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Abstract

Dietary supplement sales have surpassed $30 billion per year with their use
becoming and remaining extremely popular amongst the general public.
There are numerous bioactive components, both nutritive and non-nutritive,
in dietary supplements with considerable efficacy in promoting health. How-
ever, there are many ways disallowed ingredients may enter the supplement
pipeline with potentially toxic effects. Dietary supplements can be regulated
(either pre- or post-market) as a drug, dietary supplement, a nutraceutical,
new dietary ingredient (NDI), generally recognized as safe (GRAS) food in-
gredient, a food additive, or a food. A pharmaceutical drug (medication) is
used to treat, cure, prevent, or diagnose a disease and is regulated by the FDA
pre-market only and allowed by medical prescription, whereas the other labe-
ling designations are largely regulated post-market. One such molecule with a
labeling problem is tianeptine, which has global use as an efficacious, pre-
scribed drug, while at the same time being considered a non-drug and poten-
tially dangerous adulterant often referred to as gas station heroin. In this pa-
per, we critically evaluate the use and labeling of this compound and attempt
to clarify the conundrum surrounding its legal or illegal use. Tianeptine is ef-
fective and efficacious as an antidepressant in those responding poorly to se-
lective serotonin reuptake inhibitors (SSRIs) and exhibits many medicinal
characteristics of tricyclic antidepressants with fewer opioid-like side effects.
As a result, sixty-six countries permit use of tianeptine as a prescription drug.
At higher doses, tianeptine has recently been shown to exhibit significant po-
tential for abuse and dependency along with toxicity. As such, the US does
not recognize tianeptine as an FDA-approved drug or as a dietary supple-
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ment, nutraceutical, new dietary ingredient (NDI), GRAS ingredient, or a
food. Instead, tianeptine is a synthetic adulterant of a dietary supplement and
considered technically an unapproved food additive. In conclusion, tianep-
tine, although viewed as a safe dietary supplement by many, is illegal in the
US despite benefits to many but toxicity to others that make it vital that con-
sumers and healthcare providers learn to critically evaluate and navigate the
often confusing nomenclature of a purported dietary supplement to convey to
the public whether it is efficacious, safe, and legal.

Keywords

Tianeptine, SSRI, Tricyclic Antidepressant, Dietary Supplement,
Pharmaceutical, Nutraceutical, GRAS, NDI

1. Introduction

Dietary supplement sales have reached the multibillions and their use is ex-
tremely popular amongst the general public in promoting health with an esti-
mated one half of the population consuming at least one dietary supplement [1]
[2]. There is no doubt that there are many bioactive components in supple-
ments, both nutritive and non-nutritive, and many efficacious and useful com-
ponents that do in fact promote health. However, inadequate oversight of these
product ingredients can sometime allow, whether intentionally or not, the in-
troduction of chemicals into the dietary supplement pipeline, which may affect
efficacy and/or safety while the product remains on the market. Unintentional
inclusion of a chemical would be considered contamination and intentional ad-
dition of illegal disallowed potentially toxic ingredients to products would con-
stitute adulteration. Toxicants are synthetic, human-made, chemicals, whereas
toxins are poisons produced within living cells or organs of plants, animals, and

bacteria.

2. Problems with Adulteration of Dietary Supplements

Introduction of an undesired, illegal, and/or unapproved ingredient into a die-
tary supplement or food can occur via contamination or adulteration. The for-
mer is accidental and the latter intentional. From 2007 through 2016, 776 adul-
terated dietary supplements were identified by the FDA and 146 dietary supple-
ment manufacturers and/or distributors were identified. The majority of these
products were marketed for sexual enhancement (353 [45.5%]), weight loss (317
[40.9%]), or muscle building (92 [11.9%]), with 157 adulterated products (20.2%)
containing >1 unapproved ingredient [2]. Some 28 products were specifically
identified in up to three warnings by the FDA more than a half year apart with
19 (67.9%) returning to the market with even more unapproved ingredients in
the subsequent marketed product [2]. At a time when 150 million Americans

spend over $20.5 billion on dietary supplements, many posit that the FDA has
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responded too slowly and reluctantly to governmental action and mandates to
implement the law and needs to do more to ensure that safe and efficacious
products enter the market [3] [4]. Immersion into the market places considera-
ble burden on healthcare providers and uninformed consumers as to safety, ef-

ficacy, and/or toxicity of readily available products.

