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Background:   I developed this program and the accompanying video on the abuse of Crystal 

Methamphetamine in the hopes that it would shine some light on a problem that is so prevalent here in 
California.   The fact is that most teachers, parents and dentists may not recognize the signs and 
symptoms of Crystal Meth abuse in their students/children/patients.  This has become a hot topic here 
as California is among the top states in the nation for Crystal Meth lab busts by the police.  Meth abuse is 
an ongoing, growing problem among high school students, many of whom see a dentist regularly and are 

not diagnosed, despite readily apparent symptoms.   
 

Course Objectives:  Following the course, the student should be able to: Identify how methamphetamine 
affects the human body; Understand how kids become addicted to Crystal Meth; Know the oral 
manifestation of Crystal Meth Use; Identify the effects of Crystal Meth on the dentition; Identify physical, 
oral, and behavioral signs and symptoms of Crystal Meth use; Understand the dental treatment necessary 
after long term use of Crystal Meth; Know the basic ingredients of Crystal Meth; Understand the basic 
addiction process of Crystal Meth; and Understand the basic concept in Drugproofing middle school and 
high school students. 
 
Speaker Biography: 
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AFB, Ca, Anderson AFB, Guam, and Kunsan AB, Korea. Retiring from the Air Force in 2002, he 
established a bilingual dental practice in Diamond Springs, California. He is married to Audrey Speicher 
Goodis, has three daughters, and lives in Placerville, Ca.  
 

Course Outline: 
 
History 

 Synthesis of Methamphetamine by the Japanese in 1898 

 Use by both the axis and allied troops as well as Kamikaze pilots 

 Manufactured by motorcycle gangs 
Names for crystal meth 

 Crank, Chalk, Ice, Tweek, Crypto, Crystal, Fire, Glass 

Synthesis 

 Composition (Some or all of these ingredients) 

o Anhydrous Ammonia 
o Lithium from batteries 

o Lighter fluid 
o Lye 
o Hydrogen peroxide 
o Iodine 
o Pseudoephedrine 
o Red Phosphorus from matches 
o Lantern fuel 
o Antifreeze 
o Hydrochloric acid 

 Raw Ingredients 

 Meth Labs:  Domestic and Foreign 

 Origin of Ingredients: BASF Corp in Germany exports to Mexico  



Meth Labs 

 Home labs: produce 35% of meth consumed in U.S. 

 Superlabs in Mexico: 65% 

 Dangers to environs 

Studies of 7000 Students in Humboldt High Schools, grades 9-12 

 250 used meth 

 8% of 9th graders 

 11% of 11 graders 

 4% of 9th graders and 5% of 11th graders admitted using in past 30 Days 

 
El Dorado Union High School District 

 1% or 9th graders and 2% of 11th graders admitted using crystal meth in the past month. (Table 

A3.2, Any Current AOD Use, Past 30 Days, Technical Report, Module A: Core p71. Fall 2004)) 

 2% of 11th graders admitted using Crystal Meth 4 or more times (Technical Report-Module A: 

Core Table A3.1, Fall 2004) 

 8% used other illegal drugs 4 or more times 
 

Healthy Kids Survey, Table 14, Percentage of students that have used methamphetamine in the past 

30 days.   
 
In 2004: 
 
School  Grade 9  Grade 11 
El Dorado High 2%  1%  
Oak Ridge High 1%  3% 
Ponderosa High 1%  2% 
Union Mine High 1%  1% 
 
The figures for cocaine use are similar 
 
(El Dorado Union High School District Technical Report-Secondary, Fall 2004 From California 
Healthy Kids Survey)  “The report provides comparison results from year to year for the 
comprehensive schools, the district, and results from the California State Survey on Drug, Alcohol 
and Tobacco Use Report for 2002-2003 and 2003-2004” 
 

 
 

 
Drugproofing  

 Why awareness works 

 How to initiate discussion of drug abuse 

Using Methamphetamine 

 Smoking 

 Snorting 

 Injection 

High purity Crystal methamphetamine 

 Clear (white and refined) 

 Washed:  Brown, less highly refined.  Washed with acetone to improve appearance 
Production to turn powdered meth into crystalline form 

 Dissolve d-methamphetamine powder in solvent (denatured alcohol) 

 Evaporation caused crystals to form 

 Remove and dry on paper towel 

o Evaporation at room temperature yields large crystals 
o Evaporation in refrigerator yields smaller crystals 



o Evaporation in freezer yields smaller crystals 
Some numbers 

 19.000 lives lost annually 

 DEA seized 16,000 labs in 2004 

 194 fires 117 explosions, 22 deaths in labs in 2002 

 80% decrease in lab busts in Oklahoma after limiting sales of Pseudoephedrine 

 58% of Law Enforcement officials in 45 states say that Meth is their biggest drug problem 

California Prop 36 

 Designed for first or second time drug users 

 19,000 meth users enter program every year 

 Court directed rehabilitation program 

Arrestee Drug Abuse Monitoring Program:   

 38% of those arrested in Honolulu tested positive for Meth 

 29% of those arrested in Sacramento tested positive for Meth 

 28% of those arrested in San Jose tested positive for meth 

Drug Testing in Hawaii: 

 2% of students tested positive 

 Detention decreased 85% 

 Disruptive behavior decreased 65% 

 School programs work:  Peter Carlisle, Honolulu Prosecutor tested 2000 heads of hair for drugs.  

