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Abstract

Human and invertebrate tissues have the ability to synthesize morphine, making

it an endogenous chemical messenger. Given this new insight we sought to inves-
tigate whether substances of abuse have the ability to interact with endogenous
morphine processes. Moreover we have shown that cocaine, alcohol and nicotine
significantly enhance 12°I-trace labeled morphine release from invertebrate gan-
glia and human white blood cells. These data and newer research contribute to an
evolving hypothesis linking the reinforcing and addictive properties of a variety
of drugs of abuse to convergent mechanisms, involving endogenous morphine
signaling and establish an opiate foundation as a unifying principle by which we
may advance our understanding of polymodal drug abuse mechanisms.

Cocaine and heroin exert extreme control over
behavior, while alcohol, nicotine or marijuana
does not. Under ‘normal’ circumstances, absti-
nence seems to be possible with these substances
more easily as indicated by the fact that the lat-
ter substances of abuse have become ‘socially ac-
cepted’ in many cultures [1-5]. Additionally per-
sonality, social and genetic factors may also play
an important role in a substance of abuse’s actions
[1,6-20]. In regard to alcohol this is especially true,
considering wine virtues [21]. Addiction, there-
fore, appears to be a loss of control over pleasur-
able and biologically useful events (‘healthy drug
use’), turning a positive motivation into a disaster
[8,22-24]. We surmise this may be due to the fact
morphine appears to be the “bottle-neck” reaction
for substances of abuse as hypothesized by Stefano
and colleagues [25,26].

.........................

Caffeine, alcohol and nicotine, given as exam-
ples, all activate brain reward pathways directly.
Some of these drugs are known for their recreation-
al use, involving, for instance, desirable psycholog-
ical effects, such as relaxation and stress reduction
[8,10,27]. Various addictive drugs share the com-
mon feature of stimulating the same dopaminergic
brain reward system. For example, heroin enhanc-
es dopamine levels by increasing dopamine re-
lease, whereas cocaine inhibits dopamine reuptake.
These actions has been related to their appetitive
motivational effects [1,6,28].

Recently, normal healthy human white blood
cells and invertebrate neural tissues were found
to have the ability to synthesize morphine, open-
ing up a new world of comprehension concern-
ing endogenous morphine processing and signal-
ing [29-32]. Human morphine synthesis was, as
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To cite this article: Neuroendocrinol Lett 2008; 29(1): 63-66

dd L LHT



Wei Zhu, Tobias Esch, Richard M. Kream and George B. Stefano

expected, dependant on its precursors, L-DOPA, reti-
culine, THP and tyramine, in a concentration-depen-
dent manner [29]. Furthermore, CYP2D6 appears to be
a major enzyme regulating this pathway [29,30,33-38].
Importantly, it is noted that dopamine is a morphine
precursor [31,32].

In a somewhat parallel story with opiate alkaloid in-
duced addiction [30], nicotine also addictive [39], sig-
nificantly enhanced!?°I-trace labeled morphine released
from invertebrate ganglia into the extracellular medi-
um in a concentration dependent manner as did alco-
hol [40]. This also occurs in human white blood cells
[41-43], suggesting that nicotine’s and alcohols effects
occur via an enhancement of endogenous morphine’s
signaling. Nicotine’s and alcohols addictive properties
may arise from this ability to enhance endogenous mor-
phine levels, opening up a new level of understanding
in substance induced addiction and behavioral effects
as well as morphine regulation.

Regarding alcohol, supporting this conclusion are
the studies that demonstrate alcohol is addicting and
interacts with the reward system of the human brain,
including exogenous morphine actions [44-48]. We
surmise ethanol’s addicting and short pleasure-promot-
ing properties may be related to its morphine enhanc-
ing effect and its depressing effect to reducing neural
morphine levels.

