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Background

Schizophrenia is a chronic psychotic illness with multifactorial etiology that manifests with a constellation of positive, negative, 
affective and cognitive symptoms [1]. As we are learning more about the neurobiology of schizophrenia, the role of the prefrontal 
cortex (PFC) in schizophrenia has become more evident. While various medications are available to treat psychotic symptoms in 
schizophrenia, treatment of cognitive functions, residual symptoms and comorbid disorders is still a substantial challenge. Here 
we present a case of a young male who suffers from schizophrenia, with a previous diagnosis of ADHD and substance abuse, who 
showed remarkable improvement following treatment with the alpha-2A adrenergic agonist guanfacine, likely related to enhanced 
PFC function.

Neurobiology of schizophrenia

Schizophrenia is a brain disorder with multifactorial etiology, 
manifesting in young adulthood when exposed to triggers which 
unveil the disease process. The illness likely starts in utero, but the 
symptoms manifest in late adolescence or young adulthood, likely 
due to environmental triggers. Pre- and post-natal exposure to tox-
ins or infectious agents, autoantibodies, traumatic events or stress 
can negatively influence the grey and white matter maturational 
process of the brain, including apoptosis, myelination and synap-
togenesis [2,3]. This may result in defective cortical neuronal mi-
gration [4] leading to error of connectivity between various brain 
regions, including midbrain, nucleus accumbens, thalamus, tempo-
ro-limbic and prefrontal cortex [5-7]. The inadequately connected 
brain regions and the networks are vulnerable to stress, and the 
developmental processes like synaptic pruning, myelination and 
endocrinal changes during puberty [8]. Along with the defective 
networks, there is also excessive dopaminergic (DA) activity in the 
caudate which may aggravate positive symptoms (delusions and 
hallucinations). Disturbance in the dorsolateral PFC in schizophre-
nia causes working memory deficits [9,10]. Cognitive symptoms in 
schizophrenia including thought disorder have been linked to poor 
PFC functioning (executive dysfunction), including strong correla-
tions between thought disorders, working memory deficits and 
hypofrontality [2,9,11]. 

According to the “dual hit” hypothesis, people with schizophre-
nia are exposed to two important periods relevant to the etiology 
of their illness. First one is during perinatal period which includes 
genetic and early environmental factors (e.g. maternal infection, 
maternal malnutrition, immune dysfunction, hypoxia) that ren-
ders their brain vulnerable to develop schizophrenia later in life 
[9,12,13]. Symptoms of schizophrenia unmask during young adult-
hood, when they are hit by the second wave of stress that includes 
intrinsic factors like puberty and hormonal changes and external 
factors like stress, substance abuse etc [9]. Post-mortem stud-
ies of schizophrenia have found that layer III pyramidal cells are 
especially vulnerable in this disorder [8]. As described below, the 
unique molecular structure of the layer III pyramidal cells of the 
PFC renders themselves vulnerable and may get easily disrupted 
during stress.

Role of prefrontal cortex
The PFC is like the air traffic controller in a busy airport: it con-

trols the highly coordinated functions of the brain, bolstering rel-
evant signals and inhibiting unwanted information and reactions 
through complex and extensive network connections. In this way, 
PFC networks generate the executive functions e.g. working mem-
ory, impulse control, attention regulation, mental flexibility, plan-
ning and organization, as well as metacognitive abilities such as 
insight and judgment [14,15]. The PFC provides top down control 
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for smooth hierarchical functioning of the brain [16,17]. However, 
the PFC is very sensitive to the neurochemical environment, and 
even modest changes in catecholamine levels can cause significant 
changes in its functioning [14,16]. The catecholamines Dopamine 
(DA) and norepinephrine (NE) have a critical, “inverted U” influ-
ence on PFC functioning [18]. DA is an essential neuromodulator in 
the PFC through its actions at D1 receptors. Either too much or too 
little stimulation of D1 receptors can impair PFC functioning [18]. 
Thus, low dose D1R agonists can improve working memory and 
attention regulation, but excessive DA released during stress expo-
sure can impair PFC functioning. Similarly, low to moderate levels 
of NE augments PFC function, while high level of NE released dur-
ing stress arrests PFC function. Moderate amounts of NE engage 
high affinity, 𝛂2A adrenoreceptors and improve PFC functions. In 
contrast, very high levels of NE release during stress engage low 
affinity, 𝛂1 adrenoreceptors, impairing PFC functions [9,18-23]. 

