRPV1 (VR1) of 

primary sensory neurons: (A) TRPV1 (VR1) negative DRG neurons; (B) TRPV1 (VR1) low-positive 
DRG neurons; (C) TRPV1 (VR1) positive DRG neurons; (D) TRPV1 (VR1) high-positive DRG 
neurons. *P < 0.05; **P < 0.01; ***P < 0.001. 

 
3.3. Assessment of stress effects on peripherin expression in DRG neurons (see 

Figures 5 and 6) 
The proportion of peripherin-negative primary sensory neurons was 34.93661 ± 

6.74778 % for the Control group. Stress exposure induced a gradual decrease to 27.82222 ± 
10.02546 % for rats in Stress 1 day group, 18.57549 ± 5.25641 % in Stress 10 days group and 
10.89252 ± 1.94705 % in Stress 21 days group (P = 0.00180, Kruskall -Wallis test). 
Comparative analysis between groups revealed that the percentage of peripherin-negative 
neurons was significantly lower in Stress 21 days group when compared to both Control 
group (P = 0.001882, two-tailed Multiple Comparisons test) and Stress 1 day group (P = 
0.019128, two-tailed Multiple Comparisons test). 
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Figure 5.Immunohistochemical evaluation of peripherin expression in primary sensory 

neurons; DRGs harvested from (A) Control; (B) Stress 1 day; (C) Stress 10 days; (D) Stress 21 days 
groups. Original magnification 100×. 

 

 
Figure 6.Semiquantitative assessment of immunohistochemical staining for peripherin of 

primary sensory neurons: (A) peripherin negative DRG neurons; (B) peripherin low-positive DRG 
neurons; (C) peripherin positive DRG neurons; (D) peripherin high-positive DRG neurons. *P < 0.05; 
**P < 0.01. 
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The proportion of peripherin low-positive neurons was similar in all studied groups (P 
= 0.69268, ANOVA). In contrast, the percentage of peripherin positive neurons was 
augmented by stress exposure, increasing from 15.61254 ± 8.83484 % in Control group to 
23.28804 ± 6.71772 % in Stress 1 day group, 20.79931 ± 10.49907 % in Stress 10 days group 
and 33.54464 ±  6.45696 % in Stress 21 days group (P = 0.02480, ANOVA). Comparative 
analysis between groups showed that the percentage of peripherin positive neurons was 
significantly higher in Stress 21 days group compared to Control group (P = 0.019900, Tukey 
post hoc test). 

The proportion of peripherin highly-positive neurons showed an important increase 
after stress exposure, from 1.71008 ± 1.44825 % in the Control group to 2.80435 ± 1.84391 % 
in Stress 1 day group, 6.73242 Stress ± 1.07920 % in Stress 10 days group and 9.99349 ± 
3.69508 % in Stress 21 days group (P = 0.00120, Kruskall -Wallis test). Comparative analysis 
between groups demonstrated a statistically significant increase for Stress 21 days group 
when compared to Control group (P = 0.008736, two -tailed Multiple Comparisons test) and 
Stress 1 day group (P = 0.011367, two -tailed Multiple Comparisons test). 

 
4. Discussions 

We have investigated the influence of stress on the density of dermal nerve structures 
with positive immunohistochemical labeling for peripherin and the effects of stress exposure 
on the expression of peripherin and TRPV1 (VR1) receptor in primary sensory neurons. In 
addition to previous studies, we analyzed both samples of glabrous and hairy skin, and we 
investigated the impact of repeated stress exposure. 

Stress exposure does not induce major changes in the density of nociceptive nerve 
structures immunoreactive for peripherin in glabrous and hairy skin, and is associated with 
only a discrete increase of dermal peripherin positive free nerve endings in the glabrous skin. 