Not surprisingly, cocaine also exerts its mechanism
of action via the alteration of dopaminergic processes
[49]. In both invertebrates and mammals cocaine inhib-
its the ability to reuptake released dopamine via block-
ing its transporter, allowing more dopamine to be pres-
ent for signaling [50,51]. We surmise that this dopamine
may in time be channeled to the morphinergic system
whereby morphine activity is enhanced. Furthermore,
as recently demonstrated in invertebrate and human
tissues cocaine promotes a statistically significant en-
hancement of 125]-trace labeled morphine release[40],
which also occurs in human white blood cells [41], sug-
gesting that cocaine’s effect, in part, may occur via an
enhancement of endogenous morphine’ signaling.

The brain’s reward and motivation circuitry with its
limbic components represents the crucial neurobiologi-
cal system underlying pleasure phenomena [8,10,11,30-
24,52-59]. It not only serves pleasure and motivation,
but also involves aspects of behavior, reproduction and
sexual activity, emotion, belief and trust, memory, cog-
nition, stress physiology and autonomic functions, re-
laxation and well-being - to name a few [7,8,10,60,61].
Neurotransmitters potentially acting on CNS structures
are, for example, dopamine, GABA, glutamate, sero-
tonin, acetylcholine, morphine, nitric oxide, noradren-
aline, cortisol as well as endocannabinoids.

Natural rewards can be modulated by the activity
of the brain’s reward and motivation circuitry. Feed-
ing, sexual activity or maternal behavior can be facil-
itated each by opiate activation of the reward system

[9,62-64]. The VTA (i.e., ventral tegmental dopamine
system) seems to provide an important neurochemi-
cal interface where exogenous opiates and endogenous
opioid peptides can activate a CNS mechanism in-
volved in appetitive motivation and reward [1,8]. Ob-
viously, endogenous morphinergic signaling may also
play a role [31,54,58]. This is especially true since en-
dogenous morphine biosynthesis may involve ele-
ments of dopamine metabolism [29,30,33,65], linking
two signaling systems. Additionally, endogenous mor-
phine has been found in hippocampal tissues [66,67]
and morphinergic signaling has been demonstrated to
release constitutive nitric oxide here [68], linking mor-
phine to limbic structures and nitric oxide effects. Thus,
the VTA serves as a appetitive motivation system for di-
verse behaviors, since it controls both normal and path-
ological behaviors [1,8,69,70].

Artificial rewards and drugs, in contrast to natu-
ral stimuli that work, for example, by moderate senso-
ry organ stimulation, are capable of acting directly on
VTA and nucleus accumbens pathways, allowing only
little flexibility and modulation to interfere (see above).
Consequently, artificial rewards can diminish self-con-
trol and beneficial motivational behavior, leading to a
potentially dangerous or detrimental outcome, i.e., mo-
tivational toxicity [1]. They may therefore be consid-
ered biologically senseless.

Moreover, reward substrates that directly act on the
brain’s reward pathways are more potent than other re-
wards, such as food or water: subjects prefer to choose
self-imposed starvation when forced to make a choice
between obtaining food and water or direct electrical
stimulation of the reward circuitry [1,71,72]. We can as-
sume that nature has not made preparation, that is, has
not planned for this artificial short-cut to occur. The
psychiatric implications of this system have been exam-
ined as well, including brain reward circuitry [8,73-75].
Interestingly, with this link we find a strong connec-
tion or convergence of neurobiology, i.e., substances of
abuse, endogenous morphine, with behavior, i.e., addic-
tion and pleasure/reward behaviors, and yet, with dis-
ease states. Thus, these data and newer research con-
tribute to an evolving hypothesis linking the reinforcing
and addictive properties of a variety of drugs of abuse
to convergent mechanisms involving endogenous mor-
phine signaling and establish an opiate foundation as a
unifying principle by which we may advance our un-
derstanding of polymodal drug abuse mechanisms.

