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Abstract: Pain, both acute and chronic, is an extremely prevalent symptom and remains a significant health problem
with a great impact on function and quality of life. There are many experimental tests and models for pain
evaluation, which are used during the preclinical characterization of drugs. Rodents are widely used to study the
pathophysiology of pain as studies in humans are difficult to perform and ethically limited. The use of animal
models can reveal the mechanisms, side-effects, and new effective therapeutic possibilities for patients suffering
from acute and chronic pain syndromes, which could alter our clinical outlook. The wide range of animal models
allows exploration of pain mediators and mechanisms, different pain etiologies and manifestations, and could reveal
the mode of action of analgesics. In this review, the most commonly used animal models and experimental tests
used in the study of nociceptive and neuropathic pain are discussed. For nociceptive pain examination, stimulus-
evoked methods and temperature preference tests are used. The tests with a mechanical stimulus include the Paw
pressure test, Pin-prick test, Incapacitance Test, and Von Frey Test. Tests with a chemical stimulus, such as the
Formalin test and Abdominal writhing test are described. The tests with a heat stimulus include the Hot Plate Test,
Plantar Test, and Tail-Flick Test. Acetone Spray Test like a test with a cold stimulus is also summarized. To study
neuropathic pain, the ideal methods should induce solely sensory neurons dysfunction, such as allodynia and
hyperalgesia for short periods. Models of diabetic polyneuropathy, chemotherapy-induced painful peripheral
neuropathy (CIPN), chronic constriction injury of n. ischiadicus, and spinal nerve ligation in rats are described.
CIPN is most often induced by vinca alkaloids (vinblastine, vincristine), platinum derivatives (cisplatin, oxaliplatin,
carboplatin), and taxanes (docetaxel, paclitaxel). Depending on the chemotherapeutic agent used, CIPN can be pure
sensory neuropathy or mixed sensorimotor neuropathy with or without autonomic nervous system dysfunction. The
occurrence and severity of the neurotoxicity depend on the type of drug used and are dose-dependent. The rate of
CIPN correlates to the cumulative dose delivered and dose per treatment cycle. For neuropathic pain examination,
tests with a mechanical stimulus (Von Frey Hair Test), a heat stimulus (Heath Plantar Test), and a cold stimulus
(Cold plate test) are used. The methodology of each animal model is specific and results can be greatly influenced
even by slight changes related to the study design. Different experimental models for pain evaluation were
developed over the years and the search for new methods will continue in the future.
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1. INTRODUCTION

Pain, both acute and chronic, is an extremely prevalent symptom and remains a significant health problem with a
great impact on function and quality of life. There are many experimental tests and models for pain evaluation,
which are used during the preclinical characterization of drugs. Rodents are widely used to study the
pathophysiology of pain as studies in humans are difficult to perform and ethically limited. However, pain in
animals cannot be measured directly, and therefore pain-suggesting behavior is reported [32]. This is usually a limb
withdrawal reaction when a nociceptive stimulus is applied. The animal models of pain can reveal the mechanisms,
side-effects, and new effective therapeutic possibilities for patients suffering from acute and chronic pain
syndromes, which could alter our clinical outlook. The wide range of animal models allows exploration of pain
mediators and mechanisms, different pain etiologies and manifestations, and could reveal the mode of action of
analgesics [16].

2. EXPERIMENTAL TESTS USED FOR NOCICEPTIVE PAIN EXAMINATION

2.1. Tests with a mechanical stimulus
Paw pressure test (Randall-Selitto test)
The test is usually performed on the hind paw or tail and uses an apparatus, known as Analgesimeter. The method
was initially described by Randall and Selitto [27]. It measures the force of pressure at which the pain threshold is
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reached and the animal withdraws the limb or tail. The test consists of applying gradually increasing mechanical
pressure to the rat's hind paw. The level of pressure (in relative units PPT on the linear scale of the apparatus) at
which the motor reaction occurs is related to the severity of the pain [36].
Pricking pain test
This test uses a device known as a "Rodent pincher" and is based on applying pressure by pinching a rodent's hind
paw. The force applied at the moment when the animal tries to pull or lift the limb correlates to the pain threshold.
The nociceptive threshold is defined as the time from the starting point of pressure application to the moment of
reaction [36].
Incapacitance Test
The animal is positioned in a chamber, a part of an apparatus. The apparatus measures the distribution of the body
weight of the animal on the hind limbs. Both of its hind paws are placed on different plates, which detect the
pressure that the animal applies on every limb. Usually, one of the limbs is injured (a model of inflammation or
nerve injury). The distribution of the body weight correlates with the level of pain in the injured paw [40].
Von Frey Hair Test (FHT)
Fibers with different rigidity (Von Frey hairs) or electronic von Frey devices are used. They apply gradually
increasing pressure in the middle of the lower surface of the animal’s hind paw. The animal withdraws its paw when
the pain threshold is reached [12]. The apparatus measures the force of the pressure that causes the motor reaction,
and the latency time for withdrawal of the paw.