3. Discovery and Initial Legitimate Use of Tianeptine

Tianeptine was discovered and patented by The French Society of Medical Re-
search in the 1960s and used in Europe as an antidepressant to treat patients
who responded poorly to selective serotonin reuptake inhibitors (SSRIs) [5] [6].
This synthetic molecule exhibited many similar, beneficial characteristics of tri-
cyclic antidepressants such as fluoxetine and amitriptyline (Figure 1) via mu
opioid receptor binding with downstream effects on pathways that is currently
unclear but nonetheless effective in treating depression and anxiety, as well as
asthma, irritable bowel syndrome (IBS), and purportedly improved mood but
with fewer sedative, anticholinergic, and cardiovascular side effects and compli-
cations than traditional antidepressants [7] [8] [9] [10]. The mu receptors neu-
romodulate different physiological functions, primarily nociception but also
stress, temperature, respiration, endocrine activity, gastrointestinal activity,
memory, mood, and motivation [11] [12]. Mu-opioid receptors (MORs) bind
opioids. However, opioid receptors are a very large family of receptors that in-
clude, in addition to MORs, delta-opioid receptors (DORs), kappa opioid re-
ceptors (KORs), and nociceptin receptors (NORs), also referred to as opio-
id-receptor-like receptor 1 (ORL1), which appear to have a critical role in the
development of tolerance to mu-opioid agonists used as analgesics [13]. Current
research suggests that tianeptine produces its antidepressant effects through the
modulation of glutamate receptor activity, e, AMPA and NMDA receptors,
and affect the release of brain-derived neurotrophic factor (BDNF), which im-
pacts neural plasticity [14]. More recent studies by support the role of tianeptine
in the modulation of glutaminergic activity in the amygdala, the emotional re-
gion of the brain associated with memories [15]. In 2010, tianeptine was pa-
tented by Biophore India Pharmaceuticals and approved for prescription be-
cause clinical data showed at the time it was an effective antidepressant with ac-
ceptable safety and tolerability. It is currently used in 66 countries, but not in
New Zealand, Canada, the United Kingdom or the US [16]. This, however, has

not impeded the ease of availability, growing use and popularity in the US.

4. Rise in Popularity and Recognition as an Adulterant

Some experts attribute tianeptine’s rise in popularity in the U.S. in part to a 2014
study in the medical journal Translational Psychiatry [12], which found that the
drug exhibited effects similar to those of opioids and specifically MORs much
like schedule 2 prescription drugs already on the market [12]. With these

emerging reports of potency and efficacy, the FDA reported a marked increased
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Figure 1. Chemical structure of tianeptine.

in imports starting around 2015. Subsequently, dietary supplements with names
such as Tianaa, Za Za, Coaxil, Salymbra, Stablon, Tatinol, Tiana Red or Tiana,
Tianeurax, Tynept, Zaza Red, and Zinosal appeared on the market online and, in
particular at quick service convenience stores and/or gas stations, allowing pur-
chase by anyone including minors although unapproved and illegal for use in
the US. This ultimately generated the phrase “gas station heroin” based on ease
of acquisition at convenience stores, Ze., gas stations, and the capacity of tianep-
tine to bind mu opioid receptors as schedule 2 drugs do, e.g., heroin, although
requiring higher doses (>100 mg) [13]. As a note, this compound and the sup-
plement blend that it adulterates have not been reported to contain heroin but
instead the mixture containing tianeptine mimics the opioid-like effects, which
may be rescued with the opioid antagonist naloxone if overdosed [17]. Dissemi-
nation of the potential beneficial actions and opioid-like effects, use has consi-
derably increased as well as self-regulated dosages markedly exceeding that sug-
gested for efficacy against depression (25 - 50 mg/day). Users quickly realized
that megadoses (>100 mg) could elicit opioid-like effects and, as a result, sub-
stance abuse commenced with some consumers taking megadoses each day [18]
[19]. Moreover, many commercial tianeptine products contain 100 times the
normal therapeutic dose, and without rigorous regulation, individuals are un-
knowingly consuming high doses that can lead to dangerous side effects and de-
pendency [20]. Ultimately, public focus shifted from benefits to the negative
impact and it was realized that tianeptine was highly addictive and those at-
tempting to cease dosing experienced serious withdrawal side effects and reports
of severe opioid-induced effects occurred [16] [21]. This resulted in hundreds of
reports to Poison Control Centers (Figure 2) and to the FDA regarding serious
adverse events [22] [23] [24]. Ultimately governmental action entailed advise-
ment to discontinue use (with appropriate medical assistance) or avoidance of

