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Skin Conductance Reflects Drug-Induced Changes in Blood Levels of Cortisol,

Adrenaline and Noradrenaline in Dogs
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assTrACT. To verify availability of skin conductance (SC) as an indicator for the sympathetic nervous system (SNS) activity in dogs, the
changes in SC and blood levels of stress-related hormones induced by drugs were compared. SC and cortisol, adrenaline and noradrenaline
levels were measured in 5 dogs on 4 occasions with or without drug-induced sedation at 7-day intervals (no treatment, intramuscular
medetomidine 0.01 mg/kg, intramuscular acepromazine 0.1 mg/kg and intravenous fentanyl 0.02 mg/kg). The fentanyl treatment produced
significantly higher levels of SC and plasma cortisol and adrenaline compared with the other 3 treatments. The plasma noradrenaline level
also tended to be higher following the fentanyl treatment. These results indicate that SC may reflect changes in the SNS activities in dogs.
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Stress is the physical and physiological influence exerted
on bodily functions by threatening incidents. Transient stress
is normally controlled by physiological activities that main-
tain the body in a steady state. However, exposure to con-
tinual stress is harder to control and may cause stress-related
diseases, such as atrophy of lymph nodes [1], peptic ulcers
[16] and high blood pressure [22]. To prevent these diseases
and improve the quality of life, it is important to elucidate
the stress levels experienced by the body.

Traditional indicators of stress are stress-related hormones,
such as cortisol and catecholamines [3, 5]. At first, stress is
exhibited in the limbic system and is then transmitted to the
rest of the body via 2 pathways: the hypothalamic-pituitary-
adrenal axis (HPA axis) and the sympathetic-adrenal-medul-
lary axis (SAM axis). The HPA axis activates the secretion
of cortisol, whereas the SAM axis activates the secretion of
catecholamines. Thus, the release of stress-related hormones
can be used to evaluate the current stress level [3]. These
hormones are contained in both blood and saliva [12]; thus,
it is common to measure cortisol and catecholamine levels
in blood and saliva samples. This measurement method,
however, can be problematic, as the manner in which the
sampling is performed can induce more stress, especially in
animals, and affect the results. Moreover, the sample analysis
is complicated and time-consuming. Therefore, researchers
have been looking for a noninvasive and easy-to-use indica-
tor of stress in animals.

Recently, skin conductance (SC) has been used as an
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indicator of stress in humans [6, 7, 14, 18]. Cells in the
stratum corneum each have an electrical double layer, which
causes polarization of the skin to elicit a capacitance under
the influence of an electric field. The electrical impedance
of the stratum corneum is short-circuited by resistive chan-
nels that are located between the cells [20]. The activity of
sweat glands, which are under the control of the sympathetic
nervous system (SNS), changes the ion permeability of
the resistive channels and influences electrical impedance.
When stress increases, SNS stimulation activates the sweat
glands, which in turn decreases electrical impedance and
leads to an increase in SC [6, 17]. SC is measured by pass-
ing a small amount of electrical current through electrodes
that are applied to skin [8]. This indicator is noninvasive and
easier than traditional ones. In dogs, however, it is not clear
whether SC reflects SNS activity like humans and can be
used as an indicator of stress.

Some drugs induce changes in activities of the central
nervous system (CNS) and autonomic nerve system (the
SNS and/or parasympathetic nerve system). Medetomidine
and acepromazine produce CNS depression and suppression
of the SN activity by decreasing release of catecholamines
in dogs [21]. In contrast, fentanyl has neurohormonal effects
similar to stress, such as increases in plasma concentrations
of catecholamines and cortisol when administered to pain-
free dogs [2].

The purpose of this study was to evaluate whether SC
reflects the degree of SNS activity in dogs. We compared SC
and blood levels of cortisol, adrenaline and noradrenaline in
dogs with or without changes in the SNS activity induced by
medetomidine, acepromazine or fentanyl.

Five healthy sexually intact female beagles aged 1 year
and weighing 9.5-12 kg were included in the study. The
dogs were accustomed to being restrained, having blood
samples drawn and taking medications. They were housed
separately in individual cages, in which the temperature was
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maintained at 23 + 1°C and the light:dark rhythm was con-
trolled in a 12:12 hr cycle. Feeding was twice a day, at 10:00
and 16:00, and water was available freely. Study protocols
were approved by the Animal Care and Use Committee of
Osaka Prefecture University.

