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Introduction
Vitamin C (ascorbic acid, AA) plays vital roles in a 

multitude of metabolic pathways, with effects in virtually 
every organ system of the body. Along with primates, bats, 
and guinea pigs, humans cannot synthesize L-gulonolactone 
oxidase (GLO), the enzyme required for the last step in the 
biosynthesis of ascorbate.1–3 This “inborn error of 
carbohydrate metabolism,” as American biochemist Irwin 
Stone (1907–1984) described it, makes us dependent upon 
exogenous AA as an essential nutrient. 

Vitamin C is primarily appreciated in medicine for its 
immune-system effects – such as reducing the severity and 
duration of the common cold,4 supporting the health of 
those with HIV/AIDS,5–8 treating sepsis,9 and helping to 
reduce  cancer risk.10 AA is also found throughout the 
central nervous system (CNS),11 where it exerts important 
actions in analgesia and stress adaptation.12–15

AA has been shown to temper the need for painkillers 
after surgery and reduce the risk of chronic pain conditions 
arising after acute injury.16,17 These benefits of AA allow 
individuals taking the vitamin via oral and parenteral 

routes to use lower doses of opiates in the management of 
pain, and may even stave off complex regional pain 
syndrome (CRPS).18 The analgesic benefits of AA have 
also been demonstrated in the contexts of acute pain after  
surgery, cancer-related pain, and chronic pain not related 
to cancer.18–22 These benefits of AA beg the question of 
whether or not the vitamin can spare those in pain from 
developing OUD. 

As animal studies, clinical trials, and case reports 
have also demonstrated, vitamin C interrupts the 
neurochemistry of opioid tolerance and dependency and 
mitigates the horrific symptoms of opioid withdrawal.23–26 
Consequently, we must ask if vitamin C can both prevent 
and treat OUD.

Epidemiological Context: The Opioid Crisis
Drug overdose is the leading cause of death among 

Americans under the age of 50.27 Opioids are implicated in 
overdose deaths more than any other drug class, ending 
more lives than guns, breast cancer, or car accidents.28 
Salmond and Allread capture the grim situation of the 
opioid epidemic in their 2019 paper on the subject, 
explaining that OUD is the deadliest drug crisis in 
American history.29,30

Not all victims of the opioid epidemic are accounted 
for in these statistics, however. Two million people in 2018 
alone survived opioids overdoses,31 and countless others 
suffered the myriad consequences of addiction to opioid 

Vitamin C (ascorbic acid, AA) is an essential 
nutrient in humans. It is vital to a multitude of metabolic 
pathways, including those affecting mental health, stress 
response, and pain perception. This paper provides a 
review of the literature and a theoretical perspective on 
the potential roles of AA in the treatment of pain and 
opioid use disorder (OUD).  

A powerful antioxidant and anti-inflammatory 
agent involved in glutathione recycling, AA is a cofactor 
in adrenal steroidogenesis and catecholamine 
biosynthesis. AA supports the synthesis of serotonin, 
modulates synaptic dopamine and glutamate, and may 
also enhance the synthesis of endomorphins and 
endorphins. In animal models, AA reduces and prevents 

opioid drug tolerance and physical dependency. It 
irreversibly inactivates opioid stereospecific binding, 
while increasing the antinociceptive effects of pain 
medications.

 In clinical trials, AA has been proven safe and 
effective in acute and chronic pain relief, including 
ambulatory, surgical, and oncological settings. AA may 
temper the need for opioids, which raises the question 
of whether it can help reduce the risk of OUD onset. 
High, frequent doses of AA may also abort cravings and 
opioid withdrawal symptoms in those with OUD and 
has better tolerability than other OUD treatments. 
Further clinical trials on the potential of AA in the 
prevention and treatment of OUD are warranted.
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drugs like oxycodone, hydrocodone, morphine, heroin, 
codeine, and fentanyl. Once a person develops OUD, any 
disruption in their opioid use can lead to intense cravings 
and severely unpleasant symptoms of withdrawal. These 
symptoms may include severe body pains, abdominal 
cramping, diarrhea, nausea and vomiting, sweating, 
lacrimation, agitation, insomnia, hypertension, and 
tachycardia.32 This makes it very difficult for those with 
OUD to stop their drug use.

While heroin addiction was once associated with 
“rough” inner cities, a retrospective analysis reveals that 
the condition has now spread into the suburbs and rural 
areas. The practices of healthcare providers are implicated 
in the spread of heroin addiction: 75% of heroin users in 
treatment report that their opioid misuse began with the 
use of legal prescription painkillers.33

Simply put: the situation has gotten out of hand. It is 
time to examine and reexamine potential therapies for 
preventing and treating OUD. 

