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Abstract

:

Multiple randomized double-blind placebo-controlled trials have shown that botulinum toxin A (BoNT/A), when injected into the frown musculature, is an antidepressant. This review outlines the conceptual narrative behind this treatment modality, starting with theory developed by Charles Darwin. We develop the concept of emotional proprioception and discuss how the muscles of facial expression play an important role in relaying valenced information to the brain’s emotional neuroanatomical circuit. We review the role of facial frown musculature as the brain’s barometer and transmitter of negatively valanced emotional information. The direct connections between the corrugator muscles and the amygdala are reviewed, and these provide a neuroanatomical circuit that is a logical target for treatment with BoNT/A. The centrality of amygdala dysfunction in the pathogenesis of many psychiatric disorders, and the evidence that BoNT/A modulates amygdala activity, provides the mechanistic link between BoNT/A and its antidepressant activity. Animal models of BoNT/A’s antidepressant effects confirm the evolutionary conservation of this emotional circuit. The clinical and theoretical implications of this evidence, as it relates to the potential treatment of a broad range of psychiatric disorders by BoNT/A, is discussed. The ease of administration, long duration, and favorable side effect profile of this therapy is reviewed in the context of existing antidepressant treatments.
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Key Contribution: This review examines the theoretical underpinnings for the use of botulinum toxin A in depression and other psychiatric disorders. In addition, it analyzes the multiple lines of evidence that confirm the antidepressant effects and provides evidence for the mechanism of action.










1. Introduction


Since the first open-label trial [1], multiple randomized double-blind placebo-controlled trials have shown that botulinum toxin A (BoNT/A) is an antidepressant when injected into the corrugator and procerus muscles [2,3,4,5,6,7]. In addition, four other trials have reported similar results [8,9,10,11]. These results have surprised many, but a line of thinking derived from the 19th century predicted them. We usually assume that our emotions affect our facial expressions, but the effect of our facial expressions on our emotions is less apparent. However, there is a large body of evidence that suggests our facial expressions provide a corporeal means to encode and deliver emotional information.



In his prescient and groundbreaking book, “The Expression of Emotions in Man and Animals”, Charles Darwin states, “The free expression by outward signs of an emotion intensifies it. On the other hand, the repression, as far as possible, of all outward signs softens our emotions. He who gives way to violent gestures will increase his rage; he who does not control the signs of fear will experience fear in greater degree” [12]. Darwin described the omega sign (Ω) between the eyebrows, so called because it has the shape of the last letter of the Greek alphabet, in subjects suffering from severe melancholy. He related the case of a woman suffering from severe melancholia who imagined that she had lost her viscera, and that her body was empty. When she spontaneously recovered some months later, he noted that “her countenance resumed its natural expression”.



Darwin suggested that facial expressions were innate and universal among humans, and to strengthen his argument he drew parallels with facial expressions in other primates. He emphasized their important role, given their presence in multiple species. In support of his theory of the primacy of facial expressions, he described emotional expressions in cats, dogs, horses, and nonhuman primates. He also described in detail how infants and the blind form the same expressions.



William James, the Harvard psychologist, was a visionary when he elaborated on his facial feedback theory of emotion in his Principles of Psychology [13]. James stated that he was sad because he cried, rather than cry because he was sad. James suggested that our muscles embody our emotions, and that this embodiment is an intrinsic part of the emotion. He theorized that changes in muscle tension reflect the emotion of the moment, regardless of any conscious awareness. He said, “Smooth the brow, brighten the eye… and your heart must be frigid indeed if it does not gradually thaw”! Both Darwin and James hypothesized that the facial expression representations of sadness signaled to the emotional centers of the brain, creating or worsening feelings of distress.



Almost 100 years after Darwin’s writings Paul Ekman demonstrated that facial expressions were innate and universal to our species [14], establishing their fundamental biological role. He showed that remote tribes in New Guinea, which lacked exposure to any media, and did not have a written language, could instinctively recognize the same emotions expressed by a human face as students at a US university. He concluded that the facial expressions of anger, fear, sadness, disgust, surprise, and happiness were understood by all humans. Anything so innate must serve an important purpose and have strong evolutionary value. Thus, Ekman’s work helped stimulate research in the field of facial expressions.



