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INTRODUCTION 

The International Association for the Study of Pain defines pain as ‘An 

unpleasant sensory and emotional experience associated with actual or potential 

tissue damage, or described in terms of such damage’. It is considered as a major 

symptom of various diseases that persists to produce severe physical and 

psychological distress for many patients by disrupting their quality of life1 

Various types of pain are classified as follows2  

 Acute physiological nociceptive pain-Pain elicited by application of an acute 

noxious stimulus to normal tissue.  

 Pathophysiological nociceptive pain-occurs when the tissue is inflamed or 

injured. 

 Spontaneous pain-It is pain in the absence of any intentional stimulation or 

as hyperalgesia and/or allodynia 

Hyperalgesia is extreme pain intensity felt upon noxious stimulation, and 

allodynia is the sensation of pain elicited by stimuli that are normally below pain 

threshold. 

 Neuropathic pain-results from injury or disease of neurons in the peripheral 

or central nervous system. 
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Nociception an overview 

Nociception is the encoding and processing of noxious stimuli in the nervous 

system that can be measured with electrophysiological techniques. Neurons involved 

in nociception form the nociceptive system. Noxious stimuli activate primary 

nociceptive neurons with “free nerve endings” (Aδ and C fibres, nociceptors) in the 

peripheral nerve.Most of the nociceptors respond to noxious mechanical (e.g. 

squeezing the tissue), thermal (heat or cold), and chemical stimuli and are thus 

polymodal. Nociceptors can also exert efferent functions in the tissue by releasing 

neuropeptides [substance P (SP), calcitonin gene-related peptide (CGRP)] from their 

sensory endings. Thereby they induce vasodilatation, plasma extravasation, 

attraction of macrophages or degranulation of mast cells, etc. This inflammation is 

called neurogenic inflammation. Nociceptors project to the spinal cord and form 

synapses with second order neurons in the grey matter of the dorsal horn. A 

proportion of second-order neurons have ascending axons and project to the brain 

stem or to the thalamocortical system that produces the conscious pain response 

upon noxious stimulation. Other spinal cord neurons are involved in nociceptive 

motor reflexes, more complex motor behaviour such as avoidance of movements, 

and the generation of autonomic reflexes that are elicited by noxious stimuli. 

Descending tracts reduce or facilitate the spinal nociceptive processing. The 

descending tracts are formed by pathways that originate from brainstem nuclei and 

descend in the dorsolateral funiculus of the spinal cord. Descending inhibition is part 

of intrinsic antinociceptive system. 

  



Chapter 1 Introduction 

 

Department of Pharmacology 3 JKK Nattraja College of Pharmacy 

Neurochemistry of Pain 

Nociception is mediated by the function of numerous intra- and extra-cellular 

molecular messengers involved in signal transduction in the peripheral and central 

nervous systems. All nociceptors, when activated by the requisite mechanical, 

thermal, or chemical stimulus, transmit information via the excitatory 

neurotransmitter glutamate3 

In addition, inflammatory mediators are secreted at site of the original injury 

to stimulate nociceptor activation. This “inflammatory soup” is comprised of 

chemicals such as peptides (e.g.,bradykinin), neurotransmitters (e.g., serotonin), 

lipids (e.g., prostaglandins), and neurotrophins (e.g., NGF). The presence of these 

molecules excites nociceptors or lowers their activation threshold, resulting in the 

transmission of afferent signals to the dorsal hornof the spinal cord as well as 

initiating neurogenic inflammation.3 

Neurogenic inflammationis the process by which active nociceptors release 

neurotransmitters such as substance Pfrom the peripheral terminal to induce 

vasodilation, leak proteins and fluids into the extracellular space near the terminal 

end of the nociceptor, and stimulate immune cells which contribute to the 

inflammatory soup. As a result of these neurochemical changes in the local 

environment of nociceptors, the activation of Aδ and C fibers increases, and 

peripheral sensitization occurs4. 

In turn, nociceptive signal transduction up the spinothalamic tract results in 

elevated release  of norepinephrine from the locus coeruleus neurons projecting to 

thalamus, which in turn relays nociceptive information to somatosensory cortex, 
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hypothalamus, and hippocampus5. As such, norepinephrine modulates the “gain” of 

nociceptive information as it is relayed for processing in other cortical and 

subcortical brain regions. Concomitantly, opioid receptors in the peripheral and 

central nervous systems (e.g., those in neurons of the dorsal horn of the spine and 

the periaqueductal grey in the brain) result in inhibition of pain processing and 

analgesia when stimulated by opiates or endogenous opioids like endorphin, 

enkephalin, or dynorphin.6 The secretion of endogenous opioids is largely governed 

by the descending modulatory pain system7. The neurotransmitter GABA is also 

involved in the central modulation of pain processing, by augmenting descending 

inhibition of spinal nociceptive neurons. A host of other neurochemicals are also 

involved in pain perception; the neurochemistry of nociception and central-

peripheral pain modulation is extremely complex 8. 

Descending central modulation of pain 

The brain does not passively receive pain information from the body, but 

instead actively regulates sensory transmission by exerting influences on the spinal 

dorsal horn via descending projections from the medulla.9 In their seminal Gate 

Control theory of pain, Melzack and Wall proposed that the substantia gelatinosa of 

the dorsal horn gates the perception of noxious stimuli by integrating upstream 

afferent signals from the peripheral nervous system with downstream modulation 

from the brain.10 Interneurons in the dorsal horn can inhibit and potentiate impulses 

ascending to higher brain centers, and thus they provide a site where the central 

nervous system controls impulse transmission into consciousness. 
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The descending pain modulatory system exerts influences on nociceptive 

input from the spinal cord. This network of cortical, subcortical, and brainstem 

structures includes prefrontal cortex, anterior cingulate cortex, insula, amygdala, 

hypothalamus, periaqueductal grey, rostral ventromedial medulla, and dorsolateral 

pons/tegmentum11. 

The coordinated activity of these brain structures modulates nociceptive 

signals via descending projections to the spinal dorsal horn. By virtue of the 

somatotopic organization of these descending connections, the central nervous 

system can selectively control signal transmission from specific parts of the body. 

The descending pain modulatory system has both anti- and pro-nociceptive effects. 