Studies in Animal Models
Studies performed in animal models may offer 

insights into the value of AA in the treatment of OUD in 
humans. In a 2014 study by Alaei et al exploring morphine 
addiction,34 rats could self-administer morphine by 
pressing a lever. Compared to the rats that did not obtain 
AA, those that did receive AA took fewer “hits” of 
morphine on average over the 12-day exposure period. 
They also demonstrated fewer morphine withdrawal signs 
when the drug was discontinued. 

These findings echo those of similar rat studies by 
Khanna and Sharma,35 Alaei et al,36 and Kulkarni et al,23 in 
which mice injected with morphine twice daily were 
found to be significantly less likely to develop tolerance 
and dependence to the drug if they were pre-treated with 
AA (400-1600 mg/kg). The authors report that the benefit 
of AA was dose dependent and hypothesize that both 
dopaminergic and glutamatergic mechanisms mediate 
AA’s protective actions.

Studies performed in guinea pigs further elucidate the 
potential mechanisms by which vitamin C may prevent 
and/or treat opioid tolerance and dependency. Like 
humans, guinea pigs cannot synthesis AA, and thus serve 
as better animal models than rats and mice in AA studies. 
Johnston and Chahl observed that treatment with ascorbic 
acid inhibited the morphine withdrawal response in 
guinea pigs,37 and Dunlap et al38 found that AA irreversibly 
inactivated opioid stereospecific binding in the guinea pig 
brain homogenate. This inactivation manifested primarily 
as a reduction in the number of opioid binding sites via 
two steps: a rapid phase that destroyed up to 50% of opioid 
binding within 60 seconds, and a second slower phase.

These animal studies suggest that vitamin C 
supplementation may reduce and possibly prevent opioid 
drug tolerance, drug craving, and physical dependence. 

Human Clinical Trials: Analgesia
Overall, vitamin C has proven a safe and effective 

adjunctive therapy for acute and chronic pain relief in 
various settings. Considering that opioid tolerance and 
dependency often originate in the medication or  
self-medication of pain,39 natural analgesics like AA may 
be of great value in both preventing and mitigating OUD 
in humans. This is consistent with the fact that animals 
vested with the ability to synthesize AA increase 
endogenous production of the nutrient when under 
disease burden, in pain, and stressed. Interestingly, these 
animals also enhance their AA synthesis when 
administered a variety of drugs, including analgesics.40 
This reaction echoes in human biochemistry: AA blood 
levels fall after trauma and surgery.41

As explored in Fukushima and Yamazaki’s review, the 
body’s increased demand for AA in surgical contexts is 
likely due to oxidative stress. Perhaps unsurprisingly, 
patients require doses greater than the recommended 
daily allowance (RDA) of vitamin C after surgery, and the 
administration of exogenous vitamin C is associated with 
better surgical outcomes.41

Surgical Contexts
Studies have shown that the administration of vitamin 

C is also associated with a decreased requirement for 
opioid analgesics in surgical settings.19 In a randomized 
double-blind placebo-controlled clinical trial?  conducted 
by Kanazi et al,16 80 patients were assigned to receive 
either a single 2-g dose of oral vitamin C or placebo one 
hour prior to undergoing anesthesia for laparoscopic 
cholecystectomy. In the first 24 hours after surgery, those 
who received vitamin C required significantly less 
morphine to manage their pain than those who received 
placebo. Intravenous vitamin C was shown to have 
similarly beneficial outcomes on postoperative pain in 
trials by Jeon et al and Ayatollahi et al.19,42

These clinical trials echo those of a preceding murine 
study by Zeraati et al,43 in which AA was shown to interact 
positively with tramadol and morphine, yielding additive 
antinociceptive effects. 

When we consider some of the risk factors for OUD, 
the potential impact of these findings is significant. 
According to a 2014 retrospective analysis, 75% of heroin 
users in treatment report that their opioid misuse began 
with legal prescription painkillers.33 Those undergoing 
both major and minor surgery—including low pain, 
outpatient, and elective procedures—are at increased risk 
of persistent opioid use.44

Vitamin C also has positive effects on collagen 
synthesis and wound healing, making it further valuable in 
surgical contexts.45–47

Cancer-Related Pain
High doses of AA have been shown to mitigate 

cancer-related pain and contribute to enhanced patient 
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quality of life in a number of studies.20,48–51 As reported by 
Cameron and Campbell in 1974, AA has been used 
successfully to help relieve fibrosarcoma-related pain  
(10 g/d oral vitamin C for 19 days yielded better control by 
opiates). AA also helped relieve severe pain in breast 
cancer patients with skeletal metastases (5 g/d IV vitamin 
C for 7 days resulted in no further need for opiates after 
the fourth day, and was followed by 8 g/day oral vitamin C 
for 70 days without need for opiates. AA administration 
reduced opiate reliance in patients with bladder cancer 
who were also living with skeletal metastases and pain 
previously inadequately controlled by morphine. The 
patients received 10 g/day IV vitamin C for 10 days, 
followed by 10 g/day oral vitamin C for 24 days, resulting 
in no further need for opiates.52

