
Amphetamine: Structure, effects and possible therapy 

Steve Kim 

Copyright May, 2016.  

Dr. Koni Stone 

Amphetamine, AMPH, is a drug that exerts rewarding and addictive effects on the brain.  It was 

first synthesized in 1887 by a Romanian chemist, Lazar Edeleanu. 1 Since its conception, AMPH has 

played an important role in the treatment of ADHD and narcolepsy as the active ingredient in the drug 

Adderall. However, Adderall has also been abused for nonmedical purposes, especially by college 

students.  The following table represents the abuse by college students.2 

 

The statistics are alarming, 31% of college students are using Adderall for nonmedical purposes.  Most 

college students are oblivious to the profound effects Adderall can have on mental function and 

behavior.  AMPH does this by increasing the concentration of dopamine, DA, in the synaptic gap of 

neurons in the central nervous system.  This paper will investigate the structural differences of AMPH 

and DA, the long term effects of AMPH use and a possible therapy for addictive disorders. 

AMPH is similar in structure with DA with two main differences.  DA has a hydroxyl group not 

present in AMPH while AMPH has a methyl group not present in DA.  In order to study the effect 

different molecular structures have on dopamine transporter, DAT, a systematic change of the DA 

structure to AMPH structure was completed.  Each modification involved a change in a single structure. 

 



 
Figure 1.  Structures used for experiment.  Each arrow signifies a single structure modification 

Two-electrode voltage clamp, TEVC, was used on Xenopus laevis oocytes to collect the 

experimental data.  Xenopus is a genus of aquatic frog that are native to Africa.  Oocytes are immature 

egg cells.  TEVC is an experimental method that allows the membrane voltage to be kept at set level so 

that the ion currents can be measured.   TEVC uses two electrodes.  One electrode is used to measure 

ion current while the other produces a current that controls membrane potential.  The changes in the 

ion current is measured and used to study how neurotransmitters affect certain cells. 

For this particular experiment, the electrodes were filled with 3 M KCl.  Human dopamine 

transporter, hDAT was injected into the Xenopus oocyte and then clamped at a voltage of -60mV. All 

data was normalized to the dopamine response at the peak voltage of -60mV.   

The hydroxyl groups of DA were removed to find out if they were necessary for the depolarizing 

action.  3-hydroxyl group was removed from DA to form 3-des-OH DA.  The same was done with the 4-

hydroxyl group resulting in 4-des-OH DA.  These new structures had the same depolarizing capability as 

DA.  However, when both hydroxyl groups were removed from DA to form β-PEA, there was a small 

decrease in β-PEA’s depolarizing action.  Therefore, it was concluded that the hydroxyl groups did not 

play a significant role in the depolarizing action.  

AMPH has two forms, S(+)AMPH and R(-)AMPH.  It was found that methyl groups as well as 

stereochemistry played no significant role in the depolarizing action.  Also, the pair of optical isomers, 

S7and R7 of α-methyldopamine produced the same result.  Both the hydroxyl groups and stereo 

chemistry made no distinguishable contribution to the depolarizing potency. 

Also, 4-des-OH DA and 3-des-OH DA were converted to 3-OMe PEA and 4-OMe PEA, 

respectively.  These changes produced an increase in depolarization potency.  These finding suggested 

that the hydroxyl groups do not interact with DAT.  Rather, DAT was sensitive to the methoxy 

substituents but these substituents are not found in AMPH or DA.  The overall result was that the 

structural differences of AMPH and DA played no role on how each molecule interacted with DAT. 

http://pubs.acs.org/action/showImage?doi=10.1021/cn500282f&iName=master.img-001.png&type=master


Long term AMPH use was found to disrupt the function of medial prefrontal cortex, mPFC, and 

basolateral amygdala, BLA.  The medial prefrontal cortical is the part of the brain that is involved in both 

long term memory retrieval and decision making.3 The basolateral amygdala is involved in the storage of 

fear memories.4 For this experiment, male Sprague Dawley rats were used.  They were placed into 

several groups, with six to ten rats in each group.  Half of the rats in each group received an injection of 

either 2 mg/kg of AMPH mixed with saline.  The other half received a vehicle injection once every two 

days for a duration of ten days.  A vehicle injection is an injection that lacks the active ingredient.  The 

rats that received the vehicle injections were the control group.  After the injections, the rats were 

placed in sound reducing box housing.  The housing was illuminated by a single 100mA light and four 

infrared photo beams.  Locomotor activity data was collected by indexing the number of breaks in the 

infrared photo beams.   