Less than 2% of the students tested positive the first time, and 98% do not test positive again.  
“Detentions for fighting have been reduced by 85% and those for disruptive behavior decreased 
65%.  Mandatory drug testing works” 

 http://www.co.honolulu.hi.us.prosecuting/schooldrugtesting.htm   

 http://www.co.honolulu.hi.us/prosecuting/meth/htm 
Gay Men:  Study done on 16,000 men who had sex with other men 

 13% used meth 

 2x more likely to have unprotected sex 

 Those using meth were 4x more likely to be HIV positive 

 1 in 3 gay men testing positive for HIV were using Crystal Meth 

Crank Babies 

 “As many as one in ten babies born at UC Davis Medical Center between 1990 and 2002 had 
been exposed to Methamphetamine, according to a recent UC Davis study of babies in the 
neonatal intensive care Unit.  Sacramento County numbers underscore the problem:  Half of the 
babies that tested positive for drug exposure here last year had traces of methamphetamines and 
other amphetamines in their systems.”   

 “…of 6555 babies born in Northern California since 1990 and admitted to neonatal intensive care 

units…about 560 were exposed to Methamphetamine and 325 to cocaine” (Sacramento Bee, New 
Drug Wave Delivers Crank Babies,’ April 17, 2005, Christina Jewett) 

Where does it go? 

 Hypothalamus:  Thermoregulation, flight or fight, emotions, autonomic functions 

 Hippocampus:  Learning and memory.  Damage = losses similar to Alzheimer’s 

 Limbic System:  regulates emotion, sex drive.  Damage causes depression, anxiety 

 Cerebral Cortex:  senses of sight, hearing, taste, touch, speech, understanding words.  Causes 

heightened energy, elevated euphoria, elevated powers of reasoning and thinking 

 http://www.the.honoluluadvertiser.com/dailypix/2003/Sep/14/icemethgraf.gif 

What does it do to the brain 

 Tissue destruction is apparent in the brain 

 Scans show destruction in the brain:  areas where neurotransmitters stopped working 
Dose related symptoms 

 Small doses:  Euphoria, decreased appetite, increased BP, pulse, respiration, alertness 

 Increasing doses:  Agitation, irritability, paranoia, hallucinations, convulsions, coma, death 

 Withdrawal:  depression, protracted sleep 

 
 
 
 
 
 
 
 
 

http://www.co.honolulu.hi.us.prosecuting/schooldrugtesting.htm
http://www.co.honolulu.hi.us/prosecuting/meth/htm


Symptoms:  What we see 
 

 
 Corroded teeth  
 Body odor 

 
 Sensation of ‘bugs’ under the skin            

 Hallucinations 

 Sleeplessness 

 Extreme weight loss 

 Blurred vision 

 Convulsions 

 Irreversible damage to brain blood vessels leading to stroke 

 Depression/paranoia 

 Decreased sex drive 

Oral Manifestations 

 Xerostomia 

 Rapid onset caries 

 Periodontal disease 

 Poor hygiene 

 Oblique cleaving of crowns 

 Greenish-gray stained plaque 
Recognizing users in your family  

 Drop in grades 

 Change in friends 

 Change in attitude 

 Stealing from friends and families 
o Money, possessions disappear 

o Mean to other family members 

 Irregular sleep patterns 

 Aggressive behavior 

 Rapid weight loss:  Called ‘Jenny Crank Diet’ 

Recognizing users in your practice 

 Cervical caries onset 

 Poor attitude 

 Denial 

 Blames caries on soda 

 Poor hygiene 

 Impatient, inattentive 



 Comes to office only when in pain 

Methamphetamine Addiction 

 Extremely addictive:  most are addicted after only one use 

 Tweaking:  attempt to remain high, up to 2 weeks 

 Crashing: after neurotransmitters are depleted, may sleep for days 

 Hallucinations:  see shadow people/meth monsters 

 Looking for things in their house, not knowing what they are looking for,  
o All clothes, possessions on floor 
o Takes things apart (TV sets, radios), cannot reassemble them 

 Constant pain from teeth 

o Takes more meth to relieve pain 
o Resorts to pulling own teeth 

 Short term memory loss; unable to recall events, day to day activities 

  Acne:  body unable to process impurities, causing acne, itching skin 

Why drug proofing works 

 Many start in 8th or 9th grade, when they are most impressionable 

 Kids don’t fear prison, death, or addiction 

 Kids are narcissistic  

o Showing kids tooth loss, pimples, & abscesses makes a lasting impression 
 

Recognizing a Meth-Endangered Child  Chuck Newport, cnewport@co.el-dorado.ca.us 

 
Along with the dramatic rise in meth labs in Illinois has come an increase in the number of children 
found at lab sites.  The dangers to children being exposed to this environment are severe.  It is difficult to 
identify children who may be endangered by meth because there may be so many different signs and 
symptoms.  However, there are some “telltale signs” to look for.   
Children who are exposed to the chemicals used to manufacture meth may experience irritation of the 
eyes, skin or mucous membranes.  They may have respiratory difficulties ranging from wheezing to 
respiratory distress.  The child may have evidence of chemical burns on their skin.  Children living in 
meth homes may also have an unusual odor and may appear unclean.   
Children being abused and neglected in meth homes may show any combination of the following signs: 