Ekman’s group [15] asked whether the altering of one’s facial expression could affect our autonomic nervous system. To reduce conscious awareness, subjects were given sets of instructions, such as “raise your brows and pull them together”. They measured involuntary changes in the autonomic nervous system, such as heart rate, finger temperature and skin resistance. In their study with 16 subjects, heart rate increased more in anger and fear than in happiness. Left and right finger temperatures increased more in anger than in happiness. Everyone was assessed before and after directed facial action tasks.



The changes in heart rate associated with anger, fear, and sadness were all significantly greater (p < 0.05) than those for happiness, surprise, and disgust. For finger temperature, the change with anger was significantly different (p < 0.05) from that of all other emotions. Skin resistance was able to distinguish between sadness, fear, anger, and disgust, with the largest decreases in skin resistance occurring in sadness > anger > fear. Disgust increased skin resistance.



They performed a comparison of the effects of facial expression versus conscious thought on the autonomic nervous system. Subjects were asked to relive a past emotional experience, and then they measured the same aspects of the autonomic nervous system. The results showed that moving facial muscles to create a fearful facial expression had a stronger effect on the heart rate, finger temperature, and skin resistance than reliving a past experience that was fearful. The more powerful effect of a facial expression versus a thought was found for all the other fundamental emotions. However, the level of significance was not reported for the difference between a facial action task and reliving an emotional experience.



Subsequently, a variety of research groups investigated how the muscles of facial expression affect one’s emotional states. In one experiment, to test the effect of frowning on the experience of emotion, researchers placed golf tees on both sides of subjects’ foreheads [16]. They then asked them to move the tees closer together, an action that can only be accomplished by frowning. Subjects were then shown photographs with emotional content. When the golf tees were drawn closer together (creating the frown expression), subjects assessed unpleasant photographs more negatively, showing that the act of frowning affects the emotional valence of our decision making.



Different groups of researchers have come to similar conclusions by using different experimental methods to alter facial expressions. One group noted that the pronunciation of the U vowel in German causes contraction of the frown musculature. Reading stories that contained more U words would lead to more involuntarily frowning, and this led subjects to evaluate stories more negatively. Subjects liked stories that contained no Us better than stories with Us. The authors concluded that facial muscle movement alone, without any conscious awareness, is sufficient to affect the valence of our emotional evaluation of a story [17,18].



One of the most accurate and well-established measures to objectively analyze negative emotions is facial electromyography (EMG) of corrugator muscles. Activity in the corrugator muscles reflects valence-specific negative affect [19,20]. When subjects imagined sad or angry situations, distinctive EMG patterns of muscle activity over the corrugator muscles was observed [21]. Corrugator muscle contraction is essential for frowning and has been demonstrated to directly correlate with subjects’ experience of affect. It decreases with positive emotional states and increases with negative emotional states. Therefore, one might expect that depressed subjects might have elevated corrugator muscle activity. This experiment has been done; EMG has shown that corrugator muscle activity is increased in depression [21,22,23]. In addition, the patterns of EMG activity in addition to intensity were able to distinguish those with depression from the nondepressed [21]. Twelve healthy subjects were compared with twelve depressed subjects. Corrugator activity between the two groups was significantly different, p < 0.05, after subjects imagined a happy, sad or angry situation.



Researchers then asked whether EMG patterns of facial muscle activity could predict the treatment outcome for patients suffering from depression. Several groups have shown that the EMG patterns of facial muscle activity are an independent predictor of treatment results [24,25,26].




2. Emotional Proprioception


How do we explain the role of the corrugator muscle in emotion? How does movement of the face cause the emotional state?



It has been proposed that afferent nerve fibers from facial musculature relay emotional information to the brain on a constant basis, signaling our emotional state, by a process termed emotional proprioception [27,28,29,30]. In this model, the brain utilizes feedback from facial muscles to provide emotional information. When we paralyze frowning with BoNT/A this initiates a signal to the proprioceptive fibers of the optic branch of the trigeminal nerve. This signal in turn is relayed to the mesencephalic nucleus, which connects to the amygdala and the ventromedial prefrontal cortex [31]. Both brain centers are intimately involved in emotional regulation, and in current models of depression. The amygdala in turn has strong reciprocal connections to the hypothalamus and brain stem regions, which are involved in control of autonomic nervous system functions. Thus, there is a neuroanatomical circuit by which facial muscle contraction affects the autonomic nervous system, as posited by Ekman.



The fundamental connection between the human amygdala and the corrugator muscle has been demonstrated in vivo [32]. Direct intracerebral stimulation of the human amygdala increases corrugator