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 Introduction: 

Opioid addiction is a complex syndrome 

which is characterised by tolerance, drug-

seeking and physical dependence with 

withdrawaln behaviors. It is kind of chronic 

relapsing brain disease characterised by the 

loss of control over intake[1,2,3]. There are 

seven stages which are involved in 

withdrawal syndrome. Various pathways are 

involved in opiate withdrawal like DA 

dependent mechanism of opiate 

reinforcement, inhibition of adenylcyclase, 

activation of potassium conductance etc. 

Proinflammatory cytokines includes many 

cytokines characterized as being inducible 

and belonging to different families, including 

IL-1, IL-6, TNF-α[4,5,6]. Other critical 

proinflammatory cytokines are IFNγ, IL-2 

both products chiefly of TH1 cells as well as 

IFNα/β[7,8,9]. Newly synthesized pro TNF-α is 

expressed on plasma membrane[10]. The 

biological response to TNF-α are mediated 

through 2 structurally distinct receptors: type 

1 (TNFR1) and type 2 (TNFR 2)[11,12]. 

Receptors which are involved in opioid 

withdrawal are mu, delta and toll like receptor 

(TLR). There are various TLRs in which 

some play important role in opioid 
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withdrawal. Recent studies reveal that TLRs, 

including TLR2 and TLR4, a key link 

between the innate immune system and 

CNS[13,14]. Glial cells are also important for 

structural and metabolic maintenance of the 

nervous system, there are numerous reports 

demonstrating the ability of glial to respond to 

and send signals to neurons and synapses in 

the central and peripheral nervous system 

(CNS and PNS)[15].  

Opioid induced proinflammatory glial 

activation has been inferred from :  

(a) morphine induced upregulation of 

mircoglial[16,17] and astrocyte[16,18]. 

(b) morphine induced upregulation and/ or 

released proinflammatory cytokines 
[16,19,20,21,22,23,24].  

(c) enhanced morphine analgesia by co-

administering the microglial attenuators 

minocycline[16,19-24s] or AV411[17] and the 

astrocytes inhibitor fluorocitrate[18]  

(d) enhanced morphine analgesia by blocking 

proinflammatory cytokine action[19,20,25].  

(e) opioid induced selective activation of 

microglial p38 MAPK and associated 

enhanced morphine analgesia[16]. As such, 

opioid induced proinlammatory glial 

activaiton through TLR is characterized by a 

cellular phenotype of enhanced reactivity and 

propensity to proinflammation in response to 

exposure of glial to opioids[19,20,21]. 

There are some drugs which are used as anti 

TNF-α therapy such as AVR11 (ibudilast) 

which is non-specific phosphodiesterase 

inhibitor that acts centrally by way of 

attenuation of glial cell activation and 

reduction of proinflammatory activating 

factors such as cytokines (TNF-α, IL-1β) niric 

oxide, and protein-1 and fractalkines[26,27]. 

Thalidomide, it is used to treat moderate to 

severe leprosyand clinical trials are ongoing 

in cancer. Thalidomide has multiple effects 

that could account for its activity in myeloma. 

These include direct inhibition of tumour 

growth by altering the synthesis of cytokines 

that are involved in the growth and survival of 

myeloma cells, including TNF-α, IL-1β, IL-6, 

IL-10[28-30].RDP58 is a small molecule that 

inhibits TNF-α synthesis by preventing the 

translation of the TNF-α mRNA.[31] 

Types of withdrawal syndrome 

Two experimental paradigms of opiate 

withdrawal are used to study opiate 

dependence: spontaneous and    

precipitated withdrawal.  

 Spontaneous opiate withdrawal 

occurs after the sudden 

discontinuation or the rapid tapering 

of chronically administered opiates.  

 Precipitated opiate withdrawal occurs 

after the use of an opioid receptor 

antagonist, which displaces the opioid 

receptor agonist. Both spontaneous 

and precipitated withdrawal 
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syndromes are accompanied by 

symptoms of abstinence; however, the 

onset isfaster with precipitated opiate 

withdrawal. Naloxone and naltrexone 

are the most common competitive µ 

opioid receptor antagonists used to 

precipitate opiate withdrawal. The 

major difference between these two 

compounds is that naltrexone, which 

is orally active, has a much longer 

duration of action than naloxone[32,33]. 

Pathways involved in opiate withsrawal 

syndrome  

DA-Dependent mechanism of opiate 

reinforcement 

Both the positive (rewarding) and negative 

(aversive) reinforcement of opiate µ and κ 

receptor agonist are mediated by the 

mesolimbic DA (system)[34,35,36]. 

Electrophysiological studies have 

demonstrated that systemic or iontrophoretic 

administration of morphine excites DA cells 

in the VTA and the substantia 

nigra[37,38].U50,488H(κ agonist) inhibits DA 

cells[39] Microdialysis studies have 

demonstrated that intra cerebroventricular or 

VTA microinjection of µ agonists cause a 

significantly increase in extracellular NAcc 

DA[40-45] while κ agonist significantly 

decrease extracellular NAcc DA[41,42,44].This 

push-pull or reciprocal modulation of the 

mesolimbic DA system by µ and κ receptor 

may, in part , underlie the neurochemical 

mechanism of opiate reinforcement. 

Second messengers/effectors 

Activation of any of the three opioid receptor 

subtypes produces common cellular actions. 

Each receptor is coupled to pertussis toxin-

sensitive G proteins, although some coupling 

to the pertussis toxin-insensitive G protein Gz 

has also been recognized. The profile of 

coupling of the three opioid receptors to the 

spectrum of G proteins is similar[46].The most 

commonly reported actions include inhibition 

of adenylyl cyclase, activation of a potassium 

conductance, inhibition of calcium 

conductance, and an inhibition of transmitter 

release.The actions of opioids to include the 

activation of protein kinase C (PKC), the 

release of calcium from extracellular stores, 

and the activation of the mitogen-activated 

protein kinase (MAPK) cascade, plays an 

important role in receptor function.  

1. Inhibition of adenylyl cyclase 

Until recently, nothing was known of the 

physiological consequences of the acute 

inhibition of adenylyl cyclase by opioids. 

Two effects have now been identified one is 

mediated by the modulation of a voltage-

dependent current (Ih), which is also termed 

the pacemaker current[47,48] This cation 

nonselective current is activated at 

hyperpolarized potentials to cause an inward 

current that depolarizes the membrane 

potential toward threshold. The voltage 

dependence of this current is regulated by 

cAMP, being activated at less negative 
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potentials when cAMP levels are elevated. 

Opioids shift the voltage dependence to more 

negative potentials by decreasing intracellular 

cAMP. This inhibition was most easily 

observed after the activation of adenylyl 

cyclase with forskolin or PGE2[47] but has 

also been observed without prior 

activation[48]. The consequence of this action 

of opioids was to decrease the amplitude of 

the inward current that drives spontaneous 

activitys and thus decreases excitability. This 

action of opioids could have been predicted 

based on work done on the pacemaker current 

in sino atrial nodal cells of the heart[49] where 

the activation of M2 muscarinic receptors 

shifted the voltage dependence of Ih through 

an inhibition of adenylyl cyclase[50].  

2. Activation of potassium conductance 

Opioids activate at least three separate 

potassium conductances. The most commonly 

observed is the G protein-activated inwardly 

rectifying conductance. All three opioid 

receptors have been shown to activate this 

conductance. The second messenger pathway 

is membrane delimited, mediated by a 

pertussis toxin-sensitive G protein[52], and it is 

presumed that the potassium conductance is 

activated by the b/g-subunits[53]. Rapid 

application and washout of opioids allowed 

the determination of the kinetics of opioid 

action using acutely dissociated cells[54]. The 

activation of the potassium conductance had a 

latency to onset of 50–100 ms and a time 

constant of activation of;700 ms, which is 

similar to that observed for other receptors 

coupled to GIRK channels[54,55,56].The 

coupling of receptor to this potassium 

conductance was quite dependent on the 

experimental conditions. Opioids have been 

reported to activate the BK calcium sensitive 

potassium conductance[57]. This effect, 

coupled with recent reports of opioid-induced 

calcium release from internal stores[58-,62], 

indicates the diversity of opioid action, which 

has been recognized to occur with other G 

protein-coupled receptors. 

3. Inhibition of calcium conductance 

There are many examples of the inhibition of 

calcium currents by activation of all opioid 

receptor subtypes. The inhibition of high-

threshold calcium currents by opioids, in 

common with other receptors linked to 

pertussis toxin-sensitive G proteins, 1) is 

membrane delimited, 2) is mediated by the 

b/g-subunits of G proteins, 3) decreased the 

rate of current activation such that the 

inhibition was greater immediately after the 

voltage step, and 4) showed relief of 

inhibition following a depolarization to 

positive potentials[63].  

4. Inhibition of transmitter release 

The opioid inhibition of acetylcholine release 

in the guinea pig ileum and ATP release in the 

vas deferens has been used as 

pharmacological assays for many decades[64-
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66]. In various peripheral preparations from 

different species, the activation of all three 

receptor subtypes has been found to cause 

inhibition of transmitter release[67-69]. The 

activation of potassium conductance and/or 

the inhibition of calcium conductance and not 

the inhibition of adenylyl cyclase have been 

argued to account for this action.[70-72] 

5. Activation of protein kinase C 

A long-term, selective augmentation of N-

methyl-daspartate (NMDA) -mediated 

glutamate currents by activation of m-opioid 

receptors was observed in brain slices of 

trigeminal nucleus. This augmentation was 

mimicked by phorbol esters and blocked by 

the peptide inhibitor of protein kinase C 

(PKC). It was concluded that opioids 

activated PKC, which then increased the 

conductance activated by NMDA receptor 

agonists. This was the first and remains the 

strongest evidence that opioids augment 

postsynaptic glutamate currents by a 

mechanism involving the activation of PKC. 

There have, however, been more recent 

studies showing augmented NMDA receptor-

mediated excitatory postsynaptic currents 

(EPSCs) by m-opioid agonists in both the 

nucleus accumbens and hippocampus[73-76]. 

This augmentation was not observed in the 

locus coeruleus (LC)[77], suggesting that it 

may be dependent on the makeup of NMDA 

receptor subunits and/or the isoforms of PKC 

present on any given cell type. The activation 

of PKC by opioids appears to result from the 

activation of phospholipase C and/or 

phospholipase A2, which is thought to result 

from an interaction of b/g-subunits of 

pertussis toxin-sensitive G protein and may 

require coactivation with the a-subunits of 

pertussis toxin-insensitive G proteins[78-81].  

6. Release of calcium from internal stores 

Initial studies demonstrating a transient 

increase in intracellular calcium in NG108–15 

cells were unexpected[59]. Most of the rise in 

calcium found in both NG108–15 and ND8–

47 cells was blocked with dihydropyridine 

calcium channel blockers or removal of 

extracellular calcium, suggesting that calcium 

entry across the plasma membrane was the 

primary source[59,61].  

Stages involved in opioid withdrawal 

 Stage I: Six to fourteen hours after last 

dose: Drug craving, anxiety, irritability, 

perspiration, and mild to moderate 

dysphoria. 

 Stage II: Fourteen to eighteen hours after 

last dose: Yawning, heavy perspiration, 

mild depression lacrimation, crying, 

running nose, dysphoria, also 

intensification of the above symptoms. 

"yen sleep" (a waking trance-like state)  

 Stage III: Sixteen to twenty-four hours 

after last dose: Rhinorrhea (runny nose) 

and increase in other of the above, dilated 
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pupils, piloerection (gooseflesh), muscle 

twitches, hot flashes, cold flashes, aching 

bones and muscles, loss of appetite and 

the beginning of intestinal cramping. 

 Stage IV: Twenty-four to thirty-six hours 

after last dose: Increase in all of the above 

including severe cramping and 

involuntary leg movements ("kicking the 

habit"), loose stool, insomnia, elevation of 

blood pressure, moderate elevation in 

body temperature, increase in frequency 

of breathing and tidal 

volume, tachycardia (elevated pulse), 

restlessness, nausea 

 Stage V: Thirty-six to sevsenty-two hours 

after last dose: Increase in the above, fetal 

position, vomiting, free and frequent 

liquid diarrhea, which sometimes can 

accelerate the time of passage of food 

from mouth to out of system to an hour or 

less, involuntary ejaculation, which is 

often painful, saturation of bedding 

materials with bodily fluids, weight loss 

of two to five kilos per 24 hours, 

increased white cell count and other blood 

changes. 

