
UC Berkeley
Berkeley Scientific Journal

Title
Epidrugs vs. The Opioid Epidemic

Permalink
https://escholarship.org/uc/item/961567k0

Journal
Berkeley Scientific Journal, 30(1)

ISSN
1097-0967

Author
Murakami, Katie

Publication Date
2026-10-30

DOI
10.5070/BS3.69970

Copyright Information
This work is made available under the terms of a Creative Commons Attribution-
NonCommercial-NoDerivatives License, available at https://creativecommons.org/licenses/by-
nc-nd/4.0/

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/961567k0
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://escholarship.org
http://www.cdlib.org/


FEATURES 
41               Berkeley Scientific Journal  |  FALL 2025 

FEATURES
              Berkeley Scientific Journal  |  FALL  202540 

campus and surrounding city. Ideally, 
even non-native species can find their 
home along the banks of the creek, so long 
as they do not overwhelm their locally 
native neighbors. This equilibrium is not 
too far away, as long-term projects like 
U.C. Berkeley’s 2021 LRDP, or Long Range 
Development Plan, 7 serves as a framework 
for sustainable campus development. 
Projects like LRDP outline long-term 
development strategies to ensure balanced 
stewardship of campus scenery, urban 
development, and ecosystem health,with 
the main priority being to preserve and 
heal the beloved Strawberry Creek.
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As described by former FDA commis-
sioner Dr. David A. Kessler, OxyCon-

tin is infamously regarded as the catalyst of 
the opioid epidemic in the United States.1 
The opioid epidemic is still prevalent to-
day, with approximately 80,000 Ameri-
cans dying from opioid overdoses in 2023.2 
Treatments for opioid use are also seldom 
obtained, with only 1 in 4 adults with an 
opioid use disorder receiving medication.3 

When the body experiences pain, the 
central nervous system produces chemicals 
called endorphins. These chemical regula-
tors play an essential role in relieving pain 
and stress. When endorphins are released, 

they bind to a special signal receiver in the 
brain called an opioid receptor. These re-
ceptors are associated with regulating a va-
riety of vital functions such as pain, mood, 
digestion, and respiratory function. 

Opioids are a class of drugs that mimic 
the activity of endorphins. Most clinical 
opioids target the μ receptor, which en-
ables pain relief. Similar to alcohol, opioids 
are “downers” or central nervous system 
depressants. Opposite to “uppers”, like co-
caine, nicotine, and methamphetamine, 
opioids slow down brain and body activity 
upon binding to an opioid receptor. This 
depressant effect happens in a number of 
ways. For example, the μ receptors, located 
in neurons, are responsible for regulating 
respiratory rhythm. When the receptor 
is activated by opioids, this rhythm is dis-
rupted and causes slower and weakened 
breathing. In severe cases, this can lead 
to complete respiratory depression.4 This 
particular side effect of opioid use is the 
leading cause of opioid overdose deaths, as 
severely reduced respiratory rates are often 
fatal.  

In addition to these physiological effects, 
another familiar effect of opioids is the neu-
rochemical response: opioids cause brain 
cells to release a chemical regulator called 
dopamine. Dopamine release produces 
feelings of euphoria or happiness. When 
excessive dopamine is repeatedly released, 
it disrupts the regulation of the brain’s re-
ward system and can lead to the develop-
ment of an opioid addiction. 

There are limited treatment options 
for opioid addiction. Beyond traditional 
cognitive psychotherapy, which involves 
a therapist working with the individual in 
addressing thoughts, behaviors, and emo-
tions related to addiction, some individuals 
respond well to medications such as Nal-
trexone, Buprenorphine, and Methadone.5,6  
Naltrexone is an opioid antagonist, com-
pletely blocking binding to the μ receptors 
to inhibit the continued production of do-
pamine and minimizing the effects of opi-
oid receptor activation. However, this med-
ication often causes intense withdrawal 
symptoms if it is taken while trace amounts 
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 In addition to brain cells, our bod-
ies contain other specialized cell types, 
such as liver, heart, and lung cells. Each cell 
contains genetic information called DNA 
which encodes our genes. Nearly every cell 
contains identical copies of our string-like 
DNA, which gets condensed and wrapped 
around spool-like proteins called histones. 
What distinguishes one cell type from an-
other is how specific genes are turned on 
or off through gene regulation. One way 
this process is mediated is through proteins 
called transcription factors, which regulate 
gene expression in each cell by binding 
to DNA. Epigenetics is a specific form of 
gene regulation that alters how DNA and 
associated proteins interact. For example, 
chromatin, or condensed DNA, can be 
compressed or relaxed to allow transcrip-
tion factors to better bind to DNA. Notably, 
epigenetic regulation can be impacted by 
environmental factors such as diet, psycho-
logical state, and most notably, drug use. 

