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INSTRUCTOR GUIDE TEMPLATE

ACTIVITY TITLE: Drugs and the Brain

	*Theme:
	The effect of drugs on the brain at cellular, molecular, and cognitive level

	*Objective(s):
(What key learning do you want students to come away with?) 
	Learn about different types of neurotransmitters and synaptic connections and how drugs change their behavior



   LESSON OUTLINE:
	1. Introduction:

Plan a script of what you will say to start.

- What will this be about? Why’s it interesting? 
(Hook)

	
How do you feel before and after you drink Red Bull? 
Have you ever been addicted to drugs? 
Why do we have black-outs after having too much alcohol? 



	2. Building Background:

List questions you can use to immediately engage your audience and prepare their thinking for your activity.

-What prior knowledge might they have about/related to your topic? 

-What prior knowledge (background) do they need for your activity?


	Q: Can you name drugs that might target the brain? What are some physical, psychological effects of these drugs? How would you categorize them?
A: Stimulants, Depressants, and Hallucinogens. Some drugs fall into multiple categories –e.g. marijuana

Q: Before we talk about how our brains look like under drugs, let’s talk about how our brains work normally.
A: Your brain takes information in through your surroundings, process it, and you respond to it. So your response can be an action, a thought, a mood, a behavior, a perception, or learning. For example, my senses tell me I’m cold when I walk outside. My brain helps me take that information and I decide to act: I’m going to go back inside to get a coat. 
The brain can be divided into different parts and those parts have different jobs that they are mostly responsible for. These parts work both separately and together to form the output of the brain. Average adult male brain contains over 86 billion neurons. Neurons connect with and transmit information through connections called synapses. An electric signal will travel down the cell until it gets to the next cell where it has a connection. That connection is called a synapse. 

Q: Let’s look at the synapse more closely. 
A: when the electrical signal reaches the synapse of the signal sending cell it signals the cell to release factors into the space between the cells. These factors are called “neurotransmitters”

Q: How do neurotransmitters work? 
A: They bind to receptors on the signal receiving cell and the electrical current travels to the receiving cell. When the signal sending cell is no longer stimulated, the neurotransmitters are cleared from the synapse or taken back up to be recycled for next time. 

Q: Two types of synapses
A: Excitatory synapse is a synapse in which an action potential in a presynaptic neuron increases the probability of an action potential occurring in a postsynaptic cell.  Inhibitory synapse, on the other hand, is a synapse in which the more presynaptic cell is activated, the less the postsynaptic cell is. 



	3. Lesson & Activity:
Outline the key components of your lesson.

Plan/Note:
- key ideas/ vocabulary
- scaffolds 
- images/media
- extension questions

*Consider how to best deliver your content! 
*Plan interactive components that encourage active thinking in your students.
	In this session, we will cover caffeine, alcohol, and marijuana. 

Q: How do drugs cause such varied and specific effects?
A: Different drugs target different brain regions, neural pathways, neuronal types, and neurotransmitter receptors. All of these variables take action together generate variabilities in behavior. 

Caffeine is a stimulant. After you have RedBull, you feel enhanced alertness and wakefulness, endurance, productivity and motivation, increased arousal and locomotion. Also your perception of hunger and fatigue decreases. It has been shown that the activity in the pituitary gland increases after caffeine intake. Functional MRI during an auditory odd ball task shows that the motor task related activity increases with caffeine intake. 

Alcohol is a kind of depressants. Some of the behavioral changes includes anxiety reduction, pain relief, sedation, cognitive/memory impairment, euphoria, dissociation, and physiological changes. Alcohol acts as an agonist at inhibitory synapses and antagonist at excitatory synapses. Alcohol stimulates the release of beta-endorphins that bind to opioid receptors, thereby releasing dopamine. Dopamine release is associated with the pleasurable, reinforcing and rewarding effects of alcohol.
Stroop Test: can be a measure of cognitive flexibility 
Adolescents with family history of alcohol use show increased activation in the frontal lobe during the Stroop test. 
Q: How might a stimulant affect one’s performance on the Stroop? 

Marijuana is both a depressant and stimulant. Behavioral effect varies, including relaxation, stimulation, hallucinations, and paranoia. We have endogenous cannabinoid receptors to which marijuana bind to and activate. Some of the side effects of cannabinoid receptor activation include increased lipogenesis, increased insulin resistance, and decreased satiety. Compared to non-smokers, marijuana smokers demonstrated significantly lower anterior cingulate activity during Stroop task. 