 Stage VI: After completion of above: 

Recovery of appetite ("the chucks"), and 

normal bowel function, beginning of 

transition to post-acute and chronic 

symptoms that are mainly psychological 

but that may also include increased 

sensitivity to pain, hypertension,colitis or 

other gastrointestinal afflictions related to 

motility, and problems with weight 

control in either direction[82] 

Proinflammatory cytokines 

Proinflammatory cytokines include inducers 

of the immune and inflammatory response, 

with many molecules involved in both 

processes. Macrophages are capable of 

producing a plethora of cytokines, including 

TNF-α, IL-1, IL-6, IL-12, IL-15, IL-18, 

chemokines such as IL-8, MIP- 1α, MIP-

1β,MCP-1, interferons, etc. 

TNF superfamily of cytokines 

There are a number of TNF-related cytokines 

which have been molecularly defined in 

recent years. The first were TNF-α and TNF-

β, which both react with the TNF receptors 

(p55 type I and p75 type II). When these 

receptors were cloned it became apparent that 

they were related in structure and sequence to 

nerve growth factor receptor: apart from the 

latter the TNF/TNFR superfamily are 

primarily involved in the immune and 

inflammatory mechanisms[83]. The 

TNF/TNFR superfamily molecules are 

involved in a variety of processes, many of 

which involve cell activation, growth, and 

regulation of apoptosis. Many of the TNFR 

family members can induce apoptosis (e.g. 

Fas, TNFR, death receptor 3). The former 

include the protein interaction domain termed 

the `death domain', but other TNFR family 

members lacking it, e.g. TNFR p75 (type II) 

and CD30, can also cause apoptic cell death. 
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Members of the TNF family, e.g. TNF-α, LT-

α, CD40L, CD27L, 4-1BBL, induce cell 

activation and growth in the short term. There 

is a marked overlap in function of many of the 

proteins in the TNF/ TNFR family, which is 

explained in large part by sharing of receptors 

and intracellular signaling pathways. There 

has been considerable progress in the analysis 

of TNFR family signaling. There are shared 

structural aspects of the TNF/TNFR family, 

which has helped recognize functionally 

uncharacterized `orphan' members. TNF 

family members are all type II transmembrane 

proteins (with the C-terminal on the outside of 

the cell), with a transmembrane region and a 

cytoplasmic region, which for TNF-α is very 

long. LT-α is an exception, it is a secreted 

protein with a typical leader sequence. While 

most of the remainder are active principally 

on the cell surface e.g. Fas, CD40, these 

proteins are shed by enzymes which belong to 

the ADAMS family (a disintegrin and 

metalloproteinase). The TNFα-converting 

enzyme (TACE), is now termed ADAMS 17. 

TNF-α is active in both surface and shed 

forms, the latter diffusing more widely. Cell 

surface TNF-αpreferentially acts on p75 

TNFR. The bioactive form of all the TNF 

family is believed to be the trimer. 

IL-1R 

There are two IL-1 receptors: type I and type 

II. They are related members of the 

immunoglobulin super- family. Type I IL-1R 

is the signaling receptor and is widely 

expressed. Type II IL-1R is a related 

molecule but only has a short cytoplasmic 

domain (20 amino acids) and has not so far 

been shown to signal. It is expressed on 

myeloid cells and may act as a decoy 

receptor. It is shed upon cell activation and 

may function as an inhibitor. 

IL-6 

IL-6 has some undeniably proinflammatory 

features, for example it induces fever. 

However, it also has some anti-inflammatory 

features, such as the capacity to partly 

downregulate TNF_ production. IL-6 also has 

major effects on the immune system, 

activating B cells to Simmunoglobulin, and T 

cells to upregulate receptors for IL-2.[84] 

Cytokine inducers of immunity 

Macrophages, in common with other antigen- 

presenting cells (APCs), produce a range of 

cytokines which have potent effects on the 

immune system.Major proinflammatory 

cytokines such as IL-1,TNFα, and IL-6 also 

are proimmune, upregulate IL-2 receptors and 

activate B cells. There is also another series of 

molecules produced chiefly by macrophages 

and other APCs which are important in the 

activation of the immune response, such as 

IL-15, IL-12, and IL-18.  

IL-15 

IL-15 is one of the major early activators of T 

cells and NK cells. This is because 

functionally IL-15 has a very similar 

spectrum of activity to IL-2, now under- stood 

because as the signal transduction /chains of 
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the IL-2R (the _ and  chains) are also used by 

IL-15. However, as the IL-15 αchain (unlike 

the IL-2_ chain) is constitutively expressed, 

this permits IL-15 to be involved in the early 

activation of T and NK cells, prior to the 

CD25 component of the high- affinity 

upregulation of the IL-2 receptor. In view of 

its powerful effects on the immune system, 

IL-15 is produced in small amounts, and the 

presence of 10 potential AUG transcriptional 

start sites in the IL-15 promoter is probably of 

major importance in limiting the rate of 

protein production. Once produced, the 

properties of IL-15 would be similar to those 

of IL-2, namely growth and activation of T 

lymphocytes, B  lymphocytes, macro- phage 

activation, NK activation, etc.[85] 

IL-12 

IL-12 is structurally unusual, as it is a 

heterodimeric cytokine. The p40 chain is 

produced relatively abundantly, but only 

when coupled to the p35 chain, which is very 

sparingly produced, is the bioactive form 

(p70) generated. IL-12 acts on T cells and NK 

cells to activate them. On T cells it activates 

naõÈve CD4. `TH0' cells towards the CD4. 

`TH1' cells which have a proinflammatory 

phenotype. These are T cells which produce 

IL-2 and IFN but not IL-4 and help 

downregulate the CD4. TH2 `allergic' 

phenotype (cells which produce IL-4 and IL-

5). IL-12 is a very potent inducer of IFN, but 

its capacity to generate TH1 cells is not solely 

dependent in this property. IL-12 has strong 

adjuvant activity and is produced by APC ± 

most abundantly by dendritic cells, 

macrophages, and B lymphocytes.[86] 

IL-18 

IL-18 was first described as `interferon –

inducing factor', but is now known to act as a 

cofactor with IL- 12 in the generation of TH1 

type cells which produced IFN. Structurally, 

it has been found to be conformationally 

related to IL-1, and its receptor uses a similar 

signal transduction pathway. TH1 cells have 

receptors for IL-18, but not for IL-1, and the 

TH2 cells have receptors for IL-1 but not for 

IL-18. The strong proinflammatory effects of 

IL-12 are much diminished in the absence of 

IL-18. 

 

Structure, Synthesis and Receptors of 

TNF-α:-Human TNF-α α is translated as a 

26-kDa protein that lacks a classic signal 

peptide. Newly synthesized pro TNF-α α is 

expressed on the plasma membrane, and is 

then cleaved in the extracellular domain 

through the action of matrix 

metalloproteinases to release a mature soluble 

17-kDa protein. In both its cell-associated and 

secreted forms, trimerization is required for 

biological activity. Both the cell-associated 

26-kDa and secreted 17-kDa forms are 

biologically active, and the cell associated 

form is often thought to be responsible for 

juxtacrine signalling secondary to cell-to-cell 

contact.The specific functions of cell-

associated and secreted TNF-α α remain 
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controversial, although it is clear that the two 

forms of TNF-α have both overlapping and 

distinct biological activities. For 

example,Kollias et al. used a novel transgenic 

mouse that expresses only cell-associated 

TNF-α to demonstrate that these animals can 

develop chronic inflammatory diseases such 

as rheumatoid arthritis[87]. In fact, the 

development and progression of RA in rodent 

models seems to be dependent on both the 

cell-associated and secreted forms of TNF-

α[88]. By contrast, mice expressing only a cell-

associated form of TNF-α α seem to be 

resistant to endotoxin-induced lethality, 

indicating that the shock-producing properties 

of TNF-α are due primarily to the production 

of the soluble 17-kDa form[89]. The primary 

enzyme responsible for processing cell 

associated TNF-α to a secreted form is TNF-

α-converting enzyme or (TACE, also known 

as ADAM-17)[90].TACE is an adamalysin, a 

member of a class of membrane associated 

enzymes that contain both disintegrin and 

matrix metalloproteinase domains. These 

enzymes are crucial for the processing of 

several membrane-associated proteins 

including TNF-α, Fas ligand, the TNF 

receptors and the epidermal growth factor 

receptor.TACE seems to have a number of 

crucial biological functions in addition to its 

processing of cell-associated TNF-α.Mice 

deficient in TACE are developmentally 

lethal[91], whereas mice deficient in TNF-α or 

its two receptors survive gestation. 

Signal transduction and effector 

mechanisms 

The biological responses to TNF-α are 

mediated through two structurally distinct 

receptors: type 1 (TNFR1, also known as p60, 

p55, CD120a) and type II (TNFR2, also 

known as p80, p75, CD120b). Both receptors 

are transmembrane glycoproteins with 

multiple cysteinerich repeats in the 

extracellular N-terminal domains. Although 

their extracellular domains share structural 

and functional homology, their intracellular 

domains are distinct, and transduce their 

signals through both overlapping and distinct 

pathways. The primary characteristic that 

distinguishes the intracellular domains of 

TNFR1 and TNFR2 is the presence of a death 

domain in TNFR1, which is not present in 

TNFR2. The death domain is a sequence of 

approximately 70 amino acids that is pivotal 

to the ability of TNF-α to trigger cellular 

apoptosis. In common with the death domain 

of Fas ligand, this intracellular domain 

provides a docking site for a number of 

accessory proteins, including Fas-associated 

death-domain-containing protein (FADD), 

TNFR1- associated death domain-containing 

protein (TRADD), and TNFR-associated 

factor-2 (TRAF-2). TRADD and TRAF2 

provide the branching points for the 

proapoptotic and inflammatory signalling 

pathways that are characteristic of 

TNFR1.Under physiological conditions, 

signalling through TNFR1 seems to be 
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primarily responsible for the proinflammatory 

and shock-producing properties of TNF-α. 

Mice deficient in TNFR1 are resistant to 

endotoxin- induced lethality, whereas mice 

deficient in TNFR2 remain sensitive[89,92]. By 

contrast, other biological responses to TNF-α 

seem to be dependent on signalling through 

both receptors. Hepatic injury to a T-cell 

mitogen is reduced in mice deficient in either 

receptor[88], and the development of RA 

secondary to overexpression of cell-

associated TNF-α is diminished by the 

absence of TNFR1 or TNFR2[87]. All 

nucleated cells express TNF receptors, 

although their distribution varies with cell 

type. TNFR1 is expressed constitutively on 

most cell types, whereas expression of 

TNFR2 can be induced. In addition, TNFR2 

is restricted to certain cell types and can 

discriminate TNF-α from different species. 

The receptors also differ significantly in their 

binding affinities for homotrimeric TNF-

α.Although both receptors can be considered 

high-affinity, the on–off kinetics of the two 

differ dramatically. Binding of homotrimeric 

TNF-α to TNFR1 is thought to be essentially 

irreversible, whereas binding to TNFR2 is 

associated with both rapid on and off 

kinetics[93]. This has fuelled speculation that 

TNFR2 might function as a ‘ligand passer’ in 

some cells[94], transferring TNF-α to 

TNFR1.However, TNF-α signalling through 

TNFR2 seems to have a dual role in T cells. 

In the absence of TNFR1 signalling,TNF-α 

promotes the proliferation of naive T-cells 

through the actions of TNFR2[95]. Moreover, 

despite the absence of a death domain, 

TNFR2 initiates apoptosis in activated CD8+ 

T cells independent of TNFR1 

signalling[96,97]. These data indicate that 

TNFR2 is likely to function as more than just 

a ligand passer in T cells, and that these 

functions might vary depending on the cell 

type and the presence of key intracellular 

signalling molecules. Both TNF receptors can 

be cleaved from the cell surface by members 

of the matrix metalloproteinase family in 

response to inflammatory signals, such as 

TNF-α receptor binding. The shed 

extracellular domains of the receptors retain 

their ability to bind TNF-α and therefore 

probably function as either endogenous 

inhibitors or facilitators of the biological 

activity of TNF-α[98], depending on their 

concentrations and the concentrations of the 

ligand. Both receptors are excreted in the 

urine immunologically intact. In fact, the 

original TNF-α-binding proteins were 

fragments of these receptors[99-101]. 