the product altogether.

5.Is Tianeptine a Drug with Pharmaceutical Activity?

Tianeptine can attenuate symptoms of depression-associated anxiety with suffi-

cient tolerance and minimal sedation and/or cognitive impairment [25]. These
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Figure 2. The number of reports generated by year by the PoisonControl-
Center regarding Tianeptine exposure leading to adverse effects. Reprinted
with permission.

effects have been attributed, in large part, to neurobiological properties such as
prevention and reversal of stress-associated structural and cellular modifications
to the brain and modulation of impaired neurotransmission by the excitatory
amino acid glutamic acid or glutamate [26] [27] [28]. In the hippocampal region
of the brain, tianeptine interferes with stress-induced dendritic atrophy, im-
proves neurogenesis, reduces undesired cell death, and normalizes metabolite
levels and volume of the hippocampus [29]. Moreover, tianeptine acts as a
mu-opioid receptor (MOR) and a weak delta-opioid receptor (DOR) agonist
that triggers the modulation of the glutaminergic system, which is responsible
for antidepressant and anxiolytic effects [12] [30]. MORs are broadly exhibited
throughout the hippocampus in the brain, which may activate glutamatergic
neurons and synapses through several mechanisms [30]. Tianeptine increases
the availability of dopamine in the nucleus accumbens, which can foster gluta-
mate release at presynaptic dopamine receptors on glutamatergic presynaptic
terminals [30]. These beneficial effects have been observed also in the amygdala
and cortex of the brain and could mitigate and/or reverse stress-induced dys-
function in neuronal and synaptic signaling. The collective neurobiological
properties of tianeptine may explain efficacious antidepressant activity and an-
xiolytic outcomes in patients with depression, as well as the purported absence
of adverse effects on cognitive function and memory [6]. From the early study of
tianeptine, there have many similar reports of beneficial pharmacological effects
of consumption leading to its ongoing prescription in some countries [31] [32].
However, recent research activities have demonstrated a dangerous downside to
its use leading ultimately to a conundrum.

Since 1938, submission of a New Drug Application (NDA) is the mandatory
means for drug sponsors to formally propose to the FDA a new pharmaceutical,

viz., drug, for approval and commercialization in the U.S. The application for an
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Investigational New Drug (IND) is supported with robust data collected in ani-
mal studies and human clinical trials demonstrating efficacy and effectiveness,
without toxicity at intended doses. Tianeptine has not undergone this process
and is not approved as a drug by the FDA for any use in health management in
the US and, as a result, is not scheduled as a drug according to FDA statutory
regulations. However, in numerous individual US states, tianeptine is classified
as a Schedule II drug, a legally protected term, meaning it may lead to severe
psychological or physical dependence and is, therefore, banned [18] [33]. Other
examples of schedule 2 drugs include morphine, methamphetamine, cocaine,
methadone, hydrocodone, fentanyl, and phencyclidine (PCP) [34]. The drug—
banned in Alabama, Michigan, Mississippi, Tennessee, Georgia, Indiana, and
Ohio—is unapproved and unregulated by the FDA though other countries in
Europe, Asia and Latin America have approved tianeptine as a prescription drug
to treat depression and anxiety legally in clinical practice. These observations
may introduce confusion when considering the legal definition of a drug by the
FDA (Drugs@FDA Glossary of Terms) [FDA]:

* recognized by an official pharmacopoeia (USP) or formulary.

e intended for use in the diagnosis, cure, mitigation, treatment, or prevention

of disease.

