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Intro: Hallucinations
A “hallucination” is a perception of
something that is not literally real[1].
One experiences hallucinations when
they perceive something in the
absence of the supposed stimulus that
induces such perception, which
means that the hallucinatory
experience is psychological[1]. Due to
its psychological nature, only the one
hallucinating can attempt to make
sense of the hallucinatory
experience[1]. Not only does this
make studying hallucinations
difficult, but conclusions based on the
hallucination are solely based on
personal experiences[1]. 
 Hallucinations may occur in any
perception of one’s 5 senses; for
instance, they are classified as visual,
auditory, etc.[1]. Various stimuli can
induce one or more sensory
hallucinations which differ in
intensity respective to the exposure to
the stimulus, both in amount and
duration[1]. Such stimuli include
disease, mental health, lack of sleep,
and medications[1]. Common
medications that cause hallucinations
include olanzapine, quetiapine, and
haloperidol; nevertheless, these are
also used to treat hallucinations[1].
What about a drug that is intended to
cause hallucinations, and not just any
hallucinations - but an intensive
perception of dimension transitions
(psychosis)? 

What is DMT?  
N,N- dimethyltryptamine, also simply
known as DMT, is a hallucinogenic
drug that elicits a vivid and powerful
euphoria to consumers. DMT is a
Schedule 1 controlled substance in the
United States, making it a highly
illegal narcotic, because of its high
potential for abuse and lack of
research claiming its safety and
medical use[2]. Nevertheless, due to
its relatively short duration of action
and intense hallucinatory effects,
DMT is a highly popular drug that is
commonly consumed by spiritual
activists[2]. DMT is most commonly
inhaled or injected, which elicits a
euphoric duration of action of 15
minutes[2]. 

The half-life of DMT is 12-19 minutes,
with an apparent volume of
distribution (Vd) of 36-55 L/kg; the Vd
is high because the chemical structure
of DMT is small and highly
lipophilic[3]. Please note that further
pharmacokinetic parameters will not be
discussed in this article.
Users that consume this drug mention
that the effects of DMT are the most
intense and purest form of peace and
happiness[4]. A ‘trip’ on DMT is
unexplainable as users state they “break
out of a simulation” and “meet aliens”
in a superficial non-existent but
existent fabric of space-time[4]. The
user literally feels as if they are blasted
off into a hyperspace that is filled with
spirals and unimaginable geometric
patterns that seem familiar[4]. Users
state that due to this familiarity factor
among intense hallucinations and
mystic references, they feel as if this
DMT hyperspace is the true and
fundamental spiritual realm of life[4].

Biosynthesis of DMT 
DMT is commonly extracted from
Psychotria Viridis and Banisteriopsis caapi;
however, as the article title suggests,
DMT is endogenously found in
mammalian brains[4]. The biosynthesis
of DMT depends on two enzymes:
aromatic-L-amino acid decarboxylase
(AADC) 
and indolethylamine-N-
Methyltransferase (INMT)[5]. It is
theorized that the dietary amino acid
tryptophan is consumed and gets
converted to tryptamine by AADC[5].
The product, tryptamine, then
undergoes N,N-dimethylation which is
facilitated by INMT to form DMT[5].
This is significant as a recent study[5]
showed that the INMT & AADC are co-
expressed in the cerebral cortex of a
mammalian brain (rat). Specifically,
Dean et al.[5] found a dominant
overlapped expression of both enzymes
in the mammalian brain compared to a
non-overlapping expression of both
enzymes in the rat peripheral organs
such as the kidney, heart, and lung. 

DMT: Getting High on Your Own Supply
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The same research group[5] observed
a concentration of 1.02 nM of DMT
in the mammalian brain (rat), which
has a slightly smaller concentration of
serotonin concentrated at 2nM. This
shows that endogenous DMT
synthesis solely occurs in the
mammalian neocortex[5]. 
 Moreover, Dean et al.[5] induced a
cardiac arrest in rats in an attempt to
mimic a near-death-experience. It
was observed that baseline
endogenous DMT in rats increased in
response to a cardiac arrest, making it
plausible that the brain itself
synthesizes DMT in response to
death[5]. It has been noted that the
concentrations of DMT in the brain
that were synthesized during cardiac
arrest may not necessarily elicit the
same effects as users feel[5]; however,
a few questions arise. Does one really
get high on their supply? Does one’s
brain respond to death by increasing
his/her biosynthesis of DMT? Also,
due to its out-of-body spiritual
experiences, is DMT the link between
the physical world & the spiritual
world? 

Past & Present Roles in Society
(Historical perspective & Current
role in society) 
DMT has been utilized for many
years, primarily due to its spiritual
awakening characteristics[4].
Ayahuasca is a brew made by
Pyschotria viridis leaves and stalks of
the Banisteriposis caapi vine that was
and still is utilized by ancient
Amazonian tribes[6]. Needless to say,
Ayahuasca is concentrated with DMT.
Contrary to the “casual'' 15-minute
trip users usually feel from
inhaling/injecting DMT, Ayahuasca is
an orally ingested solution that takes
20-30 minutes to feel the effects
which lasts 3-5 hours[6]. Prior to the
ceremony, participants are
recommended to undergo a
dopamine cleanse, which sensitizes
the brain to decrease its threshold for
dopamine release[4,6]. This is
thought of as a cleanse to the user
and prepare them for the trip of their
life. Traditionally, an Ayahuasca
ceremony occurs at night and is
monitored by an experienced healer,
termed Shaman[6]. The Shaman
leads the ceremony and splits up the
ayahuasca to participants[6]. These
ceremonies still take place and are in
fact ever more popular now since
DMT’s usage has increased in
popularity[6]. 
 

The number of people that use DMT
is increasing, and it is mostly due to
its supposed beneficial spiritual
insight & cleanse. In fact, according to
a study done by the American Journal
of Addiction[7], the percentage of the
population using DMT comparing
2008 to 2014 has increased by 0.5%. In
practical terms, 0.5% of the
population is a 40 million user
increase. Perhaps the technological
advancement and increased social
media further exposes the population
to DMT. In all actuality, are you,
yourself, not tempted to witness what
users describe as communicating with
God in another dimension that is
concentrated with intense and
unimaginable geometric patterns?
Taking that into consideration, most
undergo the same dilemma with
some pursuing the use of DMT. 

Future Outlook
All in all, DMT is a chemical that is
synthesized in rats[5], among
additional potential organisms. This
drug was historically and currently
used to elicit intense hallucinations
that allow the user to interpret a
spiritual realm. Therefore, while the
trip may hold a sort of significance to
users, it is ultimately a hallucination.
Because this hallucinatory state of
mind is induced by the user, users are
recommended to prepare for the trip;
for instance, Ayahuasca ceremony
participants undergo a dopamine
cleanse. Modern psychological
discoveries make sense of the fact that
the brain is easily “tricked” and
attempts to make sense of everything
that is sensed. Consequently, a DMT
user may not necessarily enter
another dimension, but due to DMT’s
intense hallucination, they try to
make sense of it by stating that it
must have been a spiritual out of
body experience. DMT itself does not
have any proven benefit to users, but
potentially this spirit drug can induce
a belief in the user that there really is
another realm filled with life. This
could lead to them believing in God
and maybe even a religion, which is
proven to satisfy and increase one’s
well- being. Therefore, instead of
focusing on the pharmacodynamic
benefits of DMT, one could
extrapolate the effects of this drug via
psychological testing on users prior
and post consumption. There is a lot
of research needed to be done in
order to accurately state DMT’s role
in society.
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Coronavirus 2019, also known as
COVID-19 is a disease that emerged
in Wuhan, China as of the end of
2019[1]. Severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-
2) is a novel betacoronavirus that
causes a respiratory disease that we
all know as coronavirus disease 19
(COVID-19) and has had an immense
impact on public health in the past
year. At the end of January 2020, the
World Health Organization (WHO)
declared this a global health
emergency. By the end of December
2020, there had been approximately
77,801,721 confirmed COVID-19 cases
with 1,713,109 COVID-19 deaths
reported worldwide[2].

Humans are at risk of infection by the
virus when they are in close contact
with infected people[1]. Research has
shown that the pathophysiology of
COVID-19 is involved most
commonly with the virus entering
through respiratory fluid into the
respiratory system[1]. This is why
many countries set up public health
guidelines such as face mask
protection in public and social
distancing of 2m from others[1].
People who are infected often
experience symptoms such as fever,
coughing and fatigue. This virus can
range from mild to severe[1].
Therefore, it is still important to
adhere to public health guidelines
that help prevent the spread of this
virus[1].
 
SARS-CoV-2 is in the same family of
betacoronavirus as severe acute
respiratory syndrome coronavirus
(SARS-CoV) and the Middle East
respiratory syndrome coronavirus
(MERS-CoV) which caused SARS and
MERS, respectively[2]. Coronavirus is
a broad term that encompasses a
large group of positive-strand RNA
viruses that inflict respiratory, enteric
and neurologic dysfunctions in their
host. Specifically, they are enveloped
viruses, meaning they enter their host
by inducing fusion between viral and
cellular membranes[3].

SARS-CoV-2 is very similar to SARS-
CoV in terms of their virology. In
terms of transmission, both viruses
possess the spike (S) glycoprotein that
mediates membrane fusion with the
target cell.The S protein is located on
the capsid of the virus and binds to
the angiotensin-converting enzyme-2
(ACE2) receptor on the host cell. The
viral RNA genome enters the target
cell via the mechanism of receptor-
mediated endocytosis[4]. In addition,
both viruses require S activation by
host cell proteases, specifically
TMPRSS2[2].

However, the 2 viruses differ in their
biological behaviour. SARS-CoV
causes a mortality rate of
approximately 9.6% whereas SARS-
CoV-2 has on average a mortality rate
of less than 1%[2]. SARS-CoV could
only spread by symptomatic
individuals and is less effective at
transmitting from human to
human[2]. Whereas, SARS-CoV-2 can
be spread by individuals who are
asymptomatic during the incubation
period or those who just don’t exhibit
any symptoms and is very effective at
human-human transmission[2].
SARS-CoV infects the lower
respiratory tract, whereas SARS-CoV-
2 is present in the upper respiratory
tract[2]. Research has been conducted
to provide evidence that some of
these differences could be due to
genomic variation between SARS-
CoV-2 and SARS-CoV, specifically
differences in the S protein[2]. In this
article, the content will be focused on
the association between genomic
variation and differences in
transmissibility between the SAR-
CoVs.

Bojkova et al. used differentially
conserved amino acid positions
(DCPS) to discover genetic
differences that could explain the
phenotypic differences between the
SARS-CoVs 1 and 2[2]. Abundance of
DCPs provides strong support for the
differences in clinical behaviour of
SARS-CoV-2 and SARS-CoV. 

Structural Comparison of SARS-CoV and SARS-
CoV-2: Effects on Clinical Relevance

By: Ming Heng Wang
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The S protein of SARS-CoV and
SARS-CoV-2 are 77.36% identical in
sequences while the remaining
amino acids positions are DCPs (186
residues)[2].

There is an abundance of DCPs
present in the surface loops of the S
protein that interact with the ACE2
receptor[2]. This creates different
conformations between the S
proteins of the SARS-CoVs[2].
Consequently, SARS-CoV-2 has
greater binding affinity to the ACE2
receptor than SARS-CoV, explaining
the better transmission capability of
SARS-CoV-2 than SARS-CoV[2].
 