SC and plasma cortisol, adrenaline and noradrenaline lev-
els were measured in each of the dogs on 4 occasions with
or without drug-induced sedation at 7-day intervals. On each
occasion, the dogs received each of the following treatments:
1) no treatment (control), 2) an intramuscular injection (IM)
of medetomidine (0.01 mg/kg), 3) an IM of acepromazine
(0.1 mg/kg) and 4) an intravenous injection (IV) of fentanyl
(0.02 mg/kg). SC was measured when the dogs were lying
down and demonstrated a sedative level with a Ramsey se-
dation score of 2 to 3, which indicated that the dogs were
oriented, calm and cooperative [11], except for the control
group. SC was measured in awake dogs in the control group.
Measurements were performed by using an instrument for
measuring SC in dogs (PS-IMP001®, Live Aid Co., Ltd.,
Kanazawa, Japan) in a quiet space isolated from extraneous
activity. Figure 1 shows the mechanism of this instrument.
Electrodes (Echorode III®, ECG electrode, Fukuda Denshi
Co., Ltd., Tokyo, Japan) were applied to the metacarpal pads,
which contain sweat glands, and a pulse of 3 V was applied.
This pulse created an electric wave that was amplified by the
measurement apparatus and transformed into a digital value.
This value was then substituted for the following equation
to calculate SC [20]: y = (7,056x)09%® x 100. The x value
was the digital value obtained from measurements (kQ),
and the y value was the SC (%). This equation was obtained
based on the values measured by connecting many forms of
resistance to the instrument. Measurements were performed
5 times for each treatment. Figure 2 shows the state of SC
measurements in dogs.

Immediately after the SC measurements, approximately
7 ml of venous blood was collected from the cephalic vein.
Of this, approximately 2 m/ was placed into a tube with
serum separating medium and centrifuged at 3,000 rpm for
10 min at 4°C. The serum layer was removed and stored at
—80°C. This serum was used to analyze cortisol level via
an electrochemiluminescence immunoassay. The remaining
5 m/ of sampled blood was injected into a tube containing
EDTA-2Na and centrifuged at 3,000 rpm for 10 min at 4°C.
The plasma layer was removed and stored at —80°C until it
was used to measure adrenaline and noradrenaline levels via
high-performance liquid chromatography. These analyses of
stress-related hormone levels were performed by a private
clinical laboratory (Japan Clinical Laboratories, Inc., Osaka,
Japan).

Effects of all treatments were cross-compared in each
dog by using ANOVA and Dunnett’s tests. Values of P<0.05
were considered significant.

The sedation level was evaluated as a score of 1 in the
dogs with no treatment and as scores of 2 to 3 in the dogs
administered drugs. From the ANOVA test, there were sig-
nificant differences among the 4 treatments in stress-related
hormone levels and SC (P<0.01). The results of the Dunnett’s
test showed that cortisol and adrenaline levels and SC in the

fentanyl treatment group were significantly higher than in
the control (P<0.01) (Fig. 3a, 3b and 3d). The noradrenaline
level was significantly lower in the medetomidine treatment
group (P<0.05) and significantly higher in the fentanyl treat-
ment group than in the control (P<0.01) (Fig. 3c¢).

These results from the present study were consistent with
the abovementioned catecholamine responses to each drug.
Catecholamines are secreted from the SAM axis, which
includes the SNS; therefore, SC is considered to be directly
reflective of SNS activity in dogs. In humans, Storm et al.
[18] reported that SC changed with catecholamine fluctua-
tions when subjects underwent whole body anesthesia for an
operation, which is consistent with our results. Two different
types of sympathetic nerve fibers are known to exist: fibers
with noradrenaline in the postganglionic synapses and those
with acetylcholine in the postganglionic synapses. Fibers
that release acetylcholine innervate the sweat glands; thus,
the activity of sweat glands is considered indicative of cho-
linergic activity [8, 18]. However, in a study of the functional
activity of sweat glands in dogs, sweat increased when dogs
were administered either acetylcholine or catecholamines
[19]. This result suggested that sweat glands in dogs were
innervated by the SNS, but may also reflect catecholamine
activity.