2.2. Tests with a chemical stimulus
Formalin test
Two hundred microliters 0,2% formalin solution is injected subcutaneously in the lower surface of the hind paw of
the animal. The animal is placed for observation in a transparent cage. The formalin injection causes specific
behavior, namely trembling, licking, and/or biting of the injected paw. The licking/biting time of the affected paw
during the first 10 minutes after the injection (1t phase) and during the period 20"-30™" minutes after the injection
(2" phase) is recorded. The first phase is a result of direct chemical stimulation of the nociceptive receptors. The
second phase is a result of peripheral inflammation and subsequent excitation of nociceptive spinal neurons [17,20].
Abdominal writhing test
Pain is induced by intraperitoneal injection of irritants and 3% acetic acid is the most commonly used. Acetic acid
induces chemical irritation and an inflammatory response in the abdominal cavity, with subsequent activation of
nociceptors. The animals react with stretching of the spine which is called writhing. The number of writhings during
the first 20 minutes after the injection is determined [39].

2.3. Tests with a heat stimulus
Plantar Test (HPT)
The method consists of the application of an infrared ray on the lower surface of the animal’s hind paw. When the
pain threshold is reached, the animal withdraws its paw. The latency of the withdrawal is measured and used as a
criterion for nociception [40].
Tail-Flick Test (TFT)
The test is similar to the Plantar test (see above), however, the thermal stimulus is applied on the rat’s tail. When the
pain threshold is reached, the rat withdraws the tail with a swift movement (tail flick), which terminates the thermal
stimulation [12]. The time from the application of the stimulus to the withdrawal of the tail is measured, three
consecutive tests are performed and the average value is determined. The time of exposure to the heat stimulus
should not exceed 10-20 seconds due to the risk of skin burns.
Hot Plate Test (HP)
The animal is placed in a transparent container. The floor represents a hot plate, which temperature could be
adjusted (Fig.1). The pain threshold is determined via the animal behavior. The plate temperature is kept constant at
55°C (+5°C) and the time for vocalization, escape attempt, or licking of the hind paw is evaluated. Three more tests
are performed — on the 60, 120™, and 180" minute. The time of exposure to the heat stimulus should not exceed 30
seconds to avoid thermal injury of the paws [1,38].
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Figure 1. Hot/Cold Plate (Ugo Basile, Italy) Test.

2.4. Tests with a cold stimulus
Acetone Spray Test
This test is used mainly for the evaluation of cold-induced allodynia and consists of dripping acetone on a rat's paw.
The animal is placed in a cage with a mesh floor. After a period of adaptation, the skin of the lower surface of one of
the paws is sprayed with 50uL of acetone. Evaporation of acetone cools the skin to a temperature of 15-21°C. The
time of rapid withdrawal, shaking, licking, or biting of the limb is measured for a period of 30 seconds to 5 minutes
after each application of acetone. Uninjured rats do not respond (or respond very poorly) to the sensation of cooling
that acetone causes by evaporation, while animals with neuronal damage respond with an enhanced response [38].
2.5. Temperature Preference Test
In this test, the animal can move freely within a cage, which floor is divided into two areas and each of them has
different temperature. The animals are placed on a floor with a normal temperature but can reach the area with a
specific temperature (between 5°C and 55°C). The time spent on the two areas was determined and compared to that
of the control animals.
In another variant of the test, the floor temperature of the cell changes with a constant gradient linearly or circularly.
Placed in the cage, the animal initially explores the new environment, but then stays for a long time in a certain part
of the cage, whose temperature it prefers [38].

