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Proper pain assessment

Mice are very commonly used 
as animal disease models. They live 
in constant fear of their predators 
and therefore show only discrete 
behavioural changes which reveal 
that they are suffering. An addi-
tional uncertainty derives from he 
observer’s subjective judgments 
during pain assessment. Telemetric 
measurements revealed that pain 
(e.g. after telemetry implantation) 
increases the heart rate (1) at least 
for 3 days after surgery and remain 
when analgesics (e.g Flunixin) are 
administered. Increase of heart rate 
can therefore be used for the deter-
mination of pain level, for example, 
when biopsies are taken for genoty-
ping (2). However, noninvasive and 
reliable pain assessment methods are 
required for routine use in animal 
experiments. In the present study te-
lemetry apparatus implantation itself 
was used as a surgical pain model. 
Fluxinin was chosen as a postopera-

Pain*assessment in animal ex-
periments is a prerequisite for the 
appropriate use of analgesics. In 
order to develop a simple biochemical 
pain detection test, the expression 
levels of possible pain-associated 
genes was investigated in a surgical 
pain model.  In this project (nos. 96-
05), supported by the 3R Research 

Foundation, initial ex-
ploratory investigations 
were carried out. So far 
they have been without 
straightforward results, 
but data might serve as a 
base for the development 
of a pain detection test in 
the future.
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tive analgesic, also given to control 
animals without surgery.

Pain perception controlled by 
gene products?

Individual diffe-
rences in the percepti-
on of pain have often 
been described, and the 
question of a genetic 
basis to pain is a gro-
wing field of research. 
Many transgenic mice 
strains have been ge-
nerated, which either 
exhibit allodynia or 
insensivity to pain (3). 
Moreover, changes in 
gene expression levels 
have been shown in rat 
pups, which had been 
repeatedly subjected 
to a painful stimulus. 
These genetically de-
termined different re-
sponse might explain 
why these pups remain 
less sensitive to pain 
into adulthood (4, 5). 
Other studies in rats have shown, 
that an inflammatory stimulus in 
adult rats leads to a long lasting 
hyperalgesia, and gene expression 
changes in the spinal cord (6). 
Accordingly, it could be postulated 
that genes known to be involved in 
pain might show changes in their 
expression levels during or after 
noxius stimulus. 

More than 200 genes as-
sessed

Microarray technology allows 
the simultaneous measurement of 
the expression levels of a large 
number of genes. We designed a 
microarray to analyze 221 genes for 
which studies showing their invol-
vement in pain mechanisms have 
been published (Table 1).
In the first set of experiments, gene 
expression changes in the whole 
brain and the spinal cord were 
measured in mice which had un-
dergone a telemetry implantation. 
Control mice received the same 
anesthesia, but did not undergo 
surgery. No significant difference 
in gene expression was observed for 

39 the selected genes in the brain or the 
spinal cord. It was argued that a gene 
expression analysis in the whole 
brain or the whole spinal cord is 
not sensitive enough, because gene 
expression changes which happen 

only in defined parts of the central 
nervous system remain undetec-
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Gene Family # of 
genes

Examples

Receptors 97 GABA receptors, Glucocorticoid receptor, 
Opioid receptors, Serotonin receptors…

Signal transduc-
tion

29 Phospholipase C Gamma, MAP kinases, 
JNK...

Neuropeptides 13 Enkephalin, Neuropeptide Y, Tachykinin…

Oxidative stress 6 Cytochromes…

Hormone-related 
genes

4 Adrenocorticotropic hormone, Corticotro-
pin releasing hormone binding protein...

Neurotrophins 3 NGF, BDNF…

Heat shock 4 HSP 27, HSP 72…

Channels 3 Sodium channel type IX, Calcium channel 
P/Q type alpha 1

Cytokine-related 
genes

14 Interleukin 10, Interleukin 4…

Others 27 Steroidogenic Factor 1, Nociceptin, 
DREAM…

Positive Controls: 
housekeeping 
genes

19 Tubulin, Beta Actin…

Negative Controls 11 Bacterial genes, non-genomic randomly 
generated sequences

Spikes 8 Specific non-genomic sequences used 
later for normalization

Table 1: Gene families analyzed in microarray analysis.

Table 2: 
27 genes analyzed by Real-Time PCR.

Genes Gene Family or Gene Name

5-HTr3A, 
5-HTr1D, 
5-HTr4, 
5-HTr2C, 
5-HTr1A

Serotonin receptor

Tac1, TacR1 Tachykinin, and Tackykinin recep-
tor 1

Oprs1, Oprd1, 
Oprm1

Opioid receptors

NPY, NPY5R, 
NPY6R

Neuropeptide Y, and NPY recep-
tors

Gabrg2, 
Slc6a1

GABA receptors and transporters

IL6 Interleukin 6

HSP70 Heat Shock Protein 70

Runx1 Runt-related transcription factor 1

TrpV2 Transient receptor potential cation 
channel, subfamily V, member 2

MapK1 MAP Kinase 1

Pomc Proopiomelanocortin (POMC)

Dream downstream regulatory element 
antagonistic modulator 

LIF Leukimia Inhibitory Factor

BDNF Brain Derived Neurotrophic Fac-
tor

Creb3 cAMP Responsive Element Bind-
ing Protein 3

NTRK3 Nerve Growth Factor-specific 
tyrosine kinase receptor NTRK3, 
TrKC

Prkcc Protein kinase C, gamma 
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*The mechanisms of pain

Pain is commonly seen as an unpleasant experience, 
which signals a tissue injury, and is in most cases 
generated by a noxious stimulus. It is essential for 
the survival and the development of organisms, and 
it lies on the complex interaction of physiological and 
psychological mechanisms. Three different types of pain 
are commonly described: nociceptive pain, inflammatory 
pain, and neuropathic pain. 