Pinkerton et al’s open-label pilot study of patients 
with chronic pain secondary to cancer and/or cancer 
treatment failed to demonstrate any clinically significant 
benefit from vitamin C, however.53 The findings may be 
explained by the dosing protocol employed: patients 
already suffering from pain and taking opioid medications 
received a mere 1 g of vitamin C twice daily in addition to 
their opioid medications over a brief 3-day study period. 
While a short burst of treatment may help in acute 
settings, higher doses of vitamin C for longer periods of 
time may be necessary when it comes to managing 
chronic pain in opiate users. 

Chronic Pain
Individuals living with chronic, non-cancer pain are 

also at risk of developing OUD.54 According to a 2007 
literature review by Højsted and Sjøgren, up to 50% of 
patients who take opioids for chronic, non-cancer pain 
will become addicted.55 Over 40% of older adults live with 
chronic pain, representing a substantial percentage of the 
population.56

Several recent clinical trials have demonstrated 
vitamin C’s analgesic properties at high doses in a variety 
of chronic pain conditions. Vitamin C (primarily in 
intravenous administration form) has been shown in 
numerous trials to mitigate the pain of both acute and post 
herpetic neuralgia.57–61 Vitamin C also has considerable 
analgesic benefit in complex regional pain syndrome 
(CRPS),18,21,22 and may help prevent the development of 
CRPS in the setting of acute fracture:17 In Zollinger et al’s 
trial of over 400 patients with recent wrist fracture, 
vitamin C (500 mg daily) was found  to reduce the risk of 
developing subsequent CRPS.21 

Clinical Trials of Vitamin C to Decrease Opioid 
Withdrawal in OUD

Large doses of AA have also been reported to suppress 
the signs and symptoms of opiate withdrawal in those with 
OUD.25 

In a 2000 study by Evangelou et al conducted in 
humans with heroin addiction, oral supplementation with 

vitamin C and vitamin E ameliorated withdrawal 
symptoms in both inpatients (30 males) and outpatients 
(10 males).24 Those in the experimental group were 
administered oral vitamin C (300 mg/kg) and vitamin E  
(5 mg/kg) daily for a minimum of 4 weeks, while those in 
the control group received diazepam and an analgesic 
daily during the same time period. Fifty seven percent of 
the patients in the vitamin C and E group experienced 
significant reductions in withdrawal symptoms, whereas 
only 7% of the control group could say the same. 

In another trial, conducted at the Haight-Ashbury 
Free Clinic in San Francisco by Newmeyer et al,62 1 to 3 g 
of buffered vitamin C taken daily was found to significantly 
offset symptoms in patients withdrawing from stimulants 
and opiates. One-third of the 60 patients reported that 
70% or more of their acute withdrawal symptoms abated 
when taking buffered vitamin C during the active detox 
phase of the program; half reported at least 60% relief of 
symptoms. Aftercare clients (those already finished with 
active detox phase at the start of the study) reported even 
greater benefits, with relief in 90% of their symptoms.

Case reports: Tapering Down and Quitting Opioids
Schauss’ Observations

A protocol for using high doses of vitamin C to  
help those with OUD abruptly discontinue  opiates (“quit 
cold turkey”) was developed in 1969 by Alexander G. 
Schauss, PhD.26 

Upon reading Beckett and Casey’s 1954 findings that 
vitamin C can occupy specific opioid receptor sites and 
thus block their neuromodulatory effect,63 Schauss tested 
the concept first in guinea pigs and then in humans. The 
trial was performed at a heroin treatment facility in 
Harlem, a neighborhood in New York with a high rate of 
heroin addiction at the time. The study participants, all of 
whom were addicted to heroin and had attempted cold 
turkey withdrawals prior to enrolling, were instructed to 
drink a glass of diluted fruit juice containing sodium 
ascorbate (SA) throughout the day. SA was observed to 
abort the signs and symptoms of heroin withdrawal in all 
subjects. The SA dosing protocol, as developed and 
reported by Schauss, is outlined in Table 1.26