REFERENCES

1 Bozarth MA. Pleasure systems in the brain. In: Wartburton DM,
editors. Pleasure: The politics and the reality. New York: Wiley &
Sons; 1994,

2 Nestler EJ. Molecular basis of long-term plasticity underlying
addiction. Nat Rev Neurosci 2001; 2: 119-28.

Copyright © 2008 Neuroendocrinology Letters ISSN0172-780X « www.nel.edu



Converging Cellular Processes for Substances of Abuse: Endogenous Morphine

3 Nestler EJ, Malenka RC, Hyman SE. Molecular basis of neurophar-
macology. Columbus: McGraw-Hill; 2001.

4 Berridge KC. Pleasures of the brain. Brain Cogn 2003; 52: 106—
28.

5 Goldstein RZ, Volkow ND. Drug addiction and its underlying neu-
robiological basis: neuroimaging evidence for the involvement
of the frontal cortex. Am J Psychiatry 2002; 159: 1642-52.

6 Nestler EJ, Malenka RC. The addicted brain. Sci Am 2004; 290:
78-85.

7 Stefano GB, Fricchione GL, Slingsby BT, Benson H. The placebo
effect and relaxation response: Neural processes and their cou-
pling to constitutive nitric oxide. Brain Research: Brain Research
Reviews 2001; 35: 1-19.

8 Esch T, Guarna M, Bianchi E, Zhu W, Stefano GB. Commonalities
in the central nervous system’s involvement with complemen-
tary medical therapies: Limbic morphinergic processes. Medical
Science Monitor 2004; 10: MS6-MS17.

9 Mitchell JB, Stewart J. Facilitation of sexual behaviors in the male
rat associated with intra-VTA injections of opiates. Pharmacol
Biochem Behav 1990; 35: 643-50.

10 Esch T, Fricchione GL, Stefano GB. The therapeutic use of the
relaxation response in stress-related diseases. Medical Science
Monitor 2003; 9: RA23-RA34.

11 Stefano GB, Esch T, Cadet P, Zhu W, Mantione K, Benson H.
Endocannabinoids as autoregulatory signaling molecules: Cou-
pling to nitric oxide and a possible association with the relax-
ation response. Med Sci Monit 2003; 9: RA63-RA75.

12 Aung AT, Hickman NJ, lll, Moolchan ET. Health and performance
related reasons for wanting to quit: Gender differences among
teen smokers. Subst Use Misuse 2003; 38: 1095-107.

13 Botvin GJ, Griffin KW, Diaz T, Miller N, Ifill-Williams M. Smok-
ing initiation and escalation in early adolescent girls: One-year
follow-up of a school-based prevention intervention for minor-
ity youth. J Am Med Womens Assoc 1999; 54: 139-43: 152.

14 Cachelin FM, Weiss JW, Garbanati JA. Dieting and its relationship
to smoking, acculturation, and family environment in Asian and
Hispanic adolescents. Eating Disorders: The Journal of Treatment
and Prevention 2003; 11: 51-61.

15 Dzien A, Dzien-Bischinger C, Hoppichler F, Lechleitner M. The
metabolic syndrome as a link between smoking and cardiovas-
cular disease. Diabetes Obes Metab 2004; 6: 127-32.

16 Epstein JA, Botvin GJ, Spoth R. Predicting smoking among rural
adolescents: Social and cognitive processes. Nicotine Tob Res
2003; 5: 485-91.

17 Gilman SE, Abrams DB, Buka SL. Socioeconomic status over the
life course and stages of cigarette use: Initiation, regular use, and
cessation. J Epidemiol Community Health 2003; 57: 802-8.

18 Jefferis B, Graham H, Manor O, Power C. Cigarette consumption
and socio-economic circumstances in adolescence as predictors
of adult smoking. Addiction 2003; 98: 1765-72.

19 StanglV, Baumann G, Stangl K. Coronary atherogenic risk factors
in women. Eur Heart J 2002; 23: 1738-52.

20 Yorulmaz F, Akturk Z, Dagdeviren N, Dalkilic A. Smoking among
adolescents: Relation to school success, socioeconomic status
nutrition and self-esteem. Swiss Med Wkly 2002; 132: 449-54.