Structurally speaking, hydrogen
bonding is exhibited between Y41,
H34, Y83 and K353 of the ACE2
receptor and T500, Y453, N487 and
G502 on the S protein of SARS-CoV-
2[5]. Hydrophobic interactions are
also found between K31 and K353 of
ACE2 and Y489 and Y505 (residues
on the RBD) of the S protein[5].
These non-covalent interactions
regulate and provide specificity for S
protein binding to ACE2[6]. In
comparison, the SARS-CoV S protein
has a receptor binding loop (residues
424-494) that directly interacts with
ACE2, commonly known as the
receptor binding motif[7]. The motif
has many tyrosine residues; out of
the 14 residues in the motif that
interact with ACE2, 6 are tyrosine. Du
et al have identified that any
mutations that result in amino acid
changes at positions 479 and 487 will
increase binding affinity of the S
protein to the ACE2, thereby
increasing human to human
transmission[7]. 

In the S protein of SARS-CoV,
residue 487 is a threonine[7] while in
SARS-CoV-2 S protein, the
corresponding residue 501 is an
asparagine[8]. The difference
between T487 and N501, from
threonine to asparagine, ultimately
gave SARS-CoV-2 a better capability
to bind to ACE2[8]. This is likely due
to the additional support that this
asparagine brings to stabilize the
RBD[8]. In addition, there is a 4-
residue motif (residues 482-485) that
exists on the SARS-CoV-2 S protein’s
RBD[5]. This motif contains glycine,
valine and glutamic acid that forms a
more compact shape that can bind
better to the N-terminal helix of
ACE2[5]. 

In addition, F486 in the S protein’s
RBD binds better to the hydrophobic
pocket of ACE2 due to its large side
chain[5]. ACE2 contains viral hotspots
that have to be stabilized in order to
have effective binding between the S
protein and the ACE2[5]. This is only
a subset of information that explains
why SARS-CoV2 can better transmit
from one individual to another than
SARS-CoV. 

Aside from binding affinity, S
proteins have to be cleaved using the
host cell’s proteases, specifically
TMPRSS2[2]. S cleavage sites are
conserved between the SARS-
CoVs[2]. Research has provided
strong evidence indicating that DCPs
found near the S cleavage sites affect
their sensitivity to TMPRSS2[2]. It is
found that serine protease inhibitors,
which ultimately inhibit S cleavage,
have more of an effect on SARS-CoV-
2 than on SARS-CoV[2]. Thus, DCPs
are extremely important and bring
great implications on the difference
of clinical behaviour between SARS-
CoVs[2].

However, it might be the case that the
S protein of SARS-CoV-2 does not
need host cell proteases in order to be
activated and mediate membrane
fusion[9]. Another finding that could
explain SARS-CoV-2’s efficient
transmission capability[9]. Lastly,
there is a cleavage motif that exists
exclusively in the S protein of SARS-
CoV-2 but not in SARS-CoV1 and
MERS-CoV. This cleavage motif
allows for cleavage by furin and
phopho-regulation and has also been
a prime suspect explaining the high
infectivity rate of SARS-CoV-2[10].

Overall, structural changes between
SARS-CoV and SARS-CoV-2 help to
explain the differences we see in their
clinical behaviour and can have great
implications in how researchers move
forward and make new advances in
the medical field.
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Introduction
Diabetes is a chronic disease where
the body is either ineffective at
producing enough insulin (type 1
diabetes, T1D) or is unable to
effectively respond to insulin (type 2
diabetes, T2D), and is characterized by
chronic hyperglycemia[1]. In 2019, it
was estimated that over 463 million
people (20-79 years) world-wide have
diabetes[2], with over 1.5 million
deaths being a direct result of
diabetes[3]. About 3.2 million (8.8%) of
Canadians were reported to have
diabetes, with approximately 550 new
cases every day[4]. The cost of
treating diabetes was $1.5 billion in
Ontario alone, and just under $30
billion nationally[5]. 

T1D requires insulin replacement
therapy, whereas T2D may be
managed through lifestyle changes;
however, pharmacological adjunct
therapy may be added[6]. Insulin
replacement therapy is typically
composed of a long-acting or ultra-
long-acting insulin combined with a
short-acting insulin[6,7]. Non-insulin
replacement therapies include
biguanides, sulfonylureas, thiazo-
lidinediones, dipeptidyl peptidase-4
inhibitors, glucose-like peptide-1
receptor agonists, sodium-glucose
cotransporter-2 inhibitors, and
amylin analogs[6-8]. Traditionally,
these therapies require multiple
administrations throughout the day,
and a common risk between both
insulin and non-insulin treatment is
hypoglycemia[1]. “Smart” insulin, or
glucose-responsive insulin (GRI), are
next generation insulin replacement
therapies for T1D and T2D that was
first proposed in 1979 by Michael
Brownlee and Anthony Cerami[9].
Two “smart” insulin technologies,
SmartInsulin and the smart patch,
have gained popularity in the past few
years as they have been reported to
decrease the risk of hypoglycemia and
improve the management of
diabetes[10-13].

SmartCells and SmartInsulin
SmartCells was a start-up company
founded by MIT graduate student Todd
Zion in 2003 to engineer SmartInsulin
(renamed MK-2640)[10,14]. MK-2640 is
a glycosylated insulin that binds both
the insulin receptor and endogenous
mannose receptor C type 1 (MRC1)
lectin protein in a manner that is
dependent on glucose
concentrations[10]. A rodent study by
Yang et al. reported a dose-dependent
decrease in glucose levels using
mannosylated insulin without
hypoglycemic levels, compared to
recombinant insulin; this effect was
greater in diabetic rodents compared to
non-diabetic ones[11]. Mannosylated
insulin was cleared at a faster rate by
MRC1 than non-mannosylated and
degraded by lysosomes at euglycemic
or hypoglycemic states[11]. When
glucose levels were elevated,
mannosylated insulin was cleared at a
slower rate, resulting in its
accumulation and subsequent binding
to insulin receptors to decrease glucose
levels[11]. 

Similarly, in a phase I clinical trial by
Krug et al., a 6% decrease in glucose
levels following MK-2640 admin-
istration to patients with T1D was
observed; however, this difference was
not statistically significant, nor was as
great as the 30% decrease observed in
previous animal studies[10,15].
Furthermore, Krug et al. reported that
hyperglycemia did not significantly
decrease the systemic clearance rate of
MK-2640[10], which is opposite
compared to that observed by Yang et
al. Interestingly, an increase in the
quantity of MK-2640 was stimulated
when there was a greater amount of
glucose present[10], suggesting that
MK-2640 is mimicking the endogenous
insulin response as an increase in
glucose results in the release of insulin
from pancreatic β cells[1]. The
significant pharmacodynamic changes
and minimal pharmacokinetic changes
observed in this phase I clinical trial
presented great challenges to
researchers that have yet to be further
investigated. 

"Smart" Insulin - The Future of
Pharmacotherapies for Diabetics

By: Payton Midgley
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Overall, the clinical trial was
terminated due to limited
efficacy[16]. Both studies point out
two limitations that researchers are
currently facing: GRI was less potent
than other forms of insulin and had
an increased systemic clearance
rate[10,11]. Although glycosylated
insulin had promising effects in
animal studies as it simultaneously
decreased the glucose levels without
hypoglycemia, it has yet to be
efficacious in humans. 

Smart Patch
A smart patch is a removable coin-
sized glucose-responsive micro-
needle (GR-MN) transdermal patch,
with the needles coated in an insulin-
phenylboronic acid (PBA) complex
mixture[12]. At physiological pH,
PBA is positively charged and forms
a complex with negatively charged
insulin[12,13]. PBA also reversibly
binds to diol substituents on
compounds such as those found on
glucose, therefore enabling PBA to
serve as a glucose-response
element[17]. Therefore, at hyper-
glycemic levels, PBA will bind to
glucose which will decrease its
electrostatic interaction with
insulin[12,13]. The free insulin then
binds to the insulin receptor to
stimulate the uptake of glucose[1]. At
euglycemic levels, this process is
inhibited, which decreases the risk of
hypoglycemia[12,13]. 

Yu et al. designed a microneedle that
is synthesized based on in situ
photopolymerization, which avoids
the addition of extra organic solvents
and elevated temperatures to
maintain insulin integrity[13]. In
streptozotocin (STZ)-induced
diabetic mice, glucose levels returned
to normal within 40 minutes post-
glucose exposure in mice wearing the
GR-MN patch, compared to
controls[13]. The patch was able to
regulate glucose levels for up to 10 h
post-glucose administration[13]. In
STZ-induced diabetic minipigs
(which have comparable skin-type to
humans) wearing the GR-MN patch,
glucose levels returned to normal
within 80 minutes post-feeding and
remained at the reduced state
overnight until the following
meal[13]; however, it is unclear what
the feeding schedule was. 

In both animals, glucose levels were
contained within normal ranges or 48
h and hypoglycemia levels and/or
symptoms were not reported[13]. Yu
et al. also reported that their patch
can be personalized to patients to
accommodate various weights and
insulin sensitivity and was non-
degradable[13]. The fact that the
patch is non-degradable means that
there is minimal risk of residual
microneedles causing adverse effects;
however, it may lead to long-term
environmental problems. 

Furthermore, a 2007 phase I clinical
trial conducted by Altea Therapeutics
(ClinicalTrials.gov identifier: NCT-
00519623) investigated the pharm-
acokinetics and dynamics of the
transdermal patch PassPort™ system
on 9 participants with T1D[18,19].
Researchers found that insulin levels
rose to therapeutic levels over a
period of 4 hours following
application of the patch and main-
tained steady state levels until
removal[19]. PassPort™ is a novel
diabetic therapeutic technology that
provides a non-invasive alternative to
the current injection therapies and
has a better pharmacoeconomic
profile[20]. Researchers are actively
progressing through the drug
development pipeline to design a
therapeutic transdermal patch[20].
Future clinical trials have yet to be
conducted to further investigate the
efficacy of the patch in both T1D and
T2D.

Conclusion
The future of diabetic pharma-
cotherapies is rapidly evolving with
new innovative technologies such as
SmartInsulin (MK-2640) and the
smart patch. Although MK-2640 was
unsuccessful in clinical trials, it still
holds great potential to undergo
modifications that make it more
robust than current therapies.
Furthermore, the transdermal patch
provides a simple and convenient
insulin supplementation therapy that
could improve the management of
diabetes, especially T1D in children
since it is easier to teach a child how
to put on a sticker than use an insulin
pen. Both technologies offer the
potential to reduce health care costs,
improve the ease of the management
of diabetes, and decrease the risk of
hypoglycemia.
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Prevalence of Chronic Pain
Chronic pain affects 20% of adults
globally, with 10% of adults newly
diagnosed with it each year[1].
Though there are several highly
effective pain treatments including
non-steroid anti-inflammatory drugs
(NSAIDs) and opioids, prolonged use
of these drugs carry multiple risks,
such as cardiac failure or severe
gastrointestinal bleeding[2].
Additionally, certain chronic
conditions such as neuropathic pain
are more resistant to opioids,
rendering these drugs ineffective[3].
Neurological pain results from
diseases or lesions in the
somatosensory pathways[4], and an
increasing number of studies are
finding cannabinoid extracts useful in
reducing both acute and neuropathic
pain while having fewer side effects
than NSAIDS and opioids[5].

Specifically, a recent study found
THC to reduce experimentally
induced pain in healthy
participants[6]. The subjects’
reduction in perceived pain
correlated with lower activity levels
in their Anterior Cingulate Cortex
(ACC), an area that processes the
affective components of pain[7]. This
prompted Weizman et al.[8] to
further investigate the role of the
ACC and other neuronal networks in
modulating cannabinoid-induced
analgesia. They found that THC
reduced the functional connectivity
of major pain pathways, including
the ACC and the dorsolateral
prefrontal cortex (DLPFC), which
correlated with a reduction in the
patients’ perceived pain. This reveals
a promising mechanism to target
when studying new treatments for
pain reduction.