These catecholamine actions are now understood at the cel-
lular level. The working memory functions arise from pyramidal 
cells in layer III of the dlPFC (dorsolateral prefrontal cortex) that 
can generate and maintain mental representations with their rich 
horizontal connections. These neurons are also known as delay 
cells because of this unique property where they can represent 
information over a delay in a working memory task. These recur-
rent excitatory circuits rely on NMDAR to maintain information in 
working memory. Thus, these cells can act like a memory pad that 
can maintain information without any external stimuli [24]. The 
tuning of these recurrent excitatory networks is refined by parval-
bumin containing GABA interneurons via lateral inhibition [23,25]. 

Dynamic network connectivity: The catecholamines have an im-
portant role in modulating the connectivity of the layer III pyrami-
dal cell networks that generate mental representations. These cir-
cuits contain the molecular machinery to magnify calcium-cAMP 
signaling near NMDAR synapses on spines, which opens nearby 
potassium (K+) channels to weaken connectivity and reduce fir-
ings [18]. These signaling mechanisms are called dynamic network 
connectivity (DNC) and play a vital role in the adequate function-
ing of the PFC [9,26]. Various post-mortem studies indicated an 
important role of abnormal cAMP-Ca signaling in the DLPFC in 
schizophrenia. In a normal physiological state, feed-forward cal-
cium- cAMP-PKA signaling opens K+ channels (HCN and KCNQ) 
as negative feedback in a recurrent excitatory circuit to protect 
against seizures. However, these signaling pathways are also driven 
by stress exposure, where they cause a loss of dlPFC neuronal fir-
ing and impaired cognitive function [16,27]. In schizophrenia the 
prefrontal networks get impaired by stress via D1 receptor activa-
tion by cAMP-PKA signaling [28]. There are several important fac-
tors that regulate calcium- cAMP-PKA signaling and help maintain 

normal physiology. For example, cAMP signaling can be inhibited 
by post-synaptic mGluR3 or 𝛂2A-AR on the dendritic spine, while 
phosphodiesterase 4A (PDE4A) catabolizes cAMP and is anchored 
in the correct position by DISC 1 [9,29,30]. These regulatory events 
are critical for strong dlPFC connections.

Role of pharmacotherapy to improve PFC: Abnormalities in 
DNC regulation and overactive feedforward calcium- cAMP-PKA-
K+ signaling can reduce PFC neuronal firing and lead to symptoms 
of poor PFC functioning or hypofrontality, which then manifests 
into various psychiatric disorders. A novel approach initiated by 
the Arnsten Lab at Yale University was to use the 𝛂2A-AR agonist, 
guanfacine, as a neuroprotective agent that inhibits calcium- cAMP-
PKA-K+ signaling, enhances task-related firing and improves cogni-
tive performance. Guanfacine was also found to be protective to-
wards dendritic spines and cognitive functions in the face of chronic 
stress, as well as have anti-inflammatory properties [9,27,29,30]. 
The 𝛂2A adrenoreceptor agonist improves working memory and 
behavioral inhibition and prevents distractibility by improving top-
down control by PFC. It improves attention and reduces aggressive 
behavior. It may reduce anxiety by enhancing PFC regulation of 
limbic structures such as the amygdala, as well as directly reduc-
ing the stress response and weakening amygdala actions. In human 
trials, guanfacine improves involuntary movements like motor and 
vocal tics and used to treat Tourette’s syndrome [18]. It is approved 
by the FDA for treating ADHD in children. The current case history 
provides an example where guanfacine aided a young man with a 
history of ADHD and substance abuse and emergent psychotic fea-
tures consistent with schizophrenia.

Case Presentation
Patient is a 26-year-old single Caucasian male, who lives with 

his parents. He is unemployed and is on social assistance. 

Clinical history: He was diagnosed with schizophrenia at the 
age of 22. His first psychotic episode was at the age of 21, when 
he travelled to Asia with his girlfriend. During his trip, he started 
experiencing auditory hallucinations and paranoid persecutory 
delusions. Although he had a history of using drugs in the past, 
he denied using any drugs at that time and thought his symptoms 
were from the antimalarial medication he took prior to travelling. 
His symptoms of hallucination and paranoid delusions persisted 
for about 5 weeks until he came back to Canada and was started 
on Olanzapine. Although he improved with medications for some 
time, he continued to struggle and was eventually diagnosed with 
schizophrenia.

This patient also has a history of drug use and he tried several il-
licit drugs including MDMA, LSD, DMT, Cocaine, methamphetamine 
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and marijuana in the past when he was a teenager. He continued 
using methamphetamine off and on, with regular use of marijuana.