Classically, the descending pain modulatory system has been construed as the means 

by which the central nervous system inhibits nociceptive signals at the spinal 

outputs.12 In acrucial early demonstration, Reynolds observed that direct electrical 

stimulation of the periaqueductal grey could produce dramatic analgesic effects as 

evidenced by the ability to undergo major surgery without pain.13 Yet, this brain 

system can also facilitate nociception. For instance, projections from the 

periaqueductal grey to the rostral ventromedial medulla have been shown to enhance 

spinal transmission of nociceptive information from peripheral nociceptors.14 

Central modulation of pain may have been a conserved across human 

evolution due to its potentially adaptive effects on survival. For instance, in 

situations of serious mortal threat (for example, in the face of war and civil 

accidents, or more primordially, when being attacked by a vicious animal), 

suppression of pain might enable a severely-injured individual to continue intense 

physical activity such as fleeing from danger or fighting a deadly opponent. Yet, the 
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neurobiological linkages between the brain, the spinothalamic tract, the dorsal horn, 

and the peripheral nerves also provide a physiological pathway by which negative 

emotions and stress can amplify and prolong pain, causing functional interference 

and considerable suffering. 

Cognitive, Affective, Psychophysiological, and Behavioral Processes in Pain 

Perception and Regulation 

In addition to the somatosensory elements of pain-processing described 

above, cognitive and emotional factors are implicit within the definition of pain 

offered by the International Association for the Study of Pain. Pain perception 

involves a number of psychological processes, including attentional orienting to the 

painful sensation and its source, cognitive appraisal of the meaning of the sensation, 

and the subsequent emotional, psychophysiological, and behavioral reaction, which 

then feedback to influence pain perception. Each of these processes will be detailed 

below. 

Attention to pain 

In the brain, attention allows salient subsets of data to gain preeminence in 

the competitive processing of neural networks at the expense of other subsets of 

data.14 The goal-relevance of a stimulus guides attention to select and distinguish it 

from the environmental matrix in which it is embedded.15 Thus, attended stimuli 

receive preferential information processing and are likely to govern behavior. In this 

sense, attention allows for the evaluation of salientstimuli, and facilitates execution 

of approach behaviors in response to appetitive stimuli or avoidance behaviors in 

response to aversive ones. Thus, depending on its salience to the survival of the 
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organism, the object of attention elicits the motivation to approach or avoid, while 

the resultant emotional state, as the manifestation of approach or avoidance 

motivations, tunes and directs attention.17,18 By virtue of its significance for health 

and well-being, pain automatically and involuntarily attracts attention.19 Yet pain 

experience varies according to the locus of attention; when attention is focused on 

pain, it is perceived as more intense,20 and whereas when attention is distracted from 

pain, it is perceived as less intense.21 

Attentional modulation of pain experience correlates with changes in 

activation of the pain neuromatrix; for instance, attentional distraction reduces pain-

related activations in somatosensory cortices, thalamus, and insula, among other 

brain regions.22 

Concomitantly, distraction results in strong brain activations in prefrontal 

cortex, anterior cingulate cortex, and periaqueductal grey, suggesting an overlap and 

interaction between brain systems involved in attentional modulation of pain and the 

descending pain modulatory system.23 In contrast, attentional hypervigilance for 

pain, a high degree of monitoring internal and external stimuli that is often observed 

among persons with chronic pain,24 amplifies pain intensity and is associated with 

the interpretation of harmless sensations (like moderate levels of pressure) as 

painfully unpleasant.25, 26 

Cognitive appraisal of pain 

Pain involves a process of cognitive appraisal, whereby the individual 

consciously or unconsciously evaluates the meaning of sensory signals emanating 

from the body to determine the extent to which they signify the presence of an actual 
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or potential harm. This evaluation is decidedly subjective. For instance, experienced 

weightlifters or runners typically construe the “burn” they feels in their muscles as 

pleasurable and indicative of increasing strength and endurance; in contrast, a novice 

might view the same sensation as signaling that damage had occurred. The inherent 

variability of cognitive appraisal of pain may stem from the neurobiological 

dissociation between the sensory and affective aspects of the pain experience; 

change in pain intensity results in altered activation of somatosensory cortex, 

whereas change in pain unpleasantness results in altered activation of the anterior 

cingulate cortex.27,28 Thus, a sensory signal originating from the muscles of lower 

back might be perceived as a warmth and tightness, or viewed as a terrible agony, in 

spite of the stimulus intensity being held constant. The manner in which the bodily 

sensation is appraised may in turn influence whether it is experienced as unpleasant 

pain or not.29 

The extent to which a given bodily sensation is interpreted as threatening is 

in part dependent on whether or not the individual believes he or she is able to cope 

with that sensation. If, during this complex cognitive process of appraisal, available 

coping resources are deemed sufficient to deal with the sensation, then pain can be 

perceived as controllable. 

Pain intensity is reduced when pain is perceived to be controllable, whether 

or not the individual acts to control the pain. Ventrolateral prefrontal cortex 

activation is positively associated with the extent to which pain is viewed as 

controllable and negatively correlated with subjective pain intensity. This brain 

region is implicated in emotion regulation efforts, such as when threatening stimuli 

are reappraised to be benign.30, 31 Concomitantly, reinterpreting pain as a harmless 
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sensation (e.g., warmth or tightness) predicts higher perceived control over pain,32 

and psychological interventions have been shown to reduce pain severity by 

increasing reinterpretation of pain sensations as innocuous sensory information.33 In 

contrast, pain catastrophizing (i.e., viewing pain as overwhelming and 

uncontrollable) is associated with greater pain intensity irrespective of the extent of 

physical impairment34 and prospectively predicts the development of low back 

pain.35 

Emotional and psychophysiological reactions to pain 

The aversive nature of pain elicits a powerful emotional reaction that feeds 

back to modulate pain perception. Pain often results in feelings of anger, sadness, 

and fear depending on the how the pain is cognitively appraised. For instance, the 

belief “It’s not fair that I have to live with this pain” is likely to lead to anger, 

whereas the belief “My life is hopeless now that I have this pain” will likely result in 

sadness. Fear is a common reaction to pain when individuals interpret the sensations 

from the body as indicating the presence of serious threat. 

