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Abstract
During World War II, amphetamines became widely used among US Army troops to increase wakefulness, improve morale, and

cut-down on fatigue [1,2]. In the 1950’s, physicians started to prescribe amphetamines often in a haphazard fashion [3]. As of the

past 10 years, it is said that there are now at least 50 million users of amphetamines in the USA alone. The use of amphetamines is

thought to increase the risk of having a stroke by 4-5-fold over non-users [4,5]. Although amphetamines, pharmacologically, behave
in many respects like sympathomimetic agents, this attribute does not explain why these drugs, particularly methamphetamines,
pose a great risk for both hemorrhagic and ischemic strokes (IS) [4,5]. In addition to their actions on the brain, amphetamines

and methamphetamine pose great risks for cardiomyopathy, reductions in left ventricular ejection fractions and left atrial volumes,

resulting in arrhythmias, pulmonary dysfunctions, and thromboses leading, often, to embolic strokes [3-5]. Moreover, the illicit use
of amphetamines is usually accompanied by intense headaches of unknown origin [3-5].
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Introduction
Another pathophysiological manifestation of amphetamine (AM) and methamphetamine (METH) use is that these drugs cause very

high increases in arterial systolic and diastolic blood pressure which is thought to contribute to stroke induction [3-5]. But, how do
these spikes in blood pressure produce both hemorrhagic and ischemic strokes? Explanations for these different types of strokes are

difficult to explain only in terms of blood pressure elevations. Autopsies of AM and METH stroke victims have revealed blood vessel
injuries in the brain along with vasculitis, necrosis, and what looks like arterial vasospasm [3-5]. Among the youth (e.g. people < 45

years old), a single intravenous dose in a first-time user has been documented to induce a stroke, thus making these agents extremely
dangerous [3-5]. Unfortunately, with the current emphasis on deaths from fentanyl, this danger has not been brought to the attention
of the uninformed public. Moreover, hospitalizations due to abuse of AM and METH are costing the healthcare systems in the USA, UK,
Europe and Russia billions of dollars per year which is overwhelming the healthcare systems here and abroad.
Amphetamines, illicit drugs and induction of strokes

Since the advent of home-made laboratories, it has been easy to manufacture/synthesize “designer drugs” derived from amphetamines

such as “Ecstasy” which in many respects resembles hallucinogenic/psychedelic drugs like mescaline, psilocybin, and peyote, thus causing
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combined sympathomimetic and hallucinogenic effects, thus producing potentially very dangerous effects on our youth. The majority

of the “Ecstasy” in use is 3,4-methylenedioxymeth-amphetamine (or MDMA), N-ethyl-3,4-methylenedioxyamphetamine (or MDEA), or
3,4-methylenedioxyamphetamine (or MDA). Current evidence indicates that illicit synthesis of all three of these drugs is producing an

increase in their use, vastly, among college students [6]. The porous Southern border of the USA has made it relatively easy for drug
traffickers from Mexico and Central America to bring huge quantities of AM, MDMA, MDEA and MDA into the USA at cheap prices.

Although alcohol and marijuana, which also can induce strokes [3-5,7-11], are the most abused drugs in the Western world,

amphetamines and Ecstasy-like designer drugs are a close third in abuse, particularly among the youth. Why young women are more
susceptible to AM and METH-induced strokes than men is not known, but has been speculated to be related to oral contraceptive use.

Overall, the number of deaths and hospitalizations from AM and METH abuse, when added to those deaths from fentanyl abuse, combine
for the third leading cause of death in the USA.

Below, we point out a number of clinical and experimental studies, mostly overlooked, including our own studies, which provide

considerable evidence supporting a role for AM, METH and Ecstasy-like drugs as causal factors in both IS and hemorrhagic strokes. We

also provide new evidence for, what we believe are the underlying biochemical and molecular pathways by which these drugs probably
produce IS and hemorrhagic strokes.

It is a wide-perception that ingestion, smoking, intravenous injection, or snorting amphetamines is completely safe. Unfortunately,

this perception appears to be wide-spread among the youth (e.g. children below the age of 18). However, more than 70 years ago, it

was first reported that ingestion of amphetamine produced a stroke (i.e. subarachnoid and subdural hemorrhages), followed by death,
in a 36- year-old man [12]. Over the intervening years, up to the present day, there have been multiple documentations of both IS and

hemorrhagic strokes in both men and women induced by AM and METH [3-5,13,14]. Based on these reports, the incidence of METHinduced strokes in young people (< 45 years old) varies between 7 - 15% [3-5]. A major problem in pin-pointing the exact incidence of

AM and METH-induced strokes is two-fold: 1. often AM or METH are mixed with other drugs (i.e. alcohol, heroin, psychedelics, cocaine,

fentanyl, etc.) in order to overcome tolerance; and 2. age and sex appear to confound the incidences. It is, however, clear that the degree(s)
of the pharmacological effects of AM, METH, and “Ecstasy”-like drugs vary with the experience of the user, dose, route of administration,
and vulnerability of the user to psychoactive stimulants [3-5].

