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ABSTRACT 

Low Back Pain is one of the disease that causing global disability in the worldwide. In the past 10 years, prevalence 

of LBP has not decreased, it makes global burden increase substantially. Chronic low back pain(CLBP) is pain that is almost 

experienced daily by patients in the lower back region in a period of more than 3 months. Chronic low back pain is a mixture 

of pain that arises through nociceptive and neuropathic mechanisms. Over the past decade, numerous  guidelines have been 

used  in the management of CLBP. Problems that are still a controversy include the management of pain. The mechanism of 

many treatment measures is still in the low to moderate effectiveness stage, so that the pain management target is not optimal. 

Substance P is a neuropeptide that release  both in acute and chronic pain. Therefore study about mechanisms that affect SP 

release may show important information regarding pathological alterations in pain perception 
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1. Introduction 

Low back pain (LBP) is the most common musculoskeletal 

condition causing more global disability affecting the adult 

population than another medical condition [1–3]. LBP cause 

disability that impact in productivity,  require more research 

in the future than other musculoskeletal condition [4]. 

Economic burden showed by the high cost of healthcare 

spending directly and showed by decreased productivity 

indirectly. Social burden showed by restrict occupational 

activities [2,3]. The prevalence of LBP  in adult estimeted up 

to 84 % [1–3,5]. In the past 10 years, prevalence of LBP has 

not decreased, it makes global burden increase substantially. 

Increasing life expectancy make people spend many years in 

old age, increasing rates of disability. The effective 

development in health care system needed to resolve the 

problem of this global burden [1,4] . 

 Low back pain (LBP) is a pain in the back region 

below the costal margin to the gluteal fold caused by several 

disorders related to the spine (spine) including intervertebratal 

discs, disc herniation, spinal stenosis and disc degeneration 

facet [1,3]. Examination by looking at various things 

including examinations of patients, radiological examinations 

and research with interventions show that intervertebratal 

discs have the largest percentage in the process of chronic low 

back pain which is around 39% -40% [2,6]. Chronic low back 

pain (CLBP) is a pain that is almost experienced daily by 

patients in the lower back region in a period of more than 3 

months [1–3]. Many literatures indicate that CLBP can be 

classified as mixed pain syndromes that can arise via 

nociceptive and neuropathic mechanism. [1,7,8].   

Substance P  has an leading role in pain mechanism by 

mediated central sensitization. The excitability of neurons 

spinal elevate after escalated afferen activity that implicate in 

nociception [9–11]. Substance P also has an pivotal role in the 

transition from acute to chronic pain and neurophatic pain 

mechanism. It involved nerve fiber that secrete substance P. 

Normally substance P excreted only by C fiber, but in chronic 

pain Aβ fiber also may excrete substance P  [9,12–14]. Hence, 

review about mechanisms that affect SP release may show 

important information regarding pathological alterations in 

pain perception [15]. This Review summarizes pain 

mechanism concepts in CLBP with central poin on the role of 

substance P in CLBP. 

2. Chronic Low Back Pain (CLBP) 

Chronic low back pain was described as pain lasting for a 

minimum of 12 weeks, occurring several times, in the back 

region from below costal margin to the gluteal line [1,3,5]. 

There are many factor affected in LBP such as depression, 
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obesity, disuse, smoking status, chronic widespread pain and 

physical deconditioning.  

 Based on aetiologi and patient’s clinical feature pain 

mechanism can be divided into nociceptive pain, 

inflammmation pain, and pahtological pain. Pathological pain 

can be devided  into disfungsional and neuropathic pain 

[1,16]. Many literatures prove evidences that CLBP can be 

classified as mixed pain syndromes that can arise via 

nociceptive and neuropathic mechanism. [1,7,8].  Nociceptive 

pain, is physiological defensive pain implicate activation of 

nociceptor neuron.  Nociceptor neuron that implicate mainly 

high-threshold nociceptor neurons, and activated by noxious 

stimuli. Neuropathic pain involving nerve maladaptive 

plasticity that caused by a  disease or lession. It affects the 

somatosensory system and revise nociceptive signal 

processing and made enhance responses to stimuli and cause 

allodynia [1,8,17,18].  