Nociceptive Pain is caused by an exterior stimulus, 
such as noxious heat, noxious cold, and mechanical or 
acidic stress. Each of these stimuli activates a specific 
set of receptors at the peripheral terminals of the Aδ 
and C fibers.  If the stimulus is intensive enough, the 
message will be transfered to the spinal cord where 
it will be processed. The first process will be a reflex 
message which will return to the periphery, and will, 
for example cause a withdrawal reflex reaction. The 
second process is the transmission of the message to 
the brain. The message is transmitted to the thalamus 
and the somatosensory cortex, which are involved in the 
painful sensation and to the brainstem, the hippocampus 
and the amygdala, which are involved in memory and 
emotions, and are therefore responsible for the learning 
and affective processes associated with pain.

Inflammatory pain is due to the release of specific 
substances by the immune system cells at a site of injury. 
These substances modify the excitability of nociceptors. 
Therefore a stimulus, which normally would not be 
noxious, will become painful.

Neuropathic pain happens after an injury in the 
nervous system. It is characterized by a series of 
inflammatory processes and structural changes which 
lead to a persistant form of pain.
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table, as they are compensated by 
normal expression levels in the rest 
of the central nervous system.

Brain region-specific expres-
sion

Accordingly, we decided to 
analyze gene expressions levels in 
different regions of the brain (Figure 
1). The same surgical design was 
applied as in the previous experi-
ment. After sacrifice, the brainstem, 
the cortex, the hippocampus, the 
amygdala and the cerebellum were 
dissected from each brain, and the 
RNA from each part was analyzed. 
In the 3 operated animals and the 3 
control animals, no significant 
differences could be obser-
ved. However, we detected 
differentially expressed genes 
between the various parts of 
the brain. Our experiments 
showed 37 genes differentially 
expressed between the cere-
bellum and the brainstem, 43 
genes were differentially ex-
pressed between the cerebel-
lum and the hippocampus, and 
26 genes between the brain-
stem and the hippocampus, 
and 26 between the amygdala 
and the brainstem (ANOVA 
tests, p +/-0.05 for each gene). 
This data was consistent with 
previous published microarray 
data comparing the same parts 
of the brain (7). Our microarray and 
our protocol can therefore be valida-
ted as a suitable tool to observe gene 
expression differences in the brain, 
but might not be sensitive enough to 
measure changes due to pain.

More specific methods re-
quired?

Real-Time PCR is a more speci-
fic method than microarray to inve-
stigate gene expression, as specific 
primers and annealing temperature 
are used for each gene. However, 
less genes can be analyzed in one 
run. We carried out some Real-Time 
PCR analyses on a set of 27 genes 
from our array, selected because 
of their relevancy in pain research 
(Table 2). The same surgical process 
as in the previous experiments was 
followed. After 2 days, from each 
animal we dissected the cortex, the 
hippocampus, the brainstem, the 
cerebellum, the spinal cord and 6 
lumbar dorsal root ganglia. No si-
gnificant expression level changes 
could be observed between the ope-
rated animals and the controls in the 
dissected 5 brain tissues (Figure 1).
In order to see if the genes show 
expression level changes in another 
type of pain, we conducted a parallel 
experiment in an inflammatory pain 
model (intraperitoneal injection 
of Complete Freund’s Adjuvant). 
The spinal cord RNA was analyzed 
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by Real-Time PCR, and again no 
significant gene expression dif-
ferences between the two groups 
could be observed. This suggests 
that the expression level of these 27 
genes remains unchanged between 
animals that experienced surgical 
or inflammatory pain and control 
animals.

Unknown gene products in-
volved?

Microarray or Real-Time ana-
lysis of gene expression could pave 
the way for the development of 
pain-detection tests based on gene 
expression. Sentinel animals could 

be assessed prior to experiments to 
assess the pain level of a procedure. 
So far our data have indicated that 
none of the commonly known “pain 
genes” show a difference in their 
expression levels in different brain 
areas. We are currently performing 
whole genome analyses of mice 
which underwent the surgical pro-
tocol as mentioned above. By that 
we hope to identify new candidate 
genes, which show differences in 
their expression levels, and could 
be efficiently used to monitor pain 
in laboratory animals. 
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Figure 1  
Scatterplots of gene expression levels in the 
cortex.
The x-axis indicates the fluorescence intensity 
(gene expression) in the control groups and the 
y-axis in the operated animals. Left, a scatter 
plot of the raw data directly from the scanner and 
right, data normalized with the expression levels 
of positive control genes. In both cases, all the 
genes lie in the midline, indicating no relevant 
expression level changes between the operated 
animals and the control ones.


