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drives aversive behavioral states like anxiety.6  Specifi-
cally, the study attempted to identify anatomical pro-
jections that mediate aversive anxiety like behavior via 
the LC-NE system within mice. An expanded under-
standing of the LC-NE system builds directly off prior 
research. The article expands the noradrenergic system 
findings previously discussed. Contemporary research 
has now established the specific neural pathway respon-
sible for regulating anxiety-like behaviors. The study 
utilized multiple methods of establishing a circuit, 
including optogenetics. The study's use of retrograde 
tracers and optogenetics greatly advances the scientific 
community’s ability to effectively map and manipulate 
neural circuits. Whereas the study presented previously 
only identified noradrenergic hyperactivity, contempo-
rary methods such as retrograde tracers and optogenet-
ics allow researchers to identify the structures involved 
with that hyperactivity. Furthermore, these methods allow 
causal conclusions to then be drawn in real time. 

Recent results show that the BLA is responsible for inte-
grating sensory information that in turn drives diverse and 
opposing affective disorders like anxiety, fear, and aver-
sive and reward behaviors.11 Prior research has shown that 
the LC-BLA pathway precisely promotes negative affective 
behaviors through receptor systems and modulation of cell 
activity.1 Through multiple experiments, the study found that 
photostimulation of LC-BLA projections alters BLA neuron 
firing, and triggers NE release into the BLA. This change in 
firing preferentially increases activity in the BLA neurons that 
project to the central amygdala and the ventral hippocampus. 
Both of these subcortical structures are known to modulate 
negative affect. This is evidenced by aversion and anxiety like 
behavior in animals when the LC target cells were photostim-
ulated. Stimulation of the LC-BLA pathway was found to bias 
neural activation towards anxiety promoting BLA regions. 
Furthermore, it was discovered that the modulatory neurons 
within the BLA are likely to be a part of a single class of neu-
rons. There are separable populations of neurons that regulate 
either positive or negative affect. Lastly, the study proposed 
a substrate for the increased negative affect from LC stimu-
lation. Local β-adrenoceptor activation by NE released from 
the LC-BLA terminals is responsible for photostimulated-
induced anxiety states.6 The various findings addressed above 
offer an incredible new outlook for the cause of negative affect 
involved with anxiety and anxiety disorders.

CONCLUSIONS AND FUTURE RESEARCH 

The newly established role of β-adrenoreceptor within 
the LC-BLA pathway, and discovery of negative specific 

neurons within the BLA offer broad implications for our 
understanding of anxiety mechanisms and noradrenergic 
circuits. Furthermore, this increased understanding of anxi-
ety mechanisms holds pertinent information to improved 
pharmaceutical therapies for GAD. It is possible that the 
LC-BLA pathway is involved with the hyperactive norad-
renergic systems in GAD patients, and could be respon-
sible for the negative affect seen within affected individuals. 
If pharmaceutical treatment can be localized to the LC and 

according to the Research Diagnostic Criteria.10 Fourteen 
patients with MDD were also included in the study. The final 
fourteen subjects were controls without pschiatric illness. 
Blood samples were drawn from patients between 8:00 am 
and 9:00 AM after an overnight fast. High-performance liquid 
chromatography and electrochemical detection were used to 
detect plasma norepinephrine and its precursor 3-methoxy-
4-hydroxyphenylglycol (MPGH) concentration levels.10 

PRIOR RESULTS

The results of the experiment confirmed the origi-
nal hypothesis. A stark difference in plasma NE lev-

els between unaffected and GAD patients was discovered 
through various experimental methods. Plasma NE in GAD 
patients was an average of 198.6 pg/ml, while unaffected con-
trols had plasma NE levels of 86.8 pg/mL. In concordance 
with this result, MPGH levels were higher in GAD patients as 
well. MPGH is a precursor of NE, and generally indicates NE 
levels.10 An average level of 7.4 ng/mL was discovered in GAD 
subjects, while blood samples from unaffected subjects con-
tained an average level 3.5 ng/mL. MPGH partially reflects 
central noradrenergic activity. Considered collectively, the 
increased levels of both NE and MPGH indicate that GAD 
patients had overactive noradrenergic systems. This result 
was one of the first clinical trials that showed the hyperactive 
noradrenergic system within GAD subjects. Furthermore, the 
results indicate that the central noradrenergic hyperactivity 
may be localized to the locus coeruleus, which may have a 
role in the pathogenesis of the disorder.10 Increased produc-
tion of NE within anxiety-stricken patients is logical. Patients 
have difficulty controlling their thoughts and are under 
constant stress. The hyperactive noradrenergic system may 
be partly responsible for this impairment. It is incredible to 
realize that a moderate increase of NE can affect individuals 
to the extent that GAD does. Although noradrenergic dys-
function in GAD patients has been largely observed, the spe-
cific neural circuitry involved in anxiety-like states has only 
recently been elucidated. 