In CLBP, neuropathic pain caused by mechanical 

compression of the nerve root from a lesions of nerve fibres 

sprouts within a degenerated disc (local neuropathic pain), 

herniated intervertebral disc (mechanical neuropathic root 

pain), and the action on nerve fibres of inflammatory 

mediators arising from a degenerated disc (inflammatory 

neuropathic root pain) [1,8]. Many cytokin and neuropeptida 

such as nerve growth factor and substance P seem to have 

important  part in these processes and make future clinical 

research focus on the biological therapies [1,19]. 

Nociception is the process when stimuli  can be recognize 

by a peripheral nerve fibers, called nociceptors.  There are 

three type of stimuli: chemical, mechanical, or thermal 

stimuli. Nociceptive nerve fiber can be in the myelinated or 

unmyelinated form. There are two major classes of 

nociceptors, Aδ fiber and C-fiber [20–22]. Noxious stimuli 

that include thermal, chemichal and mechanical stimuli, are 

sensed by peripheral nociceptive neurons that are classified as 

C-fiber or Aδ-fiber. A third type Aβ fibers, are imply in the 

conduction of non-nociceptive inputs (movement, light touch 

or vibration under normal physiological conditions) [23,24]. 

Aδ fiber mediate acute or fast pain and because of a medium 

diameter myelinated.. The second nociceptor class are C-fiber 

that includes small diameter unmyelinated that mediates , 

“second” or slow pain [21]. Aδ fiber are myelinated, have a 

relatively fast conduction and cause primary pain, wheras C 

fiber are unmyelinated, have a relatively slow conduction and 

cause secondary pain. C-fibers nociceptors  actuated by 

mechanical,  thermal and chemical stimuli, thus called 

polymodal. Based on neurochemistry, C-fibers can be 

categorizes as either peptidergic or non-peptidergic. 

Peptidergic C-fibers releases neuropeptides, calcitonin gene-

related peptide (CGRP), neurokinins and substance P (SP). 

Peptidergic C-fibers also express the TrkA neurotrophin 

receptor, which responds to nerve growth factor (NGF).  The 

nonpeptidergic C-fiber  expresses the c-Ret neurotrophin 

receptor that is targeted by glial-derived neurotrophic factor 

(GDNF), as well as neurturin and artemin [21,25,26]. 

Normally Aβ fiber may not excrete substance P, but if there 

are inflammation in nerve fiber, Aβ fiber may secrete 

substance P in dorsal horn. [9,12–14]. The sense of pain is 

related with the receptors respon in the primary afferent fibers, 

which is include of the peripheral nociceptive neurons. Both 

nociceptors remain inactive during homeostasis and are 

activated when there is a potential of noxious stimulus 

[23,24,27].  

In chronic low back pain patients, body position or daily 

work which causes excessive low back movement and other 

mechanical causes will cause excessive stimulation of the 

lower back muscles. Excessive stimulation of the lower back 

muscles will then lead potential injury to the tendons, muscle 

fibers and ligaments [1,2,28]. Injury in tendons muscle fibers, 

or ligaments will release inflammatory mediators. 

Macrophages will produce nerve growth factor (NGF) which 

will bind to the receptor, TrkA. This bonding will activate the 

PKC and affect the ligand gate channel TRPV1. TRPV1 

increase Ca2 + and also influence the release of substance P in 

the afferent terminal of the C fibers. TRPV1 also raises an 

action potential that will cause peripheral sensitization, which 

if continued continues there will be central sensitization in the 

posterior horn spinal cord. Chronic low back pain is a mixture 

of pain that arises through nociceptive or neuropathic 

mechanisms [9,26,29,30]. 