 Wary of adult contact 
 Use of behavioral extremes: aggressiveness or withdrawal 
 Frightened of parents 
 Reluctant to go home 
 Reports injury or neglect by parents 
 Consistent hunger 
 Begging or stealing food 
 Poor hygiene 
 Inappropriate dress 

 Unattended physical problems or medical needs 
 Extended stays at school; early arrival and late departure 
 Constant fatigue, listlessness or falling asleep in class 
 Difficulty walking or sitting 
 Poor peer relationships 
 Excessive fatigue 
 Lags in physical development 
 Habit disorders, sucking, biting, rocking 
 Overly adaptive behavior, inappropriately adult or inappropriately infant 
 Sudden changes in behavior or school performance 

If you have contact with a child that you believe has been exposed to a meth lab or that you believe has 

been abused or neglected by other means, you should inform local law enforcement, child protection, or 
health care authorities. 
 
Meth Resources: 

 http://www.mitchtv.net 
Photos, teaching aids and PowerPoint on Meth abuse 

 http://www.co.multnomah.or.us/sheriff/faces_of_meth.htm    
Faces of Meth 2005 PowerPoint CD 

 http://www.escapemeth.com 
Tweaked 2000 (VHS/DVD) 

 http://www.stopdrugs.org 
 http://www.safestate.org 

mailto:cnewport@co.el-dorado.ca.us
http://www.mitchtv.net/
http://www.co.multnomah.or.us/sheriff/faces_of_meth.htm
http://www.escapemeth.com/
http://www.stopdrugs.org/
http://www.safestate.org/


 Includes “Meth…the Great Deceiver”, “Where Meth Goes…Violence and Destruction Follow”; 
“Hidden Dangers:  Meth Labs”; Ca Dept of Justice  

 http://www.wunderpix.com 
Crystal Harvest DVD 

 http://www.pbs.org 
“The Meth Epidemic,” Frontline, 2006 PBS Home Video 

Public Presentations on Methamphetamine in El Dorado County by Alcohol/Drug Programs Staff of 
EDCPHD:  Some presentations are available in Spanish, particularly in South Lake Tahoe.  Contact 
Chuck Newport at (530) 621-7569 or cnewport@co.el-dorado.ca.us 
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CRYSTAL METHAMPHETAMINE:  THE WRONG ROAD 
 
Name_____________________________   Age________   School 
_________________________   Before/After   (circle one) 
 
Please circle the correct answer: 
Have you ever used crystal meth?  Yes  No   If so, when was the 
last time: Today  Last 30 days   Last year 
1.  What is Crystal Meth? 

a. Narcotic 
b. Barbiturate 
c. Amphetamine 

2.  What effect does Crystal Meth have in the mouth?  
a. Decalcification of enamel 
b. Cervical decay  
c. Dry mouth 
d. All of the above 

3.  How long do the effects of Crystal Meth last? 
a. 20 minutes 
b. 1 hour 
c. 2 hours 
d. 8 hours 

4.  Which areas of the brain does Crystal Meth affect? 
a. Hypothalamus:  (thermal regulation, flight or fight, emotion, autonomic 

functions) 
b. Hippocampus:  (learning and memory) 
c. Limbic System: (emotion and sex drive) 
d. Cerebral Cortex: (senses:  sight, hearing, taste, touch, speech, 

understanding words) 
e. All of the above 

5.  How does Crystal Meth affect neurotransmitters 
a. Sustained release of Dopamine 
b. Sustained release of Serotonin 
c. Depletion of Dopamine  and Serotonin levels in the brain cells 
d. All of the above 

6.  If you try Crystal Meth, how many times do you have to use it to 
become addicted? 

a. Once 
b. Twice 



c. Five times 
d. Ten times 

7.  Which are the ingredients in Crystal Meth? 
a. Pseudoephedrine (the main constituent in Sudafed) 
b. Coleman Lantern fuel and antifreeze 
c. Hydrochloric Acid, drain cleaner, battery acid, lye 
d. Red phosphorus from match heads,  
e. Some or all of the above 

8.  What are some of the effects of Crystal Meth? 
a. Kidney and lung disorders 
b. Brain and liver damage  
c. Hallucinations & chronic depression 
d. Paranoia, panic attacks, and psychotic or violent behavior 
e. All of the above 

9.  How does Crystal Meth affect newborn babies if mom used it while 
she was pregnant? 

a. Tremors and excessive crying, behavior disorders, low birth weight, 
and birth defects 

b. No effects 
10.  What effects does crystal meth have on users? 

a. Blurred vision, sleeplessness, hallucinations, extreme weight loss, 
corroded teeth 

b. Irreversible damage to brain and blood vessels, leading to stroke 
c. Depression, paranoia, depressed sex drive, body odor, convulsions, 

sores on skin 
d. All of the above 



 
METHAMPHETAMINE:  A Literature Review on The Neurophysiology and Toxicity of 

Methamphetamines 

 

It’s Available, It’s Cheap, And It’s Coming To A Neighborhood Near You! 