Experimental studies demonstrate amphetamines and derivatives can result in regional vasoconstriction-vasospasm in brain
and strokes: Beneficial effects of magnesium
Using anesthetized rats, and exposure of the pial-brain microcirculation, as well as the medullary microvasculature , and the cerebellar

microvasculature (by a scrape-down method) [15], we have found that a variety of drugs of abuse (including all hallucinogens so far

tested) , including alcohol, LSD, heroin, PCP, psilocybin, cocaine, peyote, mescaline, AM, METH and “Ecstasy”, among others produce
concentration-dependent vasoconstriction-vasospasm of intact cerebral arterioles, metarterioles , and muscular venules as well as
potent dose-dependent contraction of isolated cerebral arteries excised from dogs, rats, and monkeys [11,13-46]. In addition, using

high-resolution quantitative video microscopy at magnifications up to 6,500 x-normal), on intact rat brains, we have found that these
drugs of abuse, including AM, METH, and “Ecstasy” induce rupture of postcapillary venules with transudation of blood-formed elements,

including red blood cells, into the surrounding perivascular tissue spaces [15]. These reactions are clearly representative of both IS and
hemorrhagic strokes. Surprisingly, pretreatment of the experimental animals with diverse magnesium (Mg) compounds, given by local,

oral or intravenous administration, prevented many of the vasospasms and stroke-like microcirculatory reactions induced by AM, METH

and “Ecstasy”-like agents [15]. We confirmed much of these findings through the use of 31P-nuclear magnetic resonance spectroscopy

(31P-NMRS) [35] in the living rat. In addition, in those animals that died, we noticed a precipitous rise in brain cell inorganic phosphorous
content which was preceded by reductions in intracellular free Mg concentration ([Mg2+i]) and followed by marked reductions in brain cell

ATP levels [15]. We believe this constellation of changes in brain cellular Pi, [Mg2+ I] and ATP may prove to be biomarkers of impending

doom in human subjects self-administering stroke -like doses of AM, METH or “Ecstasy-like drugs. This suggestion should be investigated
in future human studies using 31P-NMRS.

Using new technology to implant electrodes in the hippocampus of the freely moving rat, we found that alcohol and other drugs of

abuse suppressed the firing of numerous pyramidal neurons in a dose-dependent manner [42]. We believe if such data are confirmed, in

humans, this would suggest a reasonable rationale for why permanent disturbances of memory and cognitive functions are observed after

chronic administration of AM, METH and Ecstasy. Such effects could portend potential, irreversible damage to deep areas in the brain like
the hippocampus.

Citation: Burton M Altura., et al. “Stroke, Headaches and Hallucinations: Real Dangers of the Recreational Use of Amphetamines and

Ecstasy-Like Drugs: Unrecognized Role of Hypomagnesemia”. EC Pharmacology and Toxicology 7.7 (2019): 646-652.

Stroke, Headaches and Hallucinations: Real Dangers of the Recreational Use of Amphetamines and Ecstasy-Like Drugs:
Unrecognized Role of Hypomagnesemia
648

Potential role of vasospasm and hypomagnesemia in AM, METH and ecstasy-induced euphoria, headaches and hallucinatory
actions
Euphoria is an affective state and a form of pleasure that goes back to biblical times. It makes a person experience intense forms of

well-being, happiness, and often ecstasy. It has often been suggested that euphoria induced by alcohol, psychoactive stimulants (such
as AM, METH and Ecstasy), designer drugs, LSD, PCP, heroin, etc., occurs via stimulation of hedonic hotspots within the brain’s overall

reward system [47]. Interestingly, asphyxiation initially produces an intense feeling of euphoria, often leading people to intentionally

induce asphyxiation and erotic sensations (e.g. brief periods of hypoxia). Our findings of reversible /irreversible AM-, METH- and ecstasyinduced vasospasms of microvessels in the cerebellum and medulla, of living rat brains [15], would be enough to curtail blood flow in
the brain to the point that key neurons, glial cells, and astrocytes do not get enough oxygen to function properly. We suggest, like that

seen in pilots at high altitude (> 15,000 feet) in non-pressurized cabins, in World War II, who experienced a euphoric sense of well-

being, ingestion, or snorting AM, METH, or Ecstasy-like drugs will reversibly induce vasoconstriction and vasospasm of the cerebellar and

medullary microvessels (most likely hippocampal microvessels as well), thus producing oxygen-lack and temporary light-headedness and
euphoria. We believe that AM, METH, and Ecstasy-like drugs -induced reductions in intracellular free, ionized Mg and ATP together with
intracellular rises in inorganic phosphorus and free calcium ions, discussed above, would help to trigger the latter events.