Over the past decade, numerous  guidelines have been 

published on the assessment and management of CLBP. Most 

of these guidelines based on recent evidence clinical practice 

are made by general approval and recommend physical 

activity and pharmacotherapy combined with multi-

disciplinary, psychosocial and behavioural approaches. A 

guidelines should approve the best care to patient respectively 

and to decrease the number of patient CLBP with disability so 

the effect  in economic and social society can be evaded. The 

main goal of treatment in chronic low back pain is managemen 

in pain to reduce pain and maintain function. Treatment on the 

guideline may prevent future exacerbation, so it is important 

to standardize the practices and make an care pathway for the 

management of low back pain [31–33]. 

Most of the guidelines give guidance a multimodal 

approach to the management of chronic LBP, used both 

pharmacological and nonpharmacological therapies. Non 

pharmacological therapies such as physical activity and 

physioterapi, also have an important role in therapies 

approaches. Treatment’s choice should be individualized in 

patients according to the patient’s needed and severity of 

symptoms, potential adverse effect and drug 

interaction,comorbid factor, and also cost of effectiveness 

[18,31,34]. 

The effect therapy of many treatments in the guidelines 

remain unclear,  most treatments are low to moderate and final 
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goal therapy to reduce pain is infrequently achievable 

[1,35,36]. Therefore, the aim of pain management  is to 

decreasing dysfunction and increasing quality of life for 

patients by achieve relief  in pain and minimizing adverse 

effects.  Most guidelines, recommend the use of paracetamol, 

NSAIDs and weak opioids. In spite of the publication of many 

guidelines, current therapy design are consistent with overuse 

of some drug and therapy, and underuse of exercise [1,37]. 

Paracetamol is recommended in almost guidelines as first 

line therapy in low back pain both acute and chronic. Many 

systematic review is sort of information to reinforece its use 

in chronic low back pain. In the Treatment of CLBP 

parasetamol is less effective than NSAID, but parasetamol still 

use widely because of minimalize adverse effect, and patients 

that contraindication in using NSAID (such as patiens with 

kidney disease) [1,38]. 

Research on paracetamol and P substance itself has been 

conducted, where the analgesic effect of paracetamol is related 

to the inhibition of NO pathways involving the substance P 

and NMDA, resulting in a blockade of spinal hyperalgesia 

[39–43]. 

Paracetamol has analgesic and antipyretic effect similar to 

NSAIDs, but contrary to NSAIDs, paracetamol has no anti-

inflammatory activity. When used at the recommended 

dosage, paracetamol does not cause gastrointestinal side 

effects such as NSAIDs. However, paracetamol works also by 

suppressing prostaglandin production [43,44]. 

The concept that refers to the mechanism of action of COX-

dependent central paracetamol shows that paracetamol 

actually inhibits prostaglandin synthesis in well-functioning 

cells, but does not have the same effect on tissue / cell 

homogenates, where arachidonic acid concentrations are low. 

Second, paracetamol mechanism of action by inhibit COX -1 

and COX-2 activity in peripheral tissues.but have a stronger 

impact to COX-2, especially in blood vessel endothelial cells 

[42,44]. 

The enzymes that play a role in the metabolism of 

arachidonic acid to prostanoids (consist of prostaglandins and 

thromboxanes), are cyclooxygenases, or more accurately 

named prostaglandin H2 synthetase (PGHS), and have two 

active sides, COX and peroxidase (POX). The transformation 

from arachidonic acid to actual prostanoid through a two-stage 

process, first requires activation from the COX side to produce 

unstable intermediate hydroperoxide, prostaglandin G2 

(PGG2), which is then converted to prostaglandin H2 (PGH2) 

through POX. The enzymatic  activity of COX depends on its 

presence in an oxidized form where paracetamol interferes 

indirectly by reducing the co-substrate at the POX site. In 

intact cells, when arachidonic acid levels are low, paracetamol 

is a potential inhibitor  of PG synthesis by blocking 

physiological regeneration of POX. But in damaged cells, 

where the concentration of hydroperoxide is high, 

prostaglandin synthesis alone is weakly inhibited. This COX-

dependent peroxide mechanism explains the different activity 

of paracetamol in the brain when the peroxide concentration 

is low and the inflammatory side is peripheral with high 

peroxide content [1,42–44]. 