Downregulation of ACC-SII
Functional Connectivity
Weizman et al.[8] conducted a
counter-balanced study composed of
seventeen male participants ages 27-
40 with chronic neuropathic pain and
no other comorbidities. 

The participants received either
0.2mg/kg of THC or placebo oil in
the first round and vice-versa in the
second round after a one-week
washout period. Each participants’
baseline subjective pain ratings and
resting-fMRIs were recorded and
collected again 2 hours after oil
administration. THC oil was found to
significantly reduce the patients’ self-
reported chronic pain. Both groups
had statistically similar baseline
values, but only the THC group
reported a significant decrease in
perceived pain after treatment. 

Resting-state fMRI scans were also
performed on the subjects both pre-
and post-treatment to measure the
activity between the ACC and the rest
of the brain. After comparing the two
resting-state scans, only the THC
group showed a reduction in
functional connectivity between the
ACC and the Somatosensory Cortex
(SII). The ACC is involved in the
emotional evaluation of pain while
the SII processes sensory
information[7]; the reduction in
functional connectivity covaried with
lower pain ratings after THC
administration, while no significant
differences were found in the fMRI
scans of the placebo group. This
correlation illuminates a potential
target when treating patients with
chronic pain: future studies can
examine other methods and/or
medications that disrupt the
integration of these pathways in
hopes of providing neuropathic pain
relief.

Mechanistic Background of Pain
Processing Pathways
Previous literature has revealed that
the ACC regulates the cognitive
evaluation of pain and that its
pathways are heavily interconnected
with the SII, which is involved in the
sensory process of pain[7,9]. Thus,
having lower ACC-SII functional
integration corresponding to pain-
reduction is consistent based on
published research and builds on our
existing knowledge of how these
systems modulate pain. 

THC's Analgesic Effect Through Altering
Neuronal Pain-Processing Pathways

By: Jia Yin Lu
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Similarly, THC was found to lower
network interconnectivity of the
DLPFC to several brain regions,
which again correlated with reduced
pain ratings from patients[8]. The
DLPFC is another brain region
majorly involved in pain perception
through active control of
downstream cortical pathways[10].
Individuals with neuropathic pain
have been found to have higher
baseline connectivity of the
DLPFC[11] – further implicating that
disrupting the pain-affect pathways
like the ACC and DLPFC may be key
to mitigating chronic pain.

Potential Risks of THC in Chronic
Pain Treatment
Weizman et al.[8] went beyond
examining THC’s effects on pain –
they also compared pre- and post-
treatment data on anxiety, blood
pressure, and heart rate. The
researchers found no changes in any
of these values when compared to the
subjects’ baseline records. This is
reassuring as THC has been shown to
induce anxiety and paranoia in both
healthy subjects and vulnerable
individuals who occasionally
experience paranoia[12,13]. However,
existing evidence claims that THC-
induced psychosis risk is strongly
dose-dependent and tends to
increase with prolonged use[14,15].
Therefore, the lack of changes in
anxiety and cardiac measures in
Weizman et al’s study may be due to
the low and infrequent THC
administration. Thus, these side
effects should be further investigated
to determine the optimal dosage and
frequency of THC use to maximize
analgesic effects while minimizing
psychiatric risks.

Future Directions
Weizman et al.[8] established an
enlightening mechanism in how THC
works to modulate chronic pain.
Their finding opens the discussion
for scientists to develop ways to
maximize THC’s efficacy in
disrupting the ACC and DLPFC
functional networks. However, THC
is not the only therapeutic agent of
cannabis. Many studies have shown
that CBD not only provides analgesic
relief but can also combat psychotic
symptoms induced by THC[16]. 

Thus, to expand on the findings by
Weizman et al., scientists could
replicate this study by investigating
the results of treatment groups that
receive pure CBD and a THC/CBD
mix. Furthermore, this can be
performed as a long-term experiment
where each of the groups are given a
regular dosage of their respective
treatment for an extended period of
time. Although there is plentiful data
to support THC’s effectiveness in
reducing the physiological aspects of
chronic pain[5], there is a lack of
studies looking at the long-term
functional or structural changes in the
pain pathways, as done by Weizman
et al. Thus, repetition of their
experiment in a longer duration
study may be used to examine
potential THC-induced
neuroplasticity of these pain
pathways. A continual design would
also allow researchers to assess any
potential side effects that manifest
over prolonged use. Overall, there is
emerging mechanistic support of
using THC as chronic pain treatment,
though further research on the
safeness of this ingredient is
necessary to enhance efficacy and
minimize adverse effects.
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Hepatocellular carcinoma (HCC), is
the most common type of liver
cancer[1]. This neoplasia can develop
due to viral hepatitis, excessive
alcohol intake, or metabolic
steatohepatitis, and is related to
chronic liver diseases such as
cirrhosis[2]. The 5-year survival rate
after diagnoses for regional or
metastatic liver cancer is under 10%.1
HCC treatment is difficult due to the
high rate of late diagnosis as well as
limited therapeutic options[2].
Treatment can be carried out by
systemic chemotherapy; however,
poor uniformity of drug delivery,
toxicity to noncancerous tissue, and
various side effects are all issues with
this type of therapy[1]. In 1996, a
novel study established liver
transplantation as being the best
treatment option for patients with
HCC as it removes the known cancer
as well as other undetected
precancerous lesions[3]. With a 5-year
survival rate sitting near 80%, liver
transplantation is the best course of
action for early-stage HCC[1];
however, due to limited organ
availability, selection and manage-
ment of patients who may have the
best survival benefits can be
difficult[3]. As only some stages of the
disease are amenable for this
option[3], the goal in clinical practice
today is to maintain patients within
transplant criteria until a liver is
available[1]. 

In order to limit the stay on waitlist,
percutaneous loco-regional therapies
(LRTs) are performed[1]. HCC lesions
can be resected in surgery; however,
in most cases, this is not possible due
to conditions such as cirrhosis.
Additionally, surgical removal, even
with favourable survival, has quite a
high rate of recurrence[4]. LRTs such
as thermal ablation, transarterial
chemoembolization (TACE), and
radiofrequency ablation are more
widely used as they have better
efficacy and safety[4]. 

The prevention of HCC progression
through use of LRTs is favorable, but
due to physiological challenges, such as
tumor location and size, existence of
multiple lesions, and concerns for
injury to adjacent tissues, can all affect
the use of these therapies before liver
transplantation[1]. Liquid ablation
agents such as percutaneous ethanol
(EtOH) injection are used as an LRT
currently as it causes dehydration and
necrosis of tumor cells[5]. The use of
this therapy can be attributed to its low
cost and wide availability, however, it
can lead to many complications such as
portal vein thrombosis, hemo-
peritoneum, and liver failure, due to
inefficient intratumoral diffusion[1]. 

Intravenous drug delivery within
tumors is especially challenging in
oncology as it is difficult to achieve
uniform distribution[1]. Additionally, as
the dose of drug is increased in order to
penetrate the tumor, drug toxicity can
become a barrier to this type of
therapy[1]. This is because intravenous
administration is not directly
administered to the target tissues which
can lead to nonspecific accumulation in
body organs instead[1]. Direct
intratumoral injection is an approach
that can produce high local
concentrations of therapy while being
able to avoid systemic toxicity[1].
Although there is an abundance of
clinical trials investigating intratumoral
injection of varying therapeutics,
including chemotherapy and
immunotherapy, there is not yet a
method that maximizes drug
distribution and retention[1]. 

A novel ionic liquid-based agent
termed, Locally-active Agent for
Tumor Treatment and Eradication
(LATTE), was developed to function as
a drug carrier and percutaneous tumor
ablation agent in a recent study[1]. The
scientists hypothesized that ionic
liquids could be able to induce local
tumor ablation and deliver
chemotherapeutic drugs. The ionic
composition of the liquid can alter the
local osmotic condition allowing for the
ablation of tumor cells [1]. 

A New Treatment for Tumor Ablation and Drug
Delivery

By: Daphne Lin
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Additionally, hydrophobic anions in
the ionic liquid may interact with the
lipids in the cell membranes and
enhance diffusion through the tissue
[1]. Through intratumoral injection,
this liquid would be able to deliver
chemotherapy drugs directly to the
tumor and avoid systemic toxicity[1].

LATTE was injected into the tissue
under image guidance and was able
to ablate tumors as well as maintain
anticancer therapy for prolonged
periods [1]. It was also found that
LATTE was able to provoke a local
immuno-stimulatory response
suggesting the possible promotion
and enhancement of immuno-
therapy[1]. The preparation of this
novel ionic liquid-based composition
was done using choline-geranate
ionic liquid as the base ingredient.
LATTE was then delivered
intratumorally by needle-based
injection into rat, rabbit, or pig liver
tissues in order to assess distribution
and monitor diffusion capability
using ultrasound, microcomputed
tomography imaging, and real-time
magnetic resonance imaging [1].
LATTE was found to have spread
rapidly within the liver and remained
visible at 24 hours[1]. The injection
into the tissue produced uniform,
reproducible ablation zones in the
rat, rabbit, and pig livers as well as
distributed fluorescent dye
indocyanine green (ICG), the x-ray
contrast agent ExiTron and
doxorubicin (Dox), surrogates for a
drug, evenly and uniformly
throughout the ablation zone,
outperforming the commonly used
EtOH injection[1]. Additionally,
experiments indicated that LATTE
had synergistic effects with
anticancer drugs such as Dox, which
could enhance its ablation
capabilities[1]. LATTE at a low cost is
able to successfully ablate tumors and
hopefully become a more appealing
LRT, bridging patients with HCC
waiting for liver transplants.  

The team that developed LATTE is
now planning on investigating the
mechanism in which it is able to
induce cancer cell death as well as
investigate the delivery of other types
of anticancer therapies[1]. 

In addition to demonstrating activity
in liver tumors, LATTE was also
effective in 12 human tumors of
varying types suggesting its efficacy
against a wide range of solid tumors
in other organs[1]. This means that
LATTE may also be able to help treat
residual tumors after resection,
metastatic lesions, or nonresectable
tumors[1]. Dox was the only
chemotherapy drug used in the
experiments, so looking into the
delivery and functionality of other
anticancer therapies, such as protein-
based drugs, and the effects of the
ionic properties of LATTE on their
activity could further demonstrate
this new LRT’s capabilities[1]. 
 
The demonstration that LATTE is
able to successfully ablate tumors in
rat, rabbit, and pig livers as well as its
efficacy as a drug carrier, leads to the
idea that it can also be used as a drug
carrier solvent or even within
nanoparticles delivering anticancer
therapeutics in the future[1]. The use
of nanoparticles to deliver drugs is a
relatively new and rapidly developing
area where materials in the nanoscale
range are able to deliver therapeutic
agents to targeted sites[6]. Large sized
materials in drug delivery lead to
many challenges including in vivo
instability, poor bioavailability, poor
solubility, and poor absorption[6]. By
using nanotechnology, therapeutic
agents can deliver drugs to specific
tissues and provide controlled release
therapy enhancing the persistence of
drugs within an ablation zone for an
extended period of time[7]. This
would decrease drug related toxicity
and require less frequent dosing[7].
LATTE represents a new class of
anticancer therapeutics that is able to
efficiently ablate tissue alone[1]. If it
can be used within nanoparticles as a
drug carrier, the ability in which it is
able to deliver drugs to affected areas
may be enhanced leading to the
improvement of survival outcomes in
patients with cancer. 
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Experiencing stress in the wake of
and immediately following a
traumatic event is a universal
experience. It is well known that a
sense of danger triggers the fight-or-
flight response resulting in a whole
myriad of physiological changes
including an increased heart rate,
perspiration, etc. Learning to fear
danger is a survival mechanism and
the stress response is meant to aid in
coping with trauma; both are
temporary measures that fade away
as the dangerous situation becomes
removed from the individual.
Psychopathology emerges when the
individual fails to properly recover
from this stress response and
chronically suffers from re-
experiencing the trauma, negative
cognitive/mood symptoms,
hyperarousal symptoms, and
avoidance symptoms; this is post-
traumatic stress disorder (PTSD)[1]. 