 

Jamie Angela Goodis, MD 

 

Introduction: 

What is now being considered an epidemic by some, the methamphetamine crisis in America has 

reached an all time high, exceeding 17,000 primary emergency room visits in 2002 alone (1).   

This number has increased by more than 500% since 1992, with the criminal justice system 

referring more than half of these ED visits (1).  

Methamphetamine (Meth) was first synthesized in Japan in 1893. Primarily, the drug was placed 

in inhalers for treating rhinitis and asthma. Subsequently, it was used by American, English and 

German troops during World War II as a stimulant to maintain wakefulness and increase energy 

and suppress appetite.  Shortly after the war, the Japanese military released the remainder of their 

drug supply to the civilian market, causing Japan’s first Methamphetamine (Meth) crisis.  Today, 

Japan is the country with the highest use per capita in the world (1).  

 

The news of its anorectic and stimulant effects soon spread to American communities, leading to 

a surge in Meth use.   In the late 1950’s, the US government enacted Federal statues in an 

attempt to control its spread.  The success was minimal as the drug became increasingly popular 

among students, athletes and shift workers (2). Life magazine addressed the growing problem 

with this class of drugs in the 1960’s, publishing an article on the effects of using amphetamines 

(of which Meth is a subgroup) as diet drugs (4).  In 1970, the Controlled Substances Act was 

passed, again attempting to halt the popularity and use of Meth. Placing strict controls in effect, 

this act managed to decrease the manufacture of the drug within US borders, unknowingly 

encouraging production to take place underground and outside the US.   

 
Figure 1.  Pseudoephedrine-free Sudafed            Figure 2.  Tylenol with Pseudoephedrine 

 

Standing at the ready was none other than drug trafficking organizations in Mexico and Asia, as 

well as the Mafia.  Legislation had failed to control the ever-growing demand for Meth, leading 

to “mom and pop” Meth labs springing up in California and Hawaii during the late ‘90s.  As its 

popularity grew, the use of the drug changed from a short-term stimulant helpful in dieting and 

improving attention spans to a longer lasting and more intense stimulation needed in recreational 

drug use.   The crystallized form of Methamphetamine, Crystal Meth, filled this niche nicely, 



providing a drug that was relatively easy to produce, inexpensive to purchase, and longer lasting 

than its opoid counterparts.   

 

Considered to be a purer form of Methamphetamine, Crystal Meth is the washed, crystallized 

version with a purity of up to 98% (3).  As Crystal Meth can be injected, swallowed, or smoked, 

is easier to transport, and is said to result in more intense “trips” that can last up to 12 hours, it 

quickly became the drug of choice among Methamphetamine aficionados.  “It’s not like taking a 

drink,” states one recovering addict, “I used it once and I used it for nine years.” (DVD; Crystal 

Meth: The wrong Road”).   As addicts quickly come to realize, discontinuing the use of this drug 

is extremely difficult due to the withdrawal, forcing them to partake in what is known as 

“tweaking.”  These “tweakers” will reinforce their ‘high’ by using the drug for periods of time 

ranging from days to weeks, allowing themselves to defer facing the withdrawal symptoms of 

anxiety, irritability, restlessness, fatigue and dysphoria. The eventual result is a terrible 

withdrawal consisting of a restless, sometimes unarousable sleep with sweats followed by sores, 

itching, decayed teeth, and nightmarish feelings of bugs crawling on their skin.   

 

 
Fig 3.  Skin lesions on chronic Meth abuser.    Fig 4.  Tooth loss and decay in 31 yr old female 

 

Long-term users of this drug have said that they can’t remember large periods of their life.  “I 

can’t remember my roommates or where I lived”, says Desiree D.  Some will have long lasting 

psychiatric problems.  “I have to take Prozac every day just to feel good,” states Kathleen K.  

Chronic abuse can cause psychotic and violent behavior characterized by intense paranoia, visual 

and auditory hallucinations, and out of control rages, even in those who have been abstinent for 

years (3).    

 

Concerned with its ability to cause long-term neurological damage and cognitive impairment, 

numerous studies have researched the effects of Methamphetamines.  The studies are varied, 

with some looking at the biochemical effects of Methamphetamines while other studies examine 

differences in brain mass and volumes in users compared to non-users (4).  We will describe the 

major physiologic and psychologic effects of Meth as noted in both animal and human studies.  

We will also look at the neurotoxic effects that Meth has been shown to have on Serotonin and 

Dopamine neurons in the brain.   

In this review, we hope to provide a comprehensive description of the factors involved in the 

neurophysiology of Meth and discuss some of the factors relating to its strong addictive and 

neurotoxic potential.  