Another mechanism for paracetamol is activation of the 

serotoninergic pathway. The serotonergic pathway is part of 

the pain system of the descending pathway, originating in the 

core of the brain stem, hypothalamus, and cortex, and 

interacting with afferent pain nerves in the dorsal horn. 

Serotonin receptors exist along the central nervous system, 

which are implicated in a number of functions, including 

awareness, mood, memory, and nausea and vomiting, the 

latter being mediated through the 5-HT3 subtype receptors. 

The mechanism of action of paracetamol that activation of the 

descending serotonergic pathway plays a pivotal role and it 

has been shown that the antinociceptive effect of paracetamol 

can be partially inhibited by co-administration of the 5-HT3 

receptor antagonist (tropicetron or granisetron). This becomes 

interesting using anti-emetic drugs which are often given 

together with paracetamol in the perioperative period  [42–

44]. 

Inhibition of formation of nitrogen oxides (NO) may also 

be an alternative analgesic mechanism of paracetamol. The L-

arginine / NO pathway is activated by substance P and NMDA 

receptors to trigger NO synthesis, which is an pivotal 

neurotransmitter in the nociceptive process of the spinal cord 

[42–44]. 

The role of NO in the peripheral nociceptive process is 

more complex and is reported to include both nociceptive and 

non-nociceptive. These results depend on studies in 

experimental animal models with the application of 

nociceptive stimuli [45]. The hypothesis regarding the 

mechanism of action of paracetamol which shows a central 

potential mechanism is inhibition through the inhibition of L-

arginine NO nociceptive pathway. In this study, mice were 

divided into 3 treatment  groups, namely AMPA, NMDA and 

substance P groups. The control and treatment groups with 

paracetamol were both given L and D arginine injections. 

Then the AMPA control group was given AMPA injection 

only, while the AMPA treatment group was given AMPA 

injection followed by administration of paracetamol. Likewise 

with the NMDA group and substance P. The results showed 

that there was a significant decrease in the substance group P 

and NMDA, but not in the AMPA group. Research shows that 

the antinociceptive effect is influenced by the natural L-

arginine substrate but is not influenced by D-arginine, so the 

analgesic effect of paracetamol is associated with inhibition of 

NO formation in the L-arginine-NO pathway. The potential 

mechanism of paracetamol involves NMDA and substance P 

through the NO pain pathway [40]. 
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3. Substance P 

Substance P -a highly conserved peptide- discovered in 

1931 by von Euler and Gaddum. They reported that extracts 

of equine brain and gut extract-distinct from acetylcholine- 

contained a hypotensive and spasmogenic factor [46–48]. It 

was initially named as “preparation P” because this substance 

was purified and dried in powder form. The activity of this 

hypotensive and spasmogenic factor resided in the water-

soluble powdered extracts of the brain and intestinal tissue.  

The preparation P then later was named “Substance P.” [47–

49]. Substance P, was later found to be proteinaceous and 

highly conserved homologs identified in mice, rabbits and 

human [47,48,50]. In the early 1970-1971, Leeman’s group 

determined the amino acid composition of  SP from the 

isolation from bovine hypothalamic tissue. The structure of SP 

is consist of eleven amino acid (Arg-Pro-Lys-Pro-Gln-Gln-

Phe-Phe-Gly-Leu-Met-NH2) and has a net positive charge 

under physiological pH [47–49].  

SP is a part of the tachykinin (TAC) family of 

neuropeptides and is encoded by the TAC1 gene [47,48,51]. 

