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MISSION STATEMENT

The Emory Undergraduate Medical Review (EUMR) publishes a semes-
terly journal that features faculty and student-authored articles on cutting-edge
medical issues. Our interdisciplinary articles span various clinical fields and are
peer reviewed by medical professionals from more than a dozen leading academic
institutions, including Emory University, Yale University and the Mayo Clinic.

In addition to our publication, EUMR hosts various medically-related
events on campus, including collaborations with the School of Medicine. Our proj-
ects have been featured by Emory’s News Center and have caught the attention of
former President Sterk.

Emory Undergraduate Medical Review, Spring 2021



LETTER FROM THE EDITOR

Dear Reader,

If all goes well, this might be the last issue to be fully produced and published
in the midst of a global pandemic. We can’t quite say we’ll miss the
experience, but it has certainly made our college days, in a word, interesting.

On the subject of lasts, this is also the last semester that we will be serving
as co-editors in chief of EUMR, so we’ll keep this short and sweet. What an
honor it has been to usher, between the two of us, four issues of the journal
from inception to completion in the last two years.

Many thanks are in order: to our lovely executive board for all the behind the
scenes work; to the writers and editors of the editorial board who, despite all
odds, stuck to deadlines and showed up to yet another Zoom meeting; and to

our advisory board, who, per usual, gave excellent advice and guidance.

To all our graduating seniors, congratulations! We’ll miss you. And to
everyone else, we are eager to see you, maybe for the first time, in the fall.

To the new executive board, we confidently pass the torch to you. We know
you will achieve great things throughout your tenure, and we’ll always be
available for all the questions you may have.

We wish everyone a happy, normal summer. Speak soon.

Cordially,

/A

Daisy Li & Nathan Jacob
Editors-in-Chief
EUMR 2020-2021
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Steroid injections to treat osteoarthritis: Good or bad?

GANESH
CHILUKURI

Staff Writer

<€
steoarthritis is the
most common form
of arthritis, affecting more than
330 million people worldwide,
many of whom are over 60 years
of age (CDC, 2020). This chronic
condition is associated with sub-
stantial morbidity risks, includ-
ing disability, reduced quality of
life, and death (Nelson, 2018).
Furthermore, only a few effective
treatment strategies have been
developed in response to this dis-
ease, and even these treatments
are subject to scrutiny based on
patient feedback. Fortunately,
steroid injections have arisen as a
popular treatment method for os-
teoarthritis, but even so, certain
limitations exist that hinder the

Healthy knee joint

061

effectiveness of corticosteroids
in reducing inflammation and
relieving pain.

Previously thought of as a
“wear and tear” disease, 0s-
teoarthritis actually involves a
complex process that causes the
destruction of a joint’s articular

Cartilage and leads [/?ﬂammaflonﬁlrfﬁer
aggravates the progres-
ular cartilage is the $207 Of osteoarthritis.

to subsequent in-
flammation. Artic-

smooth cartilaginous tissue at the
end of long bones and between
intervertebral disks that provides
a low friction surface for effec-
tive motility (Mandl, 2018). The
breakdown of a joint’s cartilage
leads to bone rubbing and pain.
Inflammation further aggravates
the progression of osteoarthritis.
Specifically, two types of inflam-
mation— active synovitis and
systemic inflammation— play
key roles in exacerbating the

Healthy
femur bone

Healthy
articular
cartilage
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tibia bone
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pathogenesis of osteoarthritis.
First, degraded cartilage may
induce a foreign-body reaction
within synovial cells, leading to
an immune response which caus-
es further cartilage destruction.
Moreover, systemic factors such
as obesity, atherosclerosis, imbal-
ance of endocrine
hormones, and
aging contribute
to the prevalence
and development of osteoarthritis
(Abramoft & Caldera, 2019).
Arthritic symptoms can
range from mild discomfort and
difficulty functioning to debili-
tating chronic pain that requires
orthopedic surgery. The condi-
tion is most prevalent in individ-
uals who are older than 45 years
of age. The United States has the
greatest proportion of individ-
uals with arthritis with over 54
million diagnosed patients total

Spurring
femur bone

Degenerated
articular
cartilage

Spurring
tibia bone

Osteoarthritis

Figure 1. This figure shows the pathogenic visual of an osteoarthritic knee joint compared to a healthy knee. Image from Flannery 2018.
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Figure 2. This figure shows a graph representing the number of individuals historically diagnosed and projected to be diagnosed with arthritis.

Image from Osteoarthritis Action Alliance 2019.

(CDC, 2020). More than half of
the US’s patient population with
arthritis is diagnosed with osteo-
arthritis as well, making it the
most common form of arthritis
(OAAA, 2019). The prevalence
of arthritis has been gradually
increasing in the

US over the past

three decades,

and research

predicts that the

diagnosis of ar-

thritis, specifical-

ly osteoarthritis,

will continue to escalate in the
coming years. As such, finding
effective treatments for osteoar-
thritis is a pressing issue for the
medical community.

The most permanent solu-
tion for osteoarthritis is joint
replacement surgery, which is an
expensive and invasive treatment
option. Usually, this surgery
serves as a last-resort treatment
for patients experiencing unbear-
able pain. As such, most physi-
cians and patients prefer other
treatment options that manage
osteoarthritis rather than cure it.
Among the most common treat-

ment options for people with os-
teoarthritis are exercise and med-
ication therapies (Nelson, 2017).
Medication therapy involves the
use of nonsteroidal anti-inflam-
matory drugs, which primarily
work to resolve musculoskeletal
pain but do not
necessarily pro-
vide a cure for
the pathophysi-
ology. Alterna-
tively, exercise
helps strengthen
the muscles and
bones near the diseased joint,
helping to slow the progression
of the disease and alleviate pain
(Selten et al., 2020).

Over the past two decades,
physicians have begun to im-
plement intra-articular corti-
costeroid therapy as another
alternative method for treating
osteoarthritis (Zhong et al.,
2020). Corticosteroids are pow-
erful drugs that relieve joint pain
by reducing the inflammation in
and around the joint (Schmerling,
2019). Cortisone, which is a syn-
thetic cortisol-related hormone,
is the most popular corticoste-

roid used to treat osteoarthritis.
During a cortisone injection
procedure, the physician inserts
a needle into the inflamed joint
using ultrasound or x-ray fluo-
roscopy for guidance. Once the
needle is in place, the physician
releases the medication into the
joint. Usually, the shot includes
the corticosteroid to relieve pain
and inflammation over time, as
well as an anesthetic to induce
immediate relief (Torborg, 2019).
The cortisone medication starts
to fight the inflammation in

the joint quickly, and patients
achieve pain relief within three
to five days.

While corticosteroid in-
jections are a relatively novel
treatment option, they have
quickly grown in popularity.
Nonetheless, the positives and
negatives of corticosteroids are
controversial among researchers,
physicians, and patients alike. It
is important to note that corti-
sone injections can provide pain
relief, which is why physicians
recommend steroid therapy for
osteoarthritis patients; however,
the length and degree of pain
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relief vary drastically between
patients (Shmerling, 2019).
Interestingly, physicians still
lack compelling evidence that
corticosteroids provide long-term
pain relief and inflammation
reduction. While some patients
receive significant relief for three
to four months (which indicates
that corticosteroid therapy may
be ideal for them), other patients
only receive pain relief for a

few weeks. Every time the pain
returns, the patient is urged to
receive another injection which
entails higher medical costs

and repeated risk of side effects
including increased stress and
allergic reactions (Bennell &
Hunter, 2012). Furthermore, as
time goes on, the body’s respons-
es to the steroids are lessened,
which means that larger doses of
steroids are required for treating
the pain. Most patients require

OSTEOARTHRITIS

Exposed-—,

bone \

BEFORE

several corticosteroid injections
per year for prolonged pain relief
since the efficacy is limited and
short-lived in the majority of
cases.

Furthermore, corticosteroids
function to reduce pain by less-

ening inflamma- - iy the rising popu-
larity of intra-articular
cifically caused corticosteroid injections,
physicians and patients
must be fully informed of
the benefits and risks.

tion around the
joint that is spe-

by synovial
cells; thus, this
inhibits the im-
mune system’s
complications in the joint (Nel-
son, 2017). As such, corticoste-
roids provide a positive treatment
outcome for the vast majority

of patients with osteoarthritis

but not all. A recent study found
that, “about 7% to 8% of people
getting steroid injections seem to
worsen, with their arthritis accel-
erating beyond the expected rate”

Cortisone
injection

1 Healthy
cartilage

W=7~ Eroding
| meniscus

(Kompel et al., 2019). In fact,
another two-year patient study
found that, “the anti-inflammato-
ry effects of steroids, at least in
the short-term, are not operating
as a disease-modifying agent”
because they enhanced cartilage
destruction in

a few patients
(Mandl, 2018).
Most physician
consent forms
include this seri-
ous risk, but the
effects are often
downplayed or ignored due to
the patient’s desire for rapid pain
relief.

Other side effects of intra-ar-
ticular corticosteroid injections
also exist, but the most drastic
side effect (besides a rare fatal
reaction) is known as a cortisone
flare. A cortisone flare describes
intense pain that centers around

AFTER

Figure 3. This figure illustrates the injection of a corticosteroid into an arthritis knee joint to facilitate the alleviation of inflammation and pain.

Image from Schilling 2019.
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the joint within 48 hours of a
steroid injection. The pain can
range from mild annoyance to
seriously debilitating pain that
requires hospitalization and pow-
erful pain medications. The pain
occurs due to the injected steroid
forming crystals around the joint
(i.e. crystalline synovitis), which
elicits a foreign-invader reaction
from the immune system and
causes even more inflammation
(Mayo Clinic, 2020). Fortunate-
ly, cortisone flare reactions are
almost always short-lived. The
patient may use medications to
cope, but the pain subsides by
itself within a few days, espe-
cially after the corticosteroid
starts to have its intended effects
of reducing inflammation and
alleviating pain.

Given the rising popularity
of intra-articular corticoste-
roid injections, physicians and
patients must be fully informed
of the benefits and risks. Health
care providers and prospective
patients should acknowledge
three questions before deciding
to participate in corticosteroid
therapy. One, is the patient fully
aware of the risks? Two, does the
patient know that steroid therapy
may or may not effectively treat
osteoarthritis? And three, are the
physicians and patients physi-
cally and mentally equipped to
handle the corticosteroids and the
potential side effects during each
cycle of injection? Answering
these questions will provide a
basic foundation for patient safe-
ty and physician responsibility,
which will greatly enhance “the
standard of care” of osteoarthri-
tis. @
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The mystery within our blood

NIKI PATEL
Staff Writer

ne of our most

basic forms of
immunity can be found flowing
through our arteries, veins, and
capillaries, locked onto the sur-
face of our blood cells: our blood
type antigens. The International
Society of Blood Transfusion
currently recognizes 33 blood
group systems, including the
more popularly known ABO (ie.
Type A, B, AB, or O) and Rhesus
(Rh) systems (ie. + or - signifi-
ers) (Mitra, 2014). The variations
seen in blood types (eg. A+, A-,
B+, etc.) likely offer selective
evolutionary advantages in a giv-
en population, one of which is
the protection conferred by ABO
blood group antigens against
diseases caused by bacteria,
parasites, and viruses. Specifi-
cally, the association between an
individual’s ABO blood group
and his/her susceptibility for
more severe E. coli, malaria, and
SARS-Cov-2 infections is an in-
teresting relationship to explore,
and one that probes into one of
the most fundamental building
blocks of life.