Schauss was only an undergraduate student when he 
first authored this study, and it may have been a lesson for 
him in the hidden politics of research.  His observations 
caught the attention of other scientists and clinicians, 
many of whom published their successes in treating OUD 
with this or similar protocols. These include two-time 
Nobel Laureate Linus Pauling, PhD and  
Vic Pawlack, MD, both of whom added niacin to the 
protocol.64 Others included Jordan Scher, MD, an addiction 
psychiatrist who paired high doses of vitamin C with 
methadone;65 and Janis Keller-Phelps, MD,66 who 
administered SA at an addiction treatment facility in King 
County, Washington. Keller-Phelps invited a fact-finding 
team at the National Institute for Drug Abuse and 
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Alcoholism (NIDAA) at the National Institutes of Health 
(NIH) to interview her patients and observe the protocol 
in action. Although NIDAA representatives noted  that 
the efficacy of the protocol seemed “irrefutable,” for 
undisclosed reasons the agency stopped short of endorsing 
the treatment.26 Schauss speculates that this may have 
been due to a conflict of interest, claiming that the sister of 
one of the NIH reviewers owned and operated a large 
addiction center in New Orleans, Louisiana at the time  
(A. Schauss, personal communication, April 7, 2020). 
Keller-Phelps is unavailable for comment, as she is 
deceased.

Libby and Stone’s Case Reports
According to case reports presented by Drs. Alfred F. 

Libby and Irwin Stone in 1977,25 “full correction” in those 
with heroin addiction was achieved by taking 25 to 85 g 
sodium ascorbate (SA) daily in divided doses along with 
other vitamins, essential minerals, and high levels of 
predigested proteins. Like Schauss, Libby and Stone 
observed SA’s effects in people quitting cold turkey. They 
note that on average appetite returned in 2 or 3 days and 
that patients experienced restful sleep and generally 
reported feeling well while on SA. After 4 to 6 days, the 
dose of SA was gradually reduced to a holding dose of  
10 to 30 g per day. At that time, the doses of the other 
vitamins and minerals were reduced, and the predigested 
proteins were discontinued if the patients were eating well. 

The authors report that 30 out of 30 patients were 
successfully treated in their pilot study with this protocol. 
They present 3 compelling cases in their paper, including 
that of a 24-year-old male with a 9-year history of heroin 

use. Prior to enrolling in the study, the patient had been 
hospitalized 7 times for detoxification and had been on 
methadone maintenance for 3 years but still took heroin to 
manage methadone-induced gastrointestinal upset. The 
authors report that despite this patient’s initial skepticism, 
he experienced profound benefit from the SA protocol:

On a Sunday, he first took 45 g of sodium ascorbate and then 
in the space of five hours he “shot-up” $300-$400 worth of 
heroin, and he felt no effect from this large amount of heroin. 
He continued on the ascorbate 45 g per day for 10 days, along 
with the vitamins, minerals, and protein supplement. Then 
the dosage was reduced to 10 g sodium ascorbate and 
continued for another 30 days. The patient has moved out of 
the area, but when last seen, he was drug-free and had an 
extreme sense of well-being and a good attitude.

Millar’s Contemporary Experiences
Trevor Millar, who works in Vancouver Canada’s 

Downtown Eastside, primarily supports patients wishing 
to taper down on their opioid usage over time, as opposed 
to quit cold turkey. In an adaptation of Schauss’ protocol, 
Millar advises patients to take SA at a dose of  
2 g every 2 waking hours for 3 days prior to stepping down 
on their opioid dosage. The dose of SA may then be 
increased to mitigate opioid withdrawal symptoms as 
needed. (T. Millar, personal communication, April 19, 
2020).

Millar’s case reports are not yet published, but he has 
shared with this author the case of a 45-year-old male who 
wanted to taper his use of opiates. The man presented with 
a baseline daily opiate regimen of 12 mg of buprenorphine. 

Table 1. Schauss' Protocol

Day 1 (3 days prior to day of 
withdrawal) 500 - 1,000 mg SA every 2 hours until bedtime

Day 2 1,000 - 2,000 mg SA every 2 hours until bedtime

Day 3
5,000 - 7,000 mg SA every 3 hours until bedtime.  
Begin withdrawal at bedtime.

If withdrawal symptoms 
occur during the night 5,000 - 7,000 mg SA upon waking, and every 2 hours until symptoms abate

Day 4 2,500 - 5,000 mg SA every two hours until bedtime
If withdrawal symptoms 
occur during the night 2,500 - 5,000 mg SA upon waking, and every 2 hours until symptoms abate

Day 5 1,000 - 2,500 mg SA every two hours until bedtime
If withdrawal symptoms 
occur during the night 1,000 - 2,500 mg SA upon waking, and every 2 hours until symptoms abate

Day 6 1,000 mg SA every 2 hours until symptoms abate
If withdrawal symptoms 
occur during the night 1,000 mg SA upon waking, and every 2 hours until symptoms abate

Note: This protocol was developed by Alexander Schauss, PhD. In his 1969 study, Schuass used sodium ascorbate (SA) 
to help those with heroin addiction quit cold turkey without withdrawal side effects. Reprinted with permission.
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Within 3 weeks of taking 2 g SA every 2 waking hours, the 
man was stable on 2 mg of buprenorphine per day. He 
experienced no symptoms of withdrawal or other 
unwelcomed side effects and reports dramatic 
improvements in a variety of quality of life metrics. 