These emotions are coupled with autonomic, endocrine, and immune 

responses which may amplify pain through a number of psychophysiological 

pathways. For example, pain induction significantly elevates sympathetic nervous 

system activity, marked by increased anxiety, heart rate, and galvanic skin 

response.36 Furthermore, negative emotions and stress increase contraction of 

muscle tissue; elevated electromyographic activity occurs in the muscles of the back 

and neck under conditions of stress and negative affect and is perceived as painful 

spasms.37, 38 This sympathoexcitatory reaction coupled with emotions like anger and 
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fear may reflect an evolutionarily conserved, active coping response to escape the 

painful stimulus. Yet negative emotional states intensify pain intensity, pain 

unpleasantness, and pain-induced cardiovascular autonomic responses, while 

reducing the sense of perceived control over pain.39 Stress and negative emotions 

like anger and fear may temporarily dampen pain via norepinephrine release, but 

when the sympathetic “fight or flight” response is prolonged it can increase blood 

flow to the muscle and increase muscle tension which may aggravate the original 

injury.40 Alternatively, pain inputs from the viscera and muscles may stimulate 

cardiac vagal premotor neurons, leading to hypotension, bradycardia, and 

hyporeactivity to the environment – a pattern of autonomic response that 

corresponds with passive pain coping and depressed affect.41 In addition to 

autonomic reactivity, proinflammatory cytokines and the stress hormone cortisol are 

released during the experience of negative emotion; these bio-molecular factors 

enhance nociception, facilitate processing of aversive information in the brain, and 

when their release is chronic or recurrent, may cause or exacerbate tissue 

damage.42,43 

Moreover, negative emotions are associated with increased activation in the 

amygdala, anterior cingulate cortex, and anterior insula – these brain structures not 

only mediate the processing of emotions, but are also important nodes of the pain 

neuromatrix that tune attention toward pain, intensify pain unpleasantness, and 

amplify interoception (the sense of the physical condition of the body).44,45 Thus, 

when individuals experience negative emotions like anger or fear as a result of pain 

or other emotionally salient stimuli, the heightened neural processing of threat in 

affective brain circuits primes the subsequent perception of pain 46,47 and increases 
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the likelihood that sensations from within the body will be interpreted as painful.47-49 

The fear of pain, a clinical feature of chronic pain patients, is associated with 

hypervigilance for and sustained attention to pain-related stimuli.50 Thus, negative 

emotions bias attention toward pain, which then increase its unpleasantness. In 

addition, negative emotions and stress impair prefrontal cortex function, which may 

reduce the ability to regulate pain using higher order cognitive strategies like 

reappraisal or viewing the pain as controllable and surmountable.51,52 Thus, anger, 

sadness, and fear may result from acute or chronic pain and in turn feedback into the 

bio-behavioral processes that influence pain perception to exacerbate anguish and 

suffering. 

Behavioral reactions to pain 

Pain is not only a sensory, cognitive, and emotional experience, but also 

involves behavioral reactions that may alleviate, exacerbate, or prolong pain 

experience. Typical pain behaviors in low back pain include grimacing, rubbing, 

bracing, guarded movement, and sighing.53 

These behaviors facilitate the communication of pain and exert social 

influences that may have vicarious gain for the individual suffering from pain; such 

benefits include sympathy, acts of kindness and generosity, tolerance, lowered 

expectations, and social bonding, among others.54 In addition, guarding or avoidance 

of activities associated with pain may be negatively reinforcing by virtue of the 

temporary alleviation of pain experience.55 The fact that these avoidant behaviors 

decrease the occurrence of pain results in increasing use of avoidance as a coping 

strategy. Yet, greater use of avoidance as a result of fear of pain predicts higher 
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levels of functional disability.56 It is not merely that persons with greater pain-

related disability engage in more avoidant behaviors, but rather studies indicate that 

avoidant behavior and beliefs are a precursor to disability.57–59 Avoidance 

contributes to negative clinical outcomes in patients with chronic low back pain. 

Fear-avoidance of pain influences physical impairment and is more strongly 

associated with functional disability than pain severity.60,61 In contrast, progressive 

increase in activity through exercise has been shown to result in significant benefits 

in pain, disability, physical impairment, and psychological distress for low back pain 

patients.69 In light of the robust relation between coping behaviors and pain, 

behavioral and psychosocial interventions hold great promise in reducing pain 

intensity and pain-related functional disability in chronic pain conditions such as low 

back pain. 

Animal models for screening antinociceptive activity 

Acetic acid induced writhing in mice is simple and most reliable 

inflammatory pain model widely used for the evaluation of peripheral analgesics. 

The pain caused by acetic acid is said to be an inflammatory pain due to increase in 

the capillary permeability and release of endogenous mediators such as PGE1, 

PGE2, histamine, bradykinin, substance P etc… which sensitize the nociceptive 

nerve endings62. NSAIDs are known to inhibit the COX enzyme in the peripheral 

tissues which is responsible for the production of pain mediators. 

In the tail immersion test, animal’s tail is immersed in hot water which 

provokes an abrupt movement of the tail and sometimes the recoiling of the whole 

body and the reaction time is monitored63. Immersion of the tail in a hot liquid 
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increases its temperature very quickly and in a more or less linear fashion, which is 

different from radiant heat. 

Hot plate test consists of introducing a rat or mouse into an open-ended 

cylindrical space with a floor consisting of a metallic plate that is heated by a 

thermode or a boiling liquid64. A plate heated to a constant temperature produces 

two behavioral components that can be measured in terms of their reaction times, 

namely paw licking and jumping. Both are considered to be supraspinally integrated 

responses. As far as analgesic substances are concerned, the paw licking behavior is 

affected only by opioids. On the other hand, the jumping reaction time is increased 

equally by less powerful analgesics such as acetylsalicylic acid or paracetamol, 

especially when the temperature of the plate is 50°C or less65 or if the temperature is 

increased in a progressive and linear fashion, e.g., from 43 to 52°C at 2.5°C/min66. 

The specificity and sensitivity of the test can be increased by measuring the reaction 

time of the first evoked behavior regardless of whether it is paw-licking or jumping  

or by lowering the temperature67. 