The ABO blood system
antigens are composed of gly-
coproteins (polypeptide chains
associated with carbohydrate
molecules) attached to the
external surface of red blood
cells, and these antigens play a
key role in the identification of
foreign molecules and the me-
diation of the body’s response

to particular infectious diseases
(Dean, 2005). Only individuals
with the blood types A, B, or AB
have these specific sugar attach-
ments on the surface of their red
blood cells. Type O blood carri-
ers do not pro-
duce a type “O”
antigen; howev-

anti-A and
anti-B antibodies
that attack red

A, B, or A and B antigens present
on their surface. Matching the
ABO blood group and Rhe-

sus factor between donors and
recipients serves as the basis for
both successful organ donation
as well as blood transfusions; a
mismatch between the two can
lead to death due to incompatible
antigens and antibodies (“Facts
About Blood and Blood Types,”

2021). For this reason, a patient
with type O blood cannot re-
ceive a transfusion from a person
with type A blood because their
anti-A antibodies will attack

the transfused type A red blood

The International Society of ©lls- On the
Blood Transfusion currently
er, they produce 7ecognizes 33 blood group
systems, including the more
popularly known ABO...and
blood cells with  2esus (Rh) systems...

other hand, a
patient with
type A, B,

or AB blood
can receive a
transfusion or
organ dona-
tion from a person with type O
blood because there is no type O
antigen and thus no anti-O anti-
body to attack the donated organ
or blood. This form of adaptive
immunity, a specific and coordi-
nated immune response, serves
as the basis for the relationship
between blood type and infec-
tious diseases. Certain bacterial,
viral, and parasitic strains present

Blood Type
A B AB 0]
Red Blood
Cell Type
N/ v/ NS \J
o | [ e | o | B
Antibodies e i gL e
in Plasma ~73- o AN AN
Anti-B Anti-A None Anti-A and Anti-B
Antigens in
Red blood ? ? T ?
Cell A antigen B antigen A and B antigens None
Blood Types A B, AB, O 0
b A0 8.0 (AB* s the (Ois the
Emergency universal recipient) universal donor)

Figure 1. Red blood cells present specific antigens on their surface that are coded by one's gene

for blood type. Image from Lumen Learning n.d.
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Figure 2. Each blood type is associated with a unique glycoprotein consisting of a polypeptide chain and group of carbohydrate molecules. Image

from Glytech n.d.

proteins on their pathogen-

ic components that resemble

the ABO blood type antigens,

prompting a negative immune

response in infected individuals

similar to when a foreign blood

type is introduced to a patient

(Ewald & Sumner, 2016). Re-

search that synthesizes data from

genome-wide association studies

may prove to be

particularly use-

ful in identifying

the blood group

variants that are

correlated with

susceptibility

or having more

severe symptoms

to infectious diseases. This could

promote greater comprehension

of the association between one’s

genetic makeup and their sus-

ceptibility to infectious diseases

(Liumbruno & Franchini, 2013).
Emerging hematological

research has found that in areas

with high instances of Esche-

richia coli (E. coli) infections,

individuals with type A blood

appear to develop more grave
symptoms than any other ABO
blood type (Kumar et al., 2019).
E. coli is a bacteria found in the
intestinal tract of many animals.
While most strains are harmless,
there are forms of E. coli found
in contaminated water or food
that can cause severe diarrhea in
those unlucky enough to ingest
it (CDC, 2014).
Researchers re-
cently found that
the E. coli bacte-
rium secretes a
protein that ad-
heres only to the
surface of intes-
tinal epithelial
cells in people with type A blood.
As a result, researchers proposed
that a drug targeting this protein
would be instrumental in miti-
gating symptoms, such as severe
diarrhea, in type A individuals
who contract an E. coli infection
(Kumar et al., 2019). An earli-
er study by Ewald and Sumner
(2016) also suggests that the
sugar molecules on the extracel-

lular matrices of gram-negative
bacteria, like E. coli, resemble

A and B group antigens. There-
fore, cells that produce anti-A or
anti-B antibodies may be more
effective at neutralizing this
bacteria. It appears that individu-
als with both type A and B blood
types are at greater risk for de-
veloping more severe symptoms
from an E. coli infection because
they cannot produce the proper
antibodies to effectively suppress
the pathogen.

Furthermore, Plasmodium
falciparum malaria, the parasit-
ic strain that accounts for over
half the number of cases and
over 80% of the deaths asso-
ciated with malaria worldwide
is remarkably less severe in
individuals with type O blood
compared to those with types A
or B (Ewald & Sumner, 2016). P
falciparum malaria is a vec-
tor-borne illness found primarily
in sub-Saharan Africa that is
transmitted from mosquitoes to
humans (CDC, 2020). A hall-
mark of P. falciparum malaria
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appears to be malarial anemia,

a condition in which membrane
proteins on the surface of in-
fected red blood cells bind to A
and B antigens on the surface of
uninfected blood cells, forming
conglomerations of cells known
as “rosettes” (Ewald & Sumner,
2016). These rosettes are danger-
ous because they prevent proper
circulation of the blood, espe-
cially when they begin to adhere
to endothelial cells lining blood
vessels. Fry et al. (2007) suggest
that type O blood confers “pro-
tection” against this strain as type
O individuals lack ABO antigens
on the surface of their red blood
cells.

Research into blood type
and associated susceptibility to
infectious diseases has recently
amassed significant attention
due to findings that individuals
with blood type O appear to have
a decreased risk of contracting
SARS-Cov-2, the novel corona-
virus, as well as a lower chance
of developing severe symptoms

Host endothelium

Rosetting

—

Blood
flow

if they do test positive (Barnkob
et al., 2020). While this research
is quite preliminary and limited
in scope because of the novel
nature of the virus, multiple
studies have examined how
blood type and susceptibility to
SARS-Cov-1 and
SARS-Cov-2 may
be related. The

ferases can also glycosylate the
surface of SARS-Cov-1 particles
and anti-B antibodies would be
similarly effective at neutralizing
this virus (Barnkob et al., 2020).
More research is needed to better
understand the efficacy in trans-

..individuals with blood ferring these

findings about

type O appear lo have a $ARS-Cov-1 to

literature indicates  decreased risk of con- ~ SARS-Cov-2,

that SARS-Cov-1 = 4., 7y o SARS-Cov-2 but researchers

viral particles can . highlight how
the novel coronavirus...

be modified by spe-
cific ABO glycosyltransferases.
These enzymes link carbohydrate
groups, which are uniquely cod-
ed by the gene that determines
each blood type, to antigens on
the surface of blood cells through
a process called glycosylation.
Researchers have found that the
A variant of glycosyltransferas-
es are effective at glycosylating
SARS-Cov-1 particles, enabling
anti-A antibodies to incapacitate
this virus (Barnkob et al., 2020).
It is hypothesized that the B vari-
ant of the ABO glycosyltrans-

Sequestration/
cytoadherence

Interaction

RIFIN/STEVOR

globally, indi-
viduals with type O blood appear
to have reduced instances of
SARS-Cov-2 infection (Barnkob
et al., 2020). Only individuals
with type O blood can produce
both anti-A and anti-B antibod-
ies, and as stated above, the A
and B variants of ABO glycos-
yltransferases have been shown
to be potent enzymes capable of
glycosylating SARS-Cov-1 viral
matter (Barnkob et al., 2020).
The two viruses are essentially
strains of a common viral ances-
tor and are thus genetically simi-

Invasion

3 Vascular
occulsion

Figure 3. Erythrocyte rosette formation and subsequent blood clot formation in a blood vessel. Image from Yam et al. 2017.
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lar, which may explain why type
O individuals are at a decreased
risk for contracting SARS-Cov-2
(Barnkob et al., 2020).
Researching the association
between ABO blood group anti-
gens and vulnerability to bacte-
rial, viral, and parasitic diseases
can serve as a powerful tool in
understanding how we can live
with infectious disease. Infec-
tions caused by E. coli, malaria,
and coronaviruses are only three
diseases whose lethality and
severity have been correlated to
specific ABO blood type. Much
of this research is correlational,
however, which is a signifi-
cant limitation to its scope and
applicability. Future studies that
focus on finding concrete, causal
relationships between blood type
antigens and susceptibility to
infectious disease could serve
to provide greater credibility to
these correlational findings. {e.
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A struggle with every breath

RICHARD LEE
Staff Writer

<47

Asthma is a respira-
tory condition in the
bronchi of the lungs, inducing
spasms, shortness of breath, and
general difficulty in breathing.
More than 339 million people
worldwide suffered from asth-
ma in 2016, and it remains the
most common disease among
children (World Health Organi-
zation, 2020). However, there

is no established treatment that
can fully eliminate the disease in
an individual, let alone a sin-
gle drug cure. Varying factors

contribute to the development
of asthma. Apart from genetic
predisposition, the inflammation
in the lungs can also be exacer-
bated by the poor quality of air.
Increasing air pollution in mod-
ern, industrialized societies could
cause asthma to be one of the
most devastating conditions in
the decades to come. Thus, more
robust treatment methods must
be developed to combat chronic
asthma, a permanent condition
that still lacks a definite solution.
Earth is experiencing in-
creasing amounts of pollution,
compromising the quality of air
inhaled by its 7.6 billion inhab-
itants. What results is a greater
prevalence of lung inflamma-

Pathology of Asthma
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/ muscles
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tion and chronic conditions

like asthma. Particulate matter
(PM) is the sum of all solid

and liquid particles suspended

in the air, of which many are
hazardous. Although the World
Health Organization has noted

a decrease in the proportion of
the global population that is
exposed to what it considers an
excessive PM level, falling from
94% in 2010 to 90.0% in 2016,
this decrease was mainly due to
improvements in North America
and Europe (WHO, 2020). The
majority of regions have actually
experienced increases in PM lev-
els (Shaddick et al., 2020). Even
though the direct relationship
between PM and chronic respira-

Air trapped
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\\ Tightened
smooth

/ muscles

Asthmatic airway
during attack

Figure 1. Asthma is grounded on a tightening airway compounded by inadequate diffusion. Image rom William Gandy 2017.
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tory illnesses has yet to be deter-
mined, a number of documented
inflammation cases due to PM
speak of its importance. Specif-
ically, research shows that PM
triggers innate immunity inflam-
mation, oxidative stress, apop-
tosis, autophagy, as well as an
imbalance of
T helper cells,
all of which

with patholog-
ical changes in
allergic respi-
ratory diseases (Wu et al., 2018).
Apart from associations between
pollution and altered biological
processes, causative relation-
ships have also been determined.
Increasing amounts of evidence
suggest that long-term exposures
to air pollution can contribute

to new-onset asthma in children
(Guarnieri & Balmes, 2014). A
phase three study done by the
International Study of Asthma
and Allergies in Childhood, in-
volving more than 500,000 chil-
dren, identified a dose-response
association between symptoms
of asthma and self-reported ex-
posure to truck traffic (Brunst et
al., 2015). A multitude of factors
can contribute to the develop-
ment of asthma. However, the
already-identified causes that
show no signs of deceleration
necessitate greater research into
their treatment.

Within asthmatic patients,
although different degrees of
severity warrant different levels
of prognosis for future develop-
ment or remission, all experience
permanent effects. In asthma, the
dominant physiological event
leading to clinical symptoms is
the narrowing of the airway and

more robust treatment met/-
ods must be developed to

are associated  combat chronic asthma, a
permanent condition that stif] O™ one end;
lacks a permanent solution.

reduced airflow, caused by bron-
chial smooth muscle contraction
as a response to allergens or irri-
tants (US Department of Health
and Human Services, 2020). The
definition of asthma describes
some sort of airflow reduction,
yet the extent of that impairment
is based upon
predetermined
and epigen-
etic factors.

genome-wide
association
studies have identified genes
that modulate aspects of lung
development and susceptibil-

ity to more severe disease; on
the other, exposures to several
allergens, including dust mites
or animals as an infant, have
given a positive predicted value
of 57% for asthma by the age

of 11 (Belsky & Sears, 2014).
The amount of exposure to those
aforementioned substances can
impose a restrictive airway on
any individual, let alone ones
who have genetic
predispositions to

the disease. Thus,

rather than being a

binary condition,

asthma seems to

rest more on a

spectrum. Most

commonly, many

individuals seem

to “grow” out of their asthma
during adolescence as their clin-
ical symptoms lessen, no longer
requiring the use of medication.
However, it has been determined
that even atopic asthmatic chil-
dren in remission have evidence
of pulmonary function abnormal-
ities and bronchial hyperrespon-
siveness, indicative of continued

airway inflammation or previous
airway damage (Warke et al.,
2002). Patients with a lesser se-
verity of the bronchoconstriction
still retain the long-term damage
caused by their inflammation, a
continuing issue warranting the
prevention of the condition com-
bined with its treatment.

Despite the impending
effects of asthma, inaction from
countries and global powers
have continued to exacerbate
the condition. The growing
issue of pollution has not been
adequately addressed by recent
country superpowers, including
the United States. Just one day
after the 2020 US Presidential
Election, former President Trump
withdrew from the Paris Agree-
ment, a legal contract set on
keeping the global temperature at
lower levels as well as reducing
carbon emission rates (Graham
Research Institute, 2020). As one
of the leading emitters of carbon,
the United States has a dominant
role to play in the battle against

environmen-
tal pollution.
Although the
US has since re-
joined the con-
tract, this recent
falter signifies a
lack of com-
mitment from
countries most
responsible for the environmental
causes of asthma. Additionally,
systems like the US Healthcare
have made access to treatment
almost unobtainable, with a
single inhaler costing upwards
of one hundred dollars (Papi et
al., 2007). When the underserved
populations are also the most at
risk for chronic illnesses, a per-

Emory Undergraduate Medical Review, Spring 2021 |15



THE CHEMISTRY OF ASTHMA INHALERS

Asthma medication commonly comes in two different colours of inhalers: blue and brown. Though these colours can vary, usually the
medication can be classed as either a ‘reliever’ or a ‘preventer’. The identity and function of the chemical compounds in each vary.