* other than food intended to affect the structure or any function of the body.

e intended for use as a medical component but not a device, component, part

or accessory of a device.

* biological products are included within this definition and are generally
covered by the same laws and regulations, but differences exist regarding their
manufacturing processes (chemical process versus biological process).

Depending on a product’s ingredients and the claims with which a product is
marketed, it is regulated as a drug, dietary supplement, food ingredient, or food
[35] [36]. Generally, if a product is marketed as a dietary supplement but claims
to diagnose, mitigate, treat, cure, or prevent a specific disease or diseases, then it
is regulated as a drug under the purview of the FDA and must undergo a rigor-

ous process of testing and validation.

6. Is Boactive Tianeptine a Dietary Supplement or New
Dietary Ingredient (NDI)?

The Dietary Supplement Health and Education Act (DSHEA) of 1994 defined by
statute the terms “dietary ingredient” and “new dietary ingredient”. To be a “di-
etary ingredient”, an ingredient in a dietary supplement must be one of the fol-
lowing: vitamin, mineral, herb or other botanical, amino acid, a dietary sub-
stance for use by humans to supplement the diet by increasing the total dietary
intake, or a concentrate, metabolite, constituent, extract, or combination of any
dietary ingredient from the other categories listed above [35] [36]. To that end,
tianeptine is not a dietary supplement by itself nor is it an NDI although prod-
ucts may be adulterated with it under the FD&C Act.

A new “New Dietary Ingredient” or NDI is an ingredient that meets the defi-
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nition of a “dietary ingredient” but was not marketed in the United States before
October 15, 1994 (pre-passage of DSHEA) [37]. Tianeptine, however, has been
determined to violate statutory law regarding the definition of a food additive.
Any component not naturally part of the human diet must be approved by the
FDA, as an NDI, before being introduced into the food supply. Some compo-
nents rely on history of use, length of use, and lack of adverse effects or events to
promote and/or support their ingredient and/or product so that it is known
generally as GRAS or generally recognized as safe based on supportive docu-
mentation [37] [38]. Collection and submission of supporting materials must be
made to the FDA for this determination and is an alluring option for many die-
tary supplement producers and retailers [39].

Under section 413(a)(2) of the FD&C Act (21 U.S.C. 350b(a)(2)), the manu-
facturer or distributor of an NDI that has not been present in the food supply as
an article used for food, or a dietary supplement containing such an NDI, must
submit a premarket safety notification to FDA at least 75 days before introduc-
ing the product into interstate commerce [37]. This guidance is intended to help
manufacturers and distributors of dietary ingredients and dietary supplements
decide whether to submit a premarket safety notification to FDA (commonly re-
ferred to as NDI notifications) for a product that is or contains an NDI, which
will allow execution of review more efficiently and response more quickly.

Tianeptine does not fall within this category either and violates the FD&C Act
and is considered an illegal, unapproved food additive or adulterant. As a result,
many dietary supplement manufacturers have committed the additional re-
sources necessary to obtain GRAS status for their supplements from the FDA
rather than risk prohibition post-market [37]. Once reviewed by the FDA, the
FDA can issue a statement of “No Objection” (to the application), which permits
acceptance into the food supply. Tianeptine is not GRAS under its conditions of
use in the specific dietary supplement product. Because tianeptine does not
qualify as a dietary ingredient or NDI and is not GRAS or otherwise exempt
from the food additive definition, the product is adulterated because it contains

an unsafe food additive.

7. Might Tianeptine Be a Nutraceutical?

The term “nutraceutical” is not defined by US law and, as such, nutraceuticals
are largely unregulated pre-market, since they exist in the same category as die-
tary supplements and food additives established by the FDA, under the authority
of the FD&C Act. The word “nutraceutical” is a blending of the words “nutri-
tion” and “pharmaceutical” to denote mixtures and/or molecules that are de-
rived from natural food sources, and not synthetically produced non-dietary
compounds, ie, tianeptine, and are already consumed in the diet but in much
higher amounts, but not excessive, than in the average diet [40]. A non-drug nu-
traceutical is a pharmaceutical alternative in that the product is isolated or puri-

fied from foods and generally sold in medicinal forms not usually associated
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with food because it has physiological benefit or provides protection against
chronic disease. In short, pharmaceuticals are the result of clinical trials aimed at
treating specific diseases. Nutraceuticals are food-based, naturally occurring
substances provided often in higher amounts than normally consumed in the
diet used for the mitigation, prevention, and treatment of diseases. Given these
definitions, tianeptine, at least in the US, is neither a pharmaceutical, viz., drug,
nor a nutraceutical.