As treatment for a psychological
disorder, the focus of PTSD
pharmacotherapy has largely been on
neuropharmacological inter-
ventions. First-line drugs for PTSD
include selective serotonin reuptake
inhibitors (SSRIs) and serotonin-
norepinephrine reuptake inhibitors
(SNRIs)[1]. Both classes of anti-
depressants are effective in managing
PTSD’s hyperarousal and mood
symptoms[1]. 

The relationship between the renin-
angiotensin system and PTSD 
More recently, researchers have
begun exploring the possibility of
treating PTSD symptoms with
angiotensin-converting-enzyme
(ACE) inhibitors (ACE-Is) and
angiotensin receptor blockers (ARBs).
Both classes of drugs are typically
used as antihypertensives and target
the renin-angiotensin system (RAS),
regulating blood pressure through
inhibiting angiotensin II-induced
blood pressure raising activities like
vasoconstriction and vasopressin
release[2]. 

The interest in repurposing ACE-Is
and ARBs as PTSD medications
would be surprising if it were not for
the numerous observational studies
that found an association between
PTSD and increased risk for
cardiovascular disease[3-5]. Hyper-
tension is a common comorbidity
with this psychological disorder and
many PTSD patients are also on
blood pressure medications, among
them ACE-Is and ARBs. Given the
common comorbidity, Khoury et al.
evaluated the PTSD diagnosis,
symptom severity and use of blood
pressure medication in a traumatized
population[6]. This team observed an
association between ACE-Is/ARB use
and PTSD symptom levels, namely
that the use of ACE-Is/ARBs was
significantly associated with
decreased PTSD symptoms[6]. This
study was successfully replicated in
2021 by Seligowski et al., confirming
that future exploration of ACE-I/ARB
use in the treatment of PTSD is
worthwhile. It is also worth noting
that this study team investigated the
relationship between other classes of
antihypertensives (beta blockers,
calcium channel blockers, diuretics)
and PTSD; they found none,
providing further evidence that the
renin-angiotensin system plays a
particular role in this debilitating
psychopathology[7]. 

As of right now, these observational
studies cannot definitively prove that
there is a causal relationship between
the variables in question, but previous
research has shown that type 1
angiotensin (AT1) receptors, the target
receptor of angiotensin II, are highly
expressed throughout the HPA axis as
well as in stress-regulating areas of
the brain: the hippocampus, septum,
and amygdala[8]. Additionally, the
activation of beta-adrenergic
receptors in the sympathetic stress
response leads to increased renin
levels, thus also increasing circulating
amounts of angiotensin II which then
bind to the AT1 receptors in the
nervous system causing downstream
enhancement of stress hormone
release[9]. 

RAS Modulators and the Future of PTSD
Pharmacotherapy

By: Karen Kuang
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Thus, it is speculated that ACE-Is, in
inhibiting the formation of
angiotensin II, and ARBs, in
antagonizing the AT1 receptor,
modulate stress by disrupting the
above chain of events[10]. The story
may not be so simple since
adrenomedullary tissue expresses
both AT1 and AT2 receptors and it is
actually the second variety that is
more highly expressed; potential
crosstalk between the two receptor
types may add another layer of
complexity to the hypothesized
mechanism of action[9]. 

Other mechanisms by which RAS-
modulating antihypertensives po-
tentially decrease PTSD symptoms
are also possible. A 2014 study
conducted by Marinzalda et al.
looked at the effect of blocking AT1
receptors in the amygdala on fear-
potentiated behaviour in a rat
model[11]. Fear conditioning was
done by treating rats with footshocks
and behaviour was analyzed using
the elevated plus maze assay.
Marinzalda et al. found that blocking
AT1 receptors in the amygdala with
losartan, an ARB, had an anxiolytic
effect, preventing the decrease in
time spent in the open arms of the
maze that occurred in the control
group[12]. The study team showed
that the AT1 receptors in the
amygdala contribute to the fear
conditioning process and it would
thus be interesting to explore
whether or not ACE-Is and ARBs
could be used as PTSD prophylaxis.
Interestingly enough, Khoury et al.
and Seligowski et al. both found that
among those who experienced
trauma, these two classes of
antihypertensives were associated
with lower rates of PTSD
diagnosis[6,7]. 

However, as a disease characterized
by the failure to recover, there is also
the potential that ACE-Is/ARBs could
play a role in healing the PTSD
patient’s pathological fear extinction,
the process by which one unlearns a
conditioned fear after non-harmful
exposure to fear-inducing stimuli. In
a 2014 study, Marvar et al. used a
mouse model of PTSD and treated
the mice with losartan[12]. 

They found that treatment with this
ARB enhanced the fear extinction
process in the mice; the group treated
with losartan were better able to
unlearn fear compared to the control
group[13]. While clinical experi-
mentation will be needed to confirm
the effect in humans, these promising
results indicate that AT1 receptor
blockade could potentially be of great
benefit in treating patients whose
symptoms include the re-
experiencing of trauma.

Pharmacogenetic considerations 
There is a growing body of evidence
indicating neuroprotective benefits of
ACE-Is and ARBs, justifying further
investigation into the use of these
drugs as PTSD pharmacotherapy, but
there has been little research done on
potential pharmacodynamic variation
among different populations and
individuals. One of the first to
conduct this research was a 2015
study by Nylocks et al. which sought
to elucidate the potential effect of
genetic variation in the ACE gene on
ACE-I/ARB treatment for PTSD[10].
One such source of genetic variation
is the rs4311 single nucleotide
polymorphism (SNP) which is
associated with panic attacks[14].
Nylocks et al. recruited patients from
a traumatized population and then
assessed their rs4311 genotype, their
ACE-I/ARB use, as well as their PTSD
diagnosis and symptom levels. Not
only was the rs4311 SNP found to be
associated with PTSD symptoms and
diagnosis, but the effect of ACE-
I/ARB on symptoms and diagnosis
was found to be different for those
with the CC rs4311 genotype
compared to T-carriers (CT or TT
genotype) at the rs4311 SNP location
on the ACE gene. From the analysis
of Nylocks et al., T-carriers had a
significantly greater risk of PTSD
diagnosis and also did not reap any
benefits from ACE-Is/ARBs with
regards to PTSD symptoms—in fact,
while the presence of RAS-
modulating antihypertensives was
associated with lower PTSD
symptoms in those with the CC
genotype, in T-carriers, the
medications were associated with
greater PTSD symptoms[10]. 
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Given this result, PTSD treatment
with ACE Is/ARBs would be
beneficial to individuals with the CC
genotype, but likely would not aid in
remedying PTSD symptoms in
individuals carrying a T allele; these
treatments may even be harmful—
this finding is of great clinical
significance and must be considered
in future investigations. 

Conclusion 
As future studies continue, it will be
important to investigate the effects of
race, sex, and genetics on the impact
of ACE-Is/ARBs on PTSD. Clinical
trials will also be necessary to
determine if there is any causal
relationship in the associations
observed between these drugs and
this disease. 
 

PTSD patients often experience
comorbid hypertension, so the
possibility of using RAS modulating
pharmacotherapy to treat PTSD
symptoms in addition to high blood
pressure is quite exciting—these
drugs already have an established
safety profile that involves relatively
little risk[15]; this situation could be
one in which medicine can achieve
the proverbial killing of two birds
with one stone. And as there are few
pharmacotherapeutic options for
PTSD patients in existence, adding
this psychopathology to the
indication of ACE-Is/ARBs would be
of great benefit to those suffering
from this disease. 
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The potential for psychedelic
microdosing to revolutionize the
treatment of psychiatric disorders
has recently become a popular topic
of discussion within the scientific
community. Psychedelic micro-
dosing involves small doses of
substances like lysergic acid
diethylamide (LSD) or psilocybin
taken every few days, with the
intention of improving one’s mental
health, well-being, or cognition
without eliciting a perception-
altering experience[1,2]. Interest in
psychedelic microdosing has been
largely motivated by a plethora of
anecdotal evidence recently provided
by the public sphere and
predominantly found in online
forums like Reddit. Many users claim
that psychedelic microdosing is an
effective treatment for various
psychiatric illnesses and mood
disorders, while healthy individuals
claim they can also be used more
generally to improve creativity,
productivity, emotional well-being
and cognition[1,3-6]. The most
commonly discussed psychedelics
are LSD and dried psilocybin-
containing mushrooms. This is not
the first time scientists have
investigated the potential therapeutic
properties of psychedelics, as
scientists were previously making
ground-breaking discoveries on full
doses as early as the 1940’s, before
government regulations prohibited
their use in the 1970’s[2]. With more
countries now legalizing
psychedelics, and influential figures
openly sharing their experience with
these drugs, the public’s interest in
psychedelic microdosing has grown
faster than scientific research has
been able to fully determine their
short- and long-term effects[2].
Further, with psychedelic
microdosing gaining attention from
celebrities and various social media
platforms, the need for scientific
evidence to inform the public of the
true effects of psychedelic
microdosing is imperative to public
health and safety.

Microdosing refers to the use of
minute amounts of a substance and is
commonly used in pharmacology to
study the pharmacokinetics of a
drug[2]. The generally accepted range
for psychedelic microdosing is
between 5% to 10% of a full dose[2].
Thus, LSD microdoses range from 5-
20 micrograms while psilocybin
microdoses from mushrooms range
from 0.1-0.5 grams[1]. Psychedelics
are potent agonists for the
serotonergic receptor, 5-HT2A,
expressed highly in the brain,
however it can activate other
subtypes like the 5-HT1A receptor, or
receptors belonging to other
neurotransmitter systems such as
dopamine and adrenergic
receptors[2,7]. Currently, more
research has been conducted for the
potential therapeutic effects of full
dosing with psychedelics rather than
microdosing. This research focuses
on the potential of larger doses to
treat mental illnesses such as
depression, anxiety in end-of-life
care or terminal cancer, and
addiction to alcohol or tobacco[6].
However, the growing use of
psychedelic microdosing by both
clinical and non-clinical populations,
often unsupervised by or unknown to
users’ healthcare providers, obligates
scientists to rigorously investigate the
short- and long-term effects of
microdosing. Although psychedelics
selectively target the 5-HT2A
receptor, microdosing research
should not be completely informed
by findings from full dose studies
since microdosing does not evoke
perception-altering experiences and
other intense phenomena associated
with full dosing[1,2]. As microdosing
elicits a low receptor occupancy rate
around 2%, it could stimulate
modified 5-HT2A receptor signaling
that differs from full dosing on both
the behavioral and therapeutic
level[8]. Research on psychedelic
microdosing is strongly justified as
full dosing experiences can be
traumatizing to users, subsequently
doing more harm than good to their
psychological state[6]. 

Psychedelic Microdosing: Public Health Concern
or Novel Therapeutic?