Toll loke receptors: 

TLRs, a family of evolutionarily conserved 

pathogen recognition receptors, play a pivotal 

role in innate immunity. TLR family consists 

of 13 mammalian members. The cytoplasmic 

portions of TLRs show high similarity to that 

of the interleukin-1 receptor (IL-1R) family 

and are now called the Toll/IL-1 receptor 

(TIR) domain. A TIR domain is required to 
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initiate intracellular signaling. The 

extracellular regions of TLRs and IL-1R are 

markedly different. Whereas IL-1R possesses 

an Ig-like domain, TLRs contain leucine-rich 

repeats in their extracellular domains. TLRs 

are pattern recognition receptors that sense a 

wide range of microorganisms, such as 

bacteria, fungi, protozoa, and viruses. Each 

TLR has its own intrinsic signaling pathway 

and induces specific biological responses 

against microorganisms such as dendritic cell 

maturation, cytokine production, and the 

development of adaptive immunity[102]. 

Types of toll like receptor 

TLR1, TLR2 and TLR6 

TLR2 recognizes a variety of microbial 

components. These include 

lipoproteins/lipopeptides from various 

pathogens, peptidoglycan and lipoteichoic 

acid from Gram-positive bacteria, 

lipoarabinomannan from mycobacteria, 

glycosylphosphatidylinositol anchors from 

Trypanosoma cruzi, a phenol-soluble modulin 

from Staphylococcus epidermis, zymosan 

from fungi and glycolipids from Treponema 

maltophilum[103]. There are two aspects 

proposed for mechanisms that could explain 

why TLR2 recognizes a wide spectrum of 

microbial components. The first explanation 

is that TLR2 forms heterophilic dimers with 

other TLRs such as TLR1 and TLR6, both of 

which are structurally related to TLR2. 

Macrophages from TLR6-deficient mice did 

not show any production of inflammatory 

cytokines in response to mycoplasma-derived 

diacyl lipopeptides. However, these cells 

showed normal production of inflammatory 

cytokines in response to triacyl lipopeptides 

derived from Gram-negative bacteria[104]. In 

contrast, macrophages from TLR1-deficient 

mice showed a normal response to 

mycoplasma-derived diacyl lipopeptides, but 

an impaired response to triacyl 

lipopeptides[105]. Thus, TLR1 and TLR6 

functionally associate with TLR2 and 

discriminate between diacyl or triacyl 

lipopeptides. Moreover, the involvement of 

TLR1 in the recognition of the outer surface 

lipoprotein of Borrelia burgdorferi has also 

been shown[106]. The second explanation 

involves recognition of fungal-derived 

components by TLR2[107]. In this model, 

TLR2 has been shown to functionally 

collaborate with distinct types of receptors 

such as dectin-1, a lectin family receptor for 

the fungal cell wall component b-glucan. 

Thus, TLR2 recognizes a wide range of 

microbial products through functional 

cooperation with several proteins that are 

either structurally related or unrelated. 

TLR3 

Expression of human TLR3 in the double-

stranded RNA (dsRNA)-non-responsive cell 

line 293 confers enhanced activation of NF-

κB in response to dsRNA. In addition, TLR3- 

deficient mice are impaired in their response 
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to dsRNA[108]. dsRNA is produced by most 

viruses during their replication and induces 

the synthesis of type I interferons (IFN-a/b), 

which exert anti-viral and immunostimulatory 

activities. Thus, TLR3 is implicated in the 

recognition of dsRNA and viruses. However, 

TLR3-independsent mechanisms of dsRNA 

recognition exist. 

TLR4  

TLR4 is an essential receptor for LPS 

recognition[109,110]. In addition, TLR4 is 

implicated in the recognition of taxol, a 

diterpene purified from the bark of the 

western yew (Taxus brevifolia)[111,112]. TLR4 

involved in the recognition of endogenous 

ligands, such as heat shock proteins (HSP60 

and HSP70), the extra domain A of 

fibronectins, oligosaccharides of hyaluronic 

acid, heparan sulfate and fibrinogen. 

However, all of these endogenous ligands 

require very high concentrations to activate 

TLR4. In addition, it has been shown that 

contamination of LPS in the HSP70 

preparation confers ability to activate 

TLR4[113]. LPS is a very potent immuno-

activator, and accordingly, TLR4 can be 

activated by a very small amount of LPS, 

contaminating these endogenous ligand 

preparations.  

TLR5 

Expression of human TLR5 in CHO cells 

confers response to flagellin, a monomeric 

constituent of bacterial flagella[114]. TLR5 has 

further been shown to recognize an 

evolutionarily conserved domain of flagellin 

through close physical interaction between 

TLR5 and flagellin[115]. TLR5 is expressed on 

the basolateral, but not the apical side of 

intestinal epithelial cells[116]. TLR5 expression 

is also observed in the intestinal endothelial 

cells of the subepithelial compartment[117]. In 

addition, flagellin activates lung epithelial 

cells to induce inflammatory cytokine 

production. These findings indicate the 

important role of TLR5 in microbial 

recognition at the mucosal surface. A 

common stop codon polymorphism in the 

ligand-binding domain of TLR5 has been 

shown to be associated with susceptibility to 

pneumonia caused by the flagellated 

bacterium Legionella pneumophila[118]. 

TLR7 and TLR8 

TLR7 and TLR8 are structurally highly 

conserved proteins, and recognize the same 

ligand in some cases. Analysis of TLR7- 

deficient mice revealed that murine TLR7 

recognizes synthetic compounds, 

imidazoquinolines, which are clinically used 

for  treatment of genital warts associated with 

viral infection[119]. Human TLR7 and TLR8, 

but not murine TLR8, recognizes 

imidazoquinoline compounds[120]. Murine 

TLR7 has also been shown to recognize 

another synthetic compound, loxoribine, 

which has anti-viral and anti-tumor 
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activities[121,122]. Therefore, TLR7 and human 

TLR8 were predicted to recognize a nucleic 

acid-like structure of the virus. This 

prediction has recently been shown to be true 

from the finding that TLR7 and human TLR8 

recognize guanosineor uridine-rich single-

stranded RNA (ssRNA) from viruses such as 

human immunodeficiency virus, vesicular 

stomatitis virus and influenza virus[123-125]. 

ssRNA is abundant in the host, but usually the 

host-derived ssRNA is not detected by TLR7 

or TLR8. This might be due to the fact that 

TLR7 and TLR8 are expressed in the 

endosome, and host-derived ssRNA is not 

delivered to the endosome. 

TLR9 

Analysis of TLR9-deficient mice revealed 

that TLR9 is a receptor for CpG DNA[126]. 

There are at least two types of CpG DNA, 

termed A/D-type CpG DNA and B/K-type 

CpG DNA. B/K-type CpG DNA is 

conventional, which was identified first, and 

is a potent inducer of inflammatory cytokines 

such as IL-12 and TNF-α. A/D-type. CpG 

DNA is structurally different from 

conventional CpG DNA and has a greater 

ability to induce IFN-α production from 

plasmacytoid dendritic cells (PDC), but less 

ability to induce IL-12[127,128]. TLR9 has been 

shown to be essential for the recognition of 

both types of CpG DNA[129]. TLR9 

recognition of A/Dtype CpG DNA leads to 

induction of an anti-viral cytokine IFN-α in 

PDC indicates that TLR9 is involved in viral 

recognition. Indeed, in addition to bacterial 

CpG DNA. TLR9 appears to be involved in 

the pathogenesis of several autoimmune 

diseases through recognition of the chromatin 

structure. Chloroquine is clinically used for 

treatment of rheumatoid arthritis and SLE, but 

its mechanisms are unknown. Since 

chloroquine also blocks TLR9- dependent 

signaling through inhibition of the pH-

dependent maturation of endosomes by acting 

as a basic substance to neutralize acidification 

in the vesicle[130], it may act as an anti-

inflammatory agent by inhibiting TLR9-

dependent immune responses. 

TLR11 

TLR11 expressed in bladder epithelial cells 

and mediate resistance to infection by 

uropathogenic bacteria in mouse. TLR11- 

deficient mice are highly susceptible to 

uropathogenic bacterial infection. TLR11 

mediates antiuropathogenic bacterial 

response[131]. 

 

Toll like receptor and proinflammatory 

cytokines: TLRs are group of pattern 

recognition receptors found on astrocytes and 

mainly micoglial that can be activated by 

exogenous (pathogenic proteins) and 

endogenous (IL-1β, TNF-α) molecules; when 

activated , they produce an immune response 

resulting in the release of of cytokines. TLR 

activation has been positively linked to the 
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development of opioid tolerance and other 

side effects, decreased opioid efficacy and the 

development and maintenance of neuropathic 

pain[155]. 

 

Glial cells 

Glial cells, also called neuroglia or simply 

glia are non-neuronal cells that maintain 

homeostasis, form myelin and provide 

support and protection for neurons in the 

brain. Glial cells comprise 90% of the human 

brain.[132]  

Types of glial cells 

Glia are divided into two subtypes, the 

microglia which function largely as 

scavengers to engulf apoptotic cell debris and 

the macroglia comprised of oligodendrocytes 

that myelinate axons, and astrocytes.[133] 

 Microglia:- Microglia are 

specialized macrophages capable 

of phagocytosis that protect neurons of 

the central nervous system [134] They 

are derived from hematopoietic 

precursors rather 

than ectodermal tissue; they are 

commonly categorized as such 

because of their supportive role to 

neurons. These cells comprise 

approximately 15% of the total cells 

of the central nervous system.They are 

found in all regions of the brain and 

spinal cord. Microglial cells are small 

relative to macroglial cells, with 

changing shapes and oblong nuclei. 

They are mobile within the brain and 

multiply when the brain is damaged. 

In the healthy central nervous system, 

microglia processes constantly sample 

all aspects of their environment 

(neurons, macroglia and blood 

vessels). 

 Macroglia 

Role of astrocytes in opioid withdrawal 

Astrocytes are the most abundant glial cell 

type in the central nervous system[135]. Like 

other glial cell types, astrocytes were once 

thought to play only a secondary, non-

regulatory and permissive role in nervous 

function. The cell membranes of astrocytes 

bear receptors for most neurotransmitters and 

peptides: glutamate, dopamine, 

norepinephrine, serotonin, 

gammaaminobutyric acid, acetylcholine and 

opioid peptides[136]. They also bear in their 

plasma membranes neurotransmitter[137-139] 

and glucose[140] transporters, and aquaporin-4 

channels for water transport[141,142]. 

Administration of cocaine, amphetamines and 

most psychostimulants induces activation of 

astrocytes[143-145]. This activation is defined by 

an increase in the expression of glial fibrillary 

acidic protein (GFAP),a main component of 

the cytoskeleton of astrocytes. GFAP is 

known to be upregulated in response to brain 

injury and neurotoxicity[146,147], although 

changes in GFAP expression are not limited 

to overt brain injury and many other plastic 

changes in the neuropil also result in 
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increased GFAP expression[148-150]. For 

instance, treatment with ethamphetamine 

(METH, “speed”) results in loss of 

dopaminergic terminals without detectable 

loss of neurons[151], but induces astrogliosis 

with increased GFAP in the striatum, 

hippocampus and frontal cortex[152]. 

Chronic treatment with morphine also results 

in increased GFAP expression or enlarged 

astrocytes in VTA, NAcc, frontal cortex, 

locus coeruleus and nucleus of the solitary 

tract of the rat[153-157]. The morphine-induced 

increases in GFAP expression and the 

astroglial activation are probably mediated by 

α2-adrenoceptors since the antagonist 

yohimbine inhibits upregulation of α2-

adrenoceptors and prevents the increase in 

GFAP expression caused by chronic 

morphine treatment[156,157]. The 

responsiveness of astrocytes of morphine 

administration[158,159] that astrocytes might 

contribute to morphine tolerance, and more 

recent evidence supports that hypothesis[160]. 