 

Physiology  
 



Meth is an indirectly acting sympathomimetic that precipitates a massive, sustained release of 

dopamine in the brain, causing the ‘high’ that users pursue (5).  Meth’s activity differs as a 

function of location in the brain.  There are 3 major dopaminergic systems: the nigrostriatal, 

mesolimbic, and mesocortical systems.  In the striatum, Meth stimulates the release of Dopamine 

via 5 mechanisms (Figure 1).  It increases the release of DA from storage vesicles, it inhibits 

monoamine oxidase (MAO), the enzyme responsible for breaking down dopamine, it blocks the 

reuptake at the synaptic cleft, it decreases the expression of dopamine transporters at the cell 

surfaces, and it increases the expression of tyrosine hydroxylase (which allows the conversion of 

tyrosine into dopamine) (6).   

 
 Figure 5 (6).   

 

 In the nigrostriatal pathway, the released dopamine stimulates the D1 receptors on the Gamma 

Amino Butyric Acid (GABA) neurons causing an increased release of GABA, the main 

inhibitory neurotransmitter in the brain.  GABA then stimulates the GABA (a) receptors on the 

postsynaptic neurons, resulting in the inhibition of the nigrothalamic projections.  Since these 

projections are also inhibitory, their silence consequently allows the stimulation of the 

thalamocortical projections.  These projections then increase their release of glutamate, the major 

stimulatory neurotransmitter in the brain. (7). Glutamate stimulates the striatum and, together 

with the increased release of dopamine, can lead to oxidative and excitatory neurotoxic damage 

(7) as well as the positive symptoms in Meth addicts that are similar to those seen in 

schizophrenics (euphoria, well being, hallucinations, strange or unusual beliefs and alertness, 

increased libido and decreased appetite (6,8)).   

 

The mesolimbic pathway starts in the Ventral Tegmental Area (VTA) of the thalamus and 

projects to the nucleus accumbens and prefrontal cortex, an area that plays an important role in 

the regulation of emotions, reward and cognition.  In rats, subchronic exposure to Meth 

sensitizes the dopamine neurons of the mesolimbic pathway (13).  The exact mechanism of 

Meth’s effects on these neurons remains to be established, but it has been demonstrated that, 

after these sensitized neurons suffer an acute exposure to Meth, they demonstrate oscillating Ca
2+

 

levels.  Oscillations in Ca
2+

 levels have been linked to the release of hormones and 

neurotransmitters as well as gene expression and cell differentiation. This is of major importance 

because the responses of the sensitized VTA dopamine neurons could possibly cause the classic 

psychostimulant responses to Meth, such as addiction, dependence, and sensitization. (9).  

 

There have been multiple other studies that look at VTA kindling, the sensitization of neurons in 

the VTA after repeated stimulus.  VTA kindling would provide another model of Meth 

1-Meth increases the release of DA from storage 

vesicles 

2- Meth blocks the reuptake of DA at the synaptic 

cleft. 

3-Meth decreases the expression of DA transporters 

4- Meth inhibits MAO 

5- Meth increases the expression of tyrosine 

hydroxylase. 



associated psychosis (15).  Watanabe, et. al., showed that chronic treatment with Meth caused 

long lasting changes in the depolarization threshold of neurons in the VTA, inducing kindling 

(15).  This suggests another connection between chronic Meth stimulation of the VTA neurons 

and behavioral sensitization. More recent studies have examined whether the dopamine turnover 

within the cell is also related to stereotyped behaviors.  Although this process is affected by 

Meth, stereotype behavior appeared to occur independently of dopamine turnover (16, 17).  It 

has also been found that, since Meth induces the neuronal nitric oxide synthase (nNOS) pathway 

(previously found to be related to neurotoxicity and behavioral sensitization); a deficiency in 

nNOS prevents the sensitization and decreases the neurotoxicity to Meth (18).  This suggests that 

nNOS inhibitors may be useful against amphetamine addiction, neurotoxicity and sensitization 

(18, 19).  Sensitization is relevant to amphetamine induced psychosis and the development of 

drug craving in humans (18).   

 

The mesocortical pathway starts in the VTA of the thalamus and projects to the cerebral cortex 

including the prefrontal, cingulate, and entorhinal cortices.  This pathway is affected by Meth; 

however research is sparse in this area.  It is known that the terminal ends of the dopamine 

neurons in the cortex are damaged by Meth. This damage is thought to attract microglia 

(macrophages of the CNS) to the nerve terminals leading to an initial hypertrophy of the areas 

followed by fibrosis in the long term.  This has been postulated to lead to a decreased striatal 

volume and poorer cognitive performance.  

 

Serotonin neurons play a part in the regulation of mood, anxiety, and aggression.  Meth also 

affects serotonin neurons throughout the brain (midbrain, thalamus, caudate, putamen, cerebral 

cortex, and cerebellum), leading to a significant decrease in serotonin transporter density in Meth 

abusers (11).  Unlike dopamine neurons, where the effects are most notable in the nigrostriatal 

pathway, all serotonergic pathways seem to be equally effected (11).  The exact mechanism of 

action is unknown; however it is known that the increase in serotonin in the synaptic cleft is due 

to Meth acting to decrease the function and availability of the serotonin transporter much like it 

does with the dopamine transporters (12).  In the long term, Meth leads to “global and severe 

reduction in the density of serotonin transporters” (11). This reduction has been found to be 

‘severe and long lasting’ in Meth users (11). These changes in the serotonin transporter are also 

effected by the Meth induced hyperthermia and the increase in dopamine levels.  In addition, the 

decrease in serotonin transporters is related to an increase in aggression seen in acute Meth 

intoxication, a symptom that persists long after the abuse of Meth ceases (11).   