	4.  Wrap Up:
- Review key ideas
- Share takeaways and final thoughts
- Discuss connections to other questions and ideas. Extensions.
- Ask: Who could you teach what you learned here today?
- Ask/Suggest: What can I do to learn more?
	Most drugs targeting the nervous system act by changing synaptic transmission. They can reduce or increase transmission. They can act at excitatory or inhibitory synapses. 
With the changes in these synaptic connections, drug use can alter how brain regions and networks operate. 
Neuroimaging studies show different BOLD response under the influence during a cognitive task (auditory oddball task, Stroop Task)



	MATERIALS NEEDED:                   **(please list all items and quantities  necessary for preparation)

	Slides 





**attach any printouts to end of document here
	Other Notes                                         
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Adolescents At Risk for Alcohol Abuse Demonstrate
Altered Frontal Lobe Activation During



Stroop Performance



Marisa M. Silveri, Jadwiga Rogowska, Alexandra McCaffrey,
and Deborah A. Yurgelun-Todd



Background: Children and adolescents, family history positive (FH+) for alcoholism, exhibit
differences in brain structure and functional activation when compared to family history negative
(FH)) counterparts. Given that frontal brain regions, and associated reciprocal connections with
limbic structures, undergo the most dramatic maturational changes during adolescence, the objec-
tive of this study was to compare functional brain activation during a frontally mediated test of
response inhibition in 32 adolescents separated into low-risk (FH)) and high-risk (FH+) groups.



Methods: Functional magnetic resonance (fMRI) blood oxygen level–dependent data were
acquired at 1.5 Tesla during performance of Stroop Color Naming, Word Reading, and Interfer-
ence. Preprocessing and statistical analyses, covaried for age, were conducted in SPM99 using a
search territory that included superior, middle, and inferior frontal gyri (trigone region), anterior
cingulate gyrus (CG), and left and right amygdala.



Results: Significantly greater activation in the fronto-limbic search territory was observed in
FH+ relative to FH) subjects during Stroop Interference. In addition, a significant regression
between brain activation and family history density was observed, with a greater density being
associated with increased activation in regions including middle frontal gyrus (BA9) and CG
(BA24).



Conclusions: These data demonstrate a significant influence of FH status on brain activation
during the performance of a response inhibition task, perhaps reflecting a neurobiological vulner-
ability associated with FH status that may include reduced neuronal efficiency and ⁄ or recruitment
of additional neuronal resources. These findings are important given that the adolescent develop-
mental period is already associated with reduced inhibitory capacity, even prior to the onset of
alcohol use.



Key Words: Frontal Lobe, fMRI, FH, Alcohol Abuse, Adolescence.



A DOLESCENCE IS A time notable for brain reorgani-
zation, with white and gray matter tissue volumes each



undergoing distinctly different patterns of maturation (Giedd
et al., 1996; Jernigan et al., 1991; Pfefferbaum et al., 1994;
Reiss et al., 1996). Age-related alterations in white matter typ-
ically reflect increased myelination, whereas alterations in
gray matter reflect neuronal pruning. These progressive and
regressive processes are associated with improved cognitive
functioning (Casey et al., 2000, 2005; Paus, 2005), perhaps
due in part to increased neuronal efficiency (de Graaf-Peters



and Hadders-Algra, 2006; Hua and Smith, 2004). While such
changes occur in a rapid fashion across many brain regions,
areas that include the prefrontal cortex (PFC) demonstrate
prolonged structural and functional refinement that continues
into the early twenties (Giedd et al., 1999; Gogtay et al.,
2004; Luna et al., 2001; Sowell et al., 2001, 2002, 2004;
Yurgelun-Todd, 2007). Behavioral manifestations associated
with frontal lobe development include improvements in exec-
utive functioning, such as strategic planning, impulse control,
organized search, abstract reasoning, mental flexibility, and
self-monitoring. These abilities help to maintain an appropri-
ate mental set that is necessary for adaptive, goal-directed
behavior (Luria, 1966; Shallice, 1982; Spreen et al., 1995) that
contributes to a successful transition from immaturity to
independence.
Higher-order cognitive abilities, such as the regulation of



inhibitory control, are subserved by a widely distributed
and functionally integrated neurocircuitry (Goldman-Rakic,
1988). Accordingly, functional magnetic resonance imaging
(fMRI) studies provide evidence for developmental changes
in frontal lobe activation during tasks that require response
inhibition, such as the Go No-Go task (Adleman et al., 2002;
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Research report



Neuroimaging of marijuana smokers during inhibitory processing:
A pilot investigation



Staci A. GruberT, Deborah A. Yurgelun-Todd
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Abstract



Neuropsychological investigations of substance abusers have reported impairments on tasks mediated by the frontal executive system,
including functions associated with behavioral inhibition and decision making. The higher order or executive components which are involved



in decision making include selective attention and short term storage of information, inhibition of response to irrelevant information,
initiation of response to relevant information, self-monitoring of performance, and changing internal and external contingencies in order to
bstay the courseQ towards the ultimate goal. Given the hypothesized role of frontal systems in decision making and the previous evidence that
executive dysfunctions and structural brain changes exist in subjects who use illicit drugs, we applied fMRI and diffusion tensor imaging