There are the three main tachykinins in mammals: Substance 

P, neurokinin A (NKA) and neurokinin B (NKB).  Tachykinin 

family members are distributed in all mammalian tissues and 

body fluids, but  the highest densities of SP are founded in the 

nervous system both in CNS and the peripheral nervous 

system [11,48,52,53]. Three area that have the highest 

densities of  SP are in the dorsal horn of the spinal cord, the 

substantia nigra and the amygdala [11,53]. All Tachykinin 

family members interact and mediated  with all the three-

receptor subtypes. There are at least three specific receptors, 

the neurokinin-1 receptor (NK-1R), NK-2R, and NK-3R. The 

affinity of these neurokinin receptors in binding to substance 

P  is in the order of NK1R > NK2R > NK3R. Substance P  

preferring NK1R, NKA preferring NK2R and NKB preferring 

NK3R [11,54]. Substance P is synthesized in the ribosome as 

a larger protein and then enzymatically converted into the 

active undecapeptide [55]. Substance P in neuron is expressed 

in the soma. After SP was synthesized, SP is transported in 

large dense-core vesicles (LDCVs) and the peptide is released 

through the exocytosis of LDCVs either at axonal terminals or 

at the neuronal soma [11,48,56]. After exocytosed, SP binds 

to membrane-bound. Substance P receptor expressed either on 

the same cell or on the neighboring cells. A cell surface 

metalloendopeptidase named neprilysin degrade unbound SP, 

and thereby suggests a shorter half-life of SP in tissues 

[48,57]. 

 

 

 
Figure 1. Substance P production by a neuronal cell and an immune cell type [48] 

 

SP binding to NK1R mediates rapid endocytosis and 

internalization of the receptor; this also contributes to 

desensitization of cells to SP signaling. Interaction between 

substance P and  NK1 receptors signals to several intracellular 

pathways. These pathways involve second messengers, such 

as diacyl-glycerol (DAG), inositol trisphosphate (IP3), and 
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cyclic adenosine monophosphate (cAMP)  [47,58]. Substance 

P binding to NK1R also activates phospholipase C, which 

catalyzes the hydrolysis of phosphoinositides into inositol 

1,4,5-trisphosphate and diacylglycerol. Inositol triphosphate 

are then available for the mobilization of calcium from 

internal reticular stores, and increases the level of of cytosolic 

Ca2+, and diacylglycerol activates protein kinase C. NK1R 

signaling can also activate adenylyl cyclase. It causes the 

generation of cAMP, and the  latter activates protein kinase A 

[47,48]. 

4. Challenges and oportunities of Substance P 

The transition from acute to chronic pain states might be 

the most important challenge to maximize pain management 

in chronic low back pain. Substance P plays a pivotal role in 

this transition, thus studying mechanism that effect SP 

secretion can provide important information concerning 

alterations in the pain perception. 

The recent finding that CBP has a neuropathic pain com-

ponent, change pharmacological strategies. A systematic 

review evaluate the efficacy of pharmacological monotherapy 

and combination therapy in CLBP, with specific reference to 

the management of nociceptive and neuropathic pain 

components [1]. Whereas NSAIDs, paracetamol  and COX-2 

inhibitors target only the nociceptive component of CLBP, 

opioids target both nociceptive and neuropathic pain, and 

antidepressants target only the neuropathic componen. It made 

patients with CLBP require combination therapy in order to 

manage both the nociceptive and neuropathic pain 

components. 

 

Summary 

The important role of substance P secretion from nerve 

fiber in acute and chronic low back pain which substance P 

participates suggests a major future role for neurokinin 

receptor antagonists in the management of these diseases. 

More studies with neurokinin receptor antagonists that 

blocking the binding of SP to the NK-1R, drug that effect 

release of substance P, or drug that reduce substance level 

needed to be research to reduce pain in chronic low back pain. 
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