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Chemistry, Structure and Possible Analgesia Mechanism of Morphine: A Review


Abstract:
The opium or poppy (Papaversomniferum) is annual herbaceous plant belongs to Papaveraceae family that can grow almost everywhere. The species Papaversomniferum is most widely used species due to its lovely blossoms as well as its edible seeds. Morphine is an amphoteric pentacyclic alkaloid that occurs naturally as columnar white prisms in its levorotatory form. Only natural diastereomer of morphine is bioactive. The alkaloid contains one phenolic and one alcoholic group in its pentacyclic skeleton. Central and peripheral neurons, as well as neuroendocrine, immunological, and ectodermal cells, express opioid receptors. Three major types of opioid receptors mu µ, delta δ and kappa κ were established through receptor binding studies and cloning experiments. The endogenous opioid analgesic system can be activated by morphine to cause analgesia. The production of analgesia can be explained by basic two mechanisms. First mechanism is presynaptic inhibition of sP or possible transmitters involved in pain transfer while in second mechanism, postsynaptic hyperpolarization of neurons involved in transmission of pain to higher centers.
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Introduction:

The opium or poppy plant (Papaversomniferum, Papaverpaeoniflorum and Papavergiganteum) is annual herbaceous herb, 30-100 cm tall belongs to Papaveraceae family that can grow almost everywhere. Among these, species Papaversomniferum is most widely used species due to its lovely blossoms as well as its edible seeds (figure1 & 2).Opium poppy is native of Asia Minor and indigenous to Mediterranean region and occurs as weed in most of the countries. In fact, opium is one of the old estnarcotics known to men. It is widely cultivated in India, Australia, Burma, France, Hungary, Iran, Japan, Pakistan, Poland, Turkey, USSR and China.The opium poppy can grow in almost all types of soil but prefers a well-drained sandy loam, rich in organic matter and other nutrient specially nitrogen. The seed pod of the plant is main source of latex, which is carefully graved from the bottom upward with help of sharp instruments. The raw opium latex contain about 25 opiate alkaloids and non-alkaloids like gum, rubber, resin, oils, pigments, meconic acid [1].
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Fig1: Poppy plants
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Fig2: Poppy/opium (Papaversomniferum) with mature fruit, seed left, flower and leaves
Opium is a name derived from the Greek word meaning juice. The brownish residue is left after poppy juice is dehydrated known as opium. Crude opium has been utilized for various purpose science ancient times. Opium is one of the oldest narcotic drugs to be discovered by human [2]. Its use found in limestone caves in Spain from about 55,000 years ago to relieve pain. Laudanum, or opium tincture (a mixture of opium and alcohol), has been used as an analgesic since the 1600s. Sir Christopher Wren, an eminent Englishman of arts and letters, was the first to inject opium into a living organism with a hollow feather quill in 1659. A German chemist Sertürner, extracted morphine from opium in 1805. Initially it called morphine somniferum” (after the Latin botanical name Papaver somniferum the poppy that brings sleep), the name was altered to morphine in honor of Morpheus, the Greek god of dreams. Opium and its derivatives have often been a hot issue on the international level. In 1800s, in response to the Western importation of opium into China, Wars had been fought between China and the Western powers. The opium houses of 19th century China illustrated the frightening societal consequences of large-scale drug abuse as the same was freely available for sale and consumption. As a result of recognition of these issues in United States, the Harrison Narcotics Tax Act of 1914 was criminalized drug possession. The Harrison Narcotics Act of 1914 taxed and regulated narcotics sales and made it illegal to give maintenance dosages to addicts who made no effort to rehabilitate, leading to the arrest of certain doctors and the closure of maintenance treatment clinics [3].