 

As mentioned previously, Meth rapidly decreases the DA transporter activity.  It is now thought 

that Meth induced hyperthermia is in part responsible, as thermoregulation attenuates the 

decrease in DA transporter activity (22). Hyperthermia is implicated in this decrease in 

transporters because it increases the production of Reactive Oxygen Species, which have been 

found to decrease DA transporter activity (22, 23).   Along the same lines, it was found that 

peroxynitrite production mediates the interaction of nitrogen and oxygen radicals.  Imam, et al., 

have shown that treatment with a selective peroxynitrite scavenger or decomposition a catalyst 

was able to completely prevent Meth-induced hyperthermia, Meth-induced dopaminergic 

depletion, and peroxynitrite production (19).  Hyperthermia is a common finding in patients 

exposed to Meth.  It is known that hyperthermia contributes to the neurotoxicity of Meth by the 

mechanisms mentioned previously.   It has been found that when hyperthermia is blocked, the 

neurotoxicity of Meth is reduced.  Agents such as neuronal Nitric Oxide Synthase inhibitors 

(nNOS), -methyl-p-tyrosine methyl ester hydrochloride (-MT) and peroxynitrite 



decomposition catalysts, as well as reducing environmental temperature, have all been found to 

block the hyperthermia produced by Meth (22,23). Callahan et. al., found that 7- nitroindazole 

(7-NI) affords complete protection against DA neurotoxicity in Meth treated animals as well as 

produces hypothermia.  It is thought that the hypothermic reaction produced is what underlies the 

neuroprotective effect of 7-NI (21).  When the hypothermia induced by 7-NI was prevented, by 

subjecting the animals to higher temperatures, the protective effects of 7-NI were diminished.  

Therefore it is likely that the neuroprotective effects of 7-NI are more likely due to it 

thermoregulatory effects rather than the NO inhibiting effects that it also demonstrates (21, 30).  

 

As a central acting stimulant, Meth exerts its effect on almost every organ, from the heart and 

adrenal glands to the lungs and kidneys.  Briefly, Meth can cause chest pain, hypertension and 

Myocardial infarctions, as well as dyspnea, and wheezing.  Its most severe effects are strokes, 

pulmonary edema, necrotizing angiitis with arterial aneurysms and sacculations in the kidney, 

liver, and pancreas.   Notably, Meth (and also Ecstasy) reduces both salivary quality and 

quantity, resulting in Xerostomia and Sica Syndrome, due possibly to stimulation in the brain of 

[alpha] 2-sympathetic adrenoreceptors, inhibiting salivary secretion (29).  Often the most visually 

striking manifestation of long term Meth use, Meth mouth, is due the lack of saliva in 

combination with an increase in soda drinking and extremely poor oral hygiene, leading to an 

increase in the number of caries Meth abusers experience.  Decay begins with occlusal and facial 

caries, progressing rapidly, decaying to the bone level and leaving, in many cases, only roots 

(29).   Meth has also been found to cause dermatological manifestations seen as skin picking (2). 

 
Fig 2.  Buccal space infection       Fig 3.  Meth Mouth 

 
Fig 4.  20+ years of Meth use age 41 female     Fig 5.  5 years of Meth use; age 22 male 

 Gross oral destruction   cervical decay, coronal fractures  

 

 



Psychology 
Chronic Meth users demonstrate a plethora of psychiatric symptoms:  psychosis, depression, 

anxiety and aggression when either under the influence or while undergoing withdrawal (11). 

Meth induced psychosis is a well-known side effect of acute and chronic Meth exposure.  It has 

been found that longer duration of methamphetamine use induces greater decreases in the DA 

transporter density and that this decrease might be long lasting, even once Meth use has ceased.  

It is this decrease in DA transporter density that has been associated with the high occurrence of 

residual psychiatric symptoms. In summary it has been found that the duration of use of Meth is 

correlated to the decrease in Dopamine Transporters which are in turn correlated with the 

severity of the positive symptoms (28). 

It has also been found that Meth can induce a long-term sensitization to stress, suggesting that, 

even during periods of remission, psychological stress can spontaneously induce Meth psychosis, 

more commonly known as flashbacks (25). Also interesting was the finding that the craving for 

Meth was correlated to the duration of abstinence from the drug, not the duration of use (25).   

 

 -Synuclein is an abundant, soluble presynaptic protein in neurons and is a major component of 

nigral Lewy bodies found in the brains of patients with Parkinson’s disease (26, 27). Excess -

synuclein increases the rate of production by DA of reactive oxygen species (ROS) such as 

quinines and semiquinones, causing oxidative stress and possibly the neurotoxic effects on DA 

terminals, which could result in cell death (26).  Modulation of the DA transmission rates by 

complexes of this protein has also been postulated to be involved with neurodegenerative and 

neuropsychiatric disorders such as Meth induced psychosis.  Kobayashi et al., (26) found that 

there that there are three single nucleotide polymorphisms (SNP) within the alpha-synuclein gene 

that change the expression of alpha-synuclein, modifying DA transmission possibly by affecting 

complex formation with DAT and thus contributing to the development of Meth 

psychosis/dependence in females.  Therefore there is a probable pathway leading to Meth 

associated psychosis, which lends to another avenue of approach in the fight to halt Meth’s 

deleterious effects.   