21 Karvaj M, Beno P, Fedor-Freybergh PG. Positive effect of flavo-
noids to cardiovascular and central nervous system. Neuro Endo-
crinol Lett 2007; 28 Suppl 4: 1-3.

22 Esch T, Stefano GB. The neurobiology of pleasure, reward pro-
cesses, addiction and their health implications. Neuroendocrinol
Lett 2004; 25: 235-51.

23 Esch T, Guarna M, Bianchi E, Stefano GB. Meditation and limbic
processes. Biofeedback 2004; 32: 22-7.

24 ZhuW, Ma Y, Bell A, Esch T, Guarna M, Bilfinger TV et al. Presence
of morphine in rat amygdala: Evidence for the mu3 opiate recep-
tor subtype via nitric oxide release in limbic structures. Med Sci
Monit 2004; 10: BR433-BR439.

25 Nasuti C, Gabbianelli R, Falcioni ML, Di SA, Sozio P, Cantalames-
sa F. Dopaminergic system modulation, behavioral changes, and
oxidative stress after neonatal administration of pyrethroids.
Toxicology 2007; 229: 194-205.

26 Stefano GB, Bianchi E, Guarna M, Fricchione GL, Zhu W, Cadet P
et al. Nicotine, alcohol and cocaine coupling to reward processes
via endogenous morphine signaling: The dopamine-morphine
hypothesis. Med Sci Monit 2007; 13: RA91-102.

27 Esch T. [Music medicine: Music in association with harm and
healing]. Musikphysiol Musikermed 2003; 10: 213-24.

28 Wise RA, Bozarth MA. A psychomotor stimulant theory of addic-
tion. Psychol Rev 1987; 94: 469-92.

29 Zhu W, Cadet P, Baggerman G, Mantione KJ, Stefano GB. Human
white blood cells synthesize morphine: CYP2D6 modulation.
Journal of Immunology 2005; 175: 7357-62.

30 Zhu W, Mantione KJ, Shen L, Cadet P, Esch T, Goumon Y et al. Tyro-
sine and tyramine increase endogenous ganglionic morphine
and dopamine levels in vitro and in vivo: CYP2D6 and tyrosine
hydroxylase modulation demonstrates a dopamine coupling.
Medical Science Monitor 2005; 11: BR397-BR404.

31 Kream RM, Stefano GB. De novo biosynthesis of morphine in
animal cells: An evidence-based model. Medical Science Moni-
tor 2006; 12: RA207-RA219.

32 Kream RM, Stefano GB. Morphine synthesis in animals (Editorial).
Medical Science Monitor 2006; 12: ED1-ED2.

33 Zhu W, Ma 'Y, Cadet P, Yu D, Bilfinger TV, Bianchi E et al. Presence
of reticuline in rat brain: A pathway for morphine biosynthesis.
Mol Brain Res 2003; 117: 83-90.

34 Pai HV, Kommaddi RP, Chinta SJ, Mori T, Boyd MR, Ravindranath
V. A frameshift mutation and alternate splicing in human brain
generate a functional form of the pseudogene cytochrome
P4502D7 that demethylates codeine to morphine. J Biol Chem
2004; 279: 27383-9.

35 Gasche Y, Daali Y, Fathi M, Chiappe A, Cottini S, Dayer P et al.
Codeine intoxication associated with ultrarapid CYP2D6 metab-
olism. N Engl J Med 2004; 351: 2827-31.

36 Amann T, Roos PH, Huh H, Zenk MH. Purification and character-
ization of a cytochrome P450 enzyme from pig liver, catalyzing
the phenol oxidative coupling of (R)-reticuline to salutaridine,
the critical step in morphine biosynthesis. Heterocycles 1995;
40: 425-40.