Formalin test model is useful in evaluating the anti-nociceptive activity in 

two different phases. In the initial phase, direct chemical stimulation of the sensory 

afferent nerve ending particularly C fibers causes neurogenic pain. In the later phase, 

induction of inflammatory pain occurs due to the increased production and/or action 

of various inflammatory mediators. Centrally acting analgesics such as morphine 

effectively reduce or prevent the paw licking in both the phases whereas, peripheral 

analgesics such as diclofenac reduce paw licking only in late phase due to 

inflammatory pain68. 
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2. LITERATURE REVIEW 

Netti et al.,69 studied central effects of histamine H2-receptor agonists and 

antagonists on nociception in the rat. The effects of intracerebroventricular injection 

of histamine H2-receptornagonists (4-methylhistamine, 4-MeH; dimaprit, DIM), 

H2-antagonists (cimetidine, CIM; ranitidine, RAN; famotidine, FAM) and of the 

DIM chemical analogue SK&F 91487 on hot-plate latency in rats were examined. 

Both DIM (0.4-0.8 mumol/rat) and 4-MeH (0.4-0.8 mumol/rat) significantly 

enhanced the pain threshold, whereas,  SF&F 91487 (0.8 mumol/rat) had no effect, 

indicating that DIM antinociception is  specifically due to its activity on histamine 

(HA) receptors. The H2-antagonists  CIM (0.8 mumol/rat) and RAN (0.6 mumol/rat) 

also enhanced the pain threshold, while FAM (0.03 mumol/rat) did not modify pain 

latency. When injected before 4-MeH, FAM reduced the antinociceptive effect of 4-

MeH. These findings suggest that the antinociceptive activity of CIM and RAN is 

not related to specific blockade of H2-receptors and that the activation of HA-H2-

receptors is inhibitoryto nociception. 

Ahmadi et al.,70 studied Hepatoprotective, antinociceptive and antioxidant 

activities of cimetidine, ranitidine and famotidine as histamine H2 receptor 

antagonists. Antinociceptive effects were, determined using the hot plate test in 

mice. All compounds also showed a dose-dependent and marked analgesic activity 

in mice relative to controls. 

Bethesda et al., 71studied the hepatotoxicity of nizatidine and he reported 

that Nizatidine has been linked to rare instances of clinically apparent acute liver 

injury. The selective histamine type 2 receptor antagonists/blockers (H2 blockers) 
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are widely used in the treatment of acid-peptic disease, including duodenal and 

gastric ulcers, gastroesophageal reflux disease and common heartburn. The four H2 

blockers in current use are available by prescription as well as over-the-counter, and 

are some of the most widely used drugs in medicine. The H2  blockers are very well 

tolerated, but have been linked to rare instances of clinically apparent liver injury. 

The H2 receptor blockers act by binding to histamine type 2 receptors on the 

basolateral (antiluminal) surface of gastric parietal cells, interfering with pathways 

of gastric acid production and secretion. The selectivity of H2 blockers is of key 

importance, as they have little or no effect on the histamine type 1 receptors, which 

are blocked by typical antihistamines that are used to treat allergic reactions and 

have little  effect on gastric acid production. The selective H2 blockers are less 

potent in inhibiting acid production than the proton pump inhibitors (which block 

the common, final step in acid secretion) but, nevertheless, suppress 24 hour gastric 

acid secretion by about 70%. The effect of H2 blockers is largely on basal and 

nocturnal acid secretion, which is important in peptic ulcer healing. The selective H2 

blockers were first developed in the early 1990s by Sir James Black, who 

subsequently received the Nobel Prize for his work developing selective receptor 

antagonists for clinical use (including the beta blockers as well as the H2 blockers). 

The initial H2 blocker approved for use in the United States was cimetidine (1977), 

which was followed by ranitidine (1983), famotidine (1986), and nizatidine (1988). 

All four of these agents are available by prescription and as over-the-counter oral 

formulations. Intravenous and intramuscular forms are available for cimetidine, 

ranitidine and famotidine. The four H2 receptor blockers available in the United 

States have similar spectra of activity, side effects and clinical indications. These 

medications are extremely well tolerated  and are used by a high proportion of the 
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general population to treat peptic ulcer disease, heartburn, esophagitis, and 

miscellaneous minor upper gastrointestinal symptoms. Their listed indications are 

for treatment of gastric and duodenal ulcer and esophageal reflux disease, and to 

prevent stress ulcers. Side effects are uncommon, usually minor and include 

diarrhea, constipation, fatigue, drowsiness, headache and muscle aches. The H2 

receptor blockers are metabolized in the liver by the cytochrome P450 system. 

Among the four agents, cimetidine is  distinctive in its potent inhibition of the P450 

system (CYP 1A2, 2C9 and 2D6), which can result in significant drug interactions. 

All four H2 receptor blockers  have been implicated in rare cases of clinically 

apparent, acute liver injury. The most cases have been linked to ranitidine and 

cimetidine, but these two agents are also the most commonly used.  

Sanad et al.,72 studied the Radioiodination and biological evaluation of 

nizatidine as a new highly selective radiotracer for peptic ulcer disorder detection. 

Nizatidine has been labeled using [125 I] with chloramine-T as oxidizing agent. 

Factors such as the amount of oxidizing agent, amount of substrate, pH, reaction 

temperature, and reaction time have been systematically studied to optimize the 

iodination. Biodistribution studies indicate the suitability of radioiodinated 

nizatidine as a novel tracer to image stomach ulcer. Radioiodinated nizatidine may 

be considered a highly selective radiotracer for peptic ulcer imaging. 

Yamaji et al.,73 studied the effects of successive doses of nizatidine, 

cimetidine and ranitidine on serum gastrin level and gastric acid secretion.  

Nizatidine (N-[2-[[[2-[(dimethylamino)methyl]- 4-thiazolyl]methyl]thio]ethyl]-N'-

methyl-2-nitro-1,1-ethenediamine, CAS 76963-41-2) is a new histamine H2-receptor 

antagonist which shows suppression of  gastric acid secretion and antiulcer activity. 
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In the present experiment, the effects of single s.c. administration of nizatidine, 

cimetidine and ranitidine on serum gastrin levels were studied in fasted rats. 