RELIEVERS

PREVENTERS

HO

HO :
o
HO ,J< HO,
N
H
OH

o:r:-'\/

H

H

SALBUTAMOL
(also known as albuterol in the US)

o]

BUDESONIDE
(sold under trade name Pulmicort)

O 20 © 0 0 ©°

Bronchodilator  Short-acling  Mean Dwration  Mavimal Effect

finti-inflammalory long-ading  Onsel of flction

For Peah fect

Figure 2. Both inhaler relievers and preventers allow for stable control of asthma. Image from Stuart B. 2014.

petual cycle of sickness without
remedy ensues.

While there is no natural
cure for the disease, a variety of
novel drugs still show promis-
ing results amidst the increasing
pollution. Pro-
tein caspase-11
belongs to the

Despite the impending
effects of asthma, inaction clly increased

these studies can establish for
more clinical applications in the
future. In addition, researchers at
the University of Kiel in Ger-
many found that Dupilumab, an

anti-interleukin 4 receptor and al-

pha monoclonal
antibody, drasti-

caspase family, from countries and global the forced

responsible for
hydrolyzing pro-
teins to activate
cell death upon encountering in-
flammation (Huang et al., 2019).
Recently, a group of researchers
at Trinity College Dublin have
found that caspase-11 activity
can be inhibited by prostaglandin
2, ultimately reducing the pres-
ence of molecules called interfer-
ons responsible for activating the
inflammation response in human
cells (Zaslona et al., 2020).
While this in vitro study only
begins to analyze the potential
impacts small molecules and pro-
teins can have on chronic respi-
ratory illnesses, it is nonetheless
important to realize the pipeline

powers have continued to
exacerbate the condition.

expiratory vol-
ume of a group
of 210 asthmatic
patients, meaning they were able
to exhale more air following
treatment (Rabe et al., 2018). It
is most evident that more path-
ways are being explored to paint
a holistic picture of the physiolo-
gy behind asthma, supporting the
necessary approaches to counter-
ing this nuanced disease.
Asthma’s interconnected
nature with pollution, public
policy, and research makes
it increasingly pertinent in a
society bent on natural resource
consumption and unaffordable
healthcare. Its clinical presenta-
tion can be transient, yet perma-

| Emory Undergraduate Medical Review, Spring 2021

nent, and treatable, yet incurable.
Although corticosteroids in the
form of inhalers have catered to
a vast population of asthmatics,
they are neither guaranteed nor
sustainable, especially for those
who cannot afford them. Only
bringing attention and resources
to tackling the environmental
problems can ultimately serve

as a sustainable and effective
approach to the growing issue of
asthma, along with more re-
search into potential treatments.
As research develops and new
relations are discovered between
asthma and other metabolic
processes, one can predict more
efficient and established treat-
ments for this oftentimes chronic
condition. ¢
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Body fat: Tricking the body to lose it

SRIDHAR
KARNE

Staff Writer
> S
s one of the body’s
most important
macronutrients, fat is necessary
for our survival. Biologically, fat
cells are responsible for stor-
ing energy in the form of tri-
glycerides while also providing
insulation against the cold. In our
contemporary society, however,
there is often a stigma attached
with having excess body fat, and
as a result, many individuals
find ways of reducing their body
fat in an effort to change their
appearance (Bacon & Severson,
2019). Figure I illustrates how
excess fat is stored underneath
the skin, which ultimately gives
the appearance of body fat on a
person. To reduce overall body
fat, fat cells must be liberated
from adipocytes through fat me-
tabolism which can be induced if
the body is not consuming food
(El-Zayat et al., 2019). When
the body is starved of energy, fat
cells, as one of the body’s main
energy sources, are liberated to
fulfill this energy deficit. Apart
from the aesthetic motive, others

ABDOMINAL MUSCLES

SUBCUTANEOUS FAT

VISCERAL FAT

Figure 1. Diagram of fat storage in the abdominal region gives the appearance of body fat
underneath the skin. Image from CoolSculpting 2020.

more efficient than the others
while still maintaining a person’s
health.

A common new year’s reso-
lution is to get in the gym or run
on a treadmill. However, individ-
uals may not realize that conven-
tional aerobic exercises may not
be the best way to reduce body

may desire tore-  conventional aerobic ex- fat- While any

duce body fat be-
cause obesity can

diseases such as cardiovascu-
lar disease, hypertension, sleep
apnea, and diabetes (El-Zayet et
al., 2019). There are many ways
of increasing fat metabolism, but
they are not all equally effective.
This warrants an investigation
into whether one approach is

ercises may not be the best
lead to comorbid Way fo reduce body fat

physical ac-
tivity is better
than none, one
should be mindful about how

to exercise based on the desired
outcome. One review article
emphasized the advantage of
High Intensity Interval Training
(HIIT) over aerobic exercises
when it comes to reducing body
fat. In fact, the paper suggested

| Emory Undergraduate Medical Review, Spring 2021

that there is no effect of aerobic
exercise on the body (Boutch-

er, 2010). The argument stems
from the fact that HIIT leads

to a catecholamine response,
specifically inducing the release
of the hormone epinephrine in
the body which drives lipoly-

sis, or the breakdown of fats,
from intramuscular fat stores
(Boutcher, 2010). The release

of epinephrine is beneficial in
this case because epinephrine is
involved in the fight/flight re-
sponse. Evolutionarily, the body
has been programmed to respond
rapidly in a threatening situation.
When a person finds themself in
a situation that poses a threat, the
flight/fight response can be acti-
vated to fuel energy to the body’s
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Figure 2. Decrease in Subcutaneous and Abdominal Body Fat through HIIE method. Image from Boutcher et. al, 2010.

muscles in order to be prepared
to flee quickly and escape. As a
result, by adding one extra sprint
to the end of a routine 20-minute
aerobic exercise, the body can
be tricked and mimic the flight/
fight response which may lead
to increased endogenous levels
of energy through the metabo-
lism of fats (Boutcher, 2010).
Furthermore, there is evidence
that muscle aerobic capacity is
increased following HIIT due

to AMPK activation (Boutcher,
2010). AMPK is an enzyme that
is involved in fatty acid metabo-
lism. Therefore, body fat com-
position can be directly altered
through HIIT exercise because it
can activate an enzyme involved
in the breakdown of fats. The
advantage of HIIT over aero-

bic exercise is also empirically
supported. A study conducted by
Trembley et al. (1994) followed
subjects through a fifteen-week
program, and the results showed
that the High Intensity Interval
Exercise (HIIE) group lost sig-
nificantly more subcutaneous and
abdominal fat when compared to
the steady-state exercise and con-
trol groups (Figure 2) (Boutcher,

2010).

HIIT seems to be a plausible
approach to cutting body fat, but
another approach to consider
is through adding muscle mass
to the body. When the body is
an energy-deficit, muscles rely
on energy from both glucose
and fatty acid stores to gener-
ate energy. Glucose provides
energy to the body through a
metabolism mechanism called
glycolysis while
fatty acids provide
energy to the body
through a process
called beta-oxida-
tion. Ultimately, the
body can use these
molecules and strip them apart
to break them down into the
basic unit of energy called ATP.
Increasing muscle mass compo-
sition works for reducing body
fat composition because mus-
cles consume plenty of energy
and increasing the composition
of muscle will increase total
energy requirement by the body
(McPherron et al., 2013). One
common way of actually in-
creasing muscle mass is through
weight lifting, which forces ten-

sion and resistance on the mus-
cles, leading to muscular hyper-
trophy. Muscular hypertrophy is
the process of increasing the size
of pre-existing myofibrils and
overall muscle mass (Egerman
& Glass, 2013). A study done by
Lemmer et al. (2001) looked at
the effects of strength training on
a person’s resting metabolic rate.
Participants completed a full
body, 24-week strength training
program, and
the researchers
found that the
average increase
in resting meta-
bolic rate when
compared with
the baseline metabolic rates in
participants was +7%.

A third strategy for body fat
reduction is based on the adop-
tion of various regimented diets.
Figure 3 presents the results of
a clinical trial that investigated
the effect of different diets on
fat mass loss and lean mass loss
(Willoughby et al., 2018).

The data suggests that
high-protein diets may achieve
the most significant fat loss while
minimizing lean muscle mass
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loss (Willoughby et al., 2018).

In a high protein diet, 10-35% of
the total calories must come from
proteins throughout the course

of a day (Willoughby et al.,
2018). The clinical trial evaluat-
ed a group of obese women who
followed three different protein

approach to losing fat is through
consuming supplements such

as creatine, amino acids, and
chromium picolinate (Cr(pic)s).
Creatine and amino acid sup-
plements are used to help build
muscle while (Cr(pic)s3) is mar-
keted to help burn fat. Creatine

diets (low, mod- potential deleterious ef- supplementation

erate, high), and
were simultane-
ously enrolled
in a circuit-type resistance
exercise program (Willoughby
et al., 2018). The results showed
that following a reduction in
daily calories that the body is
accustomed to, increasing the
proportion of protein consumed
paired with resistance exercise
led to more significant declines
in fat mass when compared to a
control group that only partici-
pated in the exercise program.
This supports the effectiveness of
a High-Protein diet paired with
resistance exercise workouts in
order to lose body fat.

Yet another dietary-based

fects such as neurological

toxicity [due to Cr(pic)s/

works through
providing a
supply of quick
energy supply in the form of
creatine phosphate for the person
working out their muscles (Beck
et al., 2007). The supplement
helps the body build muscle, be-
cause when a person is working
out, the availability of creatine
phosphate allows the body to
have more energy and perform
high-intensity workouts. Amino
acids supplements, on the other
hand, are often added to drinks,
and are thought to expedite
muscle recovery by supplying
more amino acids to repair the
muscle fibers that have just been
exercised (Beck et al., 2007).

Ultimately, these supplements
could help with fat loss because
they could allow the body to
build more muscle and increase a
person’s base metabolic rate.

To test whether supplement-
ing creatine, amino acids, and
protein combined with a ten-
week exercise program would
lead to changes in body compo-
sition, Beck (2007) performed
a randomized, double-blind
experiment on men. However,
the results found no significant
difference between the con-
trol and experimental groups.
This suggests that taking these
advertised supplements may not
actually be useful if a person is
trying to lose body fat.