Some of these associated proteins that 
interact with DNA are writers, readers, and 
erasers. Epigenetic writers refer to a group 
of proteins that add chemical “tags” to DNA 
or histones. These tags condense chromat-
in,therefore inhibiting gene transcription, 
or loosen it, which promotes gene transcrip-
tion. Readers then interpret and regulate 
these chemical tags, often controlling gene 
expression by blocking writers and erasers 
from accessing specific sites on the DNA. 
Finally, erasers can remove the epigenetic 
tags placed by writers.7,8 Many epigenetic 
regulators fall into one of these three cat-
egories, and their activity is strongly influ-
enced by environmental factors. 

 An individual’s environment can 
profoundly influence the epigenetic state 
of their cells. Chronic opioid exposure, for 
example, changes the epigenetic landscape 
of neurons, causing permanent changes 
within the nervous system. Upon initial ex-
posure to opioids, the resulting dopamine 
surge activates neurons. This activation 
stimulates production of epigenetic modifi-
cations that can change neuron physiology 
and activity. With repeated drug use, the 
affected neurons develop “molecular mem-

ory,” in which the constant opioid exposure 
hardwires the brain to remain sensitive to 
further drug intake. As a result, neurons be-
come increasingly responsive to opioid use 
due to altered epigenetic patterns. For in-
stance, opioids can prompt writer proteins 
to add activating tags to reward-system 
genes, reinforcing addictive mental states. 
Over time, these epigenetic changes can 
become permanent, contributing to drug 
cravings, relapse, and the persistence of a 
drug-dependent reward system. 9

 Epidrugs are medicines that reg-
ulate these epigenetic proteins. In the 
context of addiction, a study found that 
Epidrug suberoylanilide hydroxamic acid 
(SAHA), an inhibitor of an eraser protein 
called histone deacetylase (HDAC), led to 
heightened and longer-lasting addiction 
effects. When mice were administered 
morphine alongside SAHA, they exhibited 
sustained and heightened pain sensitivity, 
opioid tolerance, and opioid dependence 
for at least four weeks. The amplified ad-
diction-like behavior demonstrated a clear 

link between epigenetic modification and 
opioid addiction.10 This finding also sug-
gests that the inverse may hold true–with 
targeted inhibitors or activators, specific 
epigenetic pathways could potentially be 
manipulated to reduce opioid dependence. 
Notably, HDAC function is also being in-
vestigated in other neurological disorders, 
such as Alzheimer’s, for its role in neuronal 
function.

There are thousands of genes in the 
human body that can undergo epigenetic 
modification. Thus, with many potential 
targets, there is much promise for epidrugs. 
However, epidrug solutions come with 
some challenges. Unintended changes to 
a cell’s epigenetic state can have harmful 
consequences, underscoring the need for 
precision in targeting epigenetic proteins.

 Additionally, epigenetic changes 
can be irreversible, presenting safety con-
cerns and making clinical testing especially 

Figure #3: Writers, Erasers, and Readers
The writer attaches a histone modification to the histone tail, leading to the manipulation 
of the histone and chromatin orientation. The eraser removes this histone modification, 
while the reader interprets the histone modification. 

How do Epidrugs Work?

Limitations of Epidrugs

of opioids are still present within the body. 
Thus, patients must have undergone a com-
plete drug detox prior to taking the drug. 
Conversely, Buprenorphine and Metha-
done are μ-receptor agonists, meaning they 
bind to opioid receptors to constantly but 
minimally stimulate them. This prevents 
extreme withdrawal symptoms and curbs 
intense cravings. While Buprenorphine 
requires the patient undergo a partial de-
tox, Methadone is a full agonist, so it can 
be taken while the patient is still depen-

dent on opioids. While generally effective, 
these drugs pose risks of withdrawal and 
relapse and yield substantial side effects. In 
addition, many of these treatments require 
long-term adherence. 

Given these limitations, researchers are 
investigating novel and alternative addic-
tion treatment therapies. One novel ther-
apeutic is neuromodulation, which is the 
use of non-invasive brain stimulation tech-
niques to “rewire” the parts of the brain 

associated with addiction. Additionally, 
immunotherapy is a treatment option that 
involves anti-opioid vaccines to neutralize 
opioid molecules before reaching the brain. 

Lastly, and most notably, are Epidrugs: 
a novel gene-based therapy that may fully 
treat addiction while minimizing known 
risks and side effects. 

Figure #1: How Opioids Affect the Brain. (Left) Endorphins, a pain-relieving chemical 
naturally found in the human body, typically stimulate the release of dopamine through its 
attachment to opioid receptors. (Right) Opioids attach to these same receptors, but cause 
intense dopamine release, creating excessive activation of the reward system 

Figure #2: Medications for Opioid Use Disorder 
The chemical mechanisms of Methadone, Buprenorphine, and Naltrexone vary, offering different effects in terms of opioid addiction 
treatments. 