RECENT FINDINGS

An article published in 2017 within the eLife scientific 
journal identified that projections from the locus coe-

ruleus (LC) to the basolateral amygdala (BLA) are specifi-
cally responsible for promoting anxiety-like behavior. The lab 
intended to establish the afferent circuitry that endogenously 
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duce a physiologically dysregulated state within indi-
viduals with Generalized Anxiety Disorder (GAD).8 

GAD is characterized by excessive anxiety about different 
events.7 Affected individuals have a difficult time regulating 
anxiety. This chronic stress and worry becomes impairing. 
Today, GAD is one of the most common psychiatric disor-
ders, occuring in up to 21% of adults in their lifetime.1 The 
Diagnostic and Statistical Manual, Fifth Edition (DSM-V) 
holds that symptoms include restlessness, irritability, muscle 
tension, and negative affect.2 Negative affect is defined as feel-
ings of emotional distress such as anxiety.11 In addition to the 
various symptoms, GAD is regularly comorbid with Major 
Depressive Disorder (MDD).12 MDD is a potentially debili-
tating and even fatal disorder. The average rate of suicide in 
depressed patients is almost 15%.1 Within the context of a 
college campus, disorders such as GAD and MDD are preva-
lent, but rarely discussed. An explanation of the dysregulated 
structures within GAD will provide the public with a better 
understanding of the disorder. Furthermore, the detailed 
explanation of  mechanisms within GAD and their relation 
to MDD will hopefully prompt a more open discussion about 
the topic, and decrease the negative stigma surrounding these 
types of disorders. Finally, there are several specific neural 
sites that can be targeted for potential novel treatments.

HISTORICAL FINDINGS

Norepinephrine (NE) is one of the most important neu-
rotransmitters involved with stress response. Fully com-

prehending the noradrenergic system’s influence on negative 
affect is a critical step towards therapeutically targeting GAD 
and improving treatment. Prior research suggests that hyper-
activity of the noradrenergic system is largely responsible for 
the impairment marked in GAD. Findings presented within 
the 1989 edition of the Society of Biological Psychiatry were 
one of the first to introduce hyperactivity of the noradrener-
gic system within GAD.6 A more active noradrenergic sys-
tem is associated with increased levels of stress in individu-
als. As norepinephrine was known to be involved with stress 
responses, the clinical study aimed to explore noradrenergic 
activity within patients affected by GAD and healthy controls. 

METHODOLOGY OF HISTORICAL FINDINGS

It was hypothesized that noradrenergic hyperactivity is 
directly related to anxiety states.8 Noradrenergic activity 

was observed by examining NE levels within the blood of 
subjects. Forty-two drug free patients were the subjects of 
the study. Fourteen of the subjects met the criteria for GAD 

Author contact: Alec Tyminski is a junior at Tufts University. 
Address correspondence to Alec.Tyminski@tufts.edu.

specifically the β-adrenoreceptors, it is possible that treatment 
outcomes could improve. There are limitations to these find-
ings, however. It is critical to realize that it is not possible to 
determine whether the observed changes in BLA unit activ-
ity and conditioned-place aversion trials were solely mediated 
by NE release at LC terminals. The neural circuitry involved 
with anxiety is most likely much more complex than the way 
it is presented here. Furthermore, effects could be generated 
through plastic changes from repeated long term stimula-
tion. However, contemporary research has shifted the origi-
nal attention from α-2-adrenoreceptors to β-adrenoreceptors. 
Despite these advances, future research is necessary to delin-
eate the specific cell types involved with the LC-NE modula-
tion of BLA activity, and their ability to drive negative affec-
tive behavior through downstream circuits.

SIGNIFICANCE FOR COLLEGE STUDENTS

At the time students enter college, they are susceptible 
to symptoms of depression and anxiety. According to 

the National institute of Mental Health, seventy-five per-
cent of all individuals with an anxiety disorder will experi-
ence symptoms before the age of 22, as cited in the ADAA 
Report.12 The report states that, "When students head off to 
college, the familiar people are no longer there to reinforce 
the identity these students have created for themselves.” This 
can make students “disoriented and feel a loss of their sense 
of self," contributing to symptoms of depression and anxiety.12 
College students, especially those who are just starting, are 
susceptible to developing both anxiety and depression . With 
the newly established LC-NE circuit, there are potentially new 
treatments which can improve symptoms at the very site at 
which they originate. Furthermore, with GAD’s relation to 
MDD, these potential treatments may benefit both groups. 
The newly elucidated LC-NE circuit establishes a new angle 
to improve GAD symptoms, and therefore improve the lives 
of the large population of college students who struggle with 
anxiety and depression.
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