 

Buffenstein et al., found focal perfusion deficits in the frontal, parietal, and temporal lobes in 

chronic Meth abusers.  Related to dose and length of time using Meth, this perfusion deficit can 

also be found in those people who exhibit violent or aggressive behavior, implicating Meth as a 

factor in the aggression instead of a preceding factor to its use.  Additionally, Single Photon 

Emission Computed Tomography, (SPECT) has demonstrated that such performance deficits 

persist for years after abstinence from Meth use (24).   It has also been found that a global pattern 

of metabolic activity similar to that seen in patients with Major Depressive Disorder was 

identified during the initial phases of abstinence from Meth, correlating with subjectively 

described depressive-like symptoms such as dysphoria, fatigue, anxiety, depression, irritability, 

suicidality, and anhedonia (6).   It has been postulated that the decrease in cognitive inhibition 

and the inability to suppress irrelevant information, along with other impairments such as a 

decrease in executive function (like abstract reasoning) parallel the deficits seen with patients 

with Attention Deficit Hyperactivity disorder (ADHD), a disorder often treated with 

amphetamines, including Meth (6).  These findings link Meth to a variety of psychiatric 

disorders such as ADHD and Major Depression.  Research has been done concerning 

medications to treat these Meth associated psychiatric disorders with minimal success.  New 

theories have arisen which rely on proper encoding of information allowing for an increase in the 

activities of daily living and self-reliance (40).  This would hopefully lead to an increase in self 

worth. 



 

 

Neurotoxicity- mechanisms of action 
The neurotoxicity of Meth is widely researched, as the effects on the brain are long lasting, 

irreversible and severe.  As mentioned earlier, Nitric Oxide Synthase (NOS), peroxynitrite, 

Reactive Oxygen Species (ROS), gliosis, and hyperthermia have all been implicated in Meth 

induced neurotoxicity.   It is important to remember that Meth damage to neurons results in their 

dysfunction and, only to a lesser degree, their death (31, 34).  “Eventual cell death is attributed to 

oxidative stress damage of selectively vulnerable cells, especially highly differentiated neurons” 

(31). 

 

Nitric Oxide (NO) has been found to take part in synaptic plasticity and Meth-induced 

neurotoxicity (18).  NO is generated in the brain by three different isoforms of Nitric Oxide 

Synthase, (NOS); neuronal (nNOS), inducible (iNOS), and endothelial (eNOS) isoforms.  nNOS 

stimulation is associated with the activation of the glutamate receptors in the brain (18).  Earlier, 

we discussed the pathway by which Meth leads to glutamate release in the brain.  When 

Glutamate interacts with the NMDA receptor, calcium channels open in the cell.  The calcium 

then binds to calmodulin, activating neuronal nitric oxide synthase (nNOS) which produces NO 

(19).   Glutamate also induces the cyclic GMP-mediated nNOS, which increases the generation 

of NO radicals.  NO reacts with superoxide radicals to form Peroxynitrite, a major neurotoxin.  

Inhibition of NO formation by 7-Nitrodazole (7-NI) blocks neuronal toxic effects, even in the 

presence of hyperthermia associated with Meth (18).  It has also been found that mice deficient 

in nNOS were protected from Meth’s neurotoxic effects (19).  Peroxynitrite is a potent oxidant 

capable of oxidizing lipid membranes it has also been implicated in the pathogenesis of 

Parkinson’s disease (19).   Peroxynitrite, along with oxygen based free radicals (superoxide 

anion and hydrogen peroxide as well as subsequently formed hydroxyl radicals) generated by the 

metabolic breakdown of the excessive dopamine (19) and by the associated hyperthermia (12) 

reacts with the sensitive dopamine (DAT) and Serotonin (SERT) transporters to inactivate them 

and induce a decrease in their activity (12) as well as damaging or killing the neurons themselves 

(32). This can lead to the hypodopaminergic state, which has effects on all parts of the brain (19).  

Newborns exposed to Meth demonstrated lowered visual recognition memory in comparison to 

those not exposed (38). Also, in the hippocampus it causes a decrease in the ability to use 

working memory (6, 38), and psychomotor speed as well as verbal learning and executive 

function (39). As mentioned previously, the decrease in Serotonin Transporters has been related 

to an increase in aggression in abstinent Meth users and the decrease in Dopamine transporters 

leads to severe cognitive impairment and psychiatric symptoms (6, 28).   

 

Positron Emission Tomography (PET) studies have shown decreased dopamine transporter 

density in the post mortem brains of long term Meth users (28).  Other PET studies of abstinent 

Meth users also demonstrated markedly lower DAT density (28).  These studies have once again 

suggested that reduction in DAT density may be related to the duration of Meth use (28). These 

decreases in DA transporters may also be related to the persistent abnormal behaviors such as 

violence, psychoses and personality changes existing for years after the cessation of Meth use (5, 

28).  Older, long-term Meth users may experience an increased risk for Parkinson’s disease 

development as they age as they may develop similarly decreased striatal DAT density (28).  