In our study we performed an analysis of nociceptive nerve endings as a whole, using 
peripherin as marker. However, most previous studies that investigated stress impact on 
nociceptive cutaneous nerve fibers have analyzed the expression of neuropeptides such as SP 
(Substance P) and CGRP (Calcitonin Gene Related Peptide). Their results have shown that 
stress increases the number of cutaneous nerve fibers containing SP, a phenomenon that 
occurs rapidly, in the first 24 hours after stress exposure and appears to be related to a nerve 
growth process [46, 47]. Regarding the effect of stress on CGRP positive nerve fibers, 
previous studies have provided conflicting results. A recent study showed that stress exposure 
is associated with a significant decrease in number of CGRP immunoreactive nerve fibers but 
in the context of an overall increase of nerve fibers, immunoreactive for PGP (Protein Gene 
Product) 9.5, in dermis and epidermis of hairy skin [45]. On the other hand, the results of 
other studies have shown that stress induces an increased CGRP expression in nerve endings 
[54]. The differences between our findings and previous research data could be related to the 
different methodology employed, because, although most nociceptive cutaneous nerve fibers 
contain SP and CGRP [55, 56], there is not a perfect overlapping between nociceptive nerve 
structures that express SP and CGRP and those immunoreactive for peripherin [41]. In 
addition, assessment of stress impact on the number of nociceptive nerve structures 
expressing SP and CGRP can be influenced by the release of neuropeptides from nerve 
endings, as a direct effect of stress-induced neuronal activation. 

The investigation of stress effects on the TRPV1 (VR1) expression in primary sensory 
neurons showed that stress exposure is associated with a gradual decrease in proportion of 
TRPV1 (VR1) negative DRG neurons, even though differences between groups were not 
statistically significant. 
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Stress exposure induced a gradual increase of low-positive TRPV1 (VR1) neurons 
proportion, significantly higher in rats exposed to stress for 21 days compared to Control. In 
addition, both short-term and repeated stress exposure led to a marked increase of TRPV1 
(VR1) highly-positive neurons. 

These results are confirmed by recent investigations, which also showed a stress-
induced increase of TRPV1 (VR1) expression in DRGs [49]. The mechanisms by which stress 
exposure induces an amplification of TRPV1 (VR1) expression in DRG neurons could be 
related to sympathetic activation and protein kinase pathways [57, 58]. TRPV1 (VR1) is a 
non-selective cation channel activated by vanilloids such as capsaicin, as well as by heat, 
acidosis and various endogenous proinflammatory substances. In this respect, TRPV1 acts as 
molecular integrator for various nociceptive physical and chemical stimuli in primary sensory 
neurons. [59-63]. Increased expression of TRPV1 (VR1) in primary sensory neurons may be 
associated with the anterograde transport of this receptor to peripheral terminals, increasing 
nociceptive sensitivity [64]. 

Assessment of stress effects on peripherin expression in DRG neurons showed that 
prolonged stress exposure induces a gradual but significant decline of peripherin negative 
primary sensory neurons proportion. The proportion of peripherin low-positive neurons was 
similar in all experimental groups, however, the percentage of peripherin positive neurons 
was augmented by prolonged stress exposure. Peripherin highly-positive neurons showed also 
a significant increase after stress exposure. 

Peripherin is a marker of nociceptive neurons [39, 40] and an increase of peripherin 
expression indicates the amplification of nociceptors activity. Although its exact function has 
not yet been determined, peripherin might be involved in nerve growth and cytoskeletal 
stabilization [65-68]. Thus, increased expression of this protein could be a marker for 
nociceptive nerve network growth. 

Free nerve endings of nociceptive fibers contain various neuropeptides, such as SP, 
CGRP [69-71]. Thus, the increased activity of nociceptive nervous structures might be 
associated with a consequent increased release of proinflamatory neuropeptides in the skin, 
activating a neurogenic inflammatory process characterized by increased capillary 
permeability and vasodilation [72-74]. Besides this, stress can play a role in the onset or 
aggravation of many inflammatory skin diseases such as psoriasis, atopic dermatitis, 
seborrheic eczema, acne, prurigonodularis, lichen planus, chronic urticaria, rosacea etc. [75-
79] an effect that might be explained by the stress-induced activation of cutaneous nociceptive 
system. 

 
5. Conclusions  

Our results have shown an increased nociceptive activity induced by stress exposure 
and this effect was more prominent in the primary sensory neurons. The impact of stress on 
nervous structures involved in nociception may explain the role of stress in modulation of 
both nociceptive sensitivity and skin inflammatory processes.  
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