Nizatidine at 100 mg/kg increased serum gastrin level 3 h after administration, 

which however, returned to basal level 6 h after administration. Cimetidine and 

ranitidine at respective  doses of 250 and 100 mg/kg markedly increased serum 

gastrin levels 3 and 6 h after administration. In a previous study, the suppressive 

effect of nizatidine on basal gastric acid secretion was 82.8% at a dose of 100 mg/kg 

s.c. in rat pylrus-ligated model. On the basis of these findings, changes in basal 

gastric acid secretion and serum gastrin level after withdrawal of nizatidine, 

cimetidine and ranitidine administered for 14 consecutive days were studied. One 

day after withdrawal, nizatidine at 100 mg/kg showed a tendency to increase the 

basal gastric acid secretion. However, 3 and 7 days after administration, almost no 

changes were obtained. Cimetidine at 250 mg/kg showed a tendency to increase the  

basal gastric acid secretion 7 days after withdrawal of the drug. Ranitidine at 100 

mg/kg induced no changes in basal gastric acid secretion after withdrawal. No 

obvious influences of all drugs on serum gastrin level after withdrawals were 

obtained. These results indicate that consecutive administration of nizatidine may 

cause only a transient increase of gastric acid secretion but no hypergastrinaemia 

after its withdrawal. 

Probst et al.,74 studied the Preclinical toxicology studies with nizatidine, a 

new H2-receptor  ntagonist: acute, subchronic, and chronic toxicity evaluations. 

Nizatidine (NIZ), a new antiulcer drug, was evaluated for toxicity in acute, 

subchronic, and chronic tests. Acute toxicity studies were conducted in rats, mice, 

dogs, and monkeys. Median lethal doses (MLD) in rodents were greater than 1600, 
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230, and 1000 mg/kg by oral (po), iv, and sc administration, respectively. No deaths 

occurred in dogs given single doses of 800 mg/kg (po), 75 mg/kg (iv), or 225 mg/kg 

(im) or in monkeys given 1200 mg/kg (po) or 200 mg/kg (iv). Rats survived up to 

1.0% dietary NIZ (daily intake ranging from 24 to 800 mg/kg/day) for 1 year. Slight 

decreases in body weight gain and increases in liver and kidney weights occurred. 

Slight decreases in erythrocytic parameters at 3 months  were not present at 6 or 12 

months. Mice survived up to 1.5% dietary NIZ for 3 months and effects were limited 

to slight decreases in body weight gain and increases in relative liver weight. Dogs 

survived oral doses up to 800 mg/kg/day for 3 months but had numerous clinical 

signs of toxicity and body weight loss. All dogs given oral NIZ doses up to 400 

mg/kg/day survived except for one high-dose dog that was killed in a moribund 

condition following convulsions in the 41st week of treatment. Effects in dogs 

included miosis, body weight loss, increased thrombocyte counts, and decreased 

hepatic microsomal enzyme activity and P450 content. The increase in thrombocyte 

counts was unaccompanied by changes in thrombocyte function and did not reoccur 

in a subsequent study. A decrease in plasma testosterone in two of three surviving 

male dogs given 400 mg/kg/day for 1 year was unaccompanied by effects on the size 

or morphology of testes or prostate. Peak plasma levels of NIZ in all species tested 

were in excess of human plasma levels after therapeutic doses. In conclusion, there 

was no evidence of significant toxicity in organs or tissues including those sites 

(gastric mucosa,  male sex organs, and liver) that have been affected by some agents 

of this therapeutic class. 

Kim et al.,75 studied Histamine Receptor Antagonists, Loratadine and 

Azelastine, Sensitize P-gp-overexpressing Antimitotic Drug-resistant KBV20C 
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Cells Through Different Molecular Mechanisms. These findings provide important 

information regarding the sensitization of drug-resistant cells and indicate that 

loratadine may be used in patients with potentially resistant cancer without any toxic 

effects from P-gp inhibition. 

Liu et al.,76 studied the Gastroprotective effects of several H2RAs on 

ibuprofen-induced gastric ulcer in rats. Preliminary screening of literature with the 

criteria of low toxicity led to four histamine-2 receptor antagonists (H2RAs): 

nizatidine, famotidine, lafutidine, and roxatidine acetate, which were selected for 

further investigation. These drugs were evaluated systemically by examining the 

gastric ulcer index, lipid peroxidation (LPO), membrane permeability, toxicity to 

main organs, and the influence on the activity of antioxidant enzymes, and 

myeloperoxidase (MPO). Nizatidine was found to be the best gastric protective 

agent. It exhibited excellent protective effect by increasing antioxidant enzyme 

activity, decreasing MPO activity, reducing LPO, and membrane permeability. 

Combination treatment with nizatidine and ibuprofen did not show any significant 

toxicity. Nizatidine was considered as a good option for combination therapy with 

ibuprofen especially for diseases that require long-term treatment such as arthritis 

and osteoarthritis. 

Morrissey et al.,77 studied the effect of Nizatidine, a MATE2K Selective 

Inhibitor, on the Pharmacokinetics and Pharmacodynamics of Metformin in Healthy 

Volunteers. This study demonstrates that a selective inhibition of MATE2K by 

nizatidine affected the apparent volume of distribution, tissue concentrations, and 

peripheral effects of metformin. However, nizatidine did not alter systemic 
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concentrations or the CLR of metformin, suggesting that specific MATE2K 

inhibition may not be sufficient to cause renal DDIs with metformin. 

 Dahan et al.,78 studied the H2 receptor antagonist nizatidine is a P-

glycoprotein substrate: characterization of its intestinal epithelial cell efflux 

transport. The intestinal epithelial efflux transport mechanisms of nizatidine were 

investigated and characterized across Caco-2 cell monolayers, in the concentration 

range 0.05-10 mM in both apical-basolateral (AP-BL) and BL-AP directions, and 

the transport constants of P-glycoprotein (P-gp) efflux activity were calculated. The 

concentration-dependent effects of various P-gp (verapamil, quinidine, 

erythromycin, ketoconazole, and cyclosporine A), multidrug resistant-associated 

protein 2 (MRP2; MK-571, probenecid, indomethacin, and p-aminohipuric acid), 

and breast cancer resistance protein (BCRP; Fumitremorgin C) inhibitors on 

nizatidine bidirectional transport were examined. Nizatidine exhibited 7.7-fold 

higher BL-AP than AP-BL Caco-2 permeability, indicative of net mucosal secretion. 