Another of Millar’s clients, “Lucy,” first tried heroin at 
age 14 while living in a group home for children. At age 38, 
Lucy found herself on a prescription of 1800 mg of extended 
release morphine sulfate once daily plus 170 mL injectable 
hydromorphone twice daily. This regimen failed to control 
her symptoms of withdrawal, however, and she thus also 
used about 300 mg of street fentanyl daily. She had tried to 
quit using opioids many times before and had even 
completed a seven-day hospital detox, followed by living in 
a group home, before relapsing. When Lucy could no longer 
afford to procure street fentanyl, she hit a crisis point and 
presented to a health clinic in the throes of withdrawal, “so 
sick I was blacking out.” A nurse connected Lucy with 
Millar, at which time Lucy began taking 2 g of SA every 2 
waking hours. “The next morning, I woke up and I had no 
withdrawal symptoms,” she reported, “I felt better than I 
had in years... I’m still stunned.” (Personal communication, 
April 6, 2020).

Since beginning the SA regimen, Lucy has worked 
closely with her physician to steadily drop her morphine 
sulfate dosage by about 100 mg every three days and her 
dose of hydromorphone by 10 mL every 3 or 4 days, 
though there have been some increases in her opioid doses 
during the process. As of her interview with this author on 
April 6, 2020, Lucy is stable on 200 mg of morphine sulfate 
(compared to 1800 mg at baseline), 30 mL hydromorphone 
twice daily (compared to 170 mL twice daily at baseline), 
and is completely off street drugs (compared to using 
about three points, or 300 mg, of fentanyl daily at baseline). 
Lucy’s MD confirmed the speed of Lucy’s opioid taper in a 
conversation with the author. Lucy feels confident that the 
day on which she discontinues using opioids altogether is 
within reach. 

Proposed mechanisms of action for vitamin C in 
OUD

A summary of vitamin C’s proposed mechanisms of 
action within the contexts of pain management and OUD 
care is illustrated in Figure 1.

Vitamin C to Correct Nutritional Deficiency
While severe hypoascorbemia can lead to scurvy,67 

milder deficiencies of vitamin C can also wreak havoc on 
the biochemical reactions within the human body.68

Chronic substance abuse affects nutritional intake 
and is associated with vitamin, mineral, and amino acid 
deficiencies.69 Patients with major depressive disorder 
(MDD) as well as those entering therapy for drug addiction 
have been shown to have low plasma AA levels.70 Over 
74% of individuals entering treatment for drug addiction 
had clinical signs of nutrient deficiency in one study by 

Figure 1.
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Nazrul et al.,71 with the most pronounced risk for deficiency 
being in the antioxidant vitamins A, E, and C and in 
amino acids.72

Deficiency in vitamin C may predispose individuals 
to OUD, but chronic substance abuse likewise undermines 
nutritional intake and thus compromises nutritional 
status. This is especially true of opiate drugs, which inhibit 
gastric motility, delay gastric emptying, inhibit intestinal 
secretions, and slow bowel transit, thus predisposing users 
to nausea, constipation, and anorexia.73 Subsequent poor 
dietary intake exacerbates underlying nutritional 
deficiencies, thereby driving addictive behavior and in 
turn reinforces the cycle. 

In their summary of cases from a 1977 pilot study, 
Drs. Libby and Stone explain that they abandoned baseline 
testing their opiate-addicted subjects for nutritional 
deficiencies, because:  “The results were so consistently 
low… that we no longer go to the expense or bother of 
these tests.” They go on to describe OUD as a 
“Hypoascorbemia-Kwashiorkor type of syndrome.”25

Vitamin C as an Antioxidant 
Vitamin C largely supports immune health by serving 

as an essential antioxidant and enzyme cofactor in the 
body, scavenging a variety of reactive oxygen species 
(ROS) and protecting human cells (including those of the 
CNS) against oxidative damage.74,75

Oxidative damage compromises normal neurological 
function by altering the fluidity of cellular membranes, 
leading to mitochondrial dysfunction and compromised 
ATP production. A variety of psychiatric disorders–
including anxiety,76,77 depression,78–80 bipolar disorder,81,82 

panic disorder,83,84 obsessive-compulsive disorder (OCD),85 

and schizophrenia–are unsurprisingly associated with 
excess oxidative stress.86,87 Antioxidants are crucial for 
mental health.88–90

A study of 137 individuals addicted to heroin revealed 
that this population experiences a high rate of oxidative 
injury as compared to healthy controls. The balance between 
the production of oxidation products and antioxidant 
activity was skewed in those with heroin addiction, and a 
lack of exogenous vitamin C and vitamin E significantly 
correlated with the severity of DNA damage.91 Another 
study found that the longer a person had been using 
heroin, the more oxidative stress injury their body 
endured. This damage was also correlated with decreased 
levels of vitamin C and various other antioxidants.92