37 FunaeY, Kishimoto W, Cho T, Niwa T, Hiroi T. CYP2D in the brain.
Drug Metab Pharmacokinet 2003; 18: 337-49.

38 Hiroi T, Imaoka S, Funae Y. Dopamine formation from tyramine
by CYP2D6. Biochem Biophys Res Commun 1998; 249: 838-43.

39 Dani JA, Harris RA. Nicotine addiction and comorbidity with alco-
hol abuse and mental illness. Nat Neurosci 2005; 8: 1465-70.

40 Zhu W, Mantione KJ, Casares FM, Cadet P, Kim JW, Bilfinger TV et
al. Alcohol-, nicotine-, and cocaine-evoked release of morphine
from invertebrate ganglia: Model system for screening drugs of
abuse. Medical Science Monitor 2006; 12: BR155-BR161.

41 Zhu W, Mantione K, Kream RM, Stefano GB. Alcohol-, Nicotine,
and Cocaine-Evoked Release of Morphine from Human White
Blood Cells: Substances of Abuse Actions Converge on Endog-
enous Morphine Release. Medical Science Monitor 2006; 12:
BR350-BR354.

42 Zhu W, Mantione KJ, Casares FM, Sheehan MH, Kream RM, Stefa-
no GB. Cholinergic regulation of endogenous morphine release
from lobster nerve cord. Med Sci Monit 2006; 12: BR295-BR301.

43 Zhu W, Mantione KJ, Kream RM, Cadet P, Stefano GB. Cholinergic
regulation of morphine release from human white blood cells:
evidence for a novel nicotinic receptor via pharmacological and
microarray analysis. Int J Immunopathol Pharmacol 2007; 20:
229-37.

44 Davis VE, Walsh MJ. Alcohol, amines and alkaloids: a possible bio-
chemical basis for alcohol addiction. Science 1970; 167: 1005-7.

45 Haber H, Roske |, Rottmann M, Georgi M, Melzig MF. Alcohol
induces formation of morphine precursors in the striatum of
rats. Life Sciences 1997; 60: 79-89.

46 Ingvar M, Ghatan PH, Wirsen-Meurling A, Risberg J, Von Heijne
G, Stone-Elander S et al. Alcohol activates the cerebral reward
system in man. J Stud Alcohol 1998; 59: 258-69.

47 Kreek MJ. Opioid interactions with alcohol. Adv Alcohol Subst
Abuse 1984; 3: 35-46.

48 Rada P, Johnson DF, Lewis MJ, Hoebel BG. In alcohol-treated rats,
naloxone decreases extracellular dopamine and increases ace-
tylcholine in the nucleus accumbens: evidence of opioid with-
drawal. Pharmacol Biochem Behav 2004; 79: 599-605.

Neuroendocrinology Letters Vol.29 No.1 2008 - Article available online: http://node.nel.edu

65



66

Wei Zhu, Tobias Esch, Richard M. Kream and George B. Stefano

49 Stefano GB, Braham E, Sinisterra JI, Bentvena L, DeFiglia J, Marti-
nez EA et al. The effects of cocaine on peripheral monoaminergic
regulatory mechanisms in the gill of Mytilus edulis. Symposia Bio-
logica Hungarica 1988; 36: 51-62.

50 Wu X, Gu HH. Cocaine affinity decreased by mutations of aromat-
ic residue phenylalanine 105 in the transmembrane domain 2 of
dopamine transporter. Mol Pharmacol 2003; 63: 653-8.

51 Jayanthi LD, Apparsundaram S, Malone MD, Ward E, Miller
DM, Eppler M et al. The Caenorhabditis elegans gene T23G5.5
encodes an antidepressant- and cocaine-sensitive dopamine
transporter. Mol Pharmacol 1998; 54: 601-9.

52 Esch T. Musical healing in mental disorders. In: Stefano GB, Ber-
nstein SR, Kim M, editors. Musical healing. Warsaw: Medical Sci-
ence International; 2003.