3. ANIMAL MODELS TO INVESTIGATE NEUROPATHIC PAIN
The ideal model should induce solely sensory neurons dysfunction, such as allodynia and hyperalgesia for short
periods. The most frequently used animal models are summarized below.
3.1. Diabetic neuropathy
A single injection of 75 mg/kg streptozocin intraperitoneally in rats induces diabetic polyneuropathy that initially is
characterized by changes in tactile sensitivity (allodynia) followed by decreased thermal nociceptive threshold [40].
3.2. Chemotherapy-induced painful peripheral neuropathy
Chemotherapy-induced peripheral neuropathy (CIPN) is most often induced by vinca alkaloids (vinblastine,
vincristine), platinum derivatives (cisplatin, oxaliplatin, carboplatin), taxanes (docetaxel, paclitaxel), thalidomide,
bortezomib, and ixabepilone [10,26]. The toxic attack is directed against the peripheral nerves and the targets of
therapy-induced toxicity are the neuronal soma, the axonal microtubules, the axonal transport system, the myelin
sheath, and glial cells [31]. Abnormalities in mitochondrial structure and function in peripheral sensory fibers that
are associated with neuropathic pain induced by chemotherapeutic agents have been reported. [8,37]. Oxaliplatin has
been shown to affect voltage-gated sodium channels in sensory neurons which leads to sensory hyperexcitability
[10, 23, 24].
Depending on the chemotherapeutic agent used, CIPN can be isolated sensory neuropathy (cisplatin, oxaliplatin,
carboplatin) or mixed sensory and motor neuropathy with or without autonomic nervous system dysfunction
(vincristine, taxanes). The occurrence and severity of the neurotoxicity depend on the type of drug used and are
dose-dependent. The rate of CIPN correlates to the cumulative dose delivered and the dose per treatment cycle. A
wide variety of factors, including treatment schedule, duration of therapy, concomitant medications, and co-
morbidities, affect the incidence of CIPN [21]. Neuropathic pain is an important side effect manifested in many
patients and it may occur early in therapy or can be delayed in time. CIPN can develop even after a single drug
application (with oxaliplatin) [2]. Moreover, its psychological aspects in malignant diseases should not be
underestimated [14]. Many patients develop anxiety, depression, and suicidal thoughts that affect the perception of
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pain. It is also reported that the recovery from neuropathic symptoms is often incomplete and a long period of
regeneration is required to restore function.

Table 1 presents the most commonly used experimental models causing CIPN in male rats. The table includes the
injection scheme of an anticancer agent (taxane, vinca alkaloid, or platinum derivative).

Table 1. Experimental models of CIPN in male rats.

Anticancer Cumulative dose
agent causing Experimental Time Application (mg/kg Reference
neuropathy design b.w./animal)
Vincristine 0,1 mg/kg/day, 12 days iv. 1 [35]
5 days/week
Vincristine 0,075 mg/kg/day 10 days i.v. 0,75 [3]
Vincristine 0,1 mg/kg/day 14 days i.v. 14 [22]
Vincristine 0,15 mg/kg/2 days 10 days iv. 0,75 [5]
Vincristine 0,1 mg/kg/day, 12 days i.p. 1 [34]
5 days/week
Vincristine 0,05 mg/kg/day 10 days i.p. 0,5 [30]
Paclitaxel 16 mg/kg/week 5 weeks i.p. 80 [7]
Paclitaxel 32 mg/kg X 1 1 day i.p. 32 [7]
Paclitaxel 2 mg/kg/2 days 7 days i.p. 8 [25]
Paclitaxel 1 mg/kg/day, 2 weeks i.p. 10 [13]
5 days/week
Docetaxel 10 mg/kg, 1/week 4 weeks i.v. 40 [28]
Cisplatin 2 or 1 mg/kg/3 days 4 weeks i.p. 15 [4]
Cisplatin 3 mg/kg, 1/week 5 weeks i.p. 15 [6]
Cisplatin 2 mg/kg, 1/week 5 weeks i.p. 10 [33]
Cisplatin 0,5 mg/kg/day 3 days i.p. 15 [9]
Cisplatin 2mg/kg X 1 5 days i.v. 2 [15]
Oxaliplatin 2 mg/Kkg, 2/week 4 weeks i.v. 16 [19]
Oxaliplatin 6 mg/kg X 1 30 hours i.p. 6 [18]
Oxaliplatin 2mg/kg X 1 5 days i.v. 2 [15]

3.3. Chronic constriction injury (CCl) of n. ischiadicus

Different models of CCI have been described. One of the modifications of CCl is reported by Seltzer et al., 1990
[29]. In this model of partial nerve ligation, nerve injury is created by tying loosely double ligature (the dorsal one-
third to one-half) of the rat's sciatic nerve. Sciatic nerve ligation results in allodynia 12 to 15 days after injury.

3.4. Spinal nerve ligation (SNL)

Many different variations of the SNL model have been reported. The original model was described by Chung et al.
and it was developed by tightly ligating one (L5) or two (L5 and L6) segmental spinal nerves in the rat. The
operation results in long-lasting pain and behavioral signs of mechanical allodynia, cold allodynia, and heat
hyperalgesia [11].

4. EXPERIMENTAL TESTS USED IN THE STUDY OF NEUROPATHIC PAIN
1. Test with a mechanical stimulus
Von Frey Hair Test (see above)
2. Test with a heat stimulus
Heath Plantar Test (see above)
3. Testwith a cold stimulus
Cold plate test
The experimental setup is similar to that of the hot plate test, but the set plate temperature is in the range of —5 to
+25°C. The maximum time spent by the animal on the plate is 150 seconds. No more than one test per day is
performed to avoid the analgesic effect of low temperatures [38].
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4. CONCLUSION
The study of pain and analgesia is an important area of pharmacological research that has led to several significant
breakthroughs in the treatment of acute and chronic pain. Different experimental models of pain evaluation were
developed over the years and the search for new methods will continue in the future.
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