All P-gp inhibitors investigated displayed concentration-dependent inhibition on 

nizatidine secretion in both directions. The IC(50) of verapamil on nizatidine P-gp 

secretion was 1.2 x 10(-2) mM. In the absence of inhibitors, nizatidine displayed 

concentration-dependent secretion, with one saturable (J(max) = 5.7 x 10(-3) nmol 

cm(-2) s(-1) and K(m) = 2.2 mM) and one nonsaturable component (K(d) = 7 x 10(-

4) microL cm(-2) s(-1)). Under complete P-gp inhibition, nizatidine exhibited linear 

secretory flux, with a slope similar to the nonsaturable component. V(max) and 

K(m) estimated for nizatidine P-gp-mediated secretion were 4 x 10(-3) nmol cm(-2) 

s(-1) and 1.2 mM, respectively. No effect was obtained with the MRP2 or the BCRP  

inhibitors. Being a drug commonly used in pediatrics, adults, and elderly, 
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nizatidine susceptibility to efflux transport by P-gp revealed in this paper may be of 

significance in its absorption, distribution, and clearance, as well as possible drug-

drug interactions. 

Tomokane et al., 79 studied the clinical study on the effects of nizatidine on 

gastric motility and cardiac autonomic function. Investigations using 

electrogastrography and spectral analysis of heart rate variability. In this, two 

protocols were adopted to study nizatidine's effects on cardiac autonomic function 

and gastric motility. Protocol I--Acute: "Group C-I":  10 healthy volunteers received 

a single oral dose of nizatidine 150 mg. Protocol II--Chronic: "Group DM without 

N": 15 patients with diabetes mellitus (DM) were observed prior to administration of 

nizatidine. "Group DM with N": The same 15 patients with DM received nizatidine 

300 mg/day for more than 30 days. "Group C-II": This control group was composed 

of 15 healthy volunteers not receiving nizatidine. In all groups, EGGs were recorded 

before and after a meal, and autonomic nervous function and QT interval of ECG 

dispersions were simultaneously evaluated. In Group C-I, nizatidine significantly 

increased the peak power amplitude of 3 cycles/min (cpm) frequency, but did not 

significantly change the dominant frequency of the 3-cpm waves. In Group DM with 

N, nizatidine,administration significantly increased the peak power amplitude from 

2.4 cpm or a lower frequency (bradygastria) to 3 cpm. Prior to nizatidine 

administration but after eating a meal, the peak power amplitude on EGG was not 

increased in Group DM without N. In Group DM with N, however, the EGG peak 

power amplitude increased to levels similar to those of the healthy subjects (Group 

C-II). Neither the single nor the chronic administration of nizatidine significantly 

prolonged the QT interval or increased the QT dispersion. A spectral analysis of 
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heart rate variability showed that nizatidine administration, whether acute or 

chronic, did  not significantly change the indices of autonomic nervous activity. 

Nizatidine may promote gastric emptying by inhibiting acetylcholine esterase, thus 

increasing cholinergic activity, and by acting directly on gastric smooth muscle. The 

results indicate that because nizatidine increases gastric motility without exerting a 

negative influence on the autonomic nerves, it may be a useful drug in patients with 

diabetic neuropathy. 

Chen et al.,80 reported that nizatidine and omeprazole enhance the effect of 

metronidazole on Helicobacter pylori in vitro. Treatment failures are common in 

patients infected with metronidazole-resistant Helicobacter pylori in the gastric 

mucosa when triple therapy including metronidazole is used. In patients with 

treatment failure and metronidazole-resistant H. pylori, a higher eradication rate for 

H. pylori wasfound after secondary treatment with bismuth/ranitidine in 

combination with antibiotics including metronidazole, compared with the same 

antibiotics combined with a standard dose of omeprazole. This agrees with our 

previous finding that bismuth was able to reduce the susceptibility of H. pylori to 

metronidazole. In this study, we have found that nizatidine, an H(2)-receptor 

antagonist, is also able to reduce the susceptibility of H. pylori to metronidazole in 

vitro, despite having no direct inhibitory effect on the growth of H. pylori. This 

agrees with earlier findings that compounds having the ability to reverse antibiotic 

resistance do not necessarily have an antibiotic or chemotherapeutic effect in the 

sense of growth inhibition. Therefore, it was decided to investigate the effect of 

nizatidine and omeprazole on the oxidative respiratory chain, as it is known that 

metronidazole is able to inhibit the activity of fumarate reductase of H. pylori. This 
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enzyme is a key enzyme in the alternative respiratory chain under anaerobic 

conditions. Nizatidine was, in these preliminary experiments, found to  inhibit 

fumarate reductase in a dose-dependent way, like metronidazole, whereas 

omeprazole had almost no effect on fumarate reductase. No other significant effects 

on the enzymes of the respiratory chain were found. The synergistic effect of 

nizatidine on metronidazole resistant H. pylori strains could be explained by the 

effect on fumarate reductase, whereas the effect of omeprazole is different and could 

be an inhibition of a proton pump in H. pylori. Reversal of antimicrobial resistance 

with the help of different non-antibiotics seems to be possible by using quite 

different compounds, and is therefore to be explained by different molecular 

mechanisms. 
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3. AIM AND OBJECTIVE 

Drug repositioning (also known as drug repurposing or drug reprofiling) is 

commonly known as the process of redeveloping a compound for use in a different 

disease. Drug Repositioning usually has many benefits over traditional drug 

discovery approaches in that it can considerably reduce the cost and developmental 

time as many compounds have demonstrated safety in humans. Drug repositioning 

generally removes the need of phase 1 clinical trials. 

Nizatidine has long been used as antiulcer drug and its safety in humans has 

been established. It has been reported to act through blocking H2 Histamine receptor. 

The analgesic and anti-nociceptive activity of drugs belonging to this category such 

as ranitidine and famotidine has been reported earlier. The analgesic and  anti-

nociceptive  activity of a drug candidate can be confirmed only in rodent models like 

mice and rats as they better mimic certain human metabolism, behavior and they are 

easy to handle. 