53 Bartels A, Zeki S. The neural correlates of maternal and romantic
love. Neuroimage 2004; 21: 1155-66.

54 Esch T, Stefano GB. The Neurobiology of Love. Neuroendocrinol
Lett 2005; 26: 175-92.

55 Esch T, Stefano GB. Love Promotes Health. Neuroendocrinol Lett
2005; 26: 264-7.

56 Esch T. Endocannabinoid signaling in stress, medicine and
wellness. Med Sci Monit 2005; 11: ED3-ED5.

57 Salamon E, Esch T, Stefano GB. The role of the amygdala in medi-
ating sexual and emotional behavior via coupled nitric oxide
release. Acta Pharmacologica Sinica 2005; 26: 389-95.

58 Stefano GB, Fricchione GL, Goumon Y, Esch T. Pain, immunity,
opiate and opioid compounds and health. Medical Science Mon-
itor 2005; 11: MS47-MS53.

59 Stefano GB, Esch T. Love and stress (Editorial). Neuroendocrinol
Lett 2005; 26: 173-4.

60 Esch T, Stefano GB, Fricchione GL, Benson H. The role of stress in
neurodegenerative diseases and mental disorders. Neuroendo-
crinol Lett 2002; 23: 199-208.

61 Altenmuller EO. [Apollo in us: How the brain processes music].
Musikphysiol Musikermed 2002; 9: 24.

62 Hamilton ME, Bozarth MA. Feeding elicited by dynorphin (1-13)
microinjections into the ventral tegmental area in rats. Life Sci
1988; 43: 941-6.

63 Thompson AC, Kristal MB. Opioids in the ventral tegmental area
facilitate the onset of maternal behavior in the rat. Society for
Neuroscience Abstracts 1994; 18: 659.

64 Esch T, Kim JW, Stefano GB. Neurobiological implications of
eating healthy. Neuro Endocrinol Lett 2006; 27: 21-33.

65 Stefano GB, Scharrer B. Endogenous morphine and related opi-
ates, a new class of chemical messengers. Adv Neuroimmunol
1994; 4: 57-68.

66 Bianchi E, Alessandrini C, Guarna M, Tagliamonte A. Endogenous
codeine and morphine are stored in specific brain neurons. Brain
Res 1993; 627: 210-5.

67 Spector S, Munjal |, Schmidt DE. Endogenous morphine and
codeine. Possible role as endogenous anticonvulsants. Brain Res
2001;915: 155-60.

68 de la Torre JC, Pappas BA, Prevot V, Emmerling MR, Mantione K,
Fortin T et al. Hippocampal nitric oxide upregulation precedes
memory loss and A beta I-40 accumulation after chronic brain
hypoperfusion in rats. Neurological Research 2003; 25: 635-41.

69 Bozarth MA. Ventral tegmental reward system. In: Oreland L,
Engel J, editors. Brain reward systems and abuse. New York:
Raven Press; 1987.

70 Bozarth MA. The mesolimbic dopamine system as a model
reward system. In: Willner P, Scheel-Kriiger J, editors. The Meso-
limbic Dopamine System: From Motivation to Action. London:
Wiley & Sons; 1991.

71 Routtenberg A, Lindy J. Effects of the availability of rewarding
septal and hypothalamic stimulation on bar pressing for food
under conditions of deprivation. J Comp Physiol Psychol 1965;
60: 158-61.

72 Vetulani J. Drug addiction. Part Il. Neurobiology of addiction. Pol
JPharmacol 2001; 53: 303-17.

73 Fricchione GL, Mendoza A, Stefano GB. Morphine and its psychi-
atric implications. Adv Neuroimmunol 1994; 4: 117-32.

74 Fricchione GL, Stefano GB. Placebo neural systems: Nitric oxide,
morphine and the dopamine brain reward and motivation cir-
cuitries. Medical Science Monitor 2005; 11: MS54-MS65.

75 Guarna M, Ghelardini C, Galeotti N, Stefano GB, Bianchi E. Neu-
rotransmitter role of endogenous morphine in CNS. Medical Sci-
ence Monitor 2005; 11: RA190-RA193.

Copyright © 2008 Neuroendocrinology Letters ISSN0172-780X « www.nel.edu