For instance, inactivation of astrocytes by the 

gliotoxin fluorocitrate attenuates both 

tolerance to morphine analgesia and 

morphine-induced increase in GFAP 

immunostaining[155]. Tolerance to morphine 

has been also related to downregulation of 

glial glutamate transporters GLT-1 and 

GLAST in the spinal cord[161] suggesting a 

link between structural and functional features 

of astrocytes involved in tolerance to 

morphine.  

The neurotrophic activity of astrocytes may 

also be relevant to the effects of cocaine in 

VTA. Glial-derived neurotrophic factor 

(GDNF) is present in neurons astrocytes and 

microglial cells, although it seems to be 

mainly produced by astrocytes[162,163]. GDNF 

supports the survival and differentiation of 

dopaminergic cells and protects those cells 

against METH-induced neurotoxicity as 

shown in wild-type mice[164] and in 

heterozygous mice with a partial deletion of 

the GDNF gene[165]. Glial-derived 

neurotrophic factor, when infused into the 

VTA reduces the increase in the formation of 

key proteins induced by cocaine exposure[166]. 

Furthermore mice lacking expression of 

GDNF display increase behavioral 

sensitization to cocaine[167] and treatment of 

mice with the dipeptide Leu-Ileu an inducer 

of GDNF (and TNF-alpha, also produced by 

astrocytes) expression blocked the acquisition 

of METH-induced place preference and 

sensitization[168,169].  

Tumor necrosis factor alpha, produced by 

astrocytes and microglial cells, has been 

shown recently to prevent METH 

neurotoxicity and dependence in mice 

possibly through the enhancement of 

dopamine uptake in the striatum and the 

prevention of METH-induced increases in 

extracellular dopamine[170]. 
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TLR signalling mediators glial cells 

activation in the CNS 

Innate immunity in the cns depends primarily 

on the function of glial cells , especially in 

microglia which are important for the 

activation of adaptive system[171].  

 TLR in microglia: TLR mediated 

signalling promotes the production of 

a variety of inflammatory 

mediators[172,173]. Exogenous and 

Endogenous TLR ligands activate 

microglial cells. TLR may mediate 

different pathway in microglial 

leading to either neuroprotective or 

neurotoxic phenotype[174]. However , 

activated microglia with TLR ligands 

also produce neurotoxic molecules 

such as nitric oxide (NO), reactive 

oxygen species (ROS), peroxynitriate, 

proinflammatory cytokines ( TNF-α, 

IL-1β) which leads to withdrawal 

syndrome[175]. 

TLR appear to activate very similar 

signaling pathways to IL-1 and some 

researchers now refer to this pathway 

as the TLR-IL signaling pathway[176]. 

That is, TLRs work through activation 

of an adaptor protein known as 

myeloid differentiation factor 88 

(MyD88).This factor leads to 

activation of the IL-1 receptor- 

associated kinases (IRAKs) and TNF 

receptor – associated factor-6 

(TRAF6), which finally culminates in 

activation of NF-Κb[177]. Other TLR- 

associated pathways include the JNK 

and interferon (IFN) pathways. Both 

TLR2 and TLR4 are important in 

recognizing endogenous pain-

mediating signals.  These studies have 

shown a highly interconnected web of 

pathway involving TLRs and other 

well–defined proinflammatory 

pathways which are associated with 

glial activation and opioid side 

effects[178,179]. 

Relation between glial cells and 

proinflammatory cytokines  Glial cells of 

the CNS such as astrocytes, oligodendrocytes 

and microglia can respond to and also 

produce many of the proinflammatory 

cytokines initially attributed to lymphocytes 

and macrophages. These cytokines include 

IL-1, IL-2, IL-3, IL-4, IL-6, IL-8, IL-10, IFN-

α, IFN-β, IFN-γ, TNF-α, TNF-β, TGF-β and 

colony sti ulating factor (CSFs)[180].Opioid 

withdrawal induces glial activation and 

proinflammatory cytokines (TNF-α) 

expression in different sites of the brain. 

Approaches to anti- tnf-α therapy 

Ibudilast (AV411) 

AV411 (Avigen, Inc., Alameda, CA) is a 

blood-brain permeable, nonspecific 

phosphodiesterase inhibitor that acts centrally 

by way of attenuation of glial cell activation 

and reduction of proinflammatory activating 

factors, such as cytokines (TNF-α, IL-1β), 
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nitric oxide, and chemokines such as 

monocyte chemo-attractant protein-1 and 

fractalkines; it increases production of anti-

inflammatory IL-10[180,181]. It was initially 

used to treat bronchial asthma and poststroke 

dizziness, which has been attributed to its 

ability to reduce inflammation and cause 

vasodilatation[182]. In a recent study, AV411 

was shown to reduce mechanical allodynia 

caused by neuropathic pain as well as noxious 

neuropathy induced by chemotherapeutic 

agents (paclitaxel and vincristine); it was also 

shown to reduce morphine tolerance. When 

administered systemically, AV411 was shown 

to be distributed to the spinal cord and to 

attenuate morphineinduced glial cell 

activation in certain brain regions. AV411 has 

also been shown to inhibit peripheral 

inflammatory cells[183,184], which has been 

suggested as a possible cause of reduced pain 

perception peripherally. Other recent 

published data demonstrate that AV411 

reduced spontaneous opioid withdrawal, 

protected naloxone-induced morphine 

withdrawal when given during the period of 

development of morphinedependence, and 

simultaneously enhanced analgesic effects 

(three to five times increases in acute 

potency), even in situations in which opioid 

dependence had already been established[185]. 

These effects were seen with both morphine 

and oxycodone, with no changes in plasma 

morphine levels. Another study shows that 

AV411 decreases a morphine-induced 

increase of dopamine in the nucleus 

accumbens, a nucleus known to Sbe 

associated with morphine-induced drug 

reward as well as withdrawal[186,187], thus 

further illustrating the beneficial role of 

AV411 in regulation of drug reward and 

dependence. 

Thalidomide.  

Thalomide has been approved by the US FDA 

to treat moderate to severe leprosy, and 

clinical trials are ongoing in cancer (multiple 

myeloma)[188-193]. Thalidomide has multiple 

effects that could account for its activity in 

myeloma. These include direct inhibition of 

tumour growth by altering the synthesis of 

cytokines that are involved in the growth and 

survival of myeloma cells, including TNF-α, 

IL-1β, IL-6 and IL-10. Thalidomide also 

seems to inhibit the production of two major 

growth factors involved in angiogenesis: 

vascular endothelial growth factor (VEGF) 

and basic fibroblast growth factor (bFGF). 

Further understanding the mechanisms of 

action for this molecule is crucial because of 

the known drug-induced congenital 

malformations it can cause in humans. 

However, thalidomide has been a successful 

development drug to treat multiple myeloma. 

It is important to note that the history of 

thalidomide illustrates the limits of the current 

pharmacological models that are available to 

evaluate potential teratogenicity[194]. 

Thalidomide is metabolized differently by 

various species and, in fact, by diverse strains 
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within species. Thalidomide does not induce 

malformations in pregnant rodents typically 

used to test for teratogenicity. Moreover, 

rabbits exhibit different malformations from 

those observed in humans. Primates such as 

the marmoset seem to have similar 

susceptibility to humans[195-197]. 

Two pilot studies have been conducted with 

thalidomide in patients with active 

inflammatory Crohn’s disease. One study 

evaluated thalidomide in low dosage (50–100 

mg per day) for 12 days and led to a 67% 

patient response and 0–33% disease 

remission. A second pilot study used 

thalidomide at 200–300 mg per day for 12 

days in patients with active inflammatory and 

fistulizing Crohn’s disease. Results showed 

that 80% of the patients with FISTULIZING 

DISEASE had fistula closure and 50% of 

patients with active inflammatory disease had 

a clinical response. New distant relatives of 

thalidomide or selective cytokine inhibitory 

drugs (SelCIDs) are under development for 

the treatment of cancer[198-202]. SelCIDs have 

been shown to inhibit phosphodiesterase type 

4 enzyme (PDE4), which indirectly decreases 

TNF-α production. TNF-α synthesis can be 

blocked by antidepressant and has been 

shown to be selective for PDE4. Rolipram 

and other PDE4 inhibitors that cross the 

blood–brain barrier cause nausea, and clinical 

trials have been discontinued. In addition, a 

clinical trial with CellTech’s CDP-840 

demonstrated dose-limiting side effects. 

However, CDP-840 did not induce nausea. 

Second-generation, orally active PDE4 

inhibitors with decreased side effects have 

resulted in the generation of SB207499 

(Ariflo) by SmithKline Beecham. 

RDP58 (Rationally Designed Peptide) 

RDP58 is a small molecule (SangStat 

Medical) that inhibits TNF-α synthesis by 

preventing the translation of the TNF-α 

mRNA. In addition to TNF-α, RDP58 inhibits 

the expression of IFN-γ and IL-12 and 

upregulates haeme oxygenase in vivo. RDP58 

consists of nine D-amino acids and glycine. 

The use of D-amino acids can make 

molecules resistant to degradation by human 

proteases. RDP58 is not systemically 

available, indicating that it is locally active 

after oral administration. 

CONCLUSION 

Opioid addiction , a significant and social 

problem is complicated by the phenomena of 

tolerance and dependence. There are various 

receptors which are involved in opioid 

withdrawal like glutamate receptor, κ-opioid , 

tol like receptor (TLR). TLR play important 

role in withdrawal syndrome as it activates 

the glial cells and release the proinflammatory 

cytokines like IL-1, IL-6 and TNF-α. The 

signalling pathways that inhibit cytokine 

synthesis are complex and there are many 

approaches. Hence suppression of 

proinlammatory cytokines (TNF-α) through 

TLR can significantly reduce opioid 

withdrawal syndrome.  



International Journal of Pharmamedix India 
Volume-I, Issue-III 

 

 

Available online on www.pharmamedix.in/Current-Issues.php Page 494 
 

REFERENCES 

1. American Psychiatric Association. 

Diagnostic and Statistical Manual of 

Mental Disorders, 4th ed. American 

Psychiatric Press, Washington, DC. 1994. 

2.  Koob G.F, Nestler E.J; “The 

neurobiology of drug addiction”. J. 

Neuropsychiatry Clin.  Neurosci 1997, 

(9): 482–497.  

3. Gass J.T, Olive M.F; “Glutamatergic 

substrates of drug addiction and 

alcoholism”.Biochem   Pharmacol 2008, 

(75): 218–265. 

4. Beutler B and Cerami A; “The biology of 

cachectin TNF-α a primary mediator of 

the host   Response”. Annu. Rev. 

Immunol 1989, (7): 625-655. 

5. Kishimoto T, Akira S, and Taga T; 

“Interleukin-6 and its receptor: a 

paradigm for cytokines”. Science 1992, 

(258): 22-26. 

6. Smith C. A, Farrah T, and Goodwin R. G 

; “The TNF receptor superfamily of 

cellular and viral proteins: activation, 

costimulation, and death”. Cell 1994, 

(76): 959-962. 

7. Goeddel D. V et al;  “The structure of 

eight distinct cloned human leukocyte 

interferon  cDNAs”. Nature 1981, (290): 

20-26. 

8. Gray, P. W et al; “ Expression of human 

immune interferon cDNA in E. coli and 

monkey Cells”. Nature 1982, (295): 503-

508. 

9. Smith K. A; “ Interleukin-2: inc eption, 

impact and implications”. Science (240): 

1169-1176. 

10. Kriegler M, Perez C, DeFay K, Albert I. 

and Lu S. D; “ A novel form of 

TNF/cachectin is a cell surface cytotoxic 

transmembrane protein: ramifications for 

the complex physiology of          TNF”. 

Cell 1988, (53): 45–53. 

11. Josephs M. D. et al; “Lipopolysaccharide 

and D-galactosamine-induced hepatic 

injury is  mediated by TNF-α and not by 

Fas ligand”. Am. J. Physiol. Regul. 

Integr. Comp. Physiol.  2000, 

(278):1196–1201s. 