By: Rachel Kuah
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If further research finds psychedelic
microdosing effective at treating
psychiatric disorders, it could
become a better use of psychedelics
than full dosing, as well as an
eventual replacement for current
psychiatric drugs, like anti-
depressants, known to have low
adherence and efficacy.

As of yet, research on psychedelic
microdosing is in the preliminary
stages, with many of the studies being
observational and open label.
Participants in these studies are
commonly recruited from online
forums like Reddit, and answer
questionnaires about their
experiences with psychedelic micro-
dosing. A study by Lea et al.
investigated the subjective ex-
perience of participants that self-
administered psychedelic micro-
doses[3]. The sample consisted of
non-clinical and clinical populations,
with the latter being diagnosed with
mental illnesses such as depression,
anxiety, or alcohol addiction. They
found that 44% of participants
reported an improvement in their
mental health after microdosing. In
addition, many participants
reportedly discontinued their
psychiatric medications, however the
percentage of participants was
unclear[3]. Similarly designed studies
have many participants reporting
improvements in their mood and
mental health that do not interfere
with their daily activities, reductions
in dysfunctional attitudes and
negative emotions, as well as
increased open-mindedness and
creativity when compared to controls
[1,4-6]. Even self-reports claiming
alleviation of pain associated with
migraines, pre-menstruation,
traumatic brain injury, and shingles,
have been collected from smaller
samples[5]. Although the wide range
of outcomes and therapeutic uses of
psychedelic microdosing are
generally positive, the observational
and open label design of these studies
leave many questions regarding the
therapeutic potential of psychedelic
microdosing unanswered. For
instance, placebo effects and residual
confounding cannot be ruled out
from these observational studies.
Around 40% of participants in the
study by Lea et al. indicated that their
aim was to improve their mental
health through psychedelic
microdosing[3]. 

Additionally, Kaertner et al. noted
significant positive expectancy scores
prior to commencing microdosing
regimens, indicating the likely
presence of a placebo effect due to
participants believing they would
experience enhancements in their
well-being[1]. The nature of these
study designs also indicate the
presence of other biases such as
confirmation bias and self-selection
when recruiting participants[1,3].
Additional limitations include
confounding effects from factors such
as concomitant reductions in alcohol
and other drug use during
microdosing, lifestyle changes, and
influence from the media or online
forums[3]. 

A review article on fourteen
experimentally controlled studies by
Kuypers found that microdoses
within the range of 10-20 micrograms
for LSD and 1-3 milligrams for
psilocybin have only slight effects on
cognition and mental health[8].
Interestingly, positive outcomes were
noted alongside negative changes in
mood like enhanced anxiety,
psychological distress and cycling
between depressive and euphoric
emotions[8]. However, findings
between observational and ex-
perimental studies are not entirely
inconsistent. Experimentally con-
trolled trials on psychedelic
microdosing support the safe dosing
ranges determined by observational
studies, as multiple experimental
studies report no significant short-
term changes to physiological
measures like heart rate, blood
pressure and basal body temp-
erature[8,9]. 

With the claim that psychedelic
microdosing can improve cognitive
function, research has also
investigated the potential for micro-
dosing to alter brain function through
measures like functional connectivity
and blood flow through the brain.
Functional connectivity is defined as
the amount of interaction and co-
activation of separate brain
regions[11]. Brain imaging has shown
that LSD microdosing can increase
functional connectivity between the
amygdala, right angular gyrus, right
middle frontal gyrus and
cerebellum[12]. Specifically, positive
changes in mood were correlated with
increased connectivity between the
amygdala and middle frontal
gyrus[12]. 
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While psychedelic microdosing is
still in the preliminary stages of
research, the potential it has to treat
various psychiatric and neurological
disorders like depression and AD is
present in many observational and
experimental studies. Although
positive outcomes noted in
observational studies are less
prominently seen in controlled
studies, more clinical and
experimental trials are necessary to
determine if factors like timing
between doses and environmental
settings can be adjusted to reveal
therapeutic benefits. Further, even if
future studies find psychedelic
microdosing to be ineffective in
treating the various illnesses they are
claimed to, this research will inform
the public of the true, scientifically
evident effects of psychedelic
microdosing. The potential for
psychedelic microdosing to be a
much-needed replacement for
conventional psychiatric and AD
dementia medications makes future
investigations worthwhile1. In
addition, the claims about
psychedelic microdosing in the
media coupled with the lack of
medical supervision of many
psychedelic users indicates a severe
need for the scientific community to
adequately inform the public.
Further research is thus crucial for
the potential psychedelic
microdosing has to improve the
quality of life for a broad range of
suffering patients, and to ensure
public health and safety. 

Decreased functional connectivity
between the amygdala, postcentral
gyrus and superior temporal gyrus
was also observed[12]. Despite these
changes in functional connectivity
between brain structures of the
limbic system, the effects of
psychedelic microdosing on mood
were subtle and ultimately
considered negligible[12]. The
authors noted that future studies
should investigate the effects of
repeated microdoses, as only a single
psychedelic microdose was used in
this study. The interest in the
potential for psychedelic
microdosing to treat Alzheimer’s
disease (AD) dementia is also growing
due to 5HT2A receptors being highly
expressed in brain regions
susceptible to dementia like the
prefrontal cortex and
hippocampus[7]. Symptoms of AD
dementia include decline in
cognition and memory due to
decreased 5-HT2A density in these
brain regions[7]. It is hypothesized
that psychedelic microdosing could
reduce or treat AD symptoms by
serotonergic agonism, increased
neuroplasticity and neurogenesis[7].
In fact, enhanced functional
connectivity is thought to be a
mechanism by which symptomatic
AD can be prevented[11], and fMRI
studies have reported increased
functional connectivity due to
psychedelic microdosing that lasted
five weeks in patients diagnosed with
depression[7]. Thus, psychedelic
microdosing has considerable
potential as a novel treatment for AD
dementia due to its selective agonism
of 5-HT2A receptors and its safer
psychological effects relative to full
doses of psychedelics. 
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As the COVID-19 pandemic is
ongoing, interests and concerns
regarding vaccines for COVID-19 are
growing as several types of vaccines
from different companies are being
administered after authorization for
emergency use. This article will
briefly introduce different sources of
vaccines that are being produced as
well as their advantages and
challenges.  

One of the most common methods
of producing a vaccine is animal-
based, especially egg-based
production that has been used for
about 70 years[1,2,3]. This method
involves injection of viruses into
fertilized eggs to allow for replication
as the virus requires a host cell to
replicate[1,2,3]. The fluid is then
extracted, followed by inactivation of
the virus and purification of viral
antigens, in case of inactivated
vaccines[1]. Some examples of
vaccines that are produced this way
include influenza, measles-mumps-
rubella (MMR), rabies, and yellow
fever vaccines[4]. This method,
despite being widely used, also
involves several limitations including
sorting of appropriate virus strains to
be replicated, difficulty in
purification of antigens, and
requirement for large numbers of
eggs that extends the time for
production[1,2,3]. In addition, people
sensitive to eggs might develop
allergic reactions to egg proteins
included in the vaccine, notably
ovalbumin[5].

One alternative to egg-based vaccines
is cell-based vaccines. In an example
of flu vaccine, candidate viruses are
made in the laboratory from
influenza viruses which are then
injected into mammalian cell lines
cultured in a stainless-steel
bucket[6,7]. The fluid containing the
virus can then be extracted from the
cells for antigen purification[6,7].
Since this method does not require
egg supply, vaccines can be made
more rapidly that could be especially
helpful during the rapid spread of the
virus it protects from[6,7]. 

In an example of cell-based flu
vaccine, the cells for incubating the 

vaccine can be kept frozen in a
storage cell bank to ensure mass
storage[6,7]. Also, there is no concern
of egg-adapted changes to the virus
when it is injected into eggs that
could potentially induce changes in
viral structure and production of
antibodies that are less focused on the
original viral strain that are
circulating[6]. Therefore, we can
expect higher protection from the
infection, as shown by several clinical
studies comparing the relative
vaccines effectiveness including
hospitalizations/ER visits due to
influenza, asthma, chronic ob-
structive pulmonary disease, etc[8,9].
Some of the vaccines in this category
include Flucelvax Quad-rivalent
licensed as an inactivated flu vaccine,
as well as vaccines for polio, rotavirus,
hepatitis, chickenpox, smallpox, and
rubella[6,7]. However, this vaccine
type also entails some limitations
such as the need for fermentation
facilities and animal nutrients such as
cow-derived amino acids, glycerol,
detergents, gelatin, enzymes, and
blood, for replication of virus in
living cells since viruses use host
metabolism for replication and
nutrition requirement increases
[2,3,10,11].

Instead of egg- or cell-based vaccines,
using transgenic plants expressing
viral antigens to produce plant-based
vaccines is in the spotlight[2,3]. This
method is expected to be especially
cost-effective as it does not involve
cold-chain storage and could have
mass production as several candidate
plants including tobacco, tomato, and
corn are easier to grow[3]. Plant-
based vaccine production process
involves integration of viral antigen
into the vector that will then be
transformed into plant cells for
expression through either a stable or
transient transformation system[3]. In
case of stable transformation, the
plasmid of Agrobacterium
tumefaciens strain can be used to
accept the viral antigen transgene and
form a recombinant vector to achieve
permanent transformation by
integration of the transgene into the
plant genome[3]. 

Plant-Based vs. Animal-Based Vaccines
By: Eric Kim
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Several studies have used this
method to express subunit proteins
for cholera toxin B or VP60 protein
for rabbit hemorrhagic disease virus
in potato leaf explants, hepatitis B
surface antigens in tomato plants,
and so on[3]. However, the plant
species that A. tumefaciens can
naturally infect are limited and the
amount of antigen production is
generally low, being limitations of
stable transformation[3]. Instead,
transient transformation where the
transformed gene temporally resides
in the host cell to be expressed into
antigens but not integrated into the
plant genome is thought to have
higher efficiency[3]. This involves the
genetic modification of a
recombinant plant virus that infects
plant cells, which happens through
creation of chimeric genes for viral
coat protein[3]. The plant virus can
also be modified at capsid proteins
which will then infect the plant cells
and express viral antigens during
viral replication, overall resulting in
transient expression of the antigens
in plant cells[3]. Several examples of
this method include tobacco mosaic
virus containing epitopes of murine
hepatitis virus that can infect tobacco
plants and cowpea mosaic virus that
can infect Vigna unguiculata to
produce VP2 capsid of mink enteritis
virus[3]. Overall, some limitations to
plant-based vaccines include
selection of compatible antigens with
the plant, variability in antigen
production between different
transgenic plants and difficulty of
choosing dosage in patients based on
level of immune response, age, and
weight, and ensuring quality
assurance of the vaccine by meeting
good manufacturing practices in
terms of growing plants and
producing the vaccine[3]. Also, plant-
based vaccines have not been
licensed by FDA for human use due
to being classified as genetically
modified crop[3].

Recent mRNA vaccines for COVID-
19 produced from Pfizer or Moderna
do not seem to involve viral
replication, but instead synthesis of
mRNA in synthesizer followed by
mixing with lipid droplets,
potentially implying that problems
arising with viral replication process
in cells in animal- and plant-based
vaccines might no longer be an issue
once this type of vaccine becomes
common[12]. 
 