Multiple animal studies show that ascorbic acid 
decreases oxidative stress and reduces depressive 
behavior.93,94 In humans, vitamin C has been shown in 
multiple randomized, double-blind, placebo-controlled 
trials to help with both depression and anxiety in patients 
of various ages as well as with opioid addiction.95–97 It is 
also worth noting that individuals with mental health 
conditions like anxiety and depression are three times 
more likely to use opioids than the general population.29 

Of the 115 million opioid prescriptions given each year, 
51.4% (60 million) were written for adults with mental 
health conditions.98 Any treatment of OUD that may also 
be of benefit in anxiety or depression is therefore likely to 
be of great value.

Vitamin C as an Anti-Inflammatory Agent
Oxidative stress goes hand-in-hand with 

inflammation, and higher levels of inflammatory markers 
like C-reactive protein (CRP) have unsurprisingly been 
observed in those with mood disorders.99–102 

Vitamin C has been demonstrated to markedly 
decrease not only CRP levels, but also to reduce pro-
inflammatory cytokines like tumor necrosis factor (TNF), 
interferon, and interleukins.103 Conventional 
pharmaceutical antidepressant drugs are understood to 
work sometimes by means of their anti-inflammatory and 
antioxidant effects as well,104,105 further validating the 
deleterious effects of inflammation on mood.

Vitamin C as Glutathione Recycler
The pharmacokinetics of opiates cause glutathione 

depletion; this is a likely mechanism by which drug 
dependency is fomented and perpetuated.106 As confirmed 
by increased reduced glutathione/oxidized glutathione 
(GSH/GSSG) ratios, those with opioid dependency have 
aberrant oxidation-reduction activity.107

Vitamin C positively influences glutathione 
concentrations in the blood mainly by preserving 
glutathione in human red blood cells and hepatocytes. In 
a clinical trial,  500 mg of vitamin C daily increased mean 
red blood cell glutathione levels by almost 50% after just 
two weeks.108 In rats, both vitamin C and glutathione have 
been shown to completely reverse opiate-induced 
hepatocellular injury. The authors of the study conclude 
that  “blocking oxidative damage may be a useful strategy 
for the development of a new therapy for opiate abuse.”109

Vitamin C in Cortisol Response 
If we understand substance use disorder as having its 

origins, at least in part, in a  maladaptation to trauma and 
stress,110 adrenal health becomes paramount in both the 
prevention and treatment of OUD.

As mentioned earlier, most other mammals produce 
vitamin C endogenously, at a baseline rate of about 10 to 
20 g per 70 kg of body weight per day. Stress, disease, and 
other shocks to the system increase an animal’s hepatic 
synthesis of AA,40 driving production up by a factor of 
three- to five-fold to ensure homeostasis.2,3 Rats, for 
example, synthesize AA at a rate of about 70 mg/kg of 
body weight per day at baseline versus 215 mg/kg per day 
when stressed.111

Although AA is stored in many tissues throughout 
the human body, the highest concentrations are found the 
adrenal glands.12 Because adrenal vitamin C paracrine 
secretion is part of the human stress response,12,14 and 
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because humans cannot endogenously synthesize the 
nutrient, our AA stores are rapidly taxed in stressful 
situations. This makes the exogenous replacement of AA 
crucial during times of stress.13

Adrenocorticotropic hormone (ACTH) is produced 
by the anterior pituitary gland in response to stress. In 
response to stimulation by ACTH, the adrenal glands 
secrete both cortisol and AA,14 likely because vitamin C is 
essential for cortisol normalization in times of stress 
adaption.13 A strong inverse correlation has been observed 
between an animal’s ability to endogenously produce 
vitamin C and that animal’s cortisol response.112,113 In 
humans, a similar inverse relationship between cortisol 
and vitamin C has been noted, suggesting that high 
cortisol levels–and the poorer health outcomes associated 
with them–are a function of vitamin C deficiency.114

Supplementation of vitamin C in humans and animals 
alike is associated with a decreased cortisol response after 
exposure to psychological or physical stress. In guinea 
pigs, adrenal AA has been observed to exert a modulating 
role over the production of adrenal steroids during 
stress,115 and AA deprivation is associated with a sharp rise 
in plasma corticosteroid concentrations.116 According to a 
literature analysis, low vitamin C intake has also been 
correlated with fatigability in humans.117

Supplementation with 1 g of vitamin C for eight days 
has been shown to reduce post-race serum cortisol levels 
in ultramarathon runners by an average of 30%.118,119 In 
another study, however, AA taken before and during  
workout failed to affect cortisol levels, though it did raise 
antioxidant capacity and lower post-exercise oxidative 
stress markers.120