In this study, we measured SC when the dogs demonstrated
a sedative level with a Ramsey sedation score of 2 to 3 with
lying down in the drug treatment groups in order to produce
certain changes in the SNS activities. Administrations of
0.01 mg/kg medetomidine IM and 0.01 mg/kg acepromazine
IM have been commonly used for dogs to achieve sedation
with lying down position in veterinary practice. Kamata et
al. [10] reported that 4 of 6 dogs were lying down following
an administration of 0.02 mg/kg fentanyl IV without severe
bradycardia and respiratory depression and that 6 of 6 dogs
were lying down following 0.04 mg/kg fentanyl IV with
severe bradycardia and respiratory depression. Vidisdnen et
al. [21] reported that medetomidine and butorphanol (0.02
and 0.2 mg/kg, respectively, IM) and acepromazine and bu-
torphanol (0.05 and 0.2 mg/kg, respectively, IM) produced
significant changes in plasma concentrations of cortisol,
adrenaline, and noradrenaline in dogs. Ambrisko et al. [2]
reported that 0.01 mg/kg fentanyl IM increased the plasma
concentrations of cortisol, adrenaline and noradrenaline in
dogs. In this study, we adopted the dosages of medetomidine,
acepromazine and fentanyl based on these previous reports
and our clinical experience. As a result, the stress-related
hormone levels in the present study were similar to those in
these reports. Moreover, SC reflected each response of the
hormones induced by the 3 drugs.

In particular, in the fentanyl treatment, SC significantly
reflected the hormone responses. Fentanyl has a different
mechanism of action from medetomidine and aceproma-
zine, as it activates opioid receptors in the CNS, resulting
in an increase of postsynaptic K extracellular outflow and
a decrease of presynaptic Ca>" intracellular inflow. This
process inhibits neuron activation and neurotransmitter
secretion, inducing sedation [4]. Moreover, opioids act at
central opioid receptors to activate sympathetic outflow and
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The mechanism of the PS-IMP001%®, the SC measurement instrument. SC is mea-

sured by passing a small amount of electrical current through electrodes that are applied
to skin. Stress activates the SNS and sweat glands, which leads to increased SC.

increase catecholamine secretion [9, 13]. In healthy male
humans, increasing doses of fentanyl induced a significant
dose-dependent increase in plasma catecholamine levels [9].
This process is not yet clearly understood, but it is suggested
that opioid-induced catecholamine release is mediated by a
particular type of opioid receptor in the CNS [15]. In the
present study, both SC and catecholamine levels increased
in the fentanyl treatment group. The limbic system in the
brain is a CNS area in which the effects of stress are first
visible. Yamamoto et al. [23] reported that when the central
sympathetic system was destroyed by a neurotoxin in rats,

Fig. 2.

The state of SC measurement in the
dogs. Upper left: Echolodes were applied to the
metacarpal pads. Upper right: Measurements
were performed in a quiet space isolated from
extraneous activity. Lower left: PS-IMP001®,
the instrument for measuring SC in the dogs,
Live Aid Co., Ltd., Kanazawa, Japan.

SC values decreased. Moreover, there were correlations be-
tween SC and 5-HT levels in the patients of depression, who
have a disorder in 5-HT action in the CNS [14].

On the other hand, in the present study, the cortisol level
increased in the fentanyl treatment group. Previous study
had not reported the influence of fentanyl on the HPA axis
or cortisol secretion. Moreover, there is no evidence of a
relationship between SC and the HPA axis. It is thought that
there may be problems in the measuring protocol for cortisol
or that SC may reflect not only SNS activity in the SAM axis
but also in the HPA axis. We would like to measure cortisol
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Results of the Dunnett’s test for a) cortisol, b) adrenaline, ¢) noradrenaline and d) SC. The graphs show the means (SD) of 5 dogs

in all 4 treatments: 1) control, 2) medetomidine IM at 0.01 mg/kg, 3) acepromazine IM at 0.1 mg/kg and 4) fentanyl IV at 0.02 mg/kg.
*Significantly different versus the control group (P<0.05). **Significantly different versus the control group (P<0.01).

levels in more cases and verify the relationships among SC,
the HPA axis and cortisol secretion.

Consequently, it is considered that SC may be useful as an
indicator of stress in dogs like stress-related hormones and
that there may be some relationships between SC and SNS
activity induced by CNS stimulation.

Further studies are necessary to more clearly define the
relationships among SC, SNS activity and stress-related
hormones. Moreover, whether SC actually can reflect vary-
ing degrees of stress in the manner to which stress-related
hormones do when dogs are exposed to varying levels of
stress still needs to be determined.