12. Evans, T. J. et al. Protective effect of 55- 

but not 75-kD soluble tumor necrosis 

factor  receptor–immunoglobulin G 

fusion proteins in an animal model of 

gram-negative sepsis. J.  Exp. Med. 

(180): 2173–2179 (1994). 

13. Kielian T; “Toll-like receptors in central 

nervous system glial inflammation an 

homeostasis”. J Neurosci Res 2006, 

(83):711–730. 

14. Kim D, Kim M.A, Cho I.H et al; “A 

critical role of toll-like receptor 2 in 

nerve injury- induced spinal cord glial 

cell activation and pain hypersensitivity”. 

J Biol Chem 2007,  (282):14975–14983.  

15. Keith J. Todd 1, Alexandre Serrano et al; 

“Glial cells in synaptic plasticity”. 

Journal of   Physiology - Paris 2006, 

(99): 75–83. 



International Journal of Pharmamedix India 
Volume-I, Issue-III 

 

 

Available online on www.pharmamedix.in/Current-Issues.php Page 495 
 

16. Cui Y, Liao X.X, Liu W, et al; “A novel 

role of minocycline: attenuating 

morphine   antinociceptive tolerance by 

inhibition of p38 MAPK in the activated 

spinal microglia”. sBrain Behav. Immun 

2008, (22): 114–123. 

17. Hutchinson M.R, Lewis S.S, et al; 

“Reduction of opioid withdrawal and 

potentiation of    acute opioid analgesia 

by systemic AV411 (ibudilast)”. Brain 

Behav. Immun 2009, (23):240–250. 

18. Song P, Zhao Z.Q, 2001; “The 

involvement of glial cells in the 

development of morphine  tolerance” . 

Neurosci. Res. (39): 281–286. 

19. Hutchinson M.R, Coats B.D, et al. 

“Proinflammatory cytokines oppose 

opioid-induced acute and chronic 

analgesia” . Brain Behav. Immun 2008a, 

(22): 1178–1189. 

20. Hutchinson M.R, Northcutt, A.L, et 

al.“Minocycline suppresses morphine-

induced   respiratory depression, 

suppresses morphine-induced reward, 

and enhances systemic  morphineinduced 

analgesia” . Brain Behav. Immun 2008b, 

(22): 1248–1256. 

21. Hutchinson M.R, Zhang, Y, et al. 

“Nonstereoselective reversal of 

neuropathic pain by naloxone and 

naltrexone: involvement of toll-like 

receptor 4 (TLR4)”. Eur. J. Neurosci 

2008c, (28): 20–29. 

22. Johnston I.N, Milligan E.D, et al. “A role 

for proinflammatory cytokines and 

fractalkine in analgesia, tolerance, and 

subsequent pain facilitation induced by 

chronic intrathecal morphine”. J. 

Neurosci 2004, (24): 7353–7365. 

23. Raghavendra V, Rutkowski M.D, DeLeo 

J.A, et al. “The role of spinal 

neuroimmune  activation in morphine 

tolerance/hyperalgesia in neuropathic and 

shamoperate rats”. J. Neurosci 2002, 

(22): 9980–9989. 

24. Raghavendra V, Tanga F.Y, DeLeo J.A; 

“Attenuation of morphine tolerance, 

withdrawal induced hyperalgesia, and 

associated spinal inflammatory immune 

responses by propentofylline in rats”. 

Neuropsychopharmacology 2004, (29): 

327–334. 

25. Shavit Y, Wolf G, Goshen I, Livshits D, 

Yirmiya R; “Interleukin-1 antagonizes 

morphine analgesia and underlies 

morphine tolerance” . Pain 2005, (115): 

50–59. 

26. Avigen, Inc.: Available at 

www.avigen.com. Accessed  November 

2009. 

27. Ledeboer A, Hutchinson M.R, Watkins 

L.R, Johnson KW: “Ibudilast (AV-411). 

A new class therapeutic candidate for 

neuropathic pain and opioid withdrawal 

syndromes”. Expert Opin   Investig 

Drugs 2007, (16): 935–950.  



International Journal of Pharmamedix India 
Volume-I, Issue-III 

 

 

Available online on www.pharmamedix.in/Current-Issues.php Page 496 
 

28. Neubert R, Hinz N, Thiel R. and Neubert 

D;“Downregulation of adhesion receptors 

on cells of primate embryos as a probable 

mechanism of the teratogenic action of 

thalidomide”. Life Sci. 1996, (58): 295–

316. 

29. Neubert, D, Heger, W, Merker, H.J, 

Sames K. and Meister R; “Embryotoxic 

effects of  thalidomide derivatives in the 

nonhuman primate Callithrix jacchus. II. 

Elucidation of thesusceptible period and 

of the variability of embryonic stages”. 

Arch. Toxicol.1988, (61): 180– 191. 

30. Klug, S. et al. Embryotoxic effects of 

thalidomide derivatives in the non-human 

primate Callithrix jacchus. 5. Lack of 

teratogenic effects of phthalimi -

dophthalmide. Arch. Toxicol 1994, (68): 

203–205. 

31. Tracey, K. J. The inflammatory reflex. 

Nature 2002, 420: 853–859. 

32. Beckmann A.M, Matsumoto I, Wilce 

P.A; “Immediate early gene expression 

during  morphine withdrawal”. Neuropha 

-rmacology 1995,  34:1183-1189. 

33. Couceyro P, Douglass J; “Precipitated 

morphine withdrawal stimulates multiple 

activator protein-1 signaling pathways in 

rat brain”. Mol Pharmacol 4 1995, 7:29-

39. 

34. Koob G.F, Nestler, E.J; “The 

neurobiologyof drug addiction”. Journal 

of neuropsychiatry and clinical 

neuroscience1997, 9: 482-497. 

34. Pan Z.Z; “µ- opposing actions of the κ-

opioid receptor”. Trends in 

pharmacological Sciences 1998, 19: 94-

98 

35. Shippenberg T.S, Elmer G.I; “The 

neurobiology of opiate reinforcement”. 

Critical Review in Neurobiology 1998, 12: 

267-303. 

36. Gysling K, Wang R.Y; “Morphine-

induced activation of A10 dopamine 

neurons in the rat”. Brain Research.1993, 

227: 199-127. 

37. Mathews R.T, German D.C; 

“Electrophysiological evidence of 

excitation of rat ventrl tegmental area 

dopamine neurons by morphine”. 

Neuroscience 1984, 11: 617-625. 

38. Walker J.M, Thompson L.A, Frascella J. 

and Friedrich M.W; “Opposite effects of µ 

and δ opiates on the firing rate of 

dopamine cells in the substantia nigra of 

the rat”. Europeon Journal of 

Pharmacology 1987, 134: 53-59. 

39. Mulder A.H, Wardeh G, Hogenboom F. 

and Frankhuyzen A.L; “κ- and µ-opioid 

receptor agonist differentially inhibit 

striatal dopamine and acetylcholine 

release”. Nature (London).1984, 308: 278-

280 

40. Di chiara G, and Imperato a; “Opposite 

effects of mu and kappa opiate agonists on 

dopamine release in the nucleus 

accumbens and in the dorsal caudate of 

freely moving rats”. Journal of 



International Journal of Pharmamedix India 
Volume-I, Issue-III 

 

 

Available online on www.pharmamedix.in/Current-Issues.php Page 497 
 

Pharmacology and Experimental 

Thearpeutics.1988,  224: 1064-1080 

41. Narita M, Suzuti T, Funada, M, Misawa 

M. and Nagase H; “Blockade of the 

morphine-induced increase in turnover of 

dopamine on the mesolimbic dopamine 

system by κ-opioid receptor activation in 

mice”. Life sciences.1992, 52: 397-404. 

42. Spanagel, R, Herj, A. and Shippenberg, 

T.S; “Opposing tonically active 

endogenous opioid system modulate the 

mesolimbic dopaminergic pathway”. 

Proceedings of the National Academy of 

Sciences of the United states of America. 

1992, 89: 2046-2050. 

43. Devine D.P, Leone P, Pocock D. and 

Wise R.A; “Differential involvement of 

ventral tegmental mu, delta, kappa opioid 

receptor  in modulation of basal 

mesolimbic dopamine release: in vivo 

microdialysis studies”. Journal of 

Pharmacology and Experimental 

Therapeuics. 1993, 266, 1236-1246 

44. Xi Z.X and Stein E.A; “Nucleus 

accumbens dopamine release modulation 

by mesolimbic GABAa receptor- an in 

vivo electrochemical study”. Brain 

Research.1998 798, 156-165. 

45. Connor M and Christie M.J; “Opioid 

receptor signaling mechanisms” .Clin Exp 

Physiol Pharmacol.1999,  26: 493–499. 

46. Ingram S.L and Williams J.T; “Opioid 

inhibition of Ih via adenylyl cyclase”. 

Neuron 1994, 13: 179–186. 

47. Svoboda K.R and Lupica C.R; “Opioid 

inhibition of hippocampal interneurons 

via modulation of potassium and 

hyperpolarizationactivated cation (ih) 

currents” . J Neurosci 1998, 18: 7084–

7098. 

48. Gold M.S, and Levine J.D; “Damgo 

inhibits prostaglandin E2-induced 

potentiation of a TTX-resistant Na1 

current in rat sensory neurons in vitro”. 

Neurosci Lett.1996, 212: 83–68. 

49. Difrancesco D, Ducouret P and Robinson 

R.B; “Muscarinic modulation of cardiac 

rate at low acetylcholine concentrations”. 

Nature 1989, 243: 669–671. 

50. John T, Williams J.T, Donald M, Christie 

J, Manzoni O; “Cellular and synaptic 

adaptations mediating opioid 

dependence”. Psysiological Reviews. 81, 

302 

51. Aghajanian G.K and Wang Y.Y; 

“Pertussis toxin blocks the outward 

currents evoked by opiate and alpha-2-

agonist in locus coeruleus neurons”. Brain 

Res 1986, 371: 390–394. 

52. Jan L.Y and JAN Y.N; “Receptor-

regulated ion channels”. Curr Opin Cell 

Biol 1997, 9: 155–160. 

53. Ingram S, Wilding T.J, Mcckeskey E.W 

and Williams J.T; “Efficacy and kinetics 

of opioid action on acutely dissociated 

neurons”. Mol Pharmacol 1997, 52: 136–

431. 



International Journal of Pharmamedix India 
Volume-I, Issue-III 

 

 

Available online on www.pharmamedix.in/Current-Issues.php Page 498 
 

54. Sodickson D.L and Bean B.P; “GABA-B 

receptor-activated inwardly rectifying 

potassium current in dissociated 

hippocampal CA3 neurons”. J Neurosci 

1996, 16: 6374–6385. 

55. Sodickson D.L and Bean B.P; 

“Neurotransmitter activation of inwardly 

rectifying potassium current in dissociated 

hippocampal CA3 neurons: interactions 

among multiple receptors”. J Neurosci 

1998, 18: 8153–8162. 

56. Twitchell W.A and Rane S.G; “Opioid 

peptide modulation of Ca21- dependent 

K1 and voltage-activated Ca21 currents in 

bovine adrenal chromaffin cells”. Neuron 

1993, 10: 701–709. 

57. Connor M and Henderson G; “Delta- and 

mu-opioid receptor mobilization of 

intracellular calcium in SH-SY5Y human 

neuroblastoma cells”. Br J Pharmacol 

1996.117: 333–340. 

58. Jin W, Lee N.M, Loh H.H, and Thayer 

S.A; “Dual excitatory and inhibitory 

effects of opioids on intracellular calcium 

in neuroblastoma×glioma hybrid NG108–

15 cells”. Mol Pharmacol 1992. 42: 

1083–1089. 

59. Jin W, Lee N.M, Loh H.H and Thayer 

S.A; “Opioids mobilize calcium from 

inositol 1,4,5-trisphosphate-sensitve stores 

in NG108–15 cells”. J Neurosci 1994. 14: 

1920–1929. 

60. Tang T, Kiang J.G, and Cox B.M; 

“Opioids acting through delta receptors 

elicit a transient increase in the 

intracellular free calcium concentration in 

dorsal root ganglion-neuroblastoma 

hybrid ND8–47 cells”. J Pharmacol Exp 

Ther 1994. 270: 40–46. 