Past psychiatric history was positive for ADHD, and he was 
prescribed Adderall XR 20 mg daily for about 4 years, which was 
stopped when he developed psychosis. After his diagnosis of 
schizophrenia, he was admitted to the hospital twice with psy-
chosis and was tried on olanzapine and aripiprazole with good 
outcomes. However, as he was not compliant with his oral medica-
tions, he was put on a monthly injection of paliperidone. Despite 
being on antipsychotic medication, he continued to experience 
some residual symptoms in the form of auditory hallucinations 
and paranoid delusions. He also had significant anxiety and he 
complained of his mind being “noisy”. He also continued to use 
marijuana that he attributed to use for his anxiety.

His previous diagnoses were- Schizophrenia, ADHD and poly-
substance use disorder, including use of MDMA, LSD, DMT, cocaine, 
methamphetamine and marijuana. He also continued to struggle 
with symptoms of impaired attention that interfered with his 
work. He enjoyed working as a cook but could not continue as he 
was easily distracted in a loud environment.

Family History was positive for Bipolar disorder and alcoholism 
in his father.

Patient was born 1 week post-dated, born after being induced. 
He does not recall delayed speech or development. There was 
no history of emotional or physical abuse. He struggled through 
school due to his poor attention span and distractibility. He did not 
like his core subjects but enjoyed music. He was able to complete 
high school and then worked a few jobs and enjoyed working as a 
cook, but he was unable to hold a job for sustained periods due to 
his poor attention. He had a girlfriend for about 4 years, but the 
relationship ended after he became psychotic.

Key points:
•	 Born with some genetic vulnerability for developing a psy-

chiatric disorder from a positive family history.

•	 History of ADHD, a neurodevelopmental disorder with poor 
functioning of the dorsolateral PFC & poor executive func-
tion (poor attention, poor decision making, poor impulse 
control) and poor insight, which likely contributed to:

•	 Use of illicit drugs at an early age causing addition-
al destruction of neurons.

•	 Continued use of marijuana, likely contributing to residual 
symptoms.

•	 Non-compliance with medication.

•	 Combinations of the above factors have likely helped 
unmasking the symptoms of schizophrenia as well as 

in perpetuating the disease.

Investigations 
Patient’s physical examination, laboratory investigations and 

imaging studies were unremarkable.

Treatment 
Goals of treatment

Treatment of core symptoms and improvement of residual 
symptoms by: 

•	 Continuing treatment of psychotic symptoms by using long 
acting depot antipsychotic injection.

•	 Using medications to improve PFC function that in turn will 
improve executive functions and insight. This will likely 
help with abstinence from illicit drugs improve functional-
ity and compliance with medication. 

Patient agreed to start on guanfacine (Intuniv XR) to improve 
his PFC functioning. He was started on 1 mg at bedtime and the 
dose was gradually increased to 3 mg. As he weighs 68 kilograms, 
this was about 0.05 mg/kg dosage. This was added in conjunction 
with an injection of Paliperidone 100 mg i/m every month.

Outcome and follow-up
Patient reported noticing a significant improvement in his 

symptoms on review at 3 months after starting guanfacine treat-
ment. He reported feeling “very calm” and did not have the back-
ground distracting noises that had been so problematic for so many 
years. He was able to stay abstinent from using any street drugs. 
His residual psychotic symptoms also resolved. His ADHD symp-
toms improved as well. He was compliant with his medications as 
he had the insight to know that they were very helpful.

Brief psychiatric rating scale scores:

•	 Prior to starting Guanfacine XR was - 42

•	 3 months after starting Guanfacine XR- 19.

His overall functioning also improved. He started attending vo-
cational programs to prepare for employment.

Discussion 
This case is a typical example of schizophrenia, with a previous 

diagnosis of ADHD and substance abuse complicating his man-
agement. There are several aspects to consider in his case, which 
are: His initial diagnosis of ADHD, a neurodevelopmental disorder 
which involves impaired PFC functioning and top down control. 
ADHD like symptoms may often present during the prodromal 
period of schizophrenia and may actually be a prodrome rather 
than a separate diagnosis. Poor PFC functioning also presents 
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Learning Points/Take Home Messages 
•	 Although we have come a long way in treating schizophrenia 

but are still in great need of treatments to improve life of a 
schizophrenic individual.

•	 Restoration of cognition and executive function can allow a 
patient to have better control of their own lives. 

•	 This case illustrates a novel approach to treatment based on 
the neurobiology, where strengthening the PFC can improve 
treatment outcome for patients with schizophrenia. 

Conclusion
Schizophrenia is a chronic psychotic illness that manifests with 

a constellation of positive, negative, affective and cognitive symp-
toms. Brain’s prefrontal cortex plays an important role in the cog-
nitive symptoms of this illness. Treatment of cognitive symptoms 
shows improvement of overall outcome and should be included as 
an important step in management of schizophrenia patients.
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