Similarly, another study
looked at the effects of Cr(pic)s
as a dietary supplement (Vincent,
2003). The element chromi-
um plays a role in maintaining
carbohydrate and lipid metab-
olism which is why it has been
a direction of study as a fat loss
supplement (Vincent, 2003). The
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Figure 3. High protein diet shows largest percentage of fat mass loss. Image from Willoughby et al., 2018.
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initial reports of Cr(pic)s being
used as a weight loss supplement
started with a paper published
in 1989; however, the USDA
patent associated with the paper
is not specific to chromium, so it
is misleading that many adver-
tisements suggest otherwise
(Vincent, 2003). The supposed
effects of Cr(pic)s may be due to
confounding variables that led to
the reported fat loss. Though the
relationship between Cr(pic)s and
body fat is currently uncertain,
Cr(pic)s still remains a popular
supplement, even if the data
suggests that it has no significant
effects on body fat composition
(Vincent, 2003). Further research
is required to evaluate the con-
cerns of this supplement because
of potential deleterious effects
such as neurological toxicity
(Vincent, 2003). The safety con-
cerns brought forth by the paper
express the potential relationship
between the picolinate released
in the body from the supple-
ment and the negative effects of
motor function and symptoms
of depression such as low mood
feelings (Vincent, 2003).
Considering the three ap-
proaches, while there are benefits
to each, combining multiple
methods seems to be the most
productive way to lose body fat.
All the studies discussed did
not use a single method alone
to achieve a reduction in body
fat but, instead, paired a certain
form of exercise with a diet
plan. Furthermore, the literature
suggests that muscle-building
supplements and fat burners may
not be all that useful for reducing
body fat composition. Instead the
risks shoulds be understood and
carefully weighed before recom-

mending them for consumption.
Nevertheless, through discipline
and determination, it is possible
to lose body fat by exercising
and eating a healthy diet. {8
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Disparities in health outcomes of suburban gentrification

SABRINA JIN
Staff Writer

entrification has

been sweeping across
American cities in waves since
the 1970s. This process involves
an influx of wealthy residents in
relatively low-income suburban
neighborhoods, whose movement
breaks open concentrated poverty
pockets, often improves envi-
ronmental quality, and increases
access to healthcare. Politicians
have long praised the ability of
gentrification to benefit public
health in neighborhoods with
previously low socioeconomic
conditions; however, emerging
evidence adds a level of nuance
that indicates otherwise. While
the financial growth contributes
to overall improved health out-
comes, the process simultaneous-
ly widens economic and health
disparities between new residents
and long-term residents in two
particular subgroups: people of
color and the elderly (Bhavsar et
al., 2020). Gentrification further
contributes to a change in the

cultural landscape, which is the-
orized to increase stress among
vulnerable populations in gen-
trifying suburbs (Crewe, 2017).
Given the complex advantages
and disadvantages to health, it is
important to analyze consequenc-
es of gentrification through an in-
tersectional lens in order to best
support vulnerable subgroups.
Gentrification positively
impacts public health through
economic, de-
mographic, and
cultural changes

1). First, there is
a strong, posi-
tive association
between neighborhood wealth
and public health outcomes.
Improvements in environmental
quality, such as the reduction of
pollution and increased access

to green spaces, contribute to
benefits in respiratory health and
greater levels of physical activity.
Neighborhood wealth also reduc-
es crime rates and increases ease
of access to healthy foods and
health-related resources. Further-
more, urbanization promotes the

Gentrification:
- Increases in neighborhood wealth
- Influx of new residents with

e

Physical Environment:

establishment of quality educa-
tion and health-promoting rec-
reational organizations (Bhavsar
et al., 2020). Secondly, changing
demographics may increase
ethnoracial and socioeconom-

ic diversity within previously
homogeneous neighborhoods,
creating wider social support net-
works. The subsequent increase
in perceived levels of collective
efficacy serves as an important

While the financial growth ™9 of
contributes to overall im-
within the neigh- proved health outcomes,
borhood (Figure s/ process simultaneous-
ly widens economic and
health disparities...

neighborhood
social cohesion
and sentiments
of friendliness
and cooper-
ation (Stein-
metz-Wood
et al., 2017). Given the highly
social nature of public health,
there is a strong correlation
between perceptions of collec-
tive efficacy and overall health
outcomes (Browning & Cagney,
2002). Therefore, gentrification
supports neighborhood health not
only through an influx of wealth
but also through the promotion
of positive attitudes towards
community collectivism.

At the same time, the process

- Access to healthy food
- Increase in green space

—b‘ Healthcare Utilization |

- Housing insecurity
- Pollution levels

higher SES

I —*\ Health Related Behaviors

—>‘Mental & Physical Health

- Physical and cultural
displacement

N\

Social Environment:

- Neighborhood social
cohesion

—»\ Biological Responses |

- Collective efficacy
- Feelings of safety
- Prejudice & discrimination

Figure 1. Theoretical framework for the impacts of gentrification on mental and physical health outcomes through interactions with the physical
and social environment. Image from Bhavsar et al. 2020.
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of gentrification often contributes
to the displacement of long-term
residents who may no longer
afford to live in a city with rising
property values. This phenom-
enon disproportionately affects
historically African-American
and Hispanic communities,
which are often replaced by the
movement of wealthier white res-
idents (Richardson et al., 2019).
While traditional sociological
studies may report a reduction in
poverty within a given city, this
fails to capture the bigger picture
of displacement associated with
gentrification. Long-term resi-
dents who can afford to stay may
also suffer from an increasing
wealth gap that contributes to
differential access to a polarizing
quality of resources, including
education, food, environmental
health, and healthcare (Wilder et
al., 2017). Growing
disparities between
the new, wealthier
residents and the
long-term residents
may also hinder
the ability for
long-term residents
to participate in health-seeking
behaviors (Lorence & Park,
2007). Furthermore, the internal-
ization of workplace and eco-
nomic stress has been shown to
manifest itself in poorer mental
health outcomes, increased levels
of cholesterol and cardiovascular
disease, and more preterm births
(Dole et al., 2003; Kivimaki
et al., 2002). Higher levels of
depression and anxiety in lower
income residents of gentrifying
neighborhoods are especially
prevalent among children (Gar-
cia, 2019).

Within long-term residents

who stay in gentrifying neighbor-
hoods, negative health impacts
are most pronounced among
people of color (Figure 2). These
communities face a dispropor-
tionate risk of displacement due
to increased public housing dem-
olition as a result of gentrifica-
tion (Goetz, 2011). This constant
fear of displacement contributes
to chronic illness, as mediated
by stress (Izenberg et al., 2018).
Changes in predominant eth-
noracial identities from colored
neighborhoods to white neigh-
borhoods may further alienate
long-term residents and increase
levels of anxiety and depression
(Smith et al., 2020). As people of
color are increasingly replaced
by affluent white gentrifiers, con-
ditions may arise that heighten
the risk of racial violence (Rich-
ardson et al., 2019). Communi-
ty-level forms
of racism, such
as prejudice and
discrimination,
serve as salient
mechanisms
of reducing
health outcomes
among this vulnerable subgroup
(Gibbons & Barton, 2016).
Elderly long-term residents
form another subgroup of indi-
viduals who are disproportion-
ately impacted by the negative
health outcomes produced by
gentrification. Many are finan-
cially dependent on retirement
packages with fixed-rate pay-
ments, resulting in an inability
to keep up with inflation and in-
creasing property values (Smith
et al., 2018). Furthermore, the
process of gentrification often
alienates elderly residents due
to the influx of younger, wealth-
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ier residents who bring vastly
different cultural traditions
(Crewe, 2017). The changing
cultural landscape and loss of
familiarity contribute to poorer
health among elderly individu-
als not only due to a decrease in
community support, but through
internalization of stress as well
(Browning & Cagney, 2002).

Despite the mixed impacts
that gentrification has on public
health overall, the process is
expected to continue unfolding
across American suburbs in the
foreseeable future. The effects of
economic changes, generational
movement, and the evolution of
cultural traditions is an ever-pres-
ent reality. Fortunately, a number
of gentrifying neighborhoods are
also composed of diverse immi-
grant populations in response to
an increase in career opportuni-
ties. First-generation immigrants
and their descendants report a
strong sense of belonging and
neighborhood pride, pointing
to increased levels of collective
efficacy with other immigrants
from different parts of the world
(Walton, 2016). Their similar
socioeconomic status, as well as
shared modes of suffering that
are unique to immigrant popula-
tions, provide an incomparable
level of camaraderie (Dillahunt
& Malone, 2015). This type of
immigrant-centered community
holds promise as a model for
future gentrification in American
suburbs.

Due to the wide array of
differing health outcomes for
differing populations, the study
of gentrification must be further
assessed from a multidisciplinary
perspective to implement poli-
cies that may support vulnerable



Total
l 1.09
1.00

Black
3.39

Other/Multiple
3.09

Hispanic
1.05

White
0.92

Asian
0.7

Figure 2. Adjusted odds ratios of self-rated health for different ethnoracial groups living in gentrifying tracts of California’s four largest metro-
politan areas. Values greater than 1.00 indicate positive association between gentrification and adverse health outcomes. Image from Izenberg et

al. 2018.

subgroups (Agbai, 2018; Smith
et al., 2020). Furthermore, future
research involving gentrification
should seek to refine the defini-
tion of gentrification. Sociolo-
gists increasingly acknowledge
gentrification as a multifaceted
process that cannot be under-
stood through the
binary categories
of “yes” or “no,”
but should be ex-
amined through
asking “how” and
“to what extent.”

Viewing the pro- /- zes 0/( yes

cess as a singular phenomenon
without attempts at exploring
individual attributes of gentrifica-
tion will hinder the development
of robust theoretical research,
especially regarding the intersec-
tion between gentrification and
health. Once individual attri-
butes of this process are further
assessed, researchers and poli-
cymakers may best implement
structural changes to optimize
neighborhood health without dis-
proportionately imposing nega-

Sociologists increasingly
acknowledge gentrification
as a multifaceted process
that cannot be understood
through the binary catego-

tive health outcomes upon people
of color and long-term elderly
residents. Activism may also be
seen on the local level, as long-
term residents and state gov-
ernments resist public housing
demolition by designating certain
streets as historical landmarks,
thus protecting
vulnerable
populations
from displace-
ment. As al-
ways, intersec-

oo, tional analysis
or no, ... is fundamental
to understanding the impacts of
changing cultural landscapes on
neighborhood health such that
communities may achieve the
goal of American diversity and
reap the benefits of collective
efficacy. f8
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White coat, business formal: The doctor’s
reach beyond the examination table

SARINA
ADELINE
Staff Writer

Editor’s Note: This story
includes graphic imagery and
language.

n November 2018, nine

months after the tragic
school shooting in Parkland,
Florida, the flurry of news
articles and debates about gun
control had already begun to
subside.

Networks moved on to

air new stories, newspapers
found different scoops, and the
rhythm of the American news
cycle steamrolled forward. But
for medical and mental health
professionals dealing with the af-
tershocks of gun violence as well
as the ongoing incidents of vio-
lence, the story never went away;
it lingered. Many doctors contin-
ued their grassroots push for gun
control legislation (Stanbrook,
2019), citing personal experience
in the examination room, at the
operating table, or worse, in the
dark morgue in the underbelly of
the hospital. On November 8, the

The National Rifle Association of

America (NRA) responded with
a scathing tweet:

“Someone should tell
self-important anti-gun doctors
to stay in their lane. Half of the
articles in Annals of Internal
Medicine are pushing for gun
control. Most upsetting, however,

the medical community seems
to have consulted NO ONE but
themselves.”

A few hours after the NRA
posted this tweet, a man shot
and killed 12 people at a country
music bar in Thousand Oaks,
California. The tweet elicited a
near instantaneous response from
doctors. Many of

the Twitter hashtag,
#ThisISOurLane.
Forensic pathol-
ogist Judy Melinek wrote, “Do
you have any idea how many
bullets I pull out of corpses
weekly? This isn’t just my lane.
It’s my f****** highway.” Other
doctors responded similarly, un-

NRA & @NRA - Nov 7, 2018
Someone should tell self-important anti-gun doctors to stay in their lane.
Half of the articles in Annals of Internal Medicine are pushing for gun
control. Most upsetting, however, the medical community seems to have
consulted NO ONE but themselves.

earthing the brutal impact of gun
violence in a way that the public
had rarely seen before.

Doctors, serving on the front
lines of a gun violence epidemic,
knew that the fight didn’t end
with shocking pictures circulat-
ing on Twitter. To enact change,
doctors needed to trade in their
white coats for business formal,

10 enact change, doc- the doctor’s role be-
them championed  z,,,¢ oeded 1o trade
in their white coats
for business formal...

yond the examina-
tion table suddenly
became a vital part
of the gun control
debate. Rep. Robin Kelly (D-II1.),
who authored multiple bills
aimed at reducing gun violence,
remarked that the involvement of
doctors in policy work helped to
make the process more bipartisan

NRA-ILA | Surprise: Physician Group Rehashes Same Tired Gun Cont...
Everyone has hobbies. Some doctors’ collective hobby is opining on
firearms policy. Half of the articles in the “Latest from Annals” email ...

& nraila.org
QO 201K T 102k

Figure 1. NRA Tweet. Image from NRA 2018.
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(Roubein and Ollstein). In 2019,
more than 160 medical, pub-

lic health, and research groups
signed a letter from the American
Academy of Pediatrics. They di-
rected the letter to congressional
appropriators, asking that they
allocate funding

toward gun vio-

lence research,

which was pre-

viously not man-

dated (Roubein

and Ollstein, 2019). The 20 year
freeze on gun violence research
stemmed in part from the Dick-
ey Amendment, which slipped
into the 1996 United States
federal government omnibus
spending bill. The bill stipulated
that “none of the funds made
available for injury prevention
and control at the Centers for
Disease Control and Prevention
(CDC) may be used to advocate

Stephanie Bonne
@scrubbedin

Hey @NRA ! Wanna see my lane? Here's the chair | sit in
when | tell parents their kids are dead. How dare you tell
me | can't research evidence based solutions.
#ThisISMyLane #ThislsOurLane #thequietroom

6:19 PM - Nov 9, 2018

or promote gun control,” effec-
tively blocking research efforts to
track the impact of gun violence
(104th Congress, 1996). Treating
bullet wounds or conducting au-
topsies, in an ideal system, is the
last line of defense. In a reality
where doctors
consistently wit-
ness the failure
of system level
policy, some
understand that
their role also translates into one
of advocacy (AMA J Ethics,
2018).