61. Tang T, Stevens B.A, and Cox B.M; 

“Opioid regulation of intracellular free 

calcium in cultured mouse dorsal root 

ganglion neurons”. J Neurosci Res1996. 

44: 338–343. 

62. Wilding T.J, Womack M.D, and 

Mccleskey E.W; “Fast, local signal 

transduction between the mu opioid 

receptor and Ca21 channels” .J Neurosci 

1995. 15: 4124–4132. 

63. Heimer L, Zahm D.S, and Alheid G.F; 

“Basal ganglia”. In: The Rat Nervous 

System 1995,  579–628. 

64. Kosterlitz H.W, Lord J.A.H and Watt A.J; 

“Morphine receptor in the myenteric 

plexus of the guinea pig ileum”. Agonist 

and Antagonist Action of Narcotic 

Analgesic Drugs, edited by Kosterlitz 

HW, Collier HOJ, and Villarreal JE. 

London: Macmillan, 1972, 45–61. 

65. Pennartz C.M, Ameerun R.F, 

Groenewegen H.J and Lopes D.A, Silva 

F; “Synaptic plasticity in an in vitro slice 

preparation of the rat nucleus 

accumbens”. Eur J Neurosci 1993 5: 107–

117. 

66. Kosterlitz H.W, Corbett A.D, Gillan M.G, 

Mcknight A.T, Paterson S.J and Robson 

L.E. “Recent developments in bioassay 



International Journal of Pharmamedix India 
Volume-I, Issue-III 

 

 

Available online on www.pharmamedix.in/Current-Issues.php Page 499 
 

using selective ligands and selective in 

vitro preparations”. NIDA Res Monogr 

1986. 70: 223–235. 

67. Mcknight A.T, Corbett A.D, Marcoli M 

and Kosterlitz H.W; “The opioid receptor 

in the hamster vas deferens are of the 

delta-type”. Neuropharmacology 1985. 

24: 1011–1017.  

68. Ward S.J, Portoghese P.S and Takemori 

A.E; “Improved assays for the assessment 

of kappa- and delta-properties of opioid 

ligands”. Eur J Pharmacol 1982. 85: 163–

170. 

69. Bhoola K.D and Pay S; “Opioid inhibition 

of adenylate cyclase in the striatum and 

vas deferens of the rat”. Br J Pharmacol 

1986. 89: 109–118. 

70. North R.A and Vitek L.V; “A study of the 

role of cyclic adenosine 39,59-

monophosphate in the depression by 

opiates and opioid peptides of excitatory 

junction potentials in the mouse vas 

deferens”. Br J Pharmacol 1980. 71: 307–

313. 

71. Schoffelmeer A.N, Wierenga E.A and 

Mulder A; “Role of adenylate cyclase in 

presynaptic a2-adrenoreceptor- and m-

opioid receptormediated inhibition of 

[3H]-noradrenaline release from rat brain 

cortex slices”. J Neurochem 1986. 46: 

1711–1717. 

72. Martin G, Nie S and Siggins G.R; “m-

Opioid receptors modulate NMDA 

receptor mediated responses in nucleus 

accumbens neurons”. J Neurosci 1997.17: 

11–22. 

73. Martin G, Przewlocki R, and Siggins G.R; 

“Chronic morphine treatment selectively 

augments metabotropic glutamate 

receptor-induced inhibition of N-methyl-D 

aspartate receptor-mediated neuro -

transmission in nucleus accumbens”. J 

Pharmacol Exp Ther 1999. 288:30–35 

74. Martin G.S, Ahmed S.H, Blank T, Spiess 

J, Koob G.F and Siggins G.B.“Chronic 

morphine treatment alters NMDA 

receptor-mediated synaptic transmission 

in the nucleus accumbens”. J Neurosci 

1999. 19: 9081–9089. 

75. Przewlcki R, Parsons K.L, Sweeney D.D, 

Trotter C, Netzeband J.G, Siggins G.R 

and Gruo  D.L; “Opioid enhancement of 

calcium oscillations and burst events 

involving NMDA receptors and L-type 

calcium channels in cultured hippocampal 

neurons”. J Neurosci 1999 19:9705–9715. 

76. Oleskevich S, Clements J.D and Williams 

J.T; “Opioid-glutamate interactions in rat 

locus coeruleus neurons”. J Neurophysiol 

1993.70:931–937. 

77. Fukuda K, Kato S, Morikawa H, Shoda T 

and Mori K; “Functionalcoupling of the 

delta, mu and k-opioid receptors to 

mitogen-activated protein kinase and 

arachidonate release in Chinese hamster 

ovary cells”. J Neurochem 1996.67: 

1309–1316. 



International Journal of Pharmamedix India 
Volume-I, Issue-III 

 

 

Available online on www.pharmamedix.in/Current-Issues.php Page 500 
 

78. Murthy K.S and Makhlouf G.M; “Opioid 

mu, delta, and kappa receptor-induced 

activation of phospholipase C-beta 3 and 

inhibition of adenylyl cyclase is mediated 

by Gi2 and G9o in   smooth muscle”.  Mol 

Pharmacol 1996. 50: 870–877. 

79. Okajima F, Tomura H and Kondo Y; 

“Enkephalin activates the phospholipase 

C/Ca system through cross-talk between 

opioid receptors and P-2-purinergic or 

bradykinin receptors in NG108–15 cells”. 

A permissive role for pertussis toxin-

sensitive G proteins. Biochem J 1993. 

290: 241–247. 

80. Okajima F, Tomura H and Kondo Y; 

“Enkephalin activates the phospholipase 

C/Ca system through cross-talk between 

opioid receptors and P-2-purinergic or 

bradykinin receptors in  NG108–15 cells”. 

A permissive role for pertussis toxin-

sensitive G proteins. Biochem J  1993. 

290: 241–247. 

81. Smart D, Hirst R.A, Hirota K, Grandy 

D.K and Lambert D; “The effects of 

recombinant rat  mu-opioid receptor 

activation in CHO cells in phospholipase 

C, [Ca]i and adenylyl cyclase”. Br J 

Pharmacol 1997, 120: 1165–1171. 

82. Chan R, Irvine R, White J; 

"Cardiovascular changes during morphine 

administration and spontaneous 

withdrawal in the rat". Eur. J. 

Pharmacol. 1999, 368 1: 25–33. 

83. Ware C, Santee S, and Glass A; “In ``The 

Cytokine Handbook'' (ed A. W. 

Thomson), Tumor necrosis factor related 

ligands and receptors”. 1998, 549-592. 

84.  Kishimoto T, Akira S, and Taga T; 

“Interleukin-6 and its receptor: a paradigm 

for cytokines. Science 1992, 258, 22-26. 

85. Tagaya, Y., Bamford, R. N., DeFilippis, 

A. P., and Waldmann, T. A. IL-15: a 

pleiotropic cytokine with diverse 

receptor/signaling pathways whose 

expression is controlled at multiple levels. 

Immunity 1996, 4: 329-336. 

86. Trinchieri, G. (1995). Interleukin-12: a 

proinflammatory cytokine with 

immunoregulatory functions that bridge 

innate resistance and antigen-specific 

adaptive immunity. Annu. Rev. 

Immunol.1995, 13, 251-276. 

87. Alexopoulou, L., Pasparakis, M. & 

Kollias, G. A murine transmembrane 

tumor necrosis factor (TNF) transgene 

induces arthritis by cooperative p55/p75 

TNF receptor signaling. Eur. J. Immunol. 

27, 2588–2592 (1997). 

88. Kusters, S. et al. In vivo evidence for a 

functional role of both tumor necrosis 

factor (TNF) receptors and 

transmembrane TNF in experimental 

hepatitis. Eur. J. Immunol. 27, 2870–2875 

(1997). 

89. Josephs, M. D. et al. Lipopolysaccharide 

and D-galactosamine-induced hepatic 

injury is mediated by TNF-α and not by 



International Journal of Pharmamedix India 
Volume-I, Issue-III 

 

 

Available online on www.pharmamedix.in/Current-Issues.php Page 501 
 

Fas ligand. Am. J. Physiol. Regul. Integr. 

Comp. Physiol. 278, R1196–R1201 

(2000). 

90. Moss, M. L. et al. Cloning of a disintegrin 

metalloproteinase that processes precursor 

tumour-necrosis factor-α. Nature 385, 

733–736 (1997). 

91. Peschon, J. J. et al. An essential role for 

ectodomain shedding in mammalian 

development. Science 282, 1281–1284 

(1998). 

92. Evans, T. J. et al. Protective effect of 55- 

but not 75-kD soluble tumor necrosis 

factor receptor–immunoglobulin G fusion 

proteins in an animal model of gram-

negative sepsis. J. Exp. Med. 180, 2173–

2179 (1994). 

93. Grell, M., Wajant, H., Zimmermann, G. & 

Scheurich, P. The type 1 receptor 

(CD120a) is the high-affinity receptor for 

soluble tumor necrosis factor. Proc. Natl 

Acad. Sci. USA 95, 570–575 (1998). 

94. Tartaglia, L. A., Pennica, D. & Goeddel, 

D. V. Ligand passing: the 75-kDa tumor 

necrosis factor (TNF) receptor recruits 

TNF for signaling by the 55-kDa TNF 

receptor. J. Biol. Chem. 268, 18542–

18548 (1993). 

95. Grell, M., Becke, F. M., Wajant, H., 

Mannel, D. N. & Scheurich, P. TNF 

receptor type 2 mediates thymocyte 

proliferation independently of TNF 

receptor type 1. Eur. J. Immunol. 28, 257–

263 (1998). 

96. Alexander-Miller, M. A., Derby, M. A., 

Sarin, A., Henkart, P. A. & Berzofsky, J. 

A. Supraoptimal peptide-major 

histocompatibility complex causes a 

decrease in bc1-2 levels and allows tumor 

necrosis factor α receptor II-mediated 

apoptosis of cytotoxic T lymphocytes. J. 

Exp. Med. 188, 1391–1399 (1998). 

97. Zheng, L. et al. Induction of apoptosis in 

mature T cells by tumour necrosis factor. 

Nature 377, 348–351 (1995). 

98. Van Zee, K. J. et al. Tumor necrosis 

factor soluble receptors circulate during 

experimental and clinical inflammation 

and can protect against excessive tumor 

necrosis factor α in vitro and in vivo. 

Proc. Natl Acad. Sci. USA 89, 4845–4849 

(1992). 

99. Seckinger, P., Isaaz, S. & Dayer, J. M. A 

human inhibitor of tumor necrosis factor 

α. J. Exp. Med. 167, 1511–1516 (1988). 

100. Engelmann, H., Aderka, D., 

Rubinstein, M., Rotman, D. & Wallach, 

D. A tumor necrosis factor-binding 

protein purified to homogeneity from 

human urine protects cells from tumor 

necrosis factor toxicity. J. Biol. Chem. 

264, 11974–11980 (1989). 

101. Olsson, I. et al. Isolation and 

characterization of a tumor necrosis factor 

binding protein from urine. Eur. J. 

Haematol. 42, 270–275 (1989). 

102. Akira S, Uematsu S and Takeuchi, O. 

Cell 2006. 124: 783–801. 



International Journal of Pharmamedix India 
Volume-I, Issue-III 

 

 

Available online on www.pharmamedix.in/Current-Issues.php Page 502 
 

103. Takeda K, Kaisho T, and Akira, S; 

“Toll-like receptors”. Annu. Rev. Immunol 

2003, 21:335.  

104. Takeuchi O, Kawai T, Muhlradt P. F, 

Radolf J. D, Zychlinsky A, Takeda K. and 

Akira S;  “Discrimination of bacterial 

lipoproteins by Toll-like receptor 6”. Int. 

Immunol 2001, 13:933. 

105. Takeuchi O, Horiuchi T, Hoshino K, 

Takeda K, Dong Z, Modlin R. L, and 

Akira S; “Role  of TLR1 in mediating 

immune response to microbial 

lipoproteins”. J.Immunol 2002,169:10. 