Since these initial reports, considerable clarity has emerged regarding the use
and misuse of tianeptine. All the while, tianeptine is illegally marketed as a die-
tary supplement or as an ingredient in a dietary supplement in products sold
under names like Za Za Red, Pegasus, T-D Red and Tianna [41]. Numerous cre-
ative strategies have been attempted to circumvent the obvious concerns with
toxicants. For example, tianeptine has many different names as mentioned pre-
viously, so ingredient labels must be read carefully before taking any supple-
ment. Look for tianeptine, tianeptine sodium or tianeptine sulfate listed in the
ingredients or supplement facts noting that the product may be in both powder
and pill form. As one might expect, the product is sold in vibrant, bright-colored
bottles with advertising claims that it helps improve brain function, treats anxie-
ty, depression, pain, and opioid use disorder [41]. Moreover, to bypass the
FD&C Act, tianeptine is typically sold as “not for human consumption” or “for
research purposes only” or simply added as an adulterated, perhaps undisclosed,
ingredient in a marketed dietary supplement.

The US FDA does not consider tianeptine to be a substance that meets the
statutory definition of a dietary ingredient (supplement), nutraceutical, or FDA-
approved drug and is instead considered an unsafe and unapproved food addi-
tive or adulterant. Yet, some companies are illegally marketing and selling prod-
ucts containing tianeptine to consumers. Moreover, dangerous and unproven
claims are proffered that tianeptine can improve brain function and treat anxie-
ty, depression, pain, opioid use disorder, and other conditions that have not
been evaluated by a regulatory agency or committee regarding veracity. The rel-
atively recent emergence of a significant number of adverse events, calls to Poi-
son Control Centers, and problems with dependency, addiction, and withdrawal
symptoms from tianeptine have been alarming and have prompted immediate
action [18].

Some supplement manufacturers are promoting potentially toxic compounds—
often with unproven drug claims and purposely manipulating the statutory defi-
nitions of what defines a dietary supplement, which, as likely intended, can con-
fuse and/or mislead consumers. Most products when stripped free of the adulte-
rant tianeptine, are legitimate, legally marketed dietary supplements. Ultimately,
potentially illegal activities place the collective dietary supplement industry at
risk by confusing consumers, harming patients and debasing reputable dietary
supplement products by associating them with the activities of disallowed com-

ponents. In this case, these companies are targeting unaware, vulnerable patients
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who may be seeking alternative treatments to serious medical conditions like

opioid use disorder.

8. Tianeptine Use as an Increasing Public Health Risk

The U.S. Centers for Disease Control and Prevention (CDC) warned that clinical
effects of tianeptine abuse and withdrawal can mimic opioid toxicity and with-
drawal. The CDC also reported there has been a rise in tianeptine exposure calls
to U.S. Poison Control Centers from 2014-2017, suggesting an emerging public
health risk (Figure 2) due to significant health effects, including neurologic, car-
diovascular, and gastrointestinal signs and symptoms, and some effects mi-
micking opioid toxicity and withdrawal [20] [42]. However, growing misuse and
abuse have mandated intervention into the availability and use of tianeptine. As
a result, the FDA issued its first official warning in 2018 to two dietary supple-
ment companies that had been openly selling products containing tianeptine. As
observed in online marketing, the previous appearance of tianeptine in product
labels now is absent from many products from companies that were contacted
by the FDA. The piercing question now is whether the tianeptine has been re-

moved from the product or simply the name from the label?

9. What Can a Health Care Professional Do?

In the US tianeptine abuse has increased nearly 25-fold between 2014 and 2019
due largely to misleading claims that it safely reduces anxiety, depression, pain,
and helps mitigate opioid-associated addiction. Patients receiving FDA-approved
medication assisted treatments (MAT) for opioid dependence markedly reduce
risk of death from all causes by half. However, using products with unsubstan-
tiated claims such as tianeptine may prevent those addicted to opioids from
pursuing approved, safe, and effective treatments ultimately prolonging recovery
and increasing the risk of mortality.