Doctors’ involvement in
issues of American social and
legal policy did not begin—nor
does it end—with gun control.
The doctor’s role in shaping the
United States’ legal system has
early roots, dating back to the
18th and 19th centuries (perhaps
even earlier outside of the U.S.)

 J

- —
—
P
S0

7:33 AM - Nov 10, 2018

In 1838, psychiatrist Isaac Ray
published A Treatise on the Med-
ical Jurisprudence of Insanity,
which served as a major author-
itative text in the legal system
for decades (Gutheil, 2005). The
book was the first printed English
text to examine the relationship
between psychiatry and the law
(Overholser, 1962). It prompted
ethical questioning of the interac-
tions of illness and crime. It also
initiated some difficult conver-
sation about balancing account-
ability, humanity, and mercy in a
legal system designed primarily
to punish. Isaac Ray was by

no means a perfect doctor. The
harm that he caused through his
psycho-medical investigations
often came at the expense of
under-resourced and exploited
people, including low-income
individuals and women (Weiss,
2013). Recognizing Dr. Ray’s

Stephanie Bonne '
@scrubbedin

Good morning! Just a reminder @NRA : #ThisISMyLane
#ThisISOurLane . She didn't make it.

Figure 2. Doctors respond to a vitriolic tweet from the NRA claiming that “self-important” doctors should “stay in their lane” over issues of gun

violence. Image from Stephanie Bonne 2018.
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work, however, is not intended to
glorify or romanticize him as a
historical figure; rather, it demon-
strates the critical importance

of a physician’s role in inform-
ing some of the most essential
structures of American society.
Understanding this relationship
may empower future doctors to
enact systematic change outside
of the medical field. Most policy
changes arrive at a snail’s pace:
incremental compromises that
inch into progress. However,
doctors such as Isaac Ray show
that radical ideas from the med-
ical field have the capacity to do
more than just inch.

While doctors have initiated
many “firsts,” like [saac Ray
starting the field of Forensic
Psychiatry, they also play a part
in improving pre-existing struc-
tures. Trained to reconcile highly
technical and specialized field
expertise with patient interfacing,
doctors are uniquely situated to
critically examine the efficacy
of systems and its impact on
stakeholders. Neuroscientists
and scientist-physicians often
intervene in the legal system by
questioning the validity of age-
old practices, such as polygraphs
and eyewitness testimony. Once
widely used to determine the
truth of a statement by crudely
measuring three
physiological
biomarkers

ration, and skin
conductivity),
the infamous
“lie detector” test is now widely
discredited. Without intervention
from doctors, it is likely that peo-
ple would continue to be indicted

As the medical field ad-
vances, so does its under-
(heart rate/blood Standing of the complex
pressure, 1espi- gy i which social,
physical, and psychologi-
cal health factors interact. uf physicians

Hes one of the busi-
est men in town. While his
doormay say Office Hours
2104, he's actually on call
24 hours a day.

Thedoctorisascientist,
a diplomat, and a friendly
sympathetic human being
all in one, no matter how
long and hard hisschedule.

Aecording to a recent Nationwide SUrvey:

MoRE DOCIORS SMOKE CAMELS
THAN ANY OTHER CIGARETTE

OCTORS in ev

in all—were g

hran'l of me |ici|| -—II} 597

ree le: ndmg ch or-
The gist ufrh query
moke, Doctor?

amel!

The rich, full flavor and cool mildness of Camel’s
superb blend of costlier tobaccos seem to have the
same appeal to the smoking tastes of doctors as to
millions of other smokers. If you are a Camel
smoker, this preference among doctors will hardly
surprise you. If you're not—well, try Camels now.

CAMELS e e R

Figure 3. Doctors’ endorsements cause a ripple effect across industries which, when poorly
placed, can cause generations of harm. Image from R. J. Reynolds Tobacco Company “More

Doctors Smoke Camels” Campaign 1946.

based on a test that is as likely to
detect anxiety as a lie. Doctors
have provided similar guidance
in addressing the limitations

of eyewitness

is a ubiquitous
practice of evi-
dence collection
and investiga-
tion. Findings

and doctors suggest that eye-
witness reliability is poor; even
when telling the truth, testifiers
are likely to both misrepresent

testimony, which

and misremember a sequence of
events (Gardner, 2006). Human
memory is simply not built for
the rigid, black and white para-
digm of veracity demanded by
the courtroom. In recent years,
physicians and physician-scien-
tists have been at the forefront of
studying and using neurotechnol-
ogy, including fMRIs, to inves-
tigate the reliability of memory.
This has major implications for
how the legal system approaches
eyewitness testimony, now and
into the future (Lacy and Stark,
2013). Doctors have the potential
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to serve as part of a checks and
balances system that pursues
equity and accuracy in legal pro-
cesses and policy. Today, doctors
inform a variety of programs
and policies that are not always
visible to the public. To name a
few examples, doctors influence
public school lunches by setting
nutrition guidelines, help regu-
late the accessibility of tobacco
products, and shape the public’s
perceptions of the meaning of
individual wellness.
Unfortunately, with so much
authority and expertise, doc-
tors have the capacity to do as
much harm as good when left
unchecked. Before the extensive
research on the long-term impact
of tobacco products, doctors
played a major role in selling to-
bacco to the public (Gardner, M.
N., 2006). Tobacco giants, like
Camel, co-opted the weight and
credibility of medical support,
inciting a public health crisis
that still has consequences today.
As physicians started to under-
stand the danger of smoking, the

damage was already done. It took

decades for doctors to undo the

field’s misguided endorsement of

smoking.
The authority of doctors is

an incredibly powerful tool. How

that authority is wielded can in-

fluence the major determinants of

general population health as well
as individual wellness, and this
reality is re-illuminated by the
COVID-19 pandemic. In the era
of technology and social media,
the voices of doctors are more
elevated and visible than ever
before. As the medical field ad-

vances, so does its understanding

of the complex ways in which
social, physical, and psycholog-

ical health factors interact. One
thing is clear: the role of a doctor
does not stop in the examination
room. Doctors hold immense
potential for instigating social
and political change, and their
findings in the clinical setting can
empower them to be an impetus
for positive impact.

Future doctors and young
physicians face a monumental
decision—or rather, a series of
decisions—on how to use their
authority and knowledge. For
better or for worse, the world is
listening. The rest is history. ¢
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The impact of climate change on COVID-19
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Figure 1. Regions highly susceptible to climate change-driven environmental alterations showcase an increase in the local bat species richness.

MUSKAN
[ DUBEY

Staff Writer

Understanding the
interrelationship
between climate change and

its impact on the emergence

and transmission of COVID-19
is of paramount importance,
especially in regards to com-
bating other zoonotic diseases
and curtailing the spread of
COVID-109. It can help us better
understand the natural history of
the pandemic, how we respond,
and what the possible course of
this infectious outbreak may be.
Several contemporary studies
also indicate that climate change
might have driven the emergence
of COVID-19 by establishing a
more habitual environment for

a diverse species of bats (Bey-
er, 2021). Bats have commonly
been associated with the origins
of numerous zoonotic diseases,
which are infectious diseases
that are transmitted between spe-

Image from Beyer 2020.

cies from animals to humans, and
have caused the MERS CoV epi-
demic of 2012 and more recently
SARS-CoV-2 (Beyer, 2021).
Climate change has also played

a central role in the spread of
COVID-19, with climate fac-
tors (Beyer, 2021). Therefore,

to gain a holistic understanding
of the emergence and spread of
COVID-19, we must put it in

the context of the augmenting
effects of
climate change
on the world.

Bats are considered to be
animal pathogen hosts and
Itis crucial to  contain the highest propor-

has had major ramifications on
existing wildlife, while climate
change has caused even more
geographical overhaul. For ex-
ample, the landscapes of regions
such as the Chinese Yunnan
province, Myanmar, and Laos
have transformed into global
hotspots for various species of
bats. Climate change factors such
as higher carbon dioxide levels
and altered precipitation rates
have drasti-
cally shifted
the biomes of
these regions

combat future 4577 of zoonotic viruses in the from tropical

zoonotic virus-
es, and to do
so, the dynamics between these
diseases’ emergence and dissemi-
nation must be understood within
the context of climate change.
The contraction of these
diseases can be traced to human
interactions with the environ-
ment and encroachment into
wildlife habitat (Wannous, 2020).
Specifically, humans have caused
severe habitat destruction, which
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entire mammalian order:..

savannahs

to deciduous
woodlands. Bats are considered
to be animal pathogen hosts and
contain the highest proportion

of zoonotic viruses in the entire
mammalian order, with a third of
their genome harboring coronavi-
ruses. This climate change driven
environmental shift has caused
an increase in the bat species
richness, leading to an inadver-
tent increase in coronavirus in



the region (Beyer, 2021). “The
estimated climate change-driven
increase of around 40 bat species
across the region corresponds

to a rise in the local number of
bat-borne CoVs in

the order of 100

viruses, given that

each bat species

carries on average

2.67 CoVs” (Bey-

er, 2021). Ulti-

mately, by intro-

ducing bats to an

environment that

is new to them, there is a higher
possibility of novel host-patho-
gen interactions which may aid
in the evolution and transmission
of harmful diseases (Lorentzen,
2020).

Climate change indicators
such as humidity and tempera-
ture also align with the seasonal
spread of COVID-19. This is
supported by the COVID-19
outbreak in Wuhan, China,
which showed a direct correla-
tion between infection rates and
extreme weather conditions (Lin,
2020). Scientists noticed that
warmer, less humid conditions
suppressed the spread of the
virus while colder, high-humidity
environments increased the viru-
lity of the virus (Kroumpouzos,
2020). It is noted that drier, cold-
er environments can dehydrate
the mucosal membrane, thereby
reducing the effectiveness of the
protective cili which supports
the development of viruses. This
is highlighted by David et. al,
who “explored the linear and
non-linear relationship between
the annual average temperature
compensation and the confirmed
COVID-19 cases in the capital
city of Brazil. It was found that

the daily cumulative number of
confirmed cases decreased by
4.8951% when the temperature
increased by 1 °C” (Lin, 2020).
Higher humidity also increases
the spread of
virulent viruses
by increasing the
aerosol quality
and therefore the
concentration of
aerosol particles
that can serve
as a medium
for infection
(Kroumpouzos, 2020). A 1 °C
rise in the relative humidity
caused an increase in the average
daily rate of COVID-19 cases
from 11% to 22% (Shakil, 2020).
Ultimately, human coronaviruses
show a strong winter seasonality
between the months of December
and April and tend to remain dor-
mant during the summer months
(Sajadi, 2020). Also, COVID-19
started in the low temperate areas
of China, with major outbreaks

following in South Korea and
Japan. It should be noted that
new epicenters for the virus are
characterized by similar tempera-
tures and lie on the 30° to 0°N”
(Kroumpouzos, 2020). Other
meteorological indicators such
as wind speed and air quality
also seem to affect the spread of
these infectious diseases. Stud-
ies in cities such as New York
City found a positive association
between wind speed and concen-
tration of crowd with COVID-19
transmission rates (Shakil, 2020).
Therefore, countries should
consider climate shifts and enact
more powerful measures to min-
imize the risk of a re-outbreak of
COVID-19.

Climate change and
COVID-19 are deeply inter-
twined; they are both responsible
for “creating social impairment,
with social isolation, place and
sex inequality, and food and shel-
ter insecurity occuring dispro-
portionately in vunerable popu-
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Figure 2. Colder, less humid regions showcase higher levels of COVID-19 cases as compared
to more temperate and humid regions. Image from Sajadi 2020.
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lations” (Joshi, 2021). Scientists
are in consensus that alterations
in large-scale climate trends may
lead to irreversible processes
with unforesee-
able consequences
on the pandemic
(Wannous, 2020).
Reducing the

risk of zoonotic
outbreaks in the
future can be ac-
complished by enacting measures
to protect our natural habitats,
impose restrictions on wildlife
hunting and trade, as well as, leg-
islate animal welfare standards
on farms, markets, and transport
vehicles. Globally speaking,
countries must restrict worldwide
transport to curtail inter-conti-
nental spread of these viruses
and implement strict border

Reducing the risk of

zoonotic outbreaks in
the future can be ac-

complished by enacting drinkable wa-
measures lo protect our
natural habitats...

patrol regulations on the entry of
animal goods from disease-rid-
den countries. Food hygiene and
personal hygiene are of utmost
importance in pre-
venting infection,
as well as having
access to clean,

ter. Overall, all
these measures
can lessen direct
contact between humans and an-
imals, thereby reducing the risk
of contracting zoonotic illnesses
(Wannous, 2020).