A randomized, placebo-controlled clinical trial 
performed in regular runners  found that those who took 
3 g of vitamin C daily had lower blood pressure, enjoyed 
faster cortisol recovery, and generally reported feeling less 
“stressed” than those who didn’t take the vitamin.13

Vitamin C and Catecholamine Metabolism
AA also influences  neuromodulation through its role 

in  catecholamine biosynthesis within the adrenal 
medulla.121,122 Specifically, AA is a cofactor for dopamine 
β-hydroxylase, the enzyme that converts dopamine into 
norepinephrine.123–126 Mutant mice lacking the AA 
transporter SVCT2 have low adrenal tissue catecholamine 
levels,12 and AA deficiency in humans is associated with 
listlessness and decreased epinephrine response.127

Vitamin C and Other Neurotransmitters
Vitamin C may also facilitate the synthesis of dopamine 

and serotonin by recycling tetrahydrobiopterin, which is 
required for normal tyrosine hydroxylase activity.128,129 Of 
note, serotonin and norepinephrine reuptake inhibitors 
(SSRIs and SNRIs, respectively) have shown efficacy in pain 
management,130 and ascorbate-deficient animals have been 
observed to have lower norepinephrine concentrations than 

controls.131–13 Vitamin C supplementation may thus support 
the endogenous synthesis of these neurotransmitters, 
engender analgesia, and potentially temper the need for 
SSRIs and SNRIs in the settings of pain management.

The glutamatergic and dopaminergic systems are also 
involved in opiate tolerance and withdrawal.134 Vitamin C 
has been shown to modulate the actions of these 
neurotransmitters in the rat brain, offering yet another 
mechanism by which AA may offset addictive behavior.135 

AA is released from glutamatergic neurons and modulates 
the synaptic actions of dopamine and glutamate.36

Vitamin C and Opioid Peptides
Finally, vitamin C may also help with OUD via its 

analgesic effects. While the pharmacokinetics of vitamin C 
are complex,136 one mechanism suggested by Carr and 
McCall in their 2017 paper involves the potential role of AA 
in the synthesis of amidated opioid peptides.15 They explain 
that vitamin C is a cofactor for the enzyme peptidylglycine 
α-amidating monooxygenase (PAM),137 the only known 
enzyme in humans capable of making essential modifications 
to peptide hormone precursors.138 Several amidated 
neuropeptides have potent opioid activity, and 
administration of AA to animals has been shown to 
enhance the production of PAM-derived hormones.139

Calcitonin is another amidated peptide hormone 
requiring activation by PAM and thus possibly requiring 
vitamin C as a cofactor.140 Calcitonin has been shown to 
have a direct analgesic effect on bone pain and complex 
regional pain syndrome (CRPS).141

Vitamin C repletion may consequently directly influence 
analgesia through the enhanced synthesis of endomorphins 
and indirectly by the calcitonin-dependent modulation of 
endorphins. Vitamin C depletion may, conversely, lead to 
inadequate biosynthesis of analgesic neurotransmitters and 
neuropeptide hormones, resulting in pain.

Safety of High-Dose AA
Buffered Vitamin C/Sodium Ascorbate (SA) vs Regular 
Ascorbic Acid (AA)

High doses of oral AA can induce osmotic diarrhea as 
an inconvenient side effect. In his study of heroin addiction 
in the late 1960s, however, Alexander Schauss, PhD, found 
that those heavily addicted to heroin could tolerate higher 
doses of vitamin C before exceeding bowel intolerance 
(diarrhea).26 Nevertheless, sodium ascorbate (SA), or 
buffered vitamin C, is a well-tolerated and suitable 
substitute to AA that does not induce gastrointestinal 
upset,142,143 and was the form of vitamin C used in Schauss’ 
1969 study and in Libby and Stone’s case reports.25,26 

It has also been suggested that alkalinizing substances–
like the high levels of ionized calcium or magnesium 
packed within buffered vitamin C supplements to 
neutralize pH–may play a role in promoting health and 
detoxification.144 This strengthens  the case for using 
buffered preparations in lieu of AA.
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Risks of High Dose Vitamin C Supplementation
The risks of exogenous vitamin C supplementation 

are few, but worth mentioning: Large doses of AA are 
generally contraindicated in those with renal insufficiency, 
in chronic hemodialysis patients, in those with iron 
overload conditions, and in oxalate stone formers.145

While studies evaluating the influence of AA on 
lithogenesis have yielded contradictory findings,146 a 2016 
prospective cohort analysis by Ferraro et al found that 
total and supplemental vitamin C intake was associated 
with a higher risk of urolithia in men, but not in women.147

It is well established that AA significantly enhances 
intestinal absorption of non-heme iron.148 Patients in a 
variety of contexts are thus often advised to concurrently 
take vitamin C with their iron supplements for improved 
efficacy.149,150 Patients with hemochromatosis and other 
forms of iron overload, however, may be at risk of 
exacerbating their condition with high doses AA 
supplementation.151

Although the focus of this review is on oral 
supplementation with SA, it is nevertheless worth 
mentioning that the administration of high doses of 
intravenous (IV) vitamin C in those with glucose-6-
phosphate dehydrogenase (G6PD) deficiency is 
controversial,152 as it may pose the risk of triggering 
hemolysis.