This is important as it has been postulated and shown that antioxidants such as selenium, 

melatonin and 7-NI protect neurons from the oxidative stress, energy impairment, and 

excitotoxic stress placed on them by Meth (18), (31).  “It is the antioxidant status, the level of 



pro-anti-inflammatory agents, as well as the metabolic cofactors and substrates that determine 

cellular health and its resistance to damaging insults” (31). 

 

The astrocyte response to neural injury, more specifically reactive gliosis, is the most prominent 

response to Central Nervous System (CNS) injury.  The pathways that underlie this process are 

currently under investigation.   Numerous studies have found that, following neural injury, the 

activation of phosphoproteins within the mitogen-activated protein kinase (MAPK) and Janus 

kinase (JAK) pathways is partially responsible for the glial response (32).  MAPK’s are involved 

in gene expressions through inhibition and/ or stimulation of transcription factors (32) leading to 

neural cell growth and differentiation. Meleik et al., showed that systemic administration of Meth 

resulted in over stimulation of MAPK and JAK pathways in astrocytes, leading to reactive 

gliosis. The activation of microglia is also part of the reactive process initiated by Meth-induced 

neural damage (4, 10).  Microglia are activated by any damage to the CNS.  When the neurons 

are initially damaged, they release matrix-degrading proteinases that allow the influx of 

inflammatory cytokines and macrophages into the area of damage (4). When the microgila and 

macrophages accumulate at the sites of injury, there is an increase in striatal water in the area.  

Along with this there is an increase in dopaminergic neuron sprouting thought to be due to the 

increase in the expression of brain derived neurotrophic factor and glial cell-line derived 

neurotrophic factor (4).  This reaction leads to enlargement of the striatum (the area of damage) 

as a compensatory response to the acute insult, but over the long term can lead to a decreased 

striatal volume due to fibrosis of the area, resulting in poorer cognitive performance (4).  

Additionally, Meth users demonstrated smaller hippocampal volumes, as well as white matter 

hypertrophy (4).  The enlarged striatal structures have been observed in several other conditions 

like cocaine-dependant subjects, patients with velo-cardio-facial syndrome and schizophrenics 

and are thought to partly reflect the neuropathological substrate of psychosis (4, 33).  However, 

unlike in these conditions, the striatal enlargement seen in Meth induced neurotoxicity is likely a 

compensatory and protective response to the injury, which helps to maintain function.  The later 

decrease in volume is thought to be part of a burn out phase resulting from neuronal loss and 

fibrosis rather than increased neuronal content (4, 34).   This is important, as it is part of the 

reason why the insults sustained are still present, sometimes after years.    

 

 

 

Tying it all together 
Methamphetamines are reaching the level of a public health concern not only in America but the 

entire world as over 35 million people regularly use Meth worldwide (6)  (comparable to the 

entire population of California).  The United States is number 7 on the list of the highest 

prevalence of Amphetamine-type stimulant (ATS) users, although, most are Meth users (8). The 

epidemic is spreading though, as the numbers of users began to stabilize in the western states the 

eastern states are just starting to feel the burden.  With this increase in use comes a strong burden 

on the people and the state governments.  As discussed above the longer-term use can result in 

substantial cognitive, social and psychological deficits as well as neurotoxicity.  Numerous 

studies have examined the effects of Meth on these areas and some thought has been given to 

treatments for these conditions although at most these have proven to have a minimal effect.  

Those who abuse Meth are also at risk of sexually transmitted and blood borne diseases as they 

become compulsive and obsessive with sexual behaviors (8, 36, 37).  As mentioned previously, 

there is also an increase risk of other health and social consequences (35).  As Hawaii and 

California have experienced, those patients who were positive for Meth were more likely to have 



intentional self inflicted injuries, suicide (35) or intentional assaults and were also more likely to 

end up in prison (8).  The National Drug Intelligence Center has even put out a warning about 

the volatility of the vapors used in the manufacturing of the drug as the number of burn patients 

from Meth lab explosions has increased.  As a consequence, the number of patients admitted to 

burn centers for severe burns has also increased with a mean cost to the hospital of $77,580 per 

patient as Meth users rarely have the means to pay for their treatment (8). It has also been found 

that children (including those exposed in utero) exposed to these environments (i.e., at home 

Meth labs) tend to have developmental delays (38).  However, health consequences are not the 

only problem associated with Meth production.  State governments have a difficult time 

disposing of the waste, as one lab can manufacture up to 10 pounds of Meth in a 24-hour period 

and each pound of Meth creates 6 pounds of hazardous waste that must be disposed of (6).  This 

economic burden is tremendous and difficult to absorb.  It is this problem that needs addressing 

as research into the effects of Meth cannot bring about a change in the situation alone. 

 

I aimed to discuss the neurophysiology of Meth in relation to the toxic and physiologic effects it 

has on its users. Research should continue to focus on the neurobiology of Meth and treatment 

for its effects on the users.  I hope that this review yields light on the ever-growing problem we 

are facing in this country and validates the efforts that have been taken to halt and treat the 

problem that is Methamphetamine.     
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