Electrodes were surgically placed to measure the activity in the mPFC and BLA.  The BLA-evoked 

responses were characterized in two ways, BLA  mPFC(-) and  BLA  mPFC(+).  The (-) and (+) 

indicated the inhibition and stimulation of mPFC cells, respectively. BLA  mPFC(-) referred to cells 

inhibited by BLA stimulation. Cell inhibition was determined by a break in the action potential for at 

least 50ms.  BLA  mPFC(+) referred to a fast monosynaptic action potential in response to BLA 

stimulation.   

The data for locomotor activity displayed a significant increase in breaks in the photo beam for 

AMPH injected rats.  Also, these rats showed a progressive increase to photo beam breaks from the first 

injection to the fifth injection.  One week after injections, the AMPH injected rats continued to display 

increased locomotor activity.  The control group produced data that showed a progressive decrease in 

locomotor activity from the first injection to the fifth injection and no difference in activity one week 

later.   

The data that was obtained for spontaneous and BLA-evoked activity in mPFC neurons showed 

that for repeated AMPH injected rats, the excitatory influence of BLA on mPFC neurons increased while 

the inhibitory influence of BLA on mPFC was reduced.  This finding supported the hypothesis that long 

term AMPH use disrupted amygdala-prefrontal circuitry.   

There are currently no pharmaceutical therapies for addiction to AMPH.  The serotonin family of 

receptors has been studied as possible therapies for psychiatric disorders such as addiction.  In 

particular, the 5-HT2A (5-hydroxytryptamine) and 5-HT2c receptors have been studied in cocaine 

addiction and may be an answer since both these receptors coexist in many brain regions involved in 

addiction circuitry.5  5-HT2A  nd 5-HT2c receptors are a subclass of 5-HT2 receptors.  They are also a part of 

the much larger class of G protein coupled receptors, GPCR.  5-HT2A receptors in the frontal cortex and 

hippocampus seem to be involved in associative learning for many species.   

For this experiment, adult male Sprague-Dawley rats were used.  All subjects were tested in a 

Plexiglas chamber in a sound proof room for one hour.  The room was sound proof to eliminate sound as 

a cause for movement.  Each animal was randomly selected to groups that received intraperitoneal (i.p.) 

injections of either M100907 or MK212.  I.p. injections are given to the body cavity.  M100907 and 

MK212 are antagonists to the receptors 5-HT2A and 5-HT2c, respectively.  Within each group, there were 

rats that received vehicle injections and served as the control group.   



Subjects were injected with 0.025, 0.05 or 0.1 mg/kg of M100907 or 0.125, 0.25, or 0.5 mg/kg of 

MK212 to help determine subthreshold doses.  Prior to testing, the rats were injected with the assigned 

drug and then placed in their home cage for five minutes.  They were then injected with cocaine and 

placed into the test chamber.   

The results for M100907 showed that for doses of 0.05 and 0.1 mg/kg, there was a reduction in 

hyperlocomotion.  The largest decrease in hyperlocomotion occurred with 0.05 mg/kg dosage.  The 

results for MK212 also showed a decrease in hyperlocomotion.  The 0.5 mg/kg dosage showed the most 

decrease in hyperlocomotion.  The study did not include an explanation for why certain dosages were 

more effective.  However, the results definitively showed that both antagonists interacted with cocaine 

to reduce hyperlocomotion. 

AMPH is a powerful drug that increases the dopamine levels of the brain.  AMPH’s structure was 

found not to play a big role in this pathway.  Long term AMPH use has been shown to disrupt the mPFC 

– BLA circuitry by increasing the sensitivity of the excitatory influence BLA has on mPFC neurons while 

decreasing the sensitivity of BLA’s inhibitory effects on mPFC.  The mPFC and BLA play an important role 

in memory as well as making decisions.  With so many college students using Adderall for nonmedical 

purposes, more research and education seems to be in order, especially possible therapies for its abuse.  

One purposed therapy involved the antagonists, M100907 and MK212 for the 5-HT2A and 5-HT2c , 

respectively.  It has shown its usefulness in attenuating the effects of cocaine in hyperlocomotion which 

may be applied to dampen the negative effects of AMPH. 
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