(DTI) techniques in a pilot investigation of heavy cannabis smokers and matched control subjects while performing a modification of the
classic Stroop task. Marijuana smokers demonstrated significantly lower anterior cingulate activity in focal areas of the anterior cingulate
cortex and higher midcingulate activity relative to controls, although both groups were able to perform the task within normal limits. Normal



controls also demonstrated increased activity within the right dorsolateral prefrontal cortex (DLPFC) during the interference condition, while
marijuana smokers demonstrated a more diffuse, bilateral pattern of DLPFC activation. Similarly, although both groups performed the task
well, marijuana smokers made more errors of commission than controls during the interference condition, which were associated with



different brain regions than control subjects. These findings suggest that marijuana smokers exhibit different patterns of BOLD response and
error response during the Stroop interference condition compared to normal controls despite similar task performance. Furthermore, DTI
measures in frontal regions, which include the genu and splenium of the corpus callosum and bilateral anterior cingulate white matter regions,
showed no between group differences in fractional anisotropy (FA), a measure of directional coherence within white matter fiber tracts, but a



notable increase in trace, a measure of overall isotropic diffusivity in marijuana smokers compared to controls. Overall, results from the
present study indicate significant differences in the magnitude and pattern of signal intensity change within the anterior cingulate and the
DLPFC during the Stroop interference subtest in chronic marijuana smokers compared to normal controls. Furthermore, although chronic



marijuana smokers were able to perform the task reasonably well, the functional activation findings suggest they utilize different cortical
processes from the control subjects in order to do so. Findings from this study are consistent with the notion that substance abusers
demonstrate evidence of altered frontal neural function during the performance of tasks that involve inhibition and performance monitoring,



which may affect the ability to make decisions.
D 2005 Elsevier B.V. All rights reserved.



Theme: Neural basis of behavior



Topic: Drugs of abuse: opioids and others



Keywords: Stroop; Inhibition; Decision making; Marijuana; Anterior cingulate; Dorsolateral prefrontal cortex; Diffusion tensor imaging



1. Introduction



Whether deliberating about what to eat for breakfast or
whether or not an employment opportunity may be
appropriate, decision-making relies heavily on an intercon-
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Abstract

Neuropsychologicalinvestigationsofsubstanceabusershavereportedimpairmentsontasksmediatedbythefrontalexecutivesystem,

includingfunctionsassociatedwithbehavioralinhibitionanddecisionmaking.Thehigherorderorexecutivecomponentswhichareinvolved

indecisionmakingincludeselectiveattentionandshorttermstorageofinformation,inhibitionofresponsetoirrelevantinformation,

initiationofresponsetorelevantinformation,self-monitoringofperformance,andchanginginternalandexternalcontingenciesinorderto

bstaythecourseQtowardstheultimategoal.Giventhehypothesizedroleoffrontalsystemsindecisionmakingandthepreviousevidencethat

executivedysfunctionsandstructuralbrainchangesexistinsubjectswhouseillicitdrugs,weappliedfMRIanddiffusiontensorimaging

(DTI)techniquesinapilotinvestigationofheavycannabissmokersandmatchedcontrolsubjectswhileperformingamodificationofthe

classicStrooptask.Marijuanasmokersdemonstratedsignificantlyloweranteriorcingulateactivityinfocalareasoftheanteriorcingulate

cortexandhighermidcingulateactivityrelativetocontrols,althoughbothgroupswereabletoperformthetaskwithinnormallimits.Normal

controlsalsodemonstratedincreasedactivitywithintherightdorsolateralprefrontalcortex(DLPFC)duringtheinterferencecondition,while

marijuanasmokersdemonstratedamorediffuse,bilateralpatternofDLPFCactivation.Similarly,althoughbothgroupsperformedthetask

well,marijuanasmokersmademoreerrorsofcommissionthancontrolsduringtheinterferencecondition,whichwereassociatedwith

differentbrainregionsthancontrolsubjects.ThesefindingssuggestthatmarijuanasmokersexhibitdifferentpatternsofBOLDresponseand

errorresponseduringtheStroopinterferenceconditioncomparedtonormalcontrolsdespitesimilartaskperformance.Furthermore,DTI

measuresinfrontalregions,whichincludethegenuandspleniumofthecorpuscallosumandbilateralanteriorcingulatewhitematterregions,

showednobetweengroupdifferencesinfractionalanisotropy(FA),ameasureofdirectionalcoherencewithinwhitematterfibertracts,buta

notableincreaseintrace,ameasureofoverallisotropicdiffusivityinmarijuanasmokerscomparedtocontrols.Overall,resultsfromthe

presentstudyindicatesignificantdifferencesinthemagnitudeandpatternofsignalintensitychangewithintheanteriorcingulateandthe