106. Alexopoulou L. et al; 

“Hyporesponsiveness to vaccination with 

Borrelia burgdorferi OspA in humans and 

in TLR1- and TLR2- deficient mice”. Nat. 

Medicine 2002, 8:878. 

107. Gantner B. N, Simmons R. M, 

Canavera S. J, Akira S. and Underhill D. 

M; “ Collaborative induction of infl -

ammatory responses by dectin-1 and Toll-

like receptor 2”. J.Exp. Med 2003, 

197:1107. 

108. Alexopoulou L, Holt A. C, Medzhitov 

R. and Flavell R. A; “Recognition of 

double-stranded RNA and activation of 

NF-κB by Toll-like receptor 3” . Nature 

2001, 413:732. 

109. Poltorak A. et al. Defective LPS 

signaling in C3H/HeJ and C57BL/10ScCr 

mice: mutation in Tlr4 gene. Science 

1998, 282:2085. 

110. Hoshino K, Takeuchi O, Kawai T, 

Sanjo H, Ogawa T, Takeda Y, Takeda K. 

and Akira S.  Cutting Edge:“Toll-like 

receptor4 (TLR4)-deficient mice are 

hyporesponsive to lipopolysaccharide: 

evidence for TLR4 as the Lps hene 

product”.J. Immunol 1999, 162:749. 

111. Byrd-Leifer C. A, Block E. F, Takeda 

K, Akira S. and Ding A; “The role of  

MyD88 and  TLR4 in the LPS-mimetic 

activity of Taxol”. Eur. J. Immunol 2001, 

31:2448.   

112. Kawasaki K, Akashi S, Shimazu R, 

Yoshida T, Miyake K. and Nishijima 

M.“Mouse Toll- like receptor 4-MD-2 

complex mediates lipopolysaccharide-

mimetic signal transduction by Taxol”. J. 

Biol. Chem 2000. 275:2251.  

113. Gao B. and Tsan M. F; “Endotoxin 

contamination in recombinant human heat 

shock  protein 70 (Hsp70) preparation is 

responsible for the induction of tumor 

necrosis factor a  release by murine 

macrophages” . J. Biol 2003, Chem. 

278:174.  

114. Hayashi  F. et al; “The innate immune 

response to bacterial flagellin is mediated 

by Toll-like receptor-5” . Nature 2001, 

410:1099. 

115. Smith K. D, Andersen-Nissen E, 

Hayashi F, Strobe K, Bergman M. A, 

Barrett S.L, Cookson B. T. and Aderem 

A; “Toll-like receptor 5 recognizes a 

conserved site on flagellin required for 



International Journal of Pharmamedix India 
Volume-I, Issue-III 

 

 

Available online on www.pharmamedix.in/Current-Issues.php Page 503 
 

protofilament formation and bacterial 

motility” .Nat.Immunol 2003, 4:1247. 

116. Gewirtz A. T, Navas T. A, Lyons S, 

Godowski P. J. and Madara J. L. Cutting 

edge: “Bacterial flagellin activates 

basolaterally expressed TLR5 to induce 

epithelial proinflammatory gene 

expression”. J. Immunol 2001, 167:1882. 

117. Maaser C, Heidemann J, von Eiff C, 

Lugering A, Spahn T.W, Binion D. G,  

Domschke  W, Lugering N. and 

Kucharzik T; “Human intestinal 

microvascular endothelial cells  express 

Toll-like receptor 5: a binding partner for 

bacterial flagellin” . J.Immunol 2004, 

172:5056. 

118. Hawn T. R. et al; “A common 

dominant TLR5 stop codon 

polymorphism abolishes flagellin 

signaling and is associated with 

susceptibility to legionnaires’ disease”. J. 

Exp.Med 2003, 198:1563. 

119. Hemmi H. et al; “Small antiviral 

compounds activate immune cells via 

TLR7 MyD88-dependent signalling 

pathway.Nat” . Immunol 2002, 3:196. 

120. Jurk M, Heil F, Vollmer J, Schetter C, 

Krieg A. M,Wagner H., Lipford G. and 

Bauer S; “Human TLR7 or TLR8 

independently confer responsiveness to 

the antiviral compound R- 848” . Nat. 

Immunol 2002, 3:499. 

121. Lee J, Chuang T. H, Redecke V, She 

L, Pitha P. M, Carson D. A, Raz E. and 

Cottam H. B. “Molecular basis for the 

immunostimulatory activity of guanine 

nucleoside analogs:activation of Toll-like 

receptor 7” . Proc. Natl Acad. Sci. USA 

2003, 100:6646. 

122. Heil F.et al; “The Toll-like receptor 7 

(TLR7)-specific stimulus loxoribine 

uncovers a strong relationship within the 

TLR7, 8 and 9 subfamily” . Eur. J. 

Immunol 2003, 33:2987. 

123. Heil F. et al; “Species-specific 

recognition of single stranded RNA via 

Toll-like receptor 7 and 8”. Science 2004, 

303:1526. 

124. Diebold S. S, Kaisho T, Hemmi H, 

Akira, S. and Reis E Sousa, C; “Innate 

antiviral responses by means of TLR7-

mediated recognition of single-stranded 

RNA”.Science 2004, 303:1529. 

125. Lund J. M, Alexopoulou L, Sato A., 

Karow M, Adams N. C, Gale N. W, 

Iwasaki A.and Flavell R. A; “Recognition 

of single-stranded RNA viruses by Toll-

like receptor7”. Proc.Natl Acad. Sci. USA 

2004, 101:5598. 

126. Hemmi H. et al; “ A Toll-like receptor 

recognizes bacterial DNA” . Nature 2000, 

408:740. 

127. Krug A. et al; “Identification of CpG 

oligonucleotide sequences with high 

induction of IFN-a/b in plasmacytoid 

dendritic cells” . Eur. J. Immunol 2001,. 

31:2154. 



International Journal of Pharmamedix India 
Volume-I, Issue-III 

 

 

Available online on www.pharmamedix.in/Current-Issues.php Page 504 
 

128. Verthelyi D, Ishii K. J, Gursel M, 

Takeshita F. and Klinman D. M; “Human 

peripheral blood cells differentially 

recognize and respond to two distinct 

CpG motifs” . J. Immunol  2001, 

166:2372. 

129. Hemmi H, Kaisho T, Takeda K. and 

Akira S; “The roles of Toll-like receptor 

9, MyD88 and DNA-PKcs in the effects 

of two distinct CpG DNAs on dendritic 

cell subsets”.   J.Immunol2003,1703059. 

130. Hacker H. et al; “CpG-DNA-specific 

activation of antigen presenting cells 

requires stress kinase activity and is 

preceded by non-specific endocytosis and 

endosomal maturation”.EMBO J 1998, 

17:6230. 

131. Zhang D, Zhang G, Hayden M. S, 

Greenblatt M. B, Bussey C, Flavell R. A. 

and Ghosh S; “A toll-like receptor that 

prevents infection by uropathogenic 

bacteria”. Science 2004, 303:1522. 

132. Hutchinson M.R, Bland S.T, Johnson 

K.W, et al; “Opioid-induced glial 

activation mechanisms of activation and 

implications for opioid analgesia, 

dependence, and reward”.Scientific World 

Journal 2007, 7:98–111.  

133. Jessen, Kristjan R. and Mirsky, 

Rhona; “Glial cells in the enteric nervous 

system contain glial fibrillary acidic 

protein.” Nature1980, 286, 736–737. 

134. Swaminathan, Nikhil. "Glia—the 

other brain cells".2011. 

135. Brodal, 2010. 19. 

136. Zhang L, Kitaichi K, Fujimoto Y, et 

al; “Protective effects of minocycline on 

behavioral changes and neurotoxicity in 

mice after administration of 

methamphetamine”. Prog 

Neuropsychopharmacol Biol Psychiatry 

2006;30(8):1381–1393. 

137. Pope, A. Neuroglia; “Quantitative 

aspects. In: Schoffeniels, E.; Franck, G.; 

Hertz, L.; Tower, DB.,editors. Dynamic 

Properties of Glia Cells. London: 

Pergamon 1978, 13-20. 

138. Haydon PG, Carmignoto G; 

“Astrocyte control of synaptic 

transmission and neurovascular 

Coupling”. Physiol Rev 2006, 

86(3):1009–1031. 

139. Duan S, Anderson CM, Stein BA, 

Swanson RA. Glutamate induces rapid 

upregulation of Astrocyte and cell-surface 

expression of GLAST. J Neurosci 

1999;19(23):10193–10200. 

140. Furuta A, Rothstein JD, Martin LJ. 

Glutamate transporter protein subtypes are 

expressed  differentially during rat CNS 

development. J Neurosci 1997, 

18(21):8363–8375. 

141. Had-Aissouni L, Re DB, Nieoullon A, 

Kerkerian-Le Goff L. Importance of 

astrocytic inactivation of synaptically 

released glutamate for cell survival in the 

central nervous  system--are astrocytes 

vulnerable to low intracellular glutamate 



International Journal of Pharmamedix India 
Volume-I, Issue-III 

 

 

Available online on www.pharmamedix.in/Current-Issues.php Page 505 
 

concentrations? J Physiol Paris 

2002;96(3–4):317–322. 

142. Leino RL, Gerhart DZ, van Bueren 

AM, McCall AL, Drewes LR. 

Ultrastructural  localization of GLUT 1 

and GLUT 3 glucose transporters in rat 

brain. J Neurosci Res 1997, 49(5):617–

626. 

143. Badaut J, Verbavatz JM, Freund-

Mercier MJ, Lasbennes F. Presence of 

aquaporin-4 and Muscarinic receptors in 

astrocytes and ependymal cells in rat 

brain: a clue to a common function? 

Neurosci Lett 2000, 292(2):75–78. 

144. Badaut J, Lasbennes F, Magistretti PJ, 

Regli L. Aquaporins in brain: distribution, 

physiology, and pathophysiology. J Cereb 

Blood Flow Metabol 2002, 22(4): 367–

378. 

145. Itzhak Y, Achat-Mendes C. 

Methamphetamine and MDMA (ecstasy) 

neurotoxicity: 'of smice And men'. 

IUBMB Life 2004, 56(5):249–255. 

146. Fattore L, Puddu MC, Picciau S, et al; 

“Astroglial in vivo response to cocaine in 

mouse dentate gyrus: a quantitative and 

qualitative analysis by confoca 

microscopy”. Neuroscience 2002;110(1): 

1–6. 

147. Hebert MA, O'Callaghan JP. Protein 

phosphorylation cascades associated with 

Methamphetamineinduced glial 

activation. Ann N Y Acad Sci 2000, 

914:238–262. 

148. Hill SJ, Barbarese E, McIntosh TK; 

“Regional heterogeneity in the response of 

astrocytes Following traumatic brain 

injury in the adult rat”. J Neuropathol Exp 

Neurol 1996. 

149. Eng LF, Ghirnikar RS. GFAP and 

astrogliosis. Brain Pathol 1994;4(3):229–

237. 

150. Minn A, Schubert M, Neiss WF, 

Muller-Hill B. “Enhanced GFAP 

expression in astrocytes of transgenic 

mice expressing the human brain-specific 

trypsinogen IV. Glia 1998, 22(4):338-347. 

151. Steward O, Torre ER, Tomasulo R, 

Lothman E; “Neuronal activity up-

regulates astroglial gene expression”. 

Proc Natl Acad Sci U S A 1991; 

88(15):6819–6823.  

152. Steward O, Torre ER, Tomasulo R, 

Lothman E; “Seizures and the regulation 

of astroglial gene expression”. Epilepsy 

Res Supp 1992, 7:197–209. 

153. Ricaurte GA, Seiden LS, Schuster CR; 

“Further evidence that amphetamines 

produce long-lasting dopamine 

neurochemical deficits by destroying 

dopamine nerve fibers”. Brain Res 1984: 

303(2):359– 364. 

154. Pubill D, Canudas AM, Pallas M, 

Camins A, Camarasa J, Escubedo E. 

Different glial  response 

tomethamphetamine- and methy-

lenedioxymethamphetamine-induced 



International Journal of Pharmamedix India 
Volume-I, Issue-III 

 

 

Available online on www.pharmamedix.in/Current-Issues.php Page 506 
 

neurotoxicity. Naunyn Schmiedebergs 

Arch Pharmacol 2003;367(5):490–499. 