“Epidrugs have the 
potential to 
directly target an 
individual’s 
specific opioid 
response and 
dependency, 
creating 
opportunities for 
more personalized 
treatment 
options 
compared to 
existing drugs. 
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 In addition to brain cells, our bod-
ies contain other specialized cell types, 
such as liver, heart, and lung cells. Each cell 
contains genetic information called DNA 
which encodes our genes. Nearly every cell 
contains identical copies of our string-like 
DNA, which gets condensed and wrapped 
around spool-like proteins called histones. 
What distinguishes one cell type from an-
other is how specific genes are turned on 
or off through gene regulation. One way 
this process is mediated is through proteins 
called transcription factors, which regulate 
gene expression in each cell by binding 
to DNA. Epigenetics is a specific form of 
gene regulation that alters how DNA and 
associated proteins interact. For example, 
chromatin, or condensed DNA, can be 
compressed or relaxed to allow transcrip-
tion factors to better bind to DNA. Notably, 
epigenetic regulation can be impacted by 
environmental factors such as diet, psycho-
logical state, and most notably, drug use. 

Some of these associated proteins that 
interact with DNA are writers, readers, and 
erasers. Epigenetic writers refer to a group 
of proteins that add chemical “tags” to DNA 
or histones. These tags condense chromat-
in,therefore inhibiting gene transcription, 
or loosen it, which promotes gene transcrip-
tion. Readers then interpret and regulate 
these chemical tags, often controlling gene 
expression by blocking writers and erasers 
from accessing specific sites on the DNA. 
Finally, erasers can remove the epigenetic 
tags placed by writers.7,8 Many epigenetic 
regulators fall into one of these three cat-
egories, and their activity is strongly influ-
enced by environmental factors. 

 An individual’s environment can 
profoundly influence the epigenetic state 
of their cells. Chronic opioid exposure, for 
example, changes the epigenetic landscape 
of neurons, causing permanent changes 
within the nervous system. Upon initial ex-
posure to opioids, the resulting dopamine 
surge activates neurons. This activation 
stimulates production of epigenetic modifi-
cations that can change neuron physiology 
and activity. With repeated drug use, the 
affected neurons develop “molecular mem-

ory,” in which the constant opioid exposure 
hardwires the brain to remain sensitive to 
further drug intake. As a result, neurons be-
come increasingly responsive to opioid use 
due to altered epigenetic patterns. For in-
stance, opioids can prompt writer proteins 
to add activating tags to reward-system 
genes, reinforcing addictive mental states. 
Over time, these epigenetic changes can 
become permanent, contributing to drug 
cravings, relapse, and the persistence of a 
drug-dependent reward system. 9 

 Epidrugs are medicines that reg-
ulate these epigenetic proteins. In the 
context of addiction, a study found that 
Epidrug suberoylanilide hydroxamic acid 
(SAHA), an inhibitor of an eraser protein 
called histone deacetylase (HDAC), led to 
heightened and longer-lasting addiction 
effects. When mice were administered 
morphine alongside SAHA, they exhibited 
sustained and heightened pain sensitivity, 
opioid tolerance, and opioid dependence 
for at least four weeks. The amplified ad-
diction-like behavior demonstrated a clear 

link between epigenetic modification and 
opioid addiction.10 This finding also sug-
gests that the inverse may hold true–with 
targeted inhibitors or activators, specific 
epigenetic pathways could potentially be 
manipulated to reduce opioid dependence. 
Notably, HDAC function is also being in-
vestigated in other neurological disorders, 
such as Alzheimer’s, for its role in neuronal 
function. 

There are thousands of genes in the 
human body that can undergo epigenetic 
modification. Thus, with many potential 
targets, there is much promise for epidrugs. 
However, epidrug solutions come with 
some challenges. Unintended changes to 
a cell’s epigenetic state can have harmful 
consequences, underscoring the need for 
precision in targeting epigenetic proteins. 

 Additionally, epigenetic changes 
can be irreversible, presenting safety con-
cerns and making clinical testing especially 

Figure #3: Writers, Erasers, and Readers 
The writer attaches a histone modification to the histone tail, leading to the manipulation 
of the histone and chromatin orientation. The eraser removes this histone modification, 
while the reader interprets the histone modification. 

How do Epidrugs Work? 

Limitations of Epidrugs 

of opioids are still present within the body. 
Thus, patients must have undergone a com-
plete drug detox prior to taking the drug. 
Conversely, Buprenorphine and Metha-
done are μ-receptor agonists, meaning they 
bind to opioid receptors to constantly but 
minimally stimulate them. This prevents 
extreme withdrawal symptoms and curbs 
intense cravings. While Buprenorphine 
requires the patient undergo a partial de-
tox, Methadone is a full agonist, so it can 
be taken while the patient is still depen-

dent on opioids. While generally effective, 
these drugs pose risks of withdrawal and 
relapse and yield substantial side effects. In 
addition, many of these treatments require 
long-term adherence. 