Climate change has fostered
a favorable environment for the
emergence of future pandemics
with higher virulence. It is an
enabler, an accelerant, and an en-
gine for the possibility of novel
disease interactions. Consequent-

What factors are increasing zoonosis emergence?

(Diseases transmitted from animals to humans)

@ Deforestation
and other land
use changes

@ Antimicrobial
resistance

#COVID19

@ Intensified

agriculture and
livestock
production

Source: UNEP Frontiers 2016 Report

@ lllegal and
poorly regulated
wildlife trade

Climate change
UN®

environment
programme

Figure 3. There are several ways of reducing the emergence of zoonotic diseases. Specifically,
developing measures to reduce climate change and livestock production is of utmost impor-

tance. Image from UN.
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ly, societies must invest in main-
taining global health to safeguard
the health of its population. We
must invest in measures that mit-
igate climate change conditions,
thereby curtailing the probability
of contracting zoonotic diseases.
In the light of climate change, we
must ensure sustainable livestock
practices and overall animal
welfare to mitigate chances of
novel host-pathogen interactions.
Furthermore, by installing an
emergency system or information
management system that contin-
uously tracks changes in climate
with disease incidences, it could
better aid our understanding of
the emergence of these diseases
and determine accurate measures
of preventing their dissemination
(Wannous, 2020). {e-
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Blurredvision: Thefalse perceptionofdrugs
IN America and Its racist conseqguences

Figure 1. Image depiction of drugs and brain. Image from Harvard Health Publishing 2020.
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In 1961, an over-
worked John F. Ken-
nedy went to his physician
complaining of back pain. One
might assume that President
Kennedy was prescribed an over-
the-counter Tylenol, or even a
stronger painkiller like Voltaren.
However, President Kennedy
was given injections of metham-
phetamines almost daily in the
oval office for years to come.
Contrary to the popular and
political discourse surrounding
drugs in America, psychoactive
drug use has a rich history in

many cultures around the world.
In the United States, recreational
psychoactive drug use has long
been a staple in the American
family’s celebrations and social
gatherings. Acceptance and the
attitude surrounding these differ-
ent practices, however, largely
depends upon the socioeconom-
ic and racial privilege of those
taking part in them. From the
christening of a newly purchased
yacht with champagne to pass-
ing a joint around at a concert,
psychoactive drugs are consumed
in different arenas of American
public life. While the elite pop
open bottles and take puffs of
relaxation, there simultaneously
exists sharp criticism and stig-
ma surrounding drug use within

| Emory Undergraduate Medical Review, Spring 2021

the United States’ low-income
neighborhoods and communities
of color. A pastime for some is
branded as criminal activity for
others. While the argument over
the health benefits of both legal
and illegal drugs remains highly
contested, there is strong evi-
dence that the demonization of
drugs disproportionately harms
people of color. This blurred
vision of drugs and its conse-
quences must be acknowledged
and eradicated.

In order to adequately
address the injustice in the
conversation surrounding drugs,
we must first unveil the intrinsic
smokescreen of misinforma-
tion. It is critical to recognize
the weaknesses in the evidence



Figure 2. National Drug-Involved Overdose Deaths*,
Number Among All Ages, 1999-2019
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Figure 2. National Drug-Involved Overdose deaths over time separated by form of drug use. Synthetic Opioids are among the largest contributors
to fatal drug overdoses seen in the United States. Image from NIDA 2021.

regarding addiction. Surprisingly,
there exists no observed neurobi-
ological substrate to differentiate
people with or without addiction
(Hart et. al., 2012). Lack of a

definite neurobi- - }}717/e the elite pop open
bottles... there simultane-
ously exists sharp criticism
and stigma surrounding
drug use within...low-in-
come neighborhoods and
communities of color:

ological sub-
strate responsible
for addiction un-
veils the lack of
a firm, non-ob-
jective definition
for addiction.
And while many
institutions define addiction as a
brain disease, the evidence does
not necessarily show addiction as
‘damage’ to the brain, but simply
a difference in function (Hart,
2020). How this information is
interpreted is entirely dependent

on the scientist presenting the
work. Furthermore, the Diag-
nostic and statistical manual of
mental disorders requires that
addiction causes “distress” to
the addicted
individual or
those around
them. It also
asserts “the
word [ ‘addic-
tion’] is omit-
ted from the
official DSM-5
substance use disorder diag-
nostic terminology because of
its uncertain definition and its
potentially negative connotation’
(Edition, 2013). Addiction, as
described previously, possesses
a less concrete definition than

B

many might believe. The very
fact that the ‘manual of mental
disorders’ omits the word due
to ‘uncertain definition’ shows a
lack of scientific consensus. It is
estimated that only 10 to 30% of
users of most stigmatized drugs,
such as heroin and methamphet-
amine, meet these requirements
for addiction (Hart, 2021). In
short, blaming drugs for what
people commonly characterize
as an ‘addiction’ is analogous to
blaming food for an eating dis-
order. And while dependence is
very real and dangerous, the stig-
ma surrounding drug addictions
and addicts does not correlate
with the evidential and scientific
understanding of the word.
Despite the popularized mis-
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conceptions of addiction, many
illegal drugs can actually be ben-
eficial to a person’s health. JFK
was quoted saying “I don’t care
if it’s horse piss, it works” when
discussing the amphetamine
injections he received from his
physician (Kempe, 2012). Re-
search at Johns Hopkins shows
that psilocybin mushrooms (i.e.
magic mushrooms) are capable
of reducing depressive symptoms
in 71% of patients with severe
depression, and also helps people
stop smoking tobacco (Johnson,
et. al., 2017, Jesse, 2014). Meth-
amphetamine is shown to treat
ADHD, and marijuana is shown
to treat depression, anxiety,
epilepsy, and multiple sclerosis
(Cunha, 2018, Keyhani, 2018).
Researchers tend to exagger-

ate the harmful effects of illicit

drugs. Many neuroimaging drug

researchers conclude that any

brain difference between drug us-

ers and non-drug users are defi-

cits representing “brain damage”

(Hart et al., 2020). However,

these differences are commonly

within the range

of human brain

variability and

cannot be defini-

tively considered

a deficit (Hart et

al., 2012). The

blurred lines for what classifies

as brain damage in neuroimag-

ing highlight the objectivity in

research surrounding drugs.
While this evidence might

seem to support an overactive

use of illicit drugs, it is certainly

not right to say that all aspects

of psychoactive drugs are good.

In 2019, over 70,000 Americans
died from drug related overdos-
es (NIDA, 2021). Additionally,
there exists strong scientific
research on the hazards of sub-
stance use disorder. All psycho-
active drugs produce a pleasur-
able surge
of dopamine
in the basal
ganglia region
of the brain.
The receptors
of dopamine
adapt to these elevated levels af-
ter extended use of psychoactive
drugs which makes it harder for
the user to reach the same effect
again; this is known as tolerance
(Surgeon General, 2016). Sub-
stance use disorder also disrupts
the prefrontal cortex which
is responsible for judgement
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Figure 3. Visual Representation of relative likelihood of imprisonment in a single lifetime dependent on demographic, based on data from the
Bureau of Justice Statistics. Image from Bonczar 2003.
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and decision making (Surgeon
General, 2016). Additionally, the
public unanimously agrees that
people should not be high, drunk,
or intoxicated in any form when
performing activities such as
‘driving a car or taking care of a
small child’ (Greenfield, 1997).
Certainly, the use of psychoac-
tive drugs to intentionally or un-
intentionally put others in harm’s
way is wrong and should not be
socially acceptable. However,
with more regulated drug use,
these dangerous incidents would
likely decrease.

Research by Carl Hart, a
neuroscientist at Columbia Uni-
versity, indicates that the major-
ity of drug users are functional
adults who experience no nega-
tive effects from consuming psy-

predictable when the user knows
what is entering their body. As
soon as unknown chemicals,
alterations, and other drugs are
added, danger follows.

Perhaps the most impactful
dangers of drugs lie not in the
drugs themselves but in how they
are stigmatized. There is an over-
whelming amount of evidence
showing that the black commu-
nity is penalized more than any
other group for possession and
selling of illicit drugs. 62.7% of
the drug offenders admitted to
state prison are black, and rel-
ative to the general population,
black males were reported a 13.4
times higher admittance to state
prisons than white males for drug
charges (Stone, 2003). However,
there is no evidence suggesting

He additionally
asserts that no

in a clinic (Hart,
2021). The opi-

most concerning when discussing
fatal overdoses and the deaths
that occur using unregulated
substances which could be laced
with unknown drugs (ASPA,
2021 & Hart, 2021). According
to Hart, the most dangerous
aspects of drugs are the “unreg-
ulated quality and potency” as
well as the “ignorance” about
drug use (Hart, 2021). Observing
figure 2, synthetic opioids, espe-
cifically fentanyl, are responsible
for drug overdoses. Fentanyl is
commonly homemade and is
often mixed with other drugs
creating a dangerous cocktail of
drugs. The effects of drugs are

13.4 times higher admittance
heroin user has 20 State prisons than white
ever died while ales for drug charges...
receiving heroin 140, /s 1o evidence suggest-
ing that the black population
oid epidemic is consumes more drugs...

population
consumes
more drugs
than the
white pop-
ulation. In
fact, the data
suggested the
opposite; there are five times as
many white drug users than black
(Stone, 2003).

How is it that a 13.4:1 ratio
of black to white drug incarcer-
ations mutually exists with a 5:1
ratio of white drug users to black
drug users? The evidence is
clear. Racial prejudice is leading
to a situation in the United States
where black people are dispro-
portionately harmed.

In this discussion, it is
also important to address the
socio-economic aspect of the
situation. Marginalization
occurs most frequently towards
groups who lack social resources

(Room, 2005). Additionally, al-
cohol and drug use are extremely
stigmatized topics. In 2016, the
net worth of the average white
family was ten times greater than
the average net worth of a black
family (MclIntosh et. al., 2020).
A wealth gap is clearly present
among the black and white popu-
lation, resulting from centuries of
systemic racism. In order to give
every citizen of the United States
the “unalienable Rights...Life,
Liberty and the pursuit of Hap-
piness,” the way psychoactive
drugs are treated in the United
States must change.

Progressing the conversation
on topics such as drug inequity
is just one way change can start
to occur regarding injustice in
the United States. Over the past
century, the stigma surrounding
drugs in the United States has
only grown. Now, psychoactive
drugs are viewed through a lens
so polarized that black males
are incarcerated for drug-related
charges 13.4 times more often
than white males. With no cure
and many treatments widely con-
tested, perhaps the most impact-
ful thing we can do is address the
facts and deconstruct the stigma
surrounding drugs in America.