155. Marie-Claire C, Courtin C, Roques 

BP, Noble F. Cytoskeletal genes 

regulation by chronic morphine treatment 

in rat striatum. Neuropsychopharmac- 

ology 2004; 29(12):2208–2215. 

156. Beitner-Johnson D, Guitart X, Nestler 

EJ. Glial fibrillary acidic protein and the 

mesolimbic Dopamine system: regulation 

by chronic morphine and Lewis-Fischer 

strain differences in the rat ventral 

tegmental area. J Neurochem 1993 ; 

61(5):1766–1773. 

157. Song P, Zhao ZQ. The involvement of 

glial cells in the development of morphine 

tolerance. Neurosci Res 2001; 39(3):281–

286. 

158. Garrido E, Perez-Garcia C, Alguacil 

LF, Diez-Fernandez C. The alpha2-

adrenoceptor   Antagonist yohimbine 

reduces glial fibrillary acidic protein 

upregulation induced by chronic   

morphine administration. Neurosci Lett 

2005;383(1–2):141–144. 

159. Alonso E, Garrido E, Diez-Fernandez 

C, et al; “Yohimbine prevents morphine-

induced changes of glial fibrillary acidic 

protein in brain-stem and alpha2-

adrenoceptor gene expression in 

hippocampus”. Neurosci Lett 2007; 

412(2):163–167.  

160. Ronnback L, Hansson E; “Are 

astroglial cells involved in morphine 

tolerance?” Neurochem Res 1988;13 

(2):87–103. 

161. Ronnback L, Hansson E; “ 

Modulation of astrocyte activity--one way 

to reinforce morphine effects?” Cell Mol 

Biol 1988; 34(4):337–349.  

162. Narita M, Miyatake M, Suzuki M, 

Kuzumaki N, Suzuki T; “ Role of 

astrocytes in rewarding effects of drugs of 

abuse. Nihon Shinkei Seishin Yakurigaku 

Zasshi 2006;26(1):33–39. 

163. Mao J, Sung B, Ji RR, Lim G. Chronic 

morphine induces down-regulation of 

spinal glutamate transporters: implications 

in morphine tolerance and abnormal pain 

sensitivity. J Neurosci 2002 ; 22 (18): 

8312–8323. 

164. Appel E, Kolman O, Kazimirsky G, 

Blumberg PM, Brodie C; “Regulation of 

GDNF expression in cultured astrocytes 

by inflammatory stimuli”. Neuroreport 

1997 ; 8(15):3309–3312. 

165. Cass WA. GDNF selectively protects 

dopamine neurons over serotonin neurons 

against the neurotoxic effects of 

methamphetamine. J Neurosci 1996; 16 

(24):8132–8139.  

166. Boger HA, Middaugh LD, Patrick KS, 

et al. Long-Term consequences of 

methamphetamine exposure in young 

adults are exacerbated in glial cell line-

derived neurotrophic factor heterozygous 

mice. J. Neurosci 2007; 27: 8816–8825. 



International Journal of Pharmamedix India 
Volume-I, Issue-III 

 

 

Available online on www.pharmamedix.in/Current-Issues.php Page 507 
 

167. Pierce RC, Bari AA. “The role of 

neurotrophic factors in psychostimulant-

induced behavioral and neuronal 

plasticity”. Rev Neurosci 2001;12(2):95–

110.  

168. Messer CJ, Eisch AJ, Carlezon WA Jr, 

et al; “Role for GDNF in biochemical and  

behavioral adaptations to drugs of abuse”. 

Neuron 2000; 26(1): 247–257. 

169. Niwa M, Nitta A, Yamada K, 

Nabeshima T. The roles of glial cell line-

derived neurotrophic factor, tumor 

necrosis factor-alpha, and an inducer of 

these factors in drug dependence. J 

Pharmacol Sci 2007;104(2):116–121. 

170. Niwa M, Nitta A, Yamada Y, et al.; 

“An inducer for glial cell line-derived 

neurotrophic factor and tumor necrosis 

factor-alpha protects against 

methamphetamine-induced rewarding 

effects and sensitization”. Biol Psychiatry 

2007; 61(7): 890–901. 

171. Nakajima A, Yamada K, Nagai T, et 

al; “Role of tumor necrosis factor-alpha in 

Metham phetamineinduced drug 

dependence and neurotoxicity”. J 

Neurosci 2004,24(9):2212–2225. 

172. Bailey S.L, Carpentier P.A, McMahon 

E.J, Begolka W.S, and S. D. Miller S.D; 

“Innate and adaptive immune responses of 

the central nervous system,” Critical 

Reviews in  Immunology 2006, 26, 149–

188. 

173. Block M.L, Zecca L. and Hong J.S; 

“MicroGliamediated neurotoxicity: 

uncovering the molecular mechanisms,”. 

Nature Reviews Neuroscience 2007, 8: 

57–69. 

174. Konat G.W, Kielian T. and Marriott I; 

“The role of Toll-like receptors in CNS 

response to  microbial challenge,” Journal 

of Neurochemistry. 2006, 99 : 1–12. 

175. Chen K, Iribarren P, Hu J.et al; 

“Activation of Toll-like receptor 2 on 

microGlia promotes cell uptake of 

Alzheimer disease-associated amyloid β 

peptide,” Journal of Biological Chemistry 

2006, 281: no. 6, 3651–3659. 

176. Xie Z, Wei M, Morgan T.E, et al. 

“Peroxynitrite mediates neurotoxicity of 

amyloid β-peptide 1-42- and 

lipopolysaccharide- activatedmicroGlia,” 

Journal of Neuroscience 2002, 22, no. 9, 

3484–3492. 

177. Muzio M, Mantovani A; “Toll-like 

receptors (TLRs) signalling and 

expression pattern”. J   Endotoxin Res 

2001, 7: 297–300. 

178. Guo L.H., Schluesener H.J; “The 

innate immunity of the central nervous 

system in chronic  pain: the role of Toll-

like receptors”. Cell Mol Life Sci 2007, 

64:1128–1136. 

179. Tanga F.Y, Nutile-McMenemy N, 

Deleo J.A;s “The CNS role of Toll like 

receptor 4 in  innate neuroimmunity and 



International Journal of Pharmamedix India 
Volume-I, Issue-III 

 

 

Available online on www.pharmamedix.in/Current-Issues.php Page 508 
 

painful neuropathy”. Proc Natl Acad Sci 

U S A 2005, 102:5856– 5861. 

180. Kim D., Kim MA., Cho IH., et al; “A 

critical role of toll-like receptor 2 in nerve 

injury-induced spinal cord glial cell 

activation and pain hypersensitivity” . J 

Biol Chem 2007,    

181. Avigen, Inc.: Available at 

www.avigen.com. Accessed November 

2009. 

182. Ledeboer A, Hutchinson MR, Watkins 

LR, Johnson KW;  “Ibudilast (AV-411). 

A new class  therapeutic candidate for 

neuropathic pain and opioid withdrawal 

syndromes”. Expert Opin Investig Drugs 

2007, 16: 935–950.  

183. Kishi Y, Ohta S, Kasuya N, et al.; 

“Ibudilast: a non-selective PDE inhibitor 

with multiple actions on blood cells and 

the vascular wall”. Cardiovasc Drug Rev 

2001, 19: 215–225. 

184. Fujimoto T, Sakoda S, Fujimura H, 

Yanagihara T; “ Ibudilast, a phosphodi 

esterase inhibitor, ameliorates 

experimental autoimmune encephalo 

myelitis in Dark August rats. J 

Neuroimmunol 1999, 95:35–42. 

185. Feng J, Misu T, Fujihara K, et al.; 

“Ibudilast, a nonselective phosphodi 

esterase inhibitor, regulates Th1/Th2 

balance and NKT cell subset in multiple 

sclerosis”. Mult Scler 2004, 10: 494 498. 

186. Hutchinson MR, Zhang Y, Shridhar 

M, et al.; “Evidence that opioids may have 

toll-like receptor 4 and MD-2 effects”s. 

Brain Behav Immun 2010, 24: 83–95.  

187. Harris GC, Aston-Jones G; 

“Involvement of D2 dopamine receptors 

in the nucleus accumbens in the opiate 

withdrawal syndrome”. Nature 1994, 371: 

155–157. 

188. Bland ST, Hutchinson MR, Maier SF, 

et al;  “The glial activation inhibitor 

AV411 reduces morphine-induced 

nucleus accumbens dopamine release”. 

Brain Behav Immun 2009, 23: 492–497.  

189. Thalidomide approved. Posit. Aware 

1998, 9, 16. 

190. Rajkumar, S. V. et al; “Thalidomide in 

the treatment of relapsed multiple 

myeloma”. Mayo Clin. Proc. 2000, 75: 

897–901. 

191. Rajkumar, S. V. and s Witzig, T. E; 

“A review of angiogenesis and 

antiangiogenic therapy with thalidomide 

in multiple myeloma”. Cancer Treat. Rev. 

2000, 26, 351–362. 

192. Rajkumar, S. V. “Thalidomide in 

multiple myeloma”. Oncology (Huntingt.) 

2000 14, 11–16.  

193. Rajkumar, S. V. et al ; “Thalidomide 

for previously untreated indolent or 

smoldering multiple myeloma.” Leukemia 

2001, 15, 1274–1276. 

194. Rajkumar, S. V. “Current status of 

thalidomide in the treatment of cancer”. 

Oncology (Huntingt.) 2001, 15, 867–874; 

discussion 877–879. 



International Journal of Pharmamedix India 
Volume-I, Issue-III 

 

 

Available online on www.pharmamedix.in/Current-Issues.php Page 509 
 

195. Nau, H; “Species differences in 

pharmacokinetics and drug teratogenesis”. 

Environ. Health Perspect. 1986, 70: 113–

129. 

196. Neubert, R., Hinz, N., Thiel, R. & 

Neubert, D; “Downregulation of adhesion 

receptors on  cells of primate embryos as 

a probable mechanism of the teratogenic 

action of thalidomide”. Life Sci. 5 1996, 8, 

295–316. 

197. Neubert, D., Heger, W., Merker, H. J., 

Sames, K. & Meister, R; “Embryotoxic 

effects of thalidomide derivatives in the 

nonhuman primate Callithrix jacchus. II. 

Elucidation of the susceptible period and 

of the variability of embryonic stages”. 

Arch. Toxicol. 1998, 61,180–191. 

198. Klug, S. et al; “Embryotoxic effects of 

thalidomide derivatives in the non-human 

primate Callithrix jacchus. 5. Lack of 

teratogenic effects of phthalimido -

phthalmide”. Arch. Toxicol. 1994, 68, 

203–205. 

199. Dredge, K. et al;  “Protective 

antitumor immunity induced by a 

costimulatory thalidomide analog in 

conjunction with whole tumor cell 

vaccination is mediated by increased Th1-

type immunity”s. J. Immunol. 2002, 168, 

4914–4919. 

200. Dredge, K. et al ;“Novel thalidomide 

analogues display anti-angiogenic activity 

independently of immunomodulatory 

effects”. Br. J. Cancer 2002, 87, 1166–

1172. 

201. Marriott, J. B. et al.; “A novel 

subclass of thalidomide analogue with 

anti-solid tumor activity in which 

caspasedependent apoptosis is associated 

with altered expression of bcl-2 family 

proteins”. Cancer Res. 2003, 63, 593–599 

(2003). 

202. Dredge, K., Marriott, J. B. & 

Dalgleish, A. G; “Immunological effects 

of thalidomide and  its chemical and 

functional analogs”. Crit. Rev. Immunol. 

2002, 22, 425–437. 

203. Dredge, K., Dalgleish, A. G. & 

Marriott, J. B. “Thalidomide analogs as 

emerging anti-cancer Drugs”. Anticancer 

Drugs 2003, 14, 331–335 (2003). 

204. Burnouf, C. & Pruniaux, M. P;  

“Recent advances in PDE4 inhibitors as 

immunoregulators and anti-inflammatory 

drugs”. Curr. Pharm. Des. 2002, 8, 1255–

1296. 

 