Given these limitations, researchers are 
investigating novel and alternative addic-
tion treatment therapies. One novel ther-
apeutic is neuromodulation, which is the 
use of non-invasive brain stimulation tech-
niques to “rewire” the parts of the brain 

associated with addiction. Additionally, 
immunotherapy is a treatment option that 
involves anti-opioid vaccines to neutralize 
opioid molecules before reaching the brain.

Lastly, and most notably, are Epidrugs: 
a novel gene-based therapy that may fully 
treat addiction while minimizing known 
risks and side effects. 

Figure #1: How Opioids Affect the Brain. (Left) Endorphins, a pain-relieving chemical 
naturally found in the human body, typically stimulate the release of dopamine through its 
attachment to opioid receptors. (Right) Opioids attach to these same receptors, but cause 
intense dopamine release, creating excessive activation of the reward system

Figure #2: Medications for Opioid Use Disorder
The chemical mechanisms of Methadone, Buprenorphine, and Naltrexone vary, offering different effects in terms of opioid addiction 
treatments.

“Epidrugs have the 
potential to 
directly target an
individual’s 
specific opioid 
response and 
dependency, 
creating 
opportunities for 
more personalized 
treatment 
options 
compared to 
existing drugs. 
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The Shulgin Legacy: 
A Profile of 2C-X Psychedelics

THE FARM
Alexander and Ann Shulgin’s farm lies 

just over the Berkeley Hills in Lafayette, 
California. The former almond orchard 
is home to serene views and a clandestine 
chemistry laboratory. Here, Alexander 
Shulgin would conduct groundbreaking 
work in psychedelic research, spanning the 
1960s to the late 1990s. Shulgin received his 
Ph.D. in Biochemistry from UC Berkeley, 
where he later returned to teach occasional 
toxicology courses, often delving into 
relevant tangents like the War on Drugs.1,2 
Shulgin’s work as a pharmacologic 
researcher and professor cultivated his 
curiosity of psychedelics that was infectious 
to those he interacted with.

Shulgin is still renowned for his 
outstanding work in pharmacologic 
chemistry. Much of his work revolved 
around phenethylamines, a chemical 
family that shares similar structures and 

has widely varying applications from 
stimulants to psychedelics. A compilation of 
his work, “Phenethylamines I Have Known 
and Loved” (PiHKAL), details over two 
hundred phenethylamines from synthesis 
to subjective effects. This compendium 
was published in reaction to a series of 
sting operations performed by the U.S. 
Drug Enforcement Agency (DEA), which 
left Shulgin’s peers with their life’s work 
destroyed and at the mercy of the judicial 
system under the Nixon Administration.2

The Controlled Substances Act (CSA) 
of 1970 created the legal precedent for 
these raids and led to the establishment of 
the DEA in 1973.3 The CSA contained five 
schedules used to categorize substances 
based on their potential for abuse 
weighed against their medical application. 
Schedule I substances are those with no 
accepted medical use and a high potential 
for abuse.4,5 Immediately following 

the CSA, access to these substances was 
heavily restricted. The act of scheduling 
substances is often politicized, and many 
of the psychedelics Shulgin would work 
with were placed in Schedule I without 
proper analysis.5 While Shulgin and a 
few colleagues successfully obtained their 
licensure to continue working, the field of 
psychedelics research had stalled.2,5 An era 
of discovery had suddenly ended, and the 
DEA was quickly encroaching on the few 
prolific pharmacologists still active.

In 1993, just two years after the 
publication of PiHKAL,  the DEA revoked 
Shulgin’s Schedule I clearance and 
descended on the farm. The sequestration 
of his lab only reaffirmed Shulgin’s 
determination. In 1997, Alexander and 
Ann Shulgin would publish a sequel to 
PiHKAL, detailing a chemical family called 
tryptamines in the same excruciating detail 
as PiHKAL.2 A vocal critic of these anti-drug 
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risky. Complicating matters further, the rate 
and extent of opioid-induced epigenetic 
changes vary widely from person to person. 
Therefore, any effective epidrug therapy 
would require a highly personalized treat-
ment plan rather than a one-size-fits-all ap-
proach.  

Epidrugs demonstrate the versatility 
of cutting-edge therapeutics and their po-
tential applications across many disorders. 
While Epidrugs are a promising addiction 
treatment, there are still challenges that 
must be addressed for them to be realized 
as an effective treatment against Opioid Use 
Disorder. 

I would like to thank Sahim Wallace, a 
PhD candidate in the Molecular and Cell 
Biology program at UC Berkeley, for re-
viewing this article and providing insight-
ful and thoughtful feedback. 
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