DLPFCduringtheStroopinterferencesubtestinchronicmarijuanasmokerscomparedtonormalcontrols.Furthermore,althoughchronic

marijuanasmokerswereabletoperformthetaskreasonablywell,thefunctionalactivationfindingssuggesttheyutilizedifferentcortical

processesfromthecontrolsubjectsinordertodoso.Findingsfromthisstudyareconsistentwiththenotionthatsubstanceabusers

demonstrateevidenceofalteredfrontalneuralfunctionduringtheperformanceoftasksthatinvolveinhibitionandperformancemonitoring,

whichmayaffecttheabilitytomakedecisions.

D2005ElsevierB.V.Allrightsreserved.
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1.Introduction

Whetherdeliberatingaboutwhattoeatforbreakfastor

whetherornotanemploymentopportunity maybe

appropriate,decision-makingreliesheavilyonanintercon-
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Separating neural and vascular effects of caffeine using simultaneous EEG–FMRI:
Differential effects of caffeine on cognitive and sensorimotor brain responses
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The effects of caffeine are mediated through its non-selective antagonistic effects on adenosine A1 and A2A



adenosine receptors resulting in increased neuronal activity but also vasoconstriction in the brain. Caffeine,
therefore, can modify BOLD FMRI signal responses through both its neural and its vascular effects depending
on receptor distributions in different brain regions. In this study we aim to distinguish neural and vascular
influences of a single dose of caffeine in measurements of task-related brain activity using simultaneous
EEG–FMRI. We chose to compare low-level visual and motor (paced finger tapping) tasks with a cognitive
(auditory oddball) task, with the expectation that caffeine would differentially affect brain responses in rela-
tion to these tasks. To avoid the influence of chronic caffeine intake, we examined the effect of 250 mg of oral
caffeine on 14 non and infrequent caffeine consumers in a double-blind placebo-controlled cross-over study.
Our results show that the task-related BOLD signal change in visual and primary motor cortex was signifi-
cantly reduced by caffeine, while the amplitude and latency of visual evoked potentials over occipital cortex
remained unaltered. However, during the auditory oddball task (target versus non-target stimuli) caffeine
significantly increased the BOLD signal in frontal cortex. Correspondingly, there was also a significant effect
of caffeine in reducing the target evoked response potential (P300) latency in the oddball task and this
was associated with a positive potential over frontal cortex. Behavioural data showed that caffeine also im-
proved performance in the oddball task with a significantly reduced number of missed responses. Our results
are consistent with earlier studies demonstrating altered flow-metabolism coupling after caffeine adminis-
tration in the context of our observation of a generalised caffeine-induced reduction in cerebral blood flow
demonstrated by arterial spin labelling (19% reduction over grey matter). We were able to identify vascular
effects and hence altered neurovascular coupling through the alteration of low-level task FMRI responses in
the face of a preserved visual evoked potential. However, our data also suggest a cognitive effect of caffeine
through its positive effect on the frontal BOLD signal consistent with the shortening of oddball EEG response
latency. The combined use of EEG–FMRI is a promising methodology for investigating alterations in brain
function in drug and disease studies where neurovascular coupling may be altered on a regional basis.



© 2012 Elsevier Inc. All rights reserved.



Introduction



In the brain caffeine acts as a nonselective antagonist of A1 and A2A



adenosine receptors (Dunwiddie and Masino, 2001). Increased neu-
ronal activity is mediated through action on A1 and A2A adenosine re-
ceptors, while vasoconstriction and as a consequence, reduction in
cerebral blood flow (CBF), is mediated through action on A2A recep-
tors. Caffeine, therefore, can have both neural and vascular effects
depending on the ratio of A1 and A2A receptors in different brain re-
gions (Chen and Parrish, 2009a; Laurienti et al., 2003). In addition,



there is also evidence showing that caffeine has secondary effects
on other neurotransmitter systems including dopamine, acetylcho-
line and noradrenaline (Ferre, 2008; Fredholm et al., 1999; Latini
and Pedata, 2001).



Previous studies (Mulderink et al., 2002) have investigated the ef-
fect of caffeine on resting and sensorimotor BOLD activation and have
demonstrated that caffeine decreases resting perfusion (Cameron et
al., 1990) consistent with its vasocontrictive effect. Caffeine can
alter the BOLD contrast arising from task-related changes in brain ac-
tivity. The direction of modulation, however, varies among studies
(Laurienti et al., 2003; Liau et al., 2008; Mulderink et al., 2002). The
complex influence of caffeine is likely to arise from a combination of
altered baseline blood flow, and hence modified baseline BOLD signal
from which changes are measured, changes in the brain's resting
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