It is imperative that health care providers (including doctors, dentists, phar-
macists, and dietitians) solicit and consumers reveal information regarding die-
tary supplement and nutraceutical use, frequency of use, and dose used. The Of-
fice of Dietary Supplements (ODS) within the NIH website has a useful printable
form for documenting and noting the name, dose, frequency, and the reason for
use for dietary supplements. Consumers can then share and consult with healthcare
providers, ideally prior to consumption, who can help determine which supple-
ments, if any, might be valuable for client or patient. More importantly, obtain-
ing a health care provider’s approval prior to replacing or adding on supple-
ments to prescribed FDA-approved medicines is also important. Additionally,
prior to any type of surgical procedure, consultation with a health care provider
regarding routinely used supplements should be undertaken since this can mar-
kedly affect outcome and prognosis.

A dietary supplement’s safety depends on many things, such as its chemical

composition, mechanism of action, e.g., SSRI, mu opioid receptor agonist, etc.,
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form and route administered, and the amount consumed. Some suggested ques-
tions about dietary supplements are listed below:

* What are its potential benefits for me? Why am I taking this?

* How, when, and for how long should I take the supplement?

* Does it have any safety and/or toxicity risks?

* What is the appropriate dose to take?

Reducing the number of Americans who are addicted to opioids (currently
at >2,000,000) and cutting the rate of new addiction is a priority for the FDA and
includes promoting more widespread innovation and access to opioid addiction
treatments. New safe and effective MATs are becoming more available. Health
care professionals and consumers are encouraged to report any adverse events
related to these products to a primary caregiver and the FDA.

There are many other recommendations for healthcare providers regarding
course of action with suspected tianeptine use and misuse. Providers who sus-
pect tianeptine exposure in any client should call a Poison Control Center for
advice regarding diagnosis, treatment, and prevention of toxicity [43]. One-on-
one treatment should include monitoring of blood pressure and heart rate, sup-
portive care, and an EKG evaluation if the expertise is present until more ad-
vanced care is available [44]. During typical counseling sessions, providers are
urged to counsel clients regarding the risks of tianeptine even if the client is not
ready to cease use. At this point, it is also helpful to inform patients about poten-
tial overdose risk from mixing substances, e.g., other opioids. In particular, con-
vey the message clearly and strongly that convenience and availability, as found
with gas stations, does not prove safety or legality. In advanced cases of poison-
ing or overdose, administration of over-the-counter naloxone, an opioid anta-
gonist, is advised particularly if an individual has slow, ineffective respiration
[45]. Depending on the available resources, healthcare professionals should refer
clients or patients to local drug prevention organizations or other reliable,
community-based providers that may direct clients to additional needed re-

sources associated with drug use.

10. Conclusion

In conclusion with so many supplements on the market (upwards of 29,000) and
the current mechanism of governmental regulation with largely post-market re-
view, it is imperative that health professionals stay abreast of dietary supplement
and nutraceutical use by patients, clients, etc. and scientific reports of potential
problems. Initially emergence of adverse events via social media should be viewed
cautiously but does alert one to follow up with reputable scientific sources such as
the ODS, NIH, Consumer Reports, FDA, FTC, etc. as to the nature of the pur-
ported adverse effect, toxicant, adulterant, drug, etc. [37]. Health care providers
and public health officials should also proactively report adverse effects to the
FDA MedWatch reporting system and contact Poison Control Centers for clini-

cal guidance with perhaps initially a focus on the adverse effects associated with
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tianeptine. This is indeed a compelling case seemingly centered on scientific se-
mantics. That is, tianeptine has compelling evidence to suggest clear benefit
against anxiety and depression and effective evidence-based outcomes with li-
mited toxicity when used as legally prescribed. However, some countries have
not evaluated tianeptine as a drug and disallow its prescription. Moreover, the
increased misuse of this compound has highlighted its potential lack of safety

and likelihood of abuse and misuse.
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