Additionally, a noticeable number of
vaccines for COVID-19 are known to
incorporate adjuvants such as
squalene[13]. Squalene is a type of
lipid that enhances immune response
to the vaccine by promoting uptake
of viral antigen by cell, assisting with
immune cell recruitment to the
immunization site, and stabilizing the
protein or virus in the vaccine[13].
Shark liver is a common source of
high-purity squalene, which is used in
flu vaccines as well as part of AS03
adjuvant for COVID-19 vaccines
produced by GlaxoSmithKline, a
pharmaceutical company[13]. How-
ever, a growing concern about
massive decreases in shark popu-
lations followed by the negative
impact on the ecosystem has sparked
the need for squalene from other
sources. For example, a bio-
technology company named Amyris
has been looking for squalene from
non-shark sources, such as refined
olive oil distillate and a semisynthetic
method that synthesizes squalene
from farnesene made from sugar
fermentation by microbes[13]. Also,
there are other vaccines that do not
use squalene for adjuvants such as
Pfizer and Moderna that use other
lipid nanoparticles for carrying
mRNA or Sinovac vaccines that use
aluminum hydroxide instead[13].

As for now, there seems to be no
absolute answer as to use which
source for producing vaccines.
However, it does seem clear that
recent studies regarding vaccine
development are changing focus
from animal to plant-based
production due to cost, safety, and
environmental issues. Thus, it will be
more important in the future to
conduct more studies to improve
effectiveness and solve limitations
regarding the plant vaccines, should it
serve as an alternative to
conventional animal-based vaccines.
Also, the vaccine manufacturers will
also need to further investigate the
potential of recent vaccine
formulations, such as mRNA
vaccines, to assess the pros and cons
for continued development of plant-
based vaccines.
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Introduction: 
When the use of vape first started to
merge with mainstream culture in
2003, it was heralded as a healthy
alternative compared to smoking and
an excellent mechanism for nicotine
addiction cessation[1]. Similar to a
nebulizer, which is used by asthma
patients or patients who suffer from
other lung conditions, vape devices
turn liquid aerosol into a mist which
the consumer can breathe into their
lungs[2]. These devices became
popular very quickly, particularly
among young people, when
compared to cigarettes in a historical
context[3]. Medical professionals and
regulatory bodies have been issuing
warnings surrounding the health risks
with vaping, particularly for the
younger generation mainly due to the
lack of information with the long
term physiological effects and health
risks associated with vaping and the
emergence of disparate lung
injuries[1]. This article will look to
synthesize the information provided
by various scientific literature
inspecting physiological responses
and the accompanying diseases
associated with vaping.

Physiological Effects of Vape
Ingredients: 
Propylene glycol and glycerol are
associated solvents that are used in
conjugation with nicotine in vape
liquid. Exposure to propylene glycol
and glycerol in the form of vapor
affects the expression of pulmonary
circadian molecular clock genes
including arnt1, npas2, nr1d1, nr1d2,
per1, pre2 and per3[4]. The altered
expression of these genes occurred
without a change to lung histology,
numbers of mononuclear or
neutrophil cells or bronchoalveolar
lavage total cells and in the absence of
an inflammatory response[4]. These
circadian molecular clock genes have
an effect on the brain, liver, kidney
and skeletal muscle leading to a
widespread systematic impact
throughout the body[4]. 

The alteration in circadian rhythms
throughout the body can lead to
biological alterations and can amplify
the rate of intensity for various
pathologies[4]. Disrupted circadian
rhythms in the lungs can lead to
modulation in amplitude of response to
endogenous cortisol, which in turn
leads to an amplified response to
bacterial agents[4]. In the digestive
tract, mice which were deficient of
molecular clock genes displayed weight
gain and contained an abnormal
amount of cholesterol and fat within
the bloodstream[4]. Mice which
contained deleted molecular clock
genes displayed impaired glucose
tolerance and decreased insulin
secretion which often lead to the onset
of diabetes mellitus[5].

The exposure to propylene glycol and
glycerol also affected the expression of
hspa1a and hspa1b genes, which are
rhythmic heat shock proteins. Mice
exposed to the solvents displayed
downregulation of genes within the
liver, kidney, skeletal muscle and
lungs[6]. Heat shock proteins play
several roles within the immune system
ranging from antigen presentation to
tumor immunosurveillance and
autoimmunity[6]. Alterations within
the expression of heat shock proteins
can lead to lung damage. Hsp27, Hsp32,
Hsp60 and Hsp70 demonstrate an
important role in cytoprotection during
the phase of lung inflammation and
injury[7]. Hsp27 inhibits apoptosis after
phases of oxidative stress, improves
mortality after endotoxic shock and
modulates cytoskeletal arrangement of
actin filaments in lung epithelial cells
upon phosphorylation[7]. The
upregulation of Hsp27 through
phosphorylation by MAPKAPK-2 is
correlated to lung exposure to
endotoxins and correlated lung injuries.
Hsp32 or heme oxygenase is found in 3
forms (-1, -2, -3); it plays an important
role in cytoprotective properties for
fibroblasts, fetal lung cells, respiratory
epithelial cells and coronary
endothelial cells against oxygen toxicity
and heme and hemoglobin toxicity,
respectively[7]. 

The Consequential Diseases and Physiological
Effects Associated with Vaping

By: Manu Kattimani
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Cytosolic Hsp60 stabilizes actin and
tubulin and is expressed during cell
stress providing stress tolerance in
the lung[7]. Hsp70 is expressed with
lung and specific lung cells in
response to various types of stresses
such as LPS-mediated apoptosis,
thermal stress and hyperoxia[7].
Nicotine affects the lung by
increasing inflammation and
destroying cilia through heating of
the lungs; propylene glycol and
glycerol may exacerbate these effects
through downregulation of heat
shock proteins, which may be the
reason why users of vape display
worse reactions to endotoxins such E.
coli, Salmonella and V. cholerae[5]. 

Propylene glycol and glycerol may
drive inflammation in the GI tract
specifically in the colon while
reducing the expression of genes that
play a role in barrier function[8].
Occluding junctions, zonula
occludens and claudin-2 which serve
as markers of gut epithelial tight
junctions have significantly reduced
gene expression in mice that were
exposed to nicotine-free aerosols[8].
The effects of associated solvents
may be specific for the gut since they
affect the tight junctions of the gut
but do not affect the tight junctions of
the skin. Inflammation is triggered in
the gut once the mice were exposed
to constant exposure to vape aerosols
rather than acute exposure to
aerosols. Associated solvents within
vape disturb the integrity of the gut
barrier since paracellular
permeability is increased upon
exposure to associated solvents while
trans-epithelial electrical resistance is
lowered[8]. Constant exposure to
associated solvents causes
inflammation in the colon through
the presence of MCP1, IL-8 and TNF-
a as pro-inflammatory cytokines such
as il31ra, il1r2m, ccl8, ear2[8]. Ilk
which participate in cytokine
signaling are upregulated whereas
trim30a which participates in
downregulation of inflammatory
cytokines are down regulated[8].
These various effects co-interact to
compromise the health of the body
broadly leaving it more susceptible to
infections and inflammation
particularly in the gut epithelium and
the colon. 

Diseases Observed in Vape Users: 
Bronchiolitis obliterans, otherwise
more commonly known as popcorn
lung, has been observed in the youth
demographic of vape users[9,10].
Popcorn lung describes the reduction
in bronchioles within the lungs
airway due to scarring tissue formed
through lung damage. A patient study
shows a healthy 17 year old with no
prior health conditions and no
nicotine cigarette usage had
developed ‘‘popcorn lung’’ after daily
use of vaping for 5 months. Many
other cases such as this have been
observed in North American youth
with research linking bronchiolitis to
vaping[9]. Primary spontaneous
pneumothorax, otherwise known as a
collapsed lung, has been observed in
tall, thin individuals who are
undergoing a period of growth
during adolescence[10]. Weak points
in air blisters on the top of the lungs
develop due to the accelerated
growth with smoking and vaping
presenting an increased risk of
bursting the blisters which leads to
the collapse of the lungs[11]. There
has also been an increase in product
use-associated lung injuries linked to
the detection of vitamin E acetate
present in bronchoalveolar-lavage
fluid originating from vape
ingredients[10]. Vitamin E acetate
when it is heated produces ketene
which acts as an irritant to airways
and propagates an inflammatory
cascade[10,11]. It reduces surfactant
function leading to atelectasis by
collapsing alveoli. This can lead to
damage within the lung due to
collapsing alveoli, inflammation, and
upregulated immune system[10,11]. 

Different variations of pneumonia
have been observed in vape users.
Hypersensitivity pneumonitis and
the association with vape users was
noted due to the cessation of immune
response to organic mold and dust
after stopping the use of vape within
two patients[12]. Hypersensitivity
pneumonitis occurs as an immune
system disorder where the lungs are
inflamed reacting to inhaled dust,
microorganisms, plant and dirt type
materials in an anaphylactic
mechanism within the lung[12]. It is
caused by the repeated exposure and
sensitization to antigens which leads
to inflammation[12,13]. 
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Common antigens which are present
in vape liquid are formaldehyde that
is in the form of propylene glycol and
terpene and benzene that is in the
form of butane hash oil[13]. Lipoid
pneumonia occurs as an
inflammatory response due to
exogenous or endogenous lipids
which have been inhaled or
aspirated[10,12]. These lipids can be
found in laxatives, petroleum-based
lubricants, mineral oils, or
hydrocarbons. This association was
made after observing 3 patients with
the presence of lipid-laden
macrophages in lavage fluid which
can be attributed to lipid materials
which are present in the flavoring
agents[12]. Though there are no
explicit oils present in vaping
solution, it is possible that glycerin or
other associated solvent can produce
lipoid pneumonia through
endogenous phospholipids. Heavy
metals such as nickel, lead, tin and
cadmium are found in many
common vaping solutions[2,11]. Giant
cell interstitial pneumonia is caused
by the heavy metals interacting with
interstitial tissues within the lungs
leading to inflammation and
fibrosis[12]. Organizing pneumonia is
categorized as interstitial pneumonia
caused by lung inflammation and
scarring that leads to obstruction of
small airways and alveoli within the
lungs[11,12]. The exact drug reaction
or inhalation exposure from vaping
juice which causes organizing
pneumonia is unknown. These
various cases of pneumonia and the
increased incidence of product
associated lung injuries places a new
focus on the pathophysiology and
health effects of vaping. 

Gastrointestinal disorders can be
driven by the inflammation that
occurs after the exposure to
associated solvents within vaping
solutions. Especially within the youth
demographic, gastrointestinal irr-
itation is just as prevalent as any
respiratory based disorder or
injury[8]. Vaping can have negative
changes on the microbiome which is
present within the gut[8]. As
mentioned in the physiologic effects
of vaping ingredients section, chronic
gut inflammation can lead to
inflammatory bowel disease
including ulcerative colitis that
encompasses inflammation and
ulcers that are in the lining of the
colon and rectum[8,14]. 
 

Chronic gut inflammation is also the
primary risk factor for the
development of cancer within the
gastrointestinal system. Cancers that
can result from inflammation within
the gastrointestinal tract includes
colon cancer, intestinal lymphoma,
anal cancer, small bowl
adenocarcinoma and cholangio-
carnioma[14]. 

Conclusion:
Vaping has various physiological
effects on the body that are not
observed with smokers due to
associated solvents of vaping
solutions, mainly propylene glycol
and glycerol. This includes alteration
in expression of pulmonary circadian
molecular clock genes, down
regulation in heat shock protein
expression and inflammation in the
GI tract. Bronchiolitis obliterans,
primary spontaneous pneumothorax
and product associated lung injuries
from vitamin E acetate can injure the
lungs of vape users. Different
variations of pneumonia including
hypersensitivity pneumonitis, lipoid
pneumonia, giant cell interstitial
pneumonia and organizing
pneumonia is observed in chronic
vape users due to the various toxic
chemicals present in vaping solutions.
Medical professionals should
continue to raise urgent concerns
with the use of vape in the youth and
adult demographic due to the
unknown short term and long term
effects being discovered within vape
users.  
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Financial Incentives
Clinical trials are conducted to assess
the safety and efficacy of novel
therapeutics in human subjects.
Despite their importance in bringing
the drug to market, participant
enrolment has proven to be difficult.
As reviewed in Hamel et al.,
approximately 22% to 50% of oncology
trials in the United States (US) failed
to achieve scientific objectives due to
insufficient enrolment rates, resulting
in wasted research efforts and a
lengthened drug development
process[1]. 