Therefore based on the extensive literature survey, the objective of present 

work focused on probable anti-nociceptive and analgesic activity of nizatidine in 

rodent models. 

The objectives are to evaluate the anti-nociceptive and analgesic activities of 

nizatidine in 

a. Acetic acid induced writhing l  

b.  Hotplate test. 

c. Tail immersion test 
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4. MATERIALS AND METHODS 

Animals 

         Six weeks old male Swiss albino mice, weighing 20 ± 5 gms were used for this 

study. The animals were group housed (n=6 per cage) in a room with controlled 

temperature (21-22°C), and in normal light-dark cycle (12 h/12 h).They had free 

access to food and water ad libitum. All the experimental protocols employed in this 

study were approved by the Institutional Animal Ethical Committee of J.K.K. 

Nattraja College of Pharmacy and experiments were performed according to the 

Committee for the Purpose of Control and Supervision of Experiments on Animals 

(CPCSEA) guidelines on the ethical use of animals (JKKN/IAEC/M.Pharm/19/2019 

dated 10/4/2019). 

Drugs 

Table 1. List of chemicals used in the present study 

S. No. Chemicals Manufacturer 

1.  Diclofenac Cadila 

2.  Nizatiine Mylan 

 

Drug solutions 

 Diclofenac was diluted with normal saline (0.9% NaCl) and administered at 

a dose of 10 mg/kg i.p. Nizatidine was suspended in normal saline and administered 

at a dose of  25 mg/kg p.o. and 50 mg/kg, p.o..  
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Table 2. Grouping of animals for evaluation of anti-nociceptive activity of 

Nizatidine in acetic aci induced wrthing hotplate and tail immersion tests 

S.No Group 
Number of 

animals 
Treatment 

2 Group II 6 
Standard (Diclofenac 10 mg/kg  

*Morphine 2mg/kg i.p.) 

3 Group III 6 Nizatidine (25 mg/kg, p.o.) 

4 Group IV 6 Nizatidine (50 mg/kg, p.o.) 

Data obtained from research paper* 

Acetic acid induced writhing9 

Administration of chemical irritants such as acetic acid causes pain by 

releasing endogenous pain mediators. The mice were treated with standard drug or 

fractions, 60 min prior to the administration 0.7% acetic acid (10 ml/kg, i.p.).  The 

mice were observed immediately after acetic acid administration and the number of 

writhing was counted for 30 min.  Complete writhing considered when the animal 

showed contraction of the abdomen, elongation of the body, twisting of the trunk 

and/or pelvis ending with the extension of the limbs45.  

Hotplate test 

 Mice were placed on hotplate maintained at a temperature of 55± 1°C  and 

basal reaction  time of animal (forepaw licking, withdrawal of the paw(s) or jumping 

response) was recorded. The animals were treated with morphine or selected 

fractions and were placed on Eddy’s hotplate maintained at a temperature of 55± 

1°C. The reaction times were noted again at 30, 60, 90, and 120 min interval. A 

cutoff period of 20 s was set to avoid tissue damage in foot.  
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Tail immersion test 

Mice were treated with standard or selected fractions and one to two cm of 

the tail was immersed in hot water kept at the temperature of 55± 1°C. Time latency 

to withdraw the tail was noted at 30, 60, 120 min after the treatment. To prevent the 

excessive tail tissue damage, cut off latency period of 20 s was maintained.  

Acetic acid-induced writhing model   

Administration of EAFCF (50, 100, and 200 mg/kg, p.o.)  and NHFCA (100, 

200 and 400 mg/kg, p.o.) reduced the acetic acid induced writhing significantly 

(p<0.001) compared to control group in dose dependent manner (table 21) and the 

reduction in writhing was observed as 91.07% in standard analgesic, diclofenac 

sodium (10 mg/kg, i.p.), treated animals and 40.18 %, 71.07% and 92.01% 

respectively, in 50,100 and 200 mg/kg of EAFCF treated animals. 

Statistical analysis 

The data obtained and expressed as mean ± SEM were evaluated by using 

ANOVA followed by Dunnet’s post hoc.  
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5. RESULTS 

Acetic acid-induced writhing model 

Administration of nizatidine (25 and 50 mg/kg, p.o.)  and reduced the acetic 

acid induced writhing significantly (p<0.001) compared to control group in dose 

dependent manner (table 3) and the reduction in writhing was observed as 91.07% in 

standard analgesic, diclofenac sodium (10 mg/kg, i.p.), treated animals and 40.18 %, 

71.07% and 92.01% respectively, in 25 and 50 of nizatidine treated animals. 

Table 3. Analgesic activity of nizatidine in acetic acid induced writhing in mice 

Groups Dose Number of Writhing Mean± SEM 

Vehicle 

Diclofenac 

Nizatidine 

Nizatidine  

10 ml/kg, i.p. 

10 mg/kg, i.p. 

25 mg/kg, p.o. 

50 mg/kg, p.o 

68±1.390 

7.83±0.477 

41.33±1.520 

21.17±0.946* 

 

Values are expressed in terms of mean ± SEM, n = 6 in each group, *P <0.01 

statistically significant as compared with control group.  

Eddy’s hot plate model in mice 

In this model, the reaction latency to thermal stimuli was increased 

significantly (P<0.01) in nizatidine  treated groups compared to the control group. 

The maximum effect (reaction time of 18.4 s) was observed at the highest dose viz. 

50 mg/kg p.o. at 60 min. while the standard drug morphine (1.5 mg/kg i.p.) showed 

highest reaction time of 17.8 s (Data obtained from reference article). The anti-

nociceptive effect produced by nizatidine was found to be dose and time dependent 

(table 22). 
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Table 4. Anti-nociceptive effect of nizatidine in Eddy’s hot plate  

model using mice 

Group Dose 
Reaction time in sec 

Before 30 min 60 min 120 min 180 min 

Vehicle 

Morphine 

Nizatidine 

Nizatidine 

 

10 ml/kg, 

i.p. 

1.5 mg/kg, 

i.p. 

25 mg/kg, 

p.o. 