It is through this that change is
made so that every citizen has
life, liberty, and happiness. {8
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Precision nanoparticle-based drug delivery systems: A review of design & function
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Nano-based thera-
peutics is a relatively
young yet exceedingly lucrative
field focusing on small particles
with immense clinical potential.
The technology can potentially
revolutionize the pharmaceutical
industry by providing a viable
alternative to existing drug deliv-
ery systems. The nanomedicine
industry is projected to reach a
total market value of $334 billion
by 2025 (Bowman et al., 2017).
Nanoparticles used for target-

ed drug delivery are generally
less than 100 nm in size, and

are composed of biodegradable
materials such as natural or syn-
thetic polymers, lipids, or metals
(Suri et al., 2007). Traditional
large-scale materials utilized as
drug carriers are limited in some
regards because of their poor
bioavailability, instability in vivo,
and their incapacity for sustained
and targeted delivery to a specific
site of action. Nanomedicines

are candidates to address these
shortcomings: due to their small
size and large surface area, drug
nanoparticles have greater solu-
bility and thus in-
creased bioavail-

...due to their small size
ability, a capacity @/d large surface area,
for localized drug drug nanoparticles have
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Figure 1. A schematic of mRNA vaccine delivery using lipid nanoparticles (LNPs). Lipid
nanoparticles protect mRNA from degradation, as well as facilitate endocytosis. Translation
requires the escape of mRNA from the endosome. Image from Reichmuth et al. 2016.

sorbed across the tight junctions
of endothelial cells of the skin,
traverse the blood brain barrier,
and enter into the pulmonary
system (Kohane, 2007). Further,
some nanoparticles have been
developed for use in precision
medicine, with
applications for
diseases such
as cancer, for

delivery, and can greater solubility and thus which person-

provide con-
trolled and target-
ed drug release. Their nano-scale
form factor also has certain
added physiological advantages,
such as the ability to be ab-

increased bioavailability...

alized interven-
tions have been
shown to possess an especially
high therapeutic efficacy (Sa-
hakyan et al., 2017). Nanomed-
icines enhance the effectiveness

and safety of conventional drugs
whilst minimizing their side ef-
fects, thereby improving patient
compliance and reducing health
care costs. With an increase in
funding and pharmaceutical
interest dedicated towards engi-
neering nanoparticles for specific
biomedical applications, new
opportunities have arisen for the
clinical translation of nanopar-
ticle-based precision therapies

in fields including oncology and
in vivo gene editing (Mitchell

et al., 2021). This uptick in new
research warrants a discussion of
the design and function of con-
temporary precision nanoparti-
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cle-based drug delivery systems.
Of the main nanoparti-
cle (NP) classes, lipid-based
nanoparticles are the most
common FDA-approved class
due to their ease of formulation,
self-assembling nature, high
biocompatibility and bioavail-
ability, and capacity for carrying
relatively large payloads (Ser-
combe et al., 2015). Even in the
current vaccine against SARS-
CoV-2 developed by Moderna
and BioNTech, the mRNA that
encodes the COVID-19 antigen
is delivered via a lipid-based
nanoparticle (Figure 1) (Mitchell
et al., 2020). Lipid-based NPs
structurally consist of at least one
internal aqueous compartment
surrounded by at least a single
lipid bilayer. The two most nota-
ble subsets of lipid NPs currently
in clinical use include liposomes
and lipid nanoparticles (LNPs).
Liposomes typically consist of
layers of phospholipids, and

the structures can be modified

to form multilamellar vesicular
structures, which have multiple
membranous folds. These cor-
rugations enable the liposomes

to not only transport and deliver
hydrophilic and hydrophobic
molecular payloads, but to also
capture hydrophilic and lipophil-
ic compounds (Mitchell et al.,
2021). LNPs, on the other hand,
are specialized for the delivery of
nucleic acids. They are character-
ized by an ionizable lipid compo-
sition which can form complexes
with the negatively charged
backbone of genetic material,
aiding in intracellular delivery.
Lipid-based NPs, however, often
suffer from low drug loading
capacity and low biodistribu-
tion due to rapid uptake by the
liver, spleen, or immune system
(specifically the reticuloendothe-
lial system), so modifications are
needed to promote their in vivo
stability and circulation lifetime

Organic (& polymer-based)
nanocarriers

(Fenton et al., 2018).

The second class of NPs, and
possibly the best suited for si-
multaneous delivery of different
payloads, is termed polymeric
NPs. Polymeric NPs are synthe-
sized from natural or synthetic
polymers, and different polym-
erization routes lead to distinct
structures which can be manipu-
lated for controlled drug-delivery
loading and release efficacies.
This can be achieved through the
alteration of polymer composi-
tion, polymer stability, and sur-
face charge (Patra et al., 2018).
The two broad categories of
polymeric NPs are nanospheres,
which consist of a solid poly-
meric matrix, and nanocapsules,
which are composed of a central
cavity surrounded by a polymeric
shell. Certain subclasses of nano-
capsules, particularly polymer-
somes, have been shown to have
better cargo-retention efficiency,
stability within the cytosol, and

Inorganic (& metallic)
nanocarriers
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Figure 2. An illustration of the most employed organic and inorganic nanoparticles for drug delivery. Image from Lombardo et al. 2019.
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circulation times, relative to
liposomes. Dendrimers, a hyper-
branched and complex variant of
polymeric NPs, are now increas-
ingly prevalent and undergoing
clinical trials. They can deliver a
wide range of biomolecules, and
their movement can be tracked as
well. The placement of function-
al groups on the exterior surface
of dendrimers allow the conjuga-
tion of imaging agents to the sur-
face, while drugs can be loaded
into the interior (Mitchell et al.,
2021). Despite these advantages,
polymeric NPs have a greater
toxicity risk due to a known pro-
pensity for particle aggregation.
Currently, only a small propor-
tion of polymeric NPs are FDA
approved and used in the clinic
(Anselmo & Mitragotri, 2019).
The final broad class of NPs
are inorganic NPs, synthesized
using metals such as gold and
aluminum, which are capable
of forming a wide variety of
structures including nanospheres,
nanorods, and nanostars (Yang
et al., 2019). Inorganic NPs have
unique, electrical, magnetic and
optical properties owed to their
metallic nature. For instance,
gold-based NPs possess free
electrons at their surface that
continually oscillate at a size
and shape-dependent frequency,
giving rise to photothermal prop-
erties (Wang et al., 2020). Such
properties are the basis for photo-
thermal therapy, wherein electro-
magnetic radiation-induced ac-
tivation of a photothermal agent
causes thermal damage in the
region of interest (when done at
a site of a tumor, this procedure
is called thermal tumor ablation).
Due to their magnetic and radio-
active properties, inorganic NPs
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Figure 3. A schematic of the main physicochemical properties of nanoparticles which mediate
interaction mechanisms in biological systems. Image from Auria-Soro et al. 2019.

are better suited than organic
NPs for diagnostic and imaging
applications, as well as for pho-
tothermal therapies (Mitchell et
al., 2021). However, as they are
often heavy metal-based, their
clinical application is limited
by their low solubility and high
toxicity. A general overview of
the aforementioned broad classes
of NPs is presented in Figure 2.
Nanoparticle applications in
precision medicine are an area
of growing interest, and can be
designed and customized to ad-
dress heterogeneity in biological
barriers and disease states across
patient populations (Figure 3).
A major application is cancer
treatment, and a primary con-
sideration of NP design in this
regard relates to adapting NPs
to the tumor microenvironment.
Said microenvironment impacts
chemotherapeutic efficiency, and

thus influences patient prognosis.
NPs wrapped with membranes
harvested from a patient’s own
cancer cells, however, have been
shown to adhere selectively to
patient-derived cancer cell lines
(He et al., 2020). NPs utilizing
patient-derived membranes show
a twofold to threefold increase
in drug activity in comparison to
free administration of the drug
(Wang et al., 2020). Another
mechanism of action, present in
an NP design called iCluster®,
features a clustered NP system
that divides into smaller and
smaller components as it tra-
verses biological barriers in the
tumour microenvironment (Li

et al., 2016). A starting size of
around 100nm allows the initial
particle to circulate extensively
within the bloodstream and ex-
ploit the enhanced permeability
and retention (EPR) effect seen
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in tumors. This effect refers to
the leaky vasculature and poor
lymphatic drainage found within
tumors that create a perfect envi-
ronment for the accumulation of
nanoparticles (Wang, 2015). At
the tumor site, the

acidic pH envi-

ronment triggers

breakdown of the

original 100 nm

system into den-

drimers of about

5 nm in size,

improving the par-

ticles’ tissue penetrating abilities
and expediting the delivery of
chemotherapeutic agents. This
effect is extremely significant: in
vivo studies demonstrated that
intravenous administration of a
free drug inhibits tumor growth
by 10%, whereas drug admin-
istration via the iCluster system
inhibits growth by up to 95% (Li
etal., 2016).

In the realm of gene editing
and genomic engineering, NPs
have been utilized in gene ther-
apies for cystic fibrosis. Cystic
fibrosis is an autosomal recessive
disease which impacts mu-
cus-producing cells and epithelial
cells in the body, leading to mu-
cus that is very thick in consis-
tency. Specifically, mutations in
the cystic fibrosis transmembrane
conductance regulator (CFTR)
protein impacts its ability to fold
properly. The protein can nor-
mally be found on many surfaces
in the body, aiding in the mainte-
nance of salt and water balance,
but the mutations effectively pre-
vent CFTR from reaching these
surfaces. As a result, chloride (a
component of table salt) becomes
trapped in cells, which results
in lack of hydration of the cell/

tissue surface. Treatment entails
delivering nanoparticles into the
epithelial cells, but the thick mu-
cus presents a formidable barrier
to delivery. New nanoparticle
treatment strategies, however,
utilize nanoparti-
cles smaller than
the pores of the
mucosal matrix
and coated with
inert hydrophil-
ic motifs (for
example, poly-
ethylene glycol)
to penetrate through the thick
mucus lining. This approach has
shown promise in rodent models
(Witten et al., 2018). Normal
CFTR mRNA delivered in this
manner results in the restoration
of 10-35% of CFTR protein
function, significantly reducing
disease severity (Robinson et al.,
2018). However, in utero drug
delivery treatment for genetic
diseases such as cystic fibrosis
seem to be a more effective cure,
as gene editing is most potent
during the fetal stage. NP-based
therapies can be directly injected
into the amniotic fluid, an umbil-
ical blood vessel, or a specific fe-
tal tissue (Deweerdt, 2018), and
gene editing driven by in utero
NP delivery of peptide nucleic
acids has been demonstrated
(Ricciardi et al., 2018).
The heterogeneous nature
of patient populations and the
complexities associated with dis-
ease progression complicate NP
design. Contemporary clinical
successes related to the use of
NPs in precision medicine have
mostly been diagnostic in nature,
such as determining which
therapeutic route might be best
for a particular patient based on

| Emory Undergraduate Medical Review, Spring 2021

specific biomarkers. For instance,
as mentioned above, quantify-
ing the EPR effect in a cancer
patient can predict the efficacy
of NP therapy in terms of tumor
site accumulation (Lee et al.,
2017). However, in developing
precision medicine along with
advancing NP design to increase
specificity and localized activ-
ity whilst reducing consequent
toxicities, the clinical effects of
precision medicine therapeutics
can be enhanced overall, poten-
tially widening the populations
they can benefit and improving
patient outcomes. {8
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Prion diseases: Fatal neurodegenerative diseases

LAURA PAULE
Staff Writer

rion diseases are

devastating neurode-
generative diseases that have be-
come an increasing public health
concern among the scientific
community. They transmit both
through animal-to-human and
human-to-human contact. Al-
though prion diseases only occur
1-1.5 times per million people
per year in most of the developed
world (NIH, n.d.), they are lethal
because no effective treatments
are available.

Prion diseases can be caused
via three different mechanisms:
spontaneous, genetic, and ac-
quired. Regardless of the mecha-
nism, prions cause disease when
their altered form rapidly propa-
gates in nerve cells. Propagation
occurs when a normal cellular
prion protein, PrpC (“C” stands
for cellular), comes into con-
tact with the misfolded protein,
PrpSC (“Sc” stands for scrapie,
the prion disease of goats). Upon
contact, PrpC turns into PrpSC,
and this propagation contin-
ues exponentially (Mastrianni,
2009; Knight, 2004). This paper
explores these three different
mechanisms of human prion
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PrPC
is a normal protein
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Prp s¢
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Figure 1. This image shows the normal cellular prion protein and the insoluble pathogenic
scrapie prion protein. Of particular interest is the transition from the alpha-helix structure to
the beta-pleated sheet structure. Image from CJD Foundation.

diseases, and discusses advances
in the research and development
of drugs for their prevention and
treatment.

Spontaneous or sporadic
prion disease strikes suddenly
without a known cause. Sporadic
Creutzfeldt-Jakob disease (CJD),
the most common of all human
prion diseases, is characterized
by rapidly progressive dementia

Aggregation
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with major damages to cognitive
skills, memory, thinking, and
behavior. Although no major risk
factors have been identified, spo-
radic CJD tends to develop later
in life, at around 55 to 75 years
of age (Mayo Clinic, 2021);
patients who have the disease
often die within a year of onset.
Some of the early symptoms of
CJD include fatigue, headache,

Prpsc Prpsc
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Damage

pipsc | prpse

Figure 2. This image portrays the process of propagation in prion disease. These prions form aggregates that lead to neuronal damage. Image

from medbullets 2018.
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dizziness, blurred vision, in-
somnia and impaired thinking
(Mastrianni, 2009). Because CJD
affects many areas of the brain
(CDC, n.d.), it can present as
other neurologic or
psychiatric condi-

is known as The

its similarities to
other neurodegener-
ative diseases. This resemblance
has led to many incorrect diag-
noses. As the disease progresses,
the patients suffer from worsen-
ing mental symptoms that lead to
coma. Death is often the result of
heart failure, infections or respi-
ratory failure instigated by CJD
(Mayo Clinic, 2021).