REFERENCES

1. Allen, D. L., McCall, G. E., Loh, A. S., Madden, M. C. and
Mehan, R. S. 2010. Acute daily psychological stress causes
increased atrophic gene expression and myostatin-dependent
muscle atrophy. Am. J. Physiol. Regul. Integr. Comp. Physiol.
299: R889—R898. [Medline] [CrossRef]

2. Ambrisko, T. D., Hikasa, Y. and Sato, K. 2005. Influence of me-
detomidine on stress-related neurohormonal and metabolic ef-
fects caused by butorphanol, fentanyl, and ketamine administra-
tion in dogs. Am. J. Vet. Res. 66: 406—412. [Medline] [CrossRef]

3. Brunton, P. J. and Russell, J. A. 2008. Attenuated hypothalamo-
pituitary-adrenal axis responses to immune challenge during
pregnancy: the neurosteroid-opioid connection. J. Physiol. 586:

11.

369-375. [Medline] [CrossRef]

Capogna, M., Gihwiler, B. H. and Thompson, S. M. 1993.
Mechanism of u-opioid receptor-mediated presynaptic inhibi-
tion in the rat hippocampus in vitro. J. Physiol. 470: 539-558.
[Medline]

De Boer, S. F., Koopmans, S. J., Slangen, J. L. and Vandergug-
ten, J. 1990. Plasma catecholamine, corticosterone and glucose
responses to repeated stress in rats: effect of interstressor interval
length. Physiol. Behav. 47: 1117-1124. [Medline] [CrossRef]
Edelberg, R. 1977. Relation of electrical properties of skin to
structure and physiologic state. J. Invest. Dermatol. 69: 324-327.
[Medline] [CrossRef]

Gjerstad, A. C., Wagner, K., Henrichsen, T. and Storm, H. 2008.
Skin conductance versus the modified comfort sedation score as
a measure of discomfort in artificially ventilated children. Pedi-
atrics 122: e848-e853. [Medline] [CrossRef]

Grimnes, S. 1982. Psychogalvanic reflex and changes in elec-
trical parameters of dry skin. Med. Biol. Eng. Comput. 20:
734-740. [Medline] [CrossRef]

Hoehe, M. and Duka, T. 1993. Opiates increase plasma catechol-
amines in humans. Psychoneuroendocrinology 18: 141-148.
[Medline] [CrossRef]

Kamata, M., Nagahama, S., Kakishima, K., Sasaki, N. and
Nishimura, R. 2012. Comparison of behavioral effects of
morphine and fentanyl in dogs and cats. J. Ver. Med. Sci. 74:
231-234. [Medline] [CrossRef]

Kim, M. S. and Nam, T. C. 2006. Electroencephalography
(EEG) spectral edge frequency for assessing the sedative effect


http://www.ncbi.nlm.nih.gov/pubmed/20592178?dopt=Abstract
http://dx.doi.org/10.1152/ajpregu.00296.2010
http://www.ncbi.nlm.nih.gov/pubmed/15822583?dopt=Abstract
http://dx.doi.org/10.2460/ajvr.2005.66.406
http://www.ncbi.nlm.nih.gov/pubmed/17991694?dopt=Abstract
http://dx.doi.org/10.1113/jphysiol.2007.146233
http://www.ncbi.nlm.nih.gov/pubmed/8308742?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2395915?dopt=Abstract
http://dx.doi.org/10.1016/0031-9384(90)90361-7
http://www.ncbi.nlm.nih.gov/pubmed/894073?dopt=Abstract
http://dx.doi.org/10.1111/1523-1747.ep12507771
http://www.ncbi.nlm.nih.gov/pubmed/18829782?dopt=Abstract
http://dx.doi.org/10.1542/peds.2007-2545
http://www.ncbi.nlm.nih.gov/pubmed/7169817?dopt=Abstract
http://dx.doi.org/10.1007/BF02442528
http://www.ncbi.nlm.nih.gov/pubmed/8388112?dopt=Abstract
http://dx.doi.org/10.1016/0306-4530(93)90065-S
http://www.ncbi.nlm.nih.gov/pubmed/21952398?dopt=Abstract
http://dx.doi.org/10.1292/jvms.10-0565

12.

13.

17.

18.

RESPONSE OF SKIN CONDUCTANCE IN SEDATED DOGS

of acupuncture in dogs. J. Vet. Med. Sci. 68: 409—411. [Medline]
[CrossRef]

Kinoshita, C., Ohzeki, A., Kido, Y. and Kobayashi, S. 2004.
Psychological stress indication in dogs by analyzing salivary
cortisol. Bull. Sch. Agr. 139: 41-48.