Several regulations have been passed since then to govern imports, availability and treatment and usage. Opium and its constituent chemicals are classified as Schedule II drug, whereas heroin is classified as a Schedule I drug. Opium poppy for legal pharmaceutical applications cannot be grown without government permission in a number of nations. Only small amount opium is produced in the United States. The number of countries like India, Turkey, Spain, France, Poland, Hungary, and  Australia can legally import crude opium from the United States. . India is the world's largest opium importer into licensed pharmaceutical markets. It is unfortunate that the opium is still grown in large quantities across the world for the manufacture of the morphine or heroin. It is also used in the extraction of the opium gum which when crudely refined is smoked (e.g. “brown sugar”). The United States of America has made it illegal to cultivate the opium poppies (P. somniferum) whereas Saudi Arabia and Singapore have banned the sale of the opium poppies (P. somniferum) [3].
Alkaloids found in Opium:
Opium contains a complex mixture of alkaloid and nonalkaloids. The nonalkaloid substances include water (5%-20%), sugar (20%) and several organic acid, most common being meconic acid (3%-5%), fumaric acid, lactic acid, oxaloacetic acid and meconic acid (3%-5%) (Figure: 3).For many years ago, it was always thought that meconic acid occurs only in opium but it has been found that other Papaver species which do not produce morphine but do produce other morphinan alkaloid may also contain dicarboxylicmeconic acid. Meconic acid is also found in several species of the Papaveraceous genera Meconopsis and Roemaria [4-5].


Fig 3: Chemical structures of opium alkaloids and related important compounds

The 40 alkaloid contents are isolated from opium is about 10-20% of its crude. These are weakly basic compounds present in plant as their meconate (or other simple plant acid) salt. Among these, only five alkaloids are present in quantitative amount in opium including morphinans morphine (8-17 %), codeine (0.7-5 %), baine (0.1-2.5%), benzylisoquinolinepapaverine (0.5-1.5%),phthalideisoquinolinenoscapine (narcotine) (1-10 %).Oripavine, boldine, reticuline, codamine, laudanidine, laudanosine, norlaudanosine and cryptopine are present in opium as minor alkaloids [4-13]. 
Morphine:
Chemistry:
“Morphine” (Morpheus-Greek god of dreams) was the first alkaloid identified from opium by Sertürner in 1817. In addition to the usual carbon, hydrogen, and oxygen, morphine also contained nitrogen is also confirmed by Sertürner. Chemical structure of morphine is given in Figure 1. Morphine is the most potent alkaloid that isolated from opium, and it's responsible for analgesic, euphoric, sedative, and addictive effects. However, morphine is also responsible for many of opium's negative consequences. In period of 1830s morphine used as popular analgesic. Morphine was widely used during American civil war and Franco-Prussian war but due to unavailability of hypodermic needle in those years, the opium tincture and opium pills were significantly more frequent. Morphine was frequently used directly to treatment flesh wounds [14-16].
Morphine is an amphoteric pentacyclic alkaloid that occurs naturally as columnar white prisms in its levorotatory form with five chiral carbons. Only natural diastereoisomer (5R, 6S, 9R, 13S, and 14R) of morphine is bioactive. The alkaloid contains one phenolic and one alcoholic group in its pentacyclic skeleton. The dicetyl ester of morphine is commonly known as heroin.  Due to presence of phenolic group at C-3 confers water solubility in both alkali and alkaline earth metal hydroxide via formation of morphinate salts. With variety of acid morphine forms water soluble salt, in which sulphate salt is most common. The monomethylation of the phenolic hydroxyl using trimethylphenyl ammonium hydroxide prevents the nitrogen atom from quaternizing, yielding the monomethyl ether, codeine [10-12, 17].
Pharmacology:
Opioid Receptors
Central and peripheral neurons, as well as neuroendocrine, immunological, and ectodermal cells, express opioid receptors. Three major types of opioid receptors mu µ, delta δ and kappa κ were established through receptor binding studies and cloning experiments. These receptors belong to the G-protein-coupled receptor superfamily. The nociceptin/orphanin FQ (N/OFQ) receptor, a fourth kind of opioid receptor, was cloned in 1994. The sigma, epsilon, and orphanin have also been proposed as additional receptors although they are no longer regarded as “classical opioid receptors”. Opioid receptors can be present in nerve cell throughout the brain and spinal medulla as well as in intramural nerve plexuses which is involved in the gastrointestinal and urogenital motility regulation. 