As a partial solution, incentives have
been employed to optimize
participant enrolment. In particular,
financial incentives serve as
compensation for the participant’s
time and travel (e.g., bus fare, parking
passes), in addition to being a token of
appreciation for their contribution to
biomedical research[2,3]. The amount
varies depending on multiple factors,
such as the type of research, the time
spent, and the procedures involved[2].
To illustrate, financial incentives
likely play a more substantial role in
optimizing enrolment for Phase I
clinical trials, involving healthy
participants, as there are no expected
medical benefits but rather personal
benefits (e.g. financial)[2,4]. In
contrast, financial incentives likely
play a smaller role in Phase III clinical
trials, involving the intended patient
population, as medical benefits are
expected from the interventions
employed[2,4]. In addition to this, a
discrete choice experiment involving
hypothetical clinical trials of varying
risk and benefits in university
students by Vellinga et al[3].
demonstrated that incentives of
higher value and provided in cash
were motivators for participation
relative to no value and gift cards or
vouchers. Together, this supports the
notion that financial incentives serve
as a motivator for trial participation,
and therefore, improve enrolment
rates. 

Ethical Concerns
In spite of this, the use of financial
incentives raises various ethical
concerns, including financial in-
ducement and biased enrolment[2,3,5].
According to the Nuremberg Code,
experiments involving human
participants must ensure voluntary
consent is obtained[6]. In order for
consent to be voluntary, it must be
obtained in the absence of external
influences, such that the individual can
freely choose or refuse to participate in
the absence of inducement or coercion.
Considering this, financial incentives in
clinical trials can be defined as a form
of financial inducement because an
individual’s decision to participate may
become compromised by the offer of
payment[2.5]. In particular, it may
encourage concealing information that
does not meet clinical trial eligibility
criteria and clouding of the capacity to
properly assess the risks associated with
participation[2,5]. In fact, a study by
Bentley and Thacker found that
financial incentives had a positive
impact on students’ willingness to
participate in hypothetical clinical
trials, regardless of the risk level
associated with the trial, supporting the
notion that financial incentives do
indeed improve enrolment rates
(intention to enrol, in this case) but may
compromise judgment to the risks
associated with participation[5]. As
such, it has been suggested that the
amount of money should not be so
large that it compromises the
individual’s judgement to freely make a
decision about their participation[2].

However, inducement does not solely
stem from the value of the financial
incentive, but also the individual’s
demographic information[5]. In
particular, the use of financial
incentives may disproportionately
target individuals with lower
socioeconomic status (SES), who may
be more susceptible to financial
inducement, resulting in biased
enrolment[2,7]. 

Financial Incentives in Clinical Trials Come at a
Price

By: Carmen Chan
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This may be especially evident in
Phase I clinical trials due to the
nature of the motivations to
participate, as previously discussed.
Despite this sound reasoning, the
literature suggests otherwise. A study
by Unger et al[8]. found that
individuals with lower income were
less likely to participate in oncology
trials. Consistent with this finding, El-
Rayes et al. found that participation
in pancreatic cancer Phase II clinical
trials was associated with higher
SES[7]. Together, these findings
suggest that SES may be a barrier to
trial participation, potentially due to
increased susceptibility to indirect
costs (e.g. lost wages, transportation),
limited access to healthcare,
increased comorbidities, and inability
to meet stringent eligibility criteria as
a result[7,8]. Historically, clinical trials
generally report characteristics
relevant to the scientific objectives,
and rarely report demographic
information, such as SES[2,9]. As SES
is strongly associated with health and
disease prognosis[2,9], it is important
to improve reporting of demographic
information to form a better
understanding of the relationship
between SES and trial participation,
as well as the impact of SES on
susceptibility to financial inducement
in trial participation. 

Nevertheless, it is important to note
that academic research on this topic,
which is already sparse, has largely
focused on later phase clinical trials
(i.e. Phase II and III)[4], where
motivations to participate include
medical benefit and may be viewed
as more altruistic in nature. As such,
although data suggests that lower SES
acts as a barrier to participation, it is
inappropriate to generalize this to
Phase I clinical trials, where financial
incentives are the main benefit to
participants. Considering this, it is
still reasonable to think that the use
of financial incentives in Phase I
clinical trials bias enrolment toward
individuals with lower SES through
increased susceptibility to financial
inducement and the nature of the
motivations to participation. 

A clear example of the importance of
this distinction can be observed in
trial participation of racial and ethnic
minorities. 

Despite the calls for increased trial
diversity in general, a review by
Fisher and Kalbaugh[4] suggested that
racial and ethnic minorities are over-
represented in Phase I clinical trials,
but under-represented in Phase III
clinical trials despite higher cancer
burden in the US[1]. As racial and
ethnic inequalities are associated with
lower SES[10], this may indicate that
minorities are more susceptible to
financial inducement, assuming
greater risk (i.e. Phase I clinical trials),
while receiving fewer benefits (e.g.
medical benefits from Phase III
clinical trials)[4]. Altogether, these
findings indicate that SES and
susceptibility to financial inducement
is highly dependent on the type of
clinical trial. As such, future studies
should not only improve the
reporting of SES and other
demographic information, but also
consider the differences between
Phase I and later phase clinical trials
when developing enrolment
strategies. Gaining an understanding
of these factors will prevent biased
enrolment, improving the
generalizability of results, and
improve equal access to novel
therapeutics[2,4].

Concluding Remarks
Although widespread use of financial
incentives as a strategy to optimize
participant enrolment in clinical trials
seem promising in theory, the ethical
concerns discussed suggest that
employing this strategy will come at a
price, literally and figuratively. As
such, a more dimensional approach
toward incentivizing trial
participation should be adopted. The
use of financial incentives must strike
a balance: providing appropriate
compensation for the time, travel and
risks involved in participation, while
avoiding undue inducement and
biased enrolment. Additionally,
various factors such as the type of
clinical trial (e.g. Phase I vs. Phase III)
and demographic factors (e.g. SES)
should also be considered. Gaining a
better understanding of how these
factors play a role in susceptibility to
financial inducement will not only
aid in the development of better
enrolment strategies, but also
improve the generalizability of
research and improve access to novel
therapeutics in underrepresented
populations. 
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Today, there is no doubt that the use
of health supplements sold on isles or
any other forms of traditional/
alternative medicines should be paid
adequate attention and careful
analysis when patients are prescribed
drugs at professional clinics.
However, it is tragic that even though
massive unfortunate cases have
occurred, commercialization do-
minates modern society and
merchants never further clarify
instructions and cautions on the
package. On the other side,
customers seldom pay attention to
those small fonts concealed in the
back of colorful patterns which
address the hopeful outcomes of
taking such supplements or
medications. Aside from the dis-
cussion of human enzymes with
respect to pharmacokinetics, one
example I would like to bring up is
the great variety of treatments for
irregular menstruation periods. In
my personal experience, people in
Eastern Asia believe brown sugar, red
dates, glue derived from donkeys’
skin and some other herbs are the
ultimate measure to improve the
issue. Nonetheless, those with some
intermediate knowledge on nutrition,
chemistry and human biology will
deny this opinion.

Would you not wonder what on earth
was there when seeing patches of dry
herbs rolling between bubbles in a
pot, turning the colourless water into
dark brown? Another thing regarding
alternative medications is that
patients who take those are usually
also prescribed with modern drugs,
and hence it is especially hard to
determine the real originations of the
beneficial or negative effects, and
with the fact that alternative
medications are often suggested as
daily supplements to be taken over a
long-term, the influence on the
human body could be significant
concerning the metabolism and
absorption of other drugs while
many patients do not report them as
any medication history. The rates of
revisits and emergency hos-
pitalization due to St. John’s Wort
taken as an over-the-counter
antidepressant could well de-
monstrate the significance of the
problem[1].

Notwithstanding, anything is double-
sided. Learning about antibiotics are
mostly derived from microbial
species and other medical com-
pounds, which are important in
clinical use with recognizable
efficacies, reminds us that we should
further explore the field with an
intention of promoting modern
medicines while advocating revisions
of traditional medicines through the
scope of modern medical sciences[2].
Primarily, we have little knowledge of
traditional medicines today[3]. In
general, professionals in traditional
medicines advocate the minimal side
effects of the medications, yet we
should consider the efficacy and try
to decipher the “recipe”[4].
Specifically, some side effects could
be detrimental. Alternative medicines
including Co-enzyme Q10 supple-
ments, garlic and Xin Boa are
commonly used for achieving
antiarrhythmic effects, and patients
usually consume in a daily manner.
In consequence, many people do not
inform physicians of modern
medicines about the intake of those
drugs: they do not regard them as
drugs[4,5]. Nonetheless, long-term
consumption may generate un-
intended effects when new drugs are
prescribed by physicians[4]. In
addition, since herbs are often un-
purified, contamination has been a
serious concern; some minor com-
ponents may negatively affect
patients' health as a whole[2]. Related
to toxicology, research has proved the
possibility of Ma Huang, a traditional
Chinese herb relieving cardiovascular
disorders, to cause cardiac infarction
and sudden deaths[3]. 

At this point, we could notice the
significance of misuse of traditional
medications from the perspective of
health. However, the effects of the
lack of regulations on traditional
medications could be equally
concerning from the perspectives of
economics and bioethics. As to the
classification of traditional
medication, what has been discussed
above is “herbal medications”[6]. One
popular herbal product in
international markets is Ginseng, of
which the pricing procedure could be
critically varied based on the species
and year of growth[7].  

May Light Shed on Traditional Medicines
By: Joan Zheng
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Specifically, as long as some foods
and drinks are labeled “containing
Ginseng'', the price could be much
higher than “normal” ones since they
are seemingly healthy, whereas the
Ginseng component is minimal and
the actual beneficial influence for
consumers is hard to measure[8].
During the past decades, many
companies may have generated
unjust profits based on the missing
clarification[9]. Other than herbal
medications, folk medications which
evolve from historical experience are
also a major group of all traditional
medications[10]. While those
sedentary-style physical practices,
such as meditation and yoga, may
help with patients’ issues as a whole
through a mental aspect, folk
traditions involving animal products
urgently require scientific
elucidations[10]. Shark fin
consumption could be a spectacular
illustration for this topic. For many
years, people exploited shark
populations for the fins, and sharks
were usually released back to the sea
after their fins were cut[11]. The
number of sharks worldwide has
drastically decreased, and eventually
scientists revealed the truth: shark fin
has no distinct value and may even
harm humans due to the high metal
concentration resulting from
bioamplification[12]. Folk
medications, in fact, have placed
many animal species in an
endangered situation so far, and
modern medical science would be the
best media for persuading the public
with suggestive substitutions[13].
 