Prion diseases may also be
caused by mutations in the prion
gene (PRNP) on chromosome 20.
It is thought that these mutations
make the prion protein, PrPC,
more susceptible to transforma-
tion into PrPSC, the abnormal
and infectious prion protein
(Prusiner, 1998). There is a sig-
nificant number of mutations that
have been identified to date, in-
cluding base-pair insertions, the
substitution of glutamic acid (E)
for lysine (K) at the 200th amino
acid in the protein sequence
(E200K), and the codon 129V
polymorphism (Will, 2003). In
comparison to sporadic CJD, ge-
netic prion diseases have a longer
mean duration of illness and a
lower mean age of onset. Genetic
prion diseases also have a wider
range of clinical phenotypes
due to the variety of mutations.
The age of onset ranges from
childhood to the elderly, and the
duration of the disease ranges
from months to decades. The

Prion diseases can
tions. In fact, CJD D€ caused via three
different mechanisms. are very similar
Great Mimicker for spontaneous, genetic,
and acquired.

wide spectrum of phenotypes is
not the only factor that makes

it difficult to diagnose genetic
prion diseases. These diseases
also tend to be clinically indis-
tinguishable from
non-genetic forms,
and in many cases

to other neurolog-
ical diseases like
Alzheimer and
Huntington’s disease. Although
these prion diseases are genet-
ic, patients do not often have
a family history of the disease
(Geschwind, 2015), suggesting
the mutations arise spontaneous-
ly.

Human prion diseases can

also be transmitted from human
to human. Acquired forms are
rare, but they have had a major
impact in public health. The first
known acquired prion disease
was Kuru. Recorded in 1957,
Kuru initiated a devastating ep-
idemic that affected the Fore peo-
ple of Papua New Guinea (Mead
et al., 2009), predominantly
children and women. Since then,
the disease has almost been
eradicated due to the cessation
of cannibalism, which was the
primary means of transmission.
Recent studies have found that a
polymorphism in the prion pro-
tein at codon 127 likely provided
resistance to Kuru, and in-depth
understanding of this polymor-

Prion Disease

1%

m Sporadic

m Genetic

= latrogenic Variant

Figure 3. The proportions of sporadic, genetic, and acquired prion diseases as determined by
a collaborative study of CJD in the European Union (Duijn, 1998). Image from Prion Alliance

2013.
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phism could facilitate the devel-
opment of treatments for prion
disease (Mead et al., 2009).

Prion diseases can also be
passed from human to human
like infectious
agents, like when
tissues or organs
(or instruments
that have touched
them) from those
with prion diseases are trans-
ferred to or used on others. Mul-
tiple measures have been taken
to minimize such transmission:
medical institutions use man-
made human growth hormone
instead of hormone derived from
the pituitary gland; the surgical
instruments used on the nervous
tissue of patients with suspected
CJD are immediately destroyed;
and people with a high risk of ex-
posure to CJD are not allowed to
donate blood in the United States
(Mayo Clinic, 2021).

Scientists have not yet de-
veloped effective drugs for prion
disease treatment. For many
years, a wide variety of tools and
interventions targeting different
stages of the disease have been
developed, but very few have
made it to clinical trials. The
PrPC protein has been targeted to
enable removal of substrates for
prion propagation, and the pro-
cess of conversion from PrPC to
PrPSC has been targeted in the ef-
fort to prevent transmission. Al-
though these interventions have
not yielded conclusive results,
experts continue to research
potential therapeutic strategies,
which include the degradation
of PrPSC through its interaction
with the ubiquitin-proteasome
system (Chen & Dong, 2020).

As portrayed in this paper,

prion diseases have been identi-
fied and studied since the 1950°s,
but no treatments are available
to date. Although uncommon,
prion diseases continue to pose
a challenge to
experts and the
healthcare system.
This demands
vigilance regarding
mechanisms of
prion transmission and studies to
develop treatments and methods
of diagnosis. {8
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Music and medicine: Treating neurological disorders with musical therapy
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Figure 1. Patient receiving music therapy intervention via playing the piano. Image from Antal 2020.
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Music and sound

are integral to the
human experience, and not just
for aesthetic or survival purpos-
es. Melodies, harmonies, and
rhythms—both instrumental and
lyrical—are inherently personal
and relatable. In other words,
music not only stimulates the
senses, but also initiates a variety
of other mental and physical
responses. For example, the
symbolic words and imagery
encountered within music can

trigger the release of certain neu-
rochemicals, ultimately changing
an individual’s emotions and
mood. Sometimes, this response
can even influence movement:
people may start drumming their
fingers, swaying, or dancing in
time with the beat (Blair, 1987
as cited in Jones, 2021; Bruscia,
1998 as cited in Jacobsen et al.,
2019a; Moreno-Morales et al.,
2020; Altshuler, 1954; Thaut et
al., 1999; Thaut et al., 2015).
These observed mind-body
effects form the foundation of
musical therapy, a type of reha-
bilitative intervention that aims
to diminish the impairments to
memory and motor activity asso-
ciated with neurological illnesses
and brain disorders like demen-
tia, Parkinson’s disease, autism,
and epilepsy. Unlike standard
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clinical treatments, there is no
single definition for “proper”
musical therapy—rather, it is a
highly individualized, qualitative
experience that is tailored to a
patient’s background and tastes.
This unavoidable ambiguity has
made it difficult for scientists
to conduct careful, controlled
experiments that can be used to
make appropriate comparisons.
In fact, most conclusions regard-
ing the efficacy of musical ther-
apy are based on empirical obser-
vations and patient testimonies of
signs and symptoms (Altshuler,
1954; Jacobsen et al., 2019b, p.
410; Moreno-Morales, 2020). Yet
regardless of these limitations,
musical therapy remains a prom-
ising approach.

Compared to pharmacolog-
ical methods, musical therapy is



markedly less invasive and less
potentially harmful to patients—
which is not only a benefit in
and of itself, but also avoids the
possible distress of concerned
family members, caregivers, and
patients themselves (Devere,
2017; Moreno-Morales et al.,
2020; Stegemann et al., 2019).
Viable, non-pharmacological
treatments like musical therapy
are becoming increasingly im-
portant in a time when healthcare
practitioners are often quick to
prescribe intense pharmacother-
apy. Despite being helpful in
some cases, heavy medication is
not appropriate for all patients.
This issue can be exacerbated by
physicians who may overlook

a patient’s personal needs and
beliefs. Furthermore, pharmaco-
logical treatment, while effective
in acute cases, can potentially

be detrimental to the long-term
well-being and quality of life for

patients struggling with chronic
disorders (Gawande, 2014; Kalli-
vayalil, 2008).

Various musical interven-
tions have been chronicled in the
scientific literature dating as far
back as the 1800s. Examples in-
clude listening to
different genres

in time to met-
ronomic beats,
and improvising
song and dance

ation, n.d.; Bradt
etal., 2010;
Dawes, 1987 as cited in Jones,
2021; Moreno-Morales, 2020;
Ruud, 1998 as cited in Jacobsen
et al., 2019a; Skewes, 2002 as
cited in Jones, 2021; Thaut et al.,
1999; Zatorre, 2003). In one case
study, musical instruments were
used to treat childhood apraxia
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Figure 2. Decrease in Neuropsychiatric Inventory (NPI) test score, indicating less symptoms.

Image from Gomez & Garcia 2017.

in a three-year-old girl named
Lily (Beathard & Krout, 2008).
Prior to musical therapy, Lily
had difficulty articulating the
sounds necessary for speech and
only communicated nonverbally,
through American Sign Lan-
guage. Using a
piano and guitar
to play simple
tunes like “Hel-
lo Song” and
“Old MacDon-
ald,” musical
therapists en-
couraged her to
verbalize basic
sounds from the
song lyrics she heard. After nine
months of treatment and practice,
Lily learned to pronounce over
10 different syllables, combi-
nation sounds (e.g., “ba”, “da”,
“ma”), and several complete
words. In addition, Lily’s clini-
cians noted significant concom-
itant improvements in her social
skills, ambulatory movements,
and cognition.

For years, scientists have
struggled to explain the bio-
logical mechanisms behind the
therapeutic nature of music.

One theory proposed by the

late psychiatrist and pioneering
musical therapist, [ra Maximilian
Altshuler, suggests that humans
are inherently rhythmic beings,
and he identifies heartbeats, gait,
and blinking as examples of a
“perpetual state of rhythmical
swing” (Altshuler, as cited in
Podolsky, 1954, p. 27). Because
of this innate inner rhythmicity,
people naturally respond to other
patterned sounds and melodies,
as reflected in their fluctuating
emotions, attitudes, and actions
(Altshuler, 1954). Speaking from
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a more neurological perspective,
Altshuler further reasons that
music activates the thalamus, a
key region of the brain responsi-
ble for sensations, emotions, and
aesthetic feelings. The thalamus
is connected to the brainstem and
cerebral hemispheres—the center
for higher-order thinking and
cogitation—such that stimulation
of the thalamus can activate the
cortex, a region of the cerebral
hemispheres, and vice versa, re-
sulting in a feedback loop. With
this “back door route,” music
doesn’t require what we typically
think of as cognitive intelligence
to initiate behavioral or physi-
cal responses. Its universality is
what makes it effective across a
variety of conditions, particularly
in cases of impaired reasoning or
logic (Altshuler, 1954; Jacobsen
etal., 2019a, p. 52).

The first significant research
linking the auditory system to the
brain and muscle was conduct-
ed by Paltsev and Elner (1967).
Citing and building on the earlier
theory of Altshuler, they discov-
ered that auditory signals can
activate muscles through retic-
ulospinal pathways. Since then,
other research has shown that the
auditory system is functionally
connected to motor centers in
the brain and spinal cord through
richly distributed fiber connec-
tions (Koziol & Budding, 2009).
More specifically, the auditory
pathway involves connections
between the inferior colliculus
and dorsolateral pontine nuclei
in the brainstem, which influ-
ence motor activity (Tierney &
Kraus, 2013). Chen et al. later
found that the inferior colliculus
may have circuitry that directly
links sensory inputs with motor

outputs (2018).

These findings regarding
the inferior colliculus present an
explicit relationship between mo-
tor activity and auditory inputs,
emotions, and other senses. In
2013, Tierney and Kraus discov-
ered that neural responses in the
inferior colliculus synchronized
to a rhythmic stimulus upon mu-
sical activation of this pathway,
corroborating Fujioka et al.’s
prior work, which demonstrated
a link between neural oscillation
patterns in the auditory system
and rhythmic stimuli (2012).
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rehabilitation, additional research
has shown that impaired brains
can still access the motor sys-
tem through rhythmic auditory
stimuli. For instance, in a study
of Parkinson’s patients, research-
ers found a correlation between
rhythm and step frequency
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faster rhythmic auditory stim-
ulation. This evidence further
supports Altshuler’s “back door”
hypothesis, which implies that
rhythmic stimuli
can impact motor
function despite
deficiencies in
brain regions that
control move-
ment (i.e. abnor-
mality in primary
motor cortex in Parkinson’s).
Given this, it is no surprise
that musical therapy has been
used to treat a range of brain-re-
lated diseases with notable
success. Musical therapist Kirsty
Ormston claims to have taught
Joe—a non-verbal pediatric
patient on life support with
brain damage from meningi-
tis—how to say “hello” just by
playing her guitar and singing
in a manner that mimicked his
breathing and facial expressions.
After three months of musical
synchronization and stimula-
tion, Joe demonstrated increased
oxygen levels, liveliness, and
confidence; this culminated in his
first vowel vocalization, which
doctors originally claimed to be
impossible for Joe to achieve
(Ormston, 2019). Recently, NPR
also reported that a mother with
dementia regained her memories
and speaking abilities just by
playing Christmas carols on the
piano with her daughter. North-
western University neuroscientist
Nina Kraus explains this anec-
dote, stating that there is a tight
connection between memory
systems and auditory systems
in the brain that allows music
to evoke lost memories (Neigh-
mond, 2019).
While the neural basis for

music therapy is not completely
understood, it still holds value as
a noninvasive alternative for po-
tentially harmful pharmacothera-
py. Currently,
music thera-
py is primar-
ily used as
a pain-re-
ducing
complement
following
treatments like neurosurgery.
However, the intervention has
already started to expand into
various fields such as cogni-
tive rehabilitation and speech
and language rehabilitation. As
research on the mechanisms of
music therapy and its applica-
tions continues to progress, this
intervention could potentially
become a new staple in treating
neurological disorders and other
diseases. {8
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