The headache-effects of the amphetamines, alcohol, cocaine, marijuana and numerous illicit drugs mentioned, herein, could also be

explained, in large measure, by a reversible cerebral vasoconstriction/vasospasm syndrome we first proposed for migraine headaches
in 1981 [38] caused by reduction of brain intracellular Mg and increased brain intracellular levels of calcium ions [for reviews, see

10,48]. Through examination of approximately 4,000 migraine headache patients, we have found that 90% of those that demonstrated
significantly lowered levels of serum ionized Mg levels, including those with cluster and tension-type headaches, had their headache pains

and photophobia alleviated by a single intravenous injection of MgSO4 [49-59]. We believe these results may have direct application to the

various types of headaches observed in humans imbibing AM, METH and Ecstasy. Whether intravenous injections of MgSO4 will alleviate

the neuropathic pain observed in subjects taking AM, METH and Ecstasy or other illicit drugs remains to be tested.

Importance of Mg to body homeostasis, cell normalcy and pathophysiology

Low Mg content of drinking waters found in areas of soft-water and Mg-poor soil, is associated with high incidences of ischemic heart

disease (IHD), atherosclerosis, coronary and cerebral arterial vasospasm, hypertension, and strokes [60-64]. In this context, it is vital to

point out, here, that our group has found that strokes in humans (with and without PCP, psilocybin, mescaline, peyote extracts, cocaine,

marijuana, alcohol, or polydrug use) all have shown deficits in blood ionized Mg levels [9-11,15,32-34,36,37,40,41,43,44,46,58,64,
unpublished findings]. Our findings on humans high on AM, METH or Ecstasy (coming into the ERs of our hospitals) exhibit similar
characteristics on demonstrating significantly lowered blood ionized Mg levels [unpublished findings]. Such drug-induced low, blood

ionized Mg levels result in calcium overload in cerebral vascular smooth muscle cells (VSMC) and glial cells in primary culture, as well as
in red blood cells (using 31P-NMRS to measure free Mg2+), as we have shown in IS and hemorrhagic strokes. This calcium overload results

in death of neurons, glial cells, endothelial cells, dendritic cells, and VSMC via apoptosis and necroptosis [unpublished findings].

Mg is a co-factor for more than 500 enzymes [59] and is the second most abundant intracellular cation after potassium. It is critical

in numerous physiological, biochemical, and cellular functions and pathways, running the gamut from transmembrane flux regulation of
cations and anions, hormone-receptor bindings, cellular energy generation, muscle contraction, nerve impulse conduction, regulation of

DNA and RNA structure and synthesis, regulation of carbohydrate, protein and lipid metabolism, regulation of cell growth and cell death
pathways, and regulation of vascular tone and blood pressure [48,64-72].

Most importantly, the daily dietary intake of Mg has been steadily decreasing in the USA, UK, Europe and Russia since the turn of the

last century from about 450 - 550 mg/day to about 135 - 235 mg/day. Normally, Mg exists in three forms: free or ionized; complexed to
small anions (i.e., HCO3-, PO4, acetates, etc.); and protein-bound [73]. The free or ionized form is the physiologically-active Mg in the body.

Up until our work, there were no reliable methods to measure all thee fractions of Mg, particularly in the ER, OR, critical care units, and

stroke units [73]. Thus, measurement of only total Mg in the blood is often very misleading. From the above, it is now our contention that
people ingesting diets low in Mg, as many of those individuals (particularly the youth) who inject, imbibe, snort, main-line or ingest AM,

METH and Ecstasy-like drugs, could be expected to demonstrate potential risk for strokes, brain damage, memory and cognitive losses,
hallucinations, severe headaches, and heart attacks.
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Although there seems to be an increased awareness of the overdoses and deaths from fentanyl in Western societies, little emphasis

is, unfortunately, being devoted to warning the public about the very dangerous recreational use of AM, METH and Ecstasy-like designer
drugs. Our results on animals and human subjects not only point to the serious risks for IS and hemorrhagic stokes, but suggest a potential

therapeutic solution with Mg. Our findings also suggest that, if our hypothesis is correct, then human subjects who are brought to the ER
with brain ischemia or strokes, and severe headaches, should be tested for low ionized Mg levels in blood and brain (using 31PNMRS) and

should receive intravenous injections of MgSO4. At the very least, clinical trials should be undertaken using sophisticated techniques for
measurement of free ionized Mg levels in cells, blood and tissues, and to employ fast -MRS to record localized blood flow changes in the
brain of AM, METH and Ecstasy victims.
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