The µ opioid receptor is involved in the analgesic function of morphine and most of the opioids. Morphine, hydrocodone, hydromorphone, fentanyl, and oxycodone are powerful agonists while Codeine and tramadol are modest agonists of the µ-opioid receptor. Morphine is also a weak agonist of both δ- and κ-opioid receptors but Buprenorphine is a partial agonist of µ-opioid receptor, while it is an antagonist of κ receptor. Naloxone and naltrexone are antagonists of all three mu µ, delta δ and kappa κ opioid receptors. Furthermore, some endogenous opioid peptides act as opioid receptor agonists. Endorphins, encephalin, and dynorphins are three different families of opioid peptides. The mu µ opioid receptor mostly binds to Endorphins [18-21].
Mechanism of Morphine-induced Analgesia:
Morphine-induced Analgesia at spinal Level:
The endogenous opioid analgesic system can be activated by morphine to cause analgesia. The production of analgesia can be explained by basic two mechanisms. First mechanism is presynaptic inhibition of sP or possible transmitters involved in pain transfer while in second mechanism, postsynaptic hyperpolarization of neurons involved in transmission of pain to higher centers[24, 27].It has been well known about morphine that it produce analgesia after interaction with mu µ receptor. The G proteins is modified after this interaction which initiates the reaction which responsible for necessary of production IP3 [22-26]. According to literature it has not been very clear that morphine administration is responsible for increase in intercellular IP, but data suggesting that doing so increase in intercellular Ca2+. It has been already proven that morphine interaction with mu receptor increases the G proteins. This G protein function as a transducer, between the enzyme that regulate the generation and release of IP3 and membrane receptors which responsible for the release of Ca2+.
It has been demonstrated that administration of pertussis toxin, a substance that inactivates the G protein, will inhibit morphine-induced analgesia, suggesting that morphine produces cell hyperpolarization through activation of the IP3-Ca2+ mechanism [28-30].
The increase in intracellular Ca2+ associated with morphine results from releasing Ca2+ from intracellular stores since morphine depresses any influx of extracellular Ca2+ [31]. Thus, one possible mechanism by which morphine produces analgesia is by increasing the release of intracellular IP3, which increases the intracellular Ca2+ concentration, resulting in the efflux of K from the cell by hyperpolarizing interneurons that transmit pain within the dorsal cord [32-36 ]. 
The pre-synaptic inhibition of the release of sP is another mechanism of morphine induced analgesia. It has been well proven that morphine retarded the depolarization-dependent Ca2+ influx in to the cell [37-45].It has been shown that the activation of the G protein and its associated enzyme is necessary for the Ca2+ influx into the cell [42]. This also depends on the interaction with G protein. It's plausible that morphine's interact with mu receptors connected to G proteins could reduce phosphoinositide turnover, which would reduce the influx of Ca2+ in to the cell. It should be well known that interaction of morphine with G proteins will retard the intracellular cyclic AMP, which depends upon phosphoinositide turnover though this mechanism is not involved analgesia [35, 42, 46].
Thus, it is evident that intracellular Ca2+, which is produced by the interaction of morphine with the G protein via activation of mu µ receptors, is necessary for morphine-induced analgesia. Since both the presynaptic mechanisms by which morphine produces analgesia appear to be dependent upon Ca2+it might be advantageous to see hoe alterations in Ca2+ effect morphine-induced analgesia.
Morphine-induced Analgesia at supraspinal Level:
Various pharmacological studies support the idea that morphine induced supraspinal analgesia results from activation of the spinal analgesic mechanism. It has been widely reported that administration of morphine in to PAG, NRM or LC will induce analgesia [ 37, 24-25, 27, 47]. According to literature study, it is clear that the dorsal horn (or posterior horn) of the spinal cord is the site of the analgesic activity, while supraspinal systems create analgesia activating systems [48]. 