Liu, W. S., Lunn, J. K. and Stanley, T. H. 1977. Urine catechol-
amine excretion after large doses of fentanyl, fentanyl and diaz-
epam and fentanyl, diazepam and pancuronium. Can. Anaesth.
Soc. J. 24: 371-379. [Medline] [CrossRef]

Mirkin, A. M. and Coppen, A. 1980. Electrodermal activity in
depression: clinical and biochemical correlates. Br: J. Psychiatry
137: 93-97. [Medline] [CrossRef]

Molina, P. E. 2006. Opioids and opiates: analgesia with cardio-
vascular, haemodynamic and immune implications in critical
illness. J. Intern. Med. 259: 138—154. [Medline] [CrossRef]
Rasheed, N., Ahmad, A., Singh, N., Singh, P., Mishra, V., Banu,
N., Lohani, M., Sharma, S. and Palit, G. 2010. Differential re-
sponse of A 68930 and sulpiride in stress-induced gastric ulcers
in rats. Eur. J. Pharmacol. 643: 121-128. [Medline] [CrossRef]
Shirai, K., Yamamoto, Y. and Okuda, H. 2003. Consideration of
formative mechanism of electrodermal activity; skin potential
activity and skin impedance change. J. Int. Soc. Life Inf. Sci. 21:
235-239.

Storm, H., Myre, K., Rostrup, M., Stokland, O., Lien, M. D. and

20.

21.

22.

23.

813

Raeder, J. C. 2002. Skin conductance correlates with periopera-
tive stress. Acta Anaesthesiol. Scand. 46: 887-895. [Medline]
[CrossRef]

Takahashi, Y. 1964. Functional activity of the eccrine sweat
glands in the toe-pads of the dog (doctoral dissertation). Tohoku
Univ., Japan.

Tiller, W. A. 1982. On the explanation of electrodermal diagnos-
tic and treatment instruments. PART 1. The electrical behavior of
human skin. J. Holist. Med. 4.

Viisdnen, M., Raekallio, M., Kuusela, E., Huttunen, P., Lep-
péluoto, J., Kirves, P. and Vainio, O. 2002. Evaluation of the
perioperative stress response in dogs administered medetomi-
dine or acepromazine as part of the preanesthetic medication.
Am. J. Vet. Res. 63: 969-975. [Medline] [CrossRef]
Vlachopoulos, C., Kosmopoulou, F., Alexopoulos, N., loakeimi-
dis, N., Siasos, G. and Stefanadis, C. 2006. Acute mental stress
has a prolonged unfavorable effect on arterial stiffness and wave
reflections. Psychosom. Med. 68: 231-237. [Medline] [Cross-
Ref]

Yamamoto, K., Ozawa, N., Shinba, T. and Hoshino, T. 1994.
Functional influence of the central noradrenergic system on the
skin conductance activity in rats. Schizophr. Res. 13: 145-150.
[Medline] [CrossRef]


http://www.ncbi.nlm.nih.gov/pubmed/16679738?dopt=Abstract
http://dx.doi.org/10.1292/jvms.68.409
http://www.ncbi.nlm.nih.gov/pubmed/871940?dopt=Abstract
http://dx.doi.org/10.1007/BF03005110
http://www.ncbi.nlm.nih.gov/pubmed/7459546?dopt=Abstract
http://dx.doi.org/10.1192/bjp.137.1.93
http://www.ncbi.nlm.nih.gov/pubmed/16420543?dopt=Abstract
http://dx.doi.org/10.1111/j.1365-2796.2005.01569.x
http://www.ncbi.nlm.nih.gov/pubmed/20599913?dopt=Abstract
http://dx.doi.org/10.1016/j.ejphar.2010.06.032
http://www.ncbi.nlm.nih.gov/pubmed/12139547?dopt=Abstract
http://dx.doi.org/10.1034/j.1399-6576.2002.460721.x
http://www.ncbi.nlm.nih.gov/pubmed/12118677?dopt=Abstract
http://dx.doi.org/10.2460/ajvr.2002.63.969
http://www.ncbi.nlm.nih.gov/pubmed/16554388?dopt=Abstract
http://dx.doi.org/10.1097/01.psy.0000203171.33348.72
http://dx.doi.org/10.1097/01.psy.0000203171.33348.72
http://www.ncbi.nlm.nih.gov/pubmed/7986771?dopt=Abstract
http://dx.doi.org/10.1016/0920-9964(94)90095-7