50 mg/kg, 

p.o 

 

4.8±0.05 

5.1±0.06 

6.1±0.09 

5.2±0.10 

 

4.6±0.08 

13.6±0.03* 

6.1±0.08* 

10.8±0.05* 

 

5.2±0.03 

18.8±0.08* 

8.4±0.08* 

13.1±0.1* 

 

5.6±0.09 

17.2±0.1* 

7.7±0.08* 

12.5±0.3* 

 

5.8±0.08 

15.8±0.2* 

6.2±0.08* 

10.6±0.09* 

Data expressed as mean ± SEM, n = 6 in each group, *P <0.01 statistically 

significant as compared with control group. i.p.=intra peritoneal,  p.o.= per oral 

Tail immersion test  

The antinociceptive activity exhibited by nizatidine and morphine in tail immersion 

test is given in table 5. Nizatidine (25 & 50 mg/kg, p.o.) showed dose dependent 

increase in the reaction latency to hot-water induced thermal stimuli. (p<0.01). 

Morphine also produced similar effect as that of nizatidine 50mg/kg. 

  



Chapter 5 Results 

 

Department of Pharmacology 30 JKK Nattraja College of Pharmacy 

Table 5. Anti-nociceptive activity of nizatidine in mouse tail immersion test 

Group Dose 
Reaction time in sec 

Before 30 min 60 min 120 min 180 min 

Vehicle 

Morphine 

Nizatidine 

Nizatidine 

10 ml/kg, i.p. 

1.5 mg/kg, i.p. 

25 mg/kg, p.o. 

50 mg/kg, p.o 

4.8±0.05 

4.9±0.07 

5.5±0.1 

5.9±0.20 

4.6±0.01 

13.6±0.03* 

6.1±0.08 

10.8±0.05* 

5.43±0.04 

18.8±0.08* 

9.4±0.08* 

13.1±0.1* 

5.7±0.09 

18.2±0.1* 

8.7±0.08* 

12.5±0.3* 

5.58±0.08 

11.8±0.2* 

9.2±0.08* 

10.6±0.09* 

 

Experimental data given as mean ± SEM, n = 6 in each group, *P <0.01 statistically 

significant as compared with control group.  
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6. DISCUSSION 

Drug repositioning (also known as drug repurposing or drug reprofiling) is 

commonly known as the process of redeveloping a compound for use in a different 

disease. Drug Repositioning usually has many benefits over traditional drug 

discovery approaches in that it can considerably reduce the cost and developmental 

time as many compounds have demonstrated safety in humans. Drug repositioning 

generally removes the need of phase 1 clinical trials. 

Nizatidine has long been used as antiulcer drug and its safety in humans has 

been established. It has been reported to act through blocking H2 Histamine receptor. 

The analgesic and anti-nociceptive activity of drugs belonging to this category such 

as ranitidine and famotidine has been reported earlier. The analgesic and anti-

nociceptive  activities of a drug candidate can be confirmed only in rodent models 

like mice and rats as they better mimic certain human metabolism, behavior and they 

are easy to handle. 

Pain is considered as a major symptom of various diseases including the 

CNS disorders that is capable to produce severe physical and psychological distress 

for many patients and the most predominant symptom affecting their quality of life. 

The widely accepted definition given for pain by International Association for the 

Study of Pain is “An unpleasant sensory and emotional experience associated with 

actual or potential tissue damage, or described in terms of such damage”81.  

Histamine H2 receptor blockers such as ranitidine and famotidine used for the 

treatment of hyperacidity in ulcer condition have been reported to analgesic activity 

in acetic acid induced hyperaalgesia. However, the anti-nociceptive or analgesic 
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activity of nizadine, a most widely used antiulcer drug, has not been reported earlier.   

In this context, the present study was aimed in evaluation of nizatidine for 

antinociceptive and analgesic activities. 

Nizatiine was evaluated for their nociceptive and analgesic activities in 

peripheral as well as central analgesic models. Acetic acid induced writhing in mice 

is simple and most reliable inflammatory pain model widely used for the evaluation 

of peripheral analgesics. The pain caused by acetic acid is said to be an 

inflammatory pain due to increase in the capillary permeability and release of 

endogenous mediators such as PGE1, PGE2, histamine, bradykinin, substance P 

etc… which sensitize the nociceptive nerve endings 129. NSAIDs are known to 

inhibit the COX enzyme in the peripheral tissues which is responsible for the 

production of pain mediators. In this study, nizatiine showed dose dependent 

analgesic activity as evident through significant (p<0.01) reduction in number of 

writhing caused by acetic acid. Hence, nizatidine may act via blockade of the release 

or activity of endogenous pain mediators resulted in the interruption of pain stimuli 

transduction similar to that of the standard drug diclofenac sodium. 

Treatment of nizatidine in mice, increased the reaction time significantly 

(p<0.01) to the thermal stimuli in both hotplate and tail immersion model. These two 

models are mainly used for centrally acting analgesics, while the peripheral 

analgesics are found to ineffective. The reaction to the hotplate demonstrates the 

supraspinal reflex and tail immersion explains the spinal reflex mediated by various 

sub-types of opioid receptors.  Findings of the present study indicate that the 

nizatidine may act as an anti-nociceptive by central mechanisms. 
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This study also warrants further studies in the line of receptor binding assays 

and interaction with various neurochemical analogs which may be beneficial in 

exploring the molecular mechanism for the anti-nociceptive and analgesic activities 

of nizatidine. 
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7. SUMMARY AND CONCLUSION 

 Previous research reports revealed that histamine H2 receptor blockers such as 

ranitidine and famotidine showed analgesic activity in rodent models.  However, the 

analgesic or anti-nociceptive activity of nizatidine, a most widely used H2 receptor 

blocker, has not yet been reported.  Hence, the present study was aimed to evaluate 

the probable anti-nociceptive and analgesic activities of nizatidine in valid animal 

models. The results obtained in this study revealed the anti-nociceptive and 

analgesic activities of nizatidine. However, further chronic studies are required to 

validate the analgesic and anti-nociceptive activities of nizatidine. In conclusion, 

nizatiine produces the anti-nociceptive and analgesic activities in valid animal 

models similar to that of other H2 receptor blockers. 
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