`It is possible that morphine interact with mu µ receptors positioned on the GABA interneurons and inactivates them by hyperpolarization. Additionally possible, morphine may interact with presynaptic mu µ receptors to inhibit GABA release. In either case, morphine would reduce GABA inhibition of the off cells, allowing these cells to activate the NRM or the LC descending analgesic systems.
Analgesia is also produced when morphine is administered to the NRM. Morphine would deactivate GABA inhibition of the serotonergic neurons of the NRM that project to the cord and activate the spinal cord mechanism, creating a mechanism comparable to those in the PAG. The exact mechanism from which PAG off cells trigger, NRM analgesia has been uncertain. It's likely that the off cells, which are enkephalinergic, eliminate GABA's ability to inhibit the NRM serotonergic neuron by the previously mentioned mechanism. The production of serotonin at the spinal level is enhanced after morphine administration, which implies that the NRM final common route has been activated [37, 57]. Administration of serotonergic antagonists at the spinal cord will reduce the analgesia effects resulting from administration of supraspinal morphine.
Additionally, morphine's interaction with the descending adrenergic system may result in analgesia. By hyperpolarizing the neurons in the LC, morphine suppresses the activity of these cells.One of the mechanisms through which the LC induces analgesia is the inhibition of adrenergic neurons that project to the NRM because this reduces the release of NA within the NRM and leads to less GABA inhibition.
Morphine-induced analgesia is inhibited by administration of naloxone in to the in to the PAG or the NRM [48-50]. Interesting to note is that naloxone does not prevent supraspinal analgesia brought on by stimulation of the descending adrenergic analgesic pathway [44, 51-55]. Contrarily, morphine-induced supraspinal analgesia is reduced by the use of α2-adrenergic blocking drugs [25]. This shows that both the adrenergic and opiate descending analgesic systems are activated in morphine-induced supraspinal analgesia. As a result, morphine also seems to stimulate the descending adrenergic system. supraspinally when administered.
The interaction morphine with Ca2+at the spinal level has been already discussed section morphine induced analgesia at spinal level. Morphine analgesia will increase, when calcium is given at the spinal level. Calcium will improve morphine's analgesic effects, when it is given at the spinal level. On the other hand morphine-induced analgesia will antagonize by Ca2+when it administered at supraspinal level [35, 47, 51-55].The off cells' GABA inhibition may be enhanced by the rise in intracellular Ca2+which would counteract the hyperpolarizing effects of morphine on these cells. It should note that Ca2+ channel blocking drugs that block the influx of Ca2+ into the cell will enhance morphine induced analgesia [51-55].
Conclusion 
   	This review article demonstrated that neurotoxicity of morphine is a significant and potentially reversible complication of opioid therapy and most commonly associated with high doses, prolonged use, and impaired renal function. Morphine induced analgesia and its mechanisms such as, morphine-induced analgesia at spinal level and morphine-induced analgesia at supraspinal level. There are three major types of opioid receptors mu µ, delta δ and kappa κ were established through receptor binding studies and cloning experiments but µ opioid receptor is responsible for the analgesic function of morphine and most of the opioids alkaloids. In morphine-induced analgesia at spinal level, the endogenous opioid analgesic system can be activated by morphine to cause analgesia. The intracellular Ca2+, produced by the interaction of morphine with the G protein via activation of mu µ receptors, is responsible for morphine-induced analgesia. Morphine produced analgesia appear from both presynaptic and morphine-induced analgesia mechanisms is depend upon Ca2+. The spinal analgesic mechanism actived the morphine induced supraspinal analgesia. Dosal horn of the spinal cord is the site of the analgesic activity, while supraspinal supra spinal systems create analgesia activating systems. When calcium is given spinal level will increase the morphine analgesia is increased. Therefore calcium will improve morphine's analgesic effects. Morphine-induced analgesia will antagonize by Ca2+when it administered at supra spinal level. The Ca2+ channel blocking drugs that block the influx of Ca2+ into the cell will enhance morphine induced analgesia. It is essential, monitoring the morphine through dose reduction and hydration, which effectively reverse symptoms and improve patient outcomes. Additionally it is careful about dosing and monitoring, especially to high-risk populations and preventing the morphine induced complications.
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