Comparative Risk
As with any medical intervention, the risks and 

benefits of high dose AA supplementation must be 
measured with consideration to the unique requirements 
of each patient. The potential risks of vitamin C must also 
be weighed against those of methadone, buprenorphine, 
naltrexone, and naloxone—the prescription medications 
commonly used in the management of OUD.153

Methadone commonly causes abdominal pain and 
carries the risk of cardiac arrhythmias. Like all opioids, 
methadone and buprenorphine may cause sedation, 
lightheadedness, respiratory depression, orthostatic 
hypotension, sleep apnea, sexual dysfunction, and 
withdrawal if discontinued too rapidly.154,155 These opioid 
agonists also disrupt the endocrine system: methadone 
has been shown to disturb the hypothalamic pituitary 
gonadal axis,156,157 and buprenorphine “has not been 
adequately studied in respect to its long-term effects on 
the hypothalamic-pituitary-adrenal (HPA) axis” as noted 
in a 2018 literature review by Varma et al.158

The common side effects of naltrexone include 
insomnia, anxiety, dizziness, fatigue and somnolence, 
headache, nausea, vomiting, constipation, anorexia, 
abdominal pain, and myalgia. Serious reactions include 
depression, suicidality, and hepatotoxicity.159

Although there is a growing body of literature 
supporting the long term efficacy of these drugs, most of 
the evidence is focused on short-term outcomes.160,161 As 
opioid agonists, furthermore, methadone and 

buprenorphine do not abort opioid tolerance or 
dependency so much as they offer safer, more sustainable 
and humane options for addiction maintenance than 
other opioid preparations. A large number of those in 
OUD recovery thus find themselves on opioid substitution 
treatment for the long term,162,163 while others fall between 
the cracks of this model of treatment entirely.

Conclusion
The highest concentrations of vitamin C in the 

human body are found in the nervous and neuroendocrine 
tissues – the sites of cortisol, monoamine neurotransmitter, 
and amidated neuropeptide hormone synthesis.164 It is 
likely no coincidence that this versatile, antioxidant, anti-
inflammatory, analgesic, and neuromodulatory nutrient is 
essential to these biochemical functions.15

Vitamin C may help mitigate OUD and the opioid 
crisis through at least three applications:

1. By mitigating pain and preventing opioid tolerance 
and dependency when administered before surgery, 
immediately after injury, during other stressors, or 
during convalescence.

2. By helping opioid-dependent patients comfortably 
taper off opioids. 

3. By making abrupt opioid discontinuation (quitting 
cold turkey) more comfortable and more successful.

Unlike many of the other interventions currently used 
in the battle against America’s deadliest drug crisis (OUD), 
vitamin C is affordable, widely available, well tolerated 
(particularly in SA form), and may be safely administered 
at home via oral administration in most contexts. 
Considering that the side effects are minimal and the 
collateral health benefits numerous, SA supplementation 
is more likely to benefit patients than cause them harm. 
Special precautions may be necessary, however, in oxalate 
stone formers, in patients with renal insufficiency, and in 
those with iron overload conditions. 

In the opinion of this author, the treatment of OUD 
requires an interdisciplinary approach focused on 
supporting the patient through withdrawal, extinguishing 
dependency, addressing the underlying causes of addiction 
(be they biochemical, nutritional, physical structural, 
socioeconomic, situational, and/or mental/emotional), 
and preventing relapse. Vitamin C may be an important 
component of a comprehensive care plan, with the 
potential to mitigate cravings, reduce withdrawal 
symptoms, and address a common nutritional/metabolic 
etiology of illness. AA may or may not cure an individual 
of OUD as a monotherapy, but it may very well serve as a 
powerful catalyst for healing within the context of a 
comprehensive treatment plan. 

With the death toll from opioid overdose being what 
it is, there is no excuse for leaving good medicine unused. 
More clinical trials are warranted on this safe, affordable, 
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and widely available nutrient and its potential to mitigate 
pain, battle OUD, and help people take back their lives. 
Until then, two low-cost, low-risk interventions (in the 
estimation of this physician-author) include: (1) routinely 
administering AA or SA to patients before surgical 
procedures, and (2) using high dose SA as an adjuvant in 
OUD treatment.
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