Coming back to the biggest topic of
the year 2020: the coronavirus.
Professionals in the field of
pharmacology and medicines
assumed that the likelihood of
inventing new drugs in response to
an emergent health crisis would be
small, and such an assumption led
scientists to step back, looking into
traditional Chinese medicines with
hopes[14]. Fortunately, a Chinese
patent medicine called “Lianhua
Qingwen capsule/granule” was used
as a complementary treatment of
Covid-19 shortly after the outbreak as
it was regarded by the public as a
common anti-inflammatory OTC
drug[15]. Due to the observed benefits
of the application, research done on
the influence in clinical trials has
proved a positive relationship 

between the use of this medicine and
the relief of symptoms, with an
approximately 10% higher reliving
rate in the treated group than the
compared group[15]. Additionally, the
influence imposed by Lianhua
Qingwen was studied in vitro, and the
experimental results proved that the
medication could effectively generate
morphological alternations of the
virus, leading the virus to die[16]. The
most optimal part comes from the
variety of components of the drug
which enabled simultaneous
ameliorations of multiple symptoms;
two key components Lonicera
japonica and Forsythia suspense
could block enzymes for the
angiotensin conversion[17], while
pogostemon cablin[18] and Rodiola
rosea[19] could relieve GI conditions
such as diarrhea and lung damage
respectively. It is cheerful that
scientists could determine the exact
effective elements, and this case
appeals to future research in
traditional medicines, enhancing
human health from a diversified,
macroscopic view.

As Yoyo Tu said, “Artemisinin is a gift
from nature to human beings''[20]. It
is estimated that approximately 25%
of modern medications evolve from
traditional medications, which mostly
consist of plants and animals[21]. We
might consider incorporating
traditional medicines into
pharmaceutical innovation for its
moderate effects and reduced
interference of the host[2]. While
many scientists focus on anti-cancer
treatments, gynecological illnesses
have received insufficient attention so
far[22]. Current modern medications
for treating bacterial and fungal
vaginitis could significantly harm the
native microbiota residing in the
vaginal environment, leading to
frequent relapse of the condition and
diminished the protective mechanism
belonging to the host[23].
Considering the moderate influence,
we may incorporate traditional
medicines to vaginitis treatments
through both internal and external
uses as a daily health care practice[2].
Advil is one of the most popular OTC
drugs since its major component
ibuprofen could ameliorate various
conditions systematically while its
effective component ibuprofen is a
NSAID reversibly binding to both
COX1 and COX2 and the dose
depends on patients’ conditions[24]. 
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In consequence, the lack of specificity
could delay the recovery and
generate adverse effects[24]. Some
traditional medications may not be so
effective in relieving discomforts, yet
the specificity of some traditional
drugs may be beneficial[3].
Furthermore, traditional herbal
medications often involve specific
methods for drug preparation, such
as drying, powdering, boiling, and so
on[25]. To fully understand the
mechanism of certain drugs, we
should examine the procedures
carefully with modern scientific
equipment and methods[25]. For
instance, we should question if toxic
substances are depleted during the
boiling process? Any conversion
reactions occur during the drying
process?
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Overall, future research is essential
for launching regulations to
exemplify misuse of traditional
medicines while the potential in the
field could be optimal. As to the
quote of the English poet William
Coawper employed at the beginning
of the WHO final report on
traditional medicines, “knowledge is
proud that she knows so much;
wisdom is humble that she knows no
more”[26], for promoting human
health, we pharmacology students are
responsible for discovering more
gifts from nature and historical
intelligence. More excitement could
be made to inspire the next
generation, and medical sciences and
civilisation will complement each
other. 

WHO global atlas of traditional, complementary and alternative
medicines (2005)

While herbal medications could have significant threats on
patients’ health, many countries still lack of laws/regulations herb
prescriptions. 
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Acute Myeloid Leukemia (AML) is a
heterogeneous disease with an
aggressive clinical course, involving
rapid cellular proliferation and
differentiation arrest of myeloid
progenitor cells[1]. AML primarily
affects older adults, as 68 years is the
median age of diagnosis for AML[2].
In adults, the 5-year net survival rate
for AML is merely 24%[2]. There is a
lack of therapy success for AML over
the last few decades, partially due to
the heterogeneity of AML, causing
considerable variability both among
and within patients. There has been
no significant improvement in the
overall survival rate of AML patients
since 1968[3]. Better tolerated and
more effective therapies are currently
in development to improve the
prognosis of this deadly disease.

AML possesses a subpopulation of
cells that are responsible for the
initiation and maintenance of the
cancer, also known as cancer stem
cells[1,2]. The presence of cancer stem
cells explains why conventional
chemotherapy is rarely curative for
AML, as the limitless self-renewal of
the cancer stem cells could regenerate
the cancer[2]. Thus, eradication of
cancer stem cells is crucial for
preventing cancer relapse after
treatment[2]. As emerging research
reaffirms the heterogeneity of AML,
“one size fits all” chemotherapy
regimens, which includes cytarabine
and anthracycline drugs followed by
consolidation chemotherapy, are
being replaced by more targeted
individualized therapies[4]. In the last
few years, there have been nine new
drugs approved by the US Food and
Drug Administration for the
treatment of AML[4]. In this new era
of precision treatment, inhibitors of
FMS-like tyrosine kinase 3 (FLT3),
isocitrate dehydrogenase (IDH), B-cell
lymphoma 2 (BCL-2), and the
hedgehog signaling pathway are being
used to treat AML[5,6]. Moreover,
there are liposomal formulations of a
fixed combination of daunorubicin
and cytarabine as well as an anti-CD33
monoclonal antibody included in the
newly approved therapies for AML[5]. 

More therapies are also being
developed that target the differences
between cancer stem cells and normal
tissue stem cells, more effectively
preventing AML relapse[5].

Approximately one-third of AML
patients have mutations in their FLT3
gene[6]. FLT3 mutations have
historically been associated with
inferior prognosis[6]. Midostaurin and
gilteritinib are FDA-approved FLT3
inhibitors that have shown to improve
remission rates compared to
conventional chemotherapies in clinical
trials involving FLT3-mutated AML[6].
Currently, several other FLT3
inhibitors are in development,
including quizartinib and crenolanib[6]. 

IDH1 and IDH2 mutations, found in
20% of AML patients result in the
aberrant production of 2-
hydroxyglutarate, leading to DNA and
histone hypermethylation and
impaired myeloid differentiation,
promoting oncogenesis in AML[4,6].
IDH inhibitors have been evaluated in
clinical trials of patients with AML for
decades, but only recently, have two of
the inhibitors been approved by the
FDA for the treatment of patients with
IDH1- or IDH2-mutant AML.
Ivosidenib is indicated for patients with
IDH1 mutations, while enasidenib is
indicated for patients with IDH2
mutations[7]. Recent data from
preclinical studies also suggest a
synergistic effect when the BCL-2
inhibitor venetoclax is co-administered
with FLT3- and IDH- inhibitors. IDH1-
and IDH2-mutant cells are more
sensitive to apoptosis following
exposure to venetoclax relative to
wildtype AML cells[6].

BCL-2, an antiapoptotic protein, is
often overexpressed in AML patients[3].
Venetoclax is a BH3 mimetic that
inhibits BCL-2 selectively and was
approved by the FDA in 2016[3]. For
elderly patients that cannot tolerate
conventional chemotherapy due to its
intensity, ventoclax can be
administered in combination with low-
dose cytarabine to improve survival
rates[3,7]. 

Novel Therapies for Acute Myeloid Leukemia
By: Danlin Zeng
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However, while this remains
promising, the median overall
survival was only lengthened to about
14 to 15 months, leaving substantial
room for improvement[7].

Several novel strategies are also being
investigated for the treatment of
patients without targetable mutations.
Another one of the newly approved
drugs by the FDA, CPX-351, which a
liposomal formulation of daunorubin
and cytarabine which releases the
drugs in fixed a 5:1 ratio, was
evaluated in a randomized phase II
and III clinical trials[8]. Compared to
standard chemotherapy, the use of
CPX-351 resulted in a superior overall
remission rate of 47.7% as opposed to
just 33.3%[8]. It also had an improved
safety profile and was associated with
higher overall survival of 9.56
months compared to 5.95 months[8]. 
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Although these emerging therapies
for AML address numerous unmet
needs in patients with AML, much
clinical research remains to be done
to determine the optimal dosage and
combinations of these agents. In the
recent decades, there has been a shift
towards the use of targeted therapies
in AML due to the heterogeneity of
the disease. For instance, mutations
in FLT3 and IDH can be targeted,
especially in elderly patients that
cannot tolerate intensive standard
chemotherapy[4-7]. Thus, knowing
the molecular characteristics of
patients with AML is of utmost
importance to plan the best course of
treatment.



References

1.Bulaeva E, Pellacani D, Nakamichi N, et al. MYC-induced human acute
myeloid leukemia requires a continuing IL-3/GM-CSF costimulus. Blood
2020;136(24):2764-2773. doi:10.1182/blood.2020006374

2.Nair R, Salinas-Illarena A, Baldauf HM. New strategies to treat AML: novel
insights into AML survival pathways and combination therapies. Leukemia 2021;
35:299–311. doi:10.1038/s41375-020-01069-1

3.Shallis RM, Wang R, Davidoff A, Ma X, Zeidan AM. Epidemiology of acute
myeloid leukemia: Recent progress and enduring challenges. Blood Rev.
2019;36:70-87. doi:10.1016/j.blre.2019.04.005

4.Daver N, Wei AH, Pollyea DA, et al. New directions for emerging therapies in
acute myeloid leukemia: the next chapter. Blood Cancer J 2020; 10(107):1-12.
doi:10.1038/s41408-020-00376-1

5.Smith CC. FLT3 Inhibition in Acute Myeloid Leukemia. Clin Lymphoma
Myeloma Leuk. 2020; 20 Suppl 1:S5-S6. doi:10.1016/S2152-2650(20)30441-9

6.Kayser S, Levis MJ. Advances in targeted therapy for acute myeloid leukaemia.
Br J Haematol. 2018;180(4):484-500. doi:10.1111/bjh.15032

7.Swaminathan M, Wang ES. Novel therapies for AML: a round-up for clinicians.
Expert Rev Clin Pharmacol. 2020;13(12):1389-1400.
doi:10.1080/17512433.2020.1850255

8.Wei AH, Strickland SA Jr, Hou JZ, et al. Venetoclax Combined With Low-Dose
Cytarabine for Previously Untreated Patients With Acute Myeloid Leukemia:
Results From a Phase Ib/II Study. J Clin Oncol. 2019;37(15):1277-1284.
doi:10.1200/JCO.18.01600

44



U N I V E R S I T Y  

O F  T O R O N T O

U N D E R G R A D U A T E

C O M P U T A T I O N A L

C H E M I S T R Y

Check out recent PCL472/474 student
projects from the lab of Pharmacology
and Toxicology Associate Professor, Dr.
Matthieu Schapira, at the SGC! Including
visualizations of protein structures and
binding sites, and descriptions of
individual student projects.

HTTPS://WWW.YOUTUBE.COM/CHANNEL/UCEZ7KLN6PB2WMF42OLASTNG

Angela (hae jin) Kwak
In s i l ico analysis of Wee1 k inase and it 's
small  molecule inhibitors

Carmen Chan

Evaluating structure-based and l igand-
based virtual screening methods for the
design of Bcl-xL inhibitors

Justin Lam

In s i l ico virtual screening and drug
design for the androgen receptor

P RO J E C T S

Marc denzel m. nunez
Uti l izat ion of in si l ico techniques to
examine cathepsin L inhibit ion and
identify novel inhibitors

veronica chiang

Analyzing in si l ico structure-based and
l igand-based screening approaches to
optimize drug design on the
glucocort icoid nuclear hormone
receptor

45

https://www.youtube.com/channel/UCEZ7KLN6pB2wmf42OLAsTNg


Thank You
F O R  R E A D I N G  T H E

PHARMACHRON ICLE

8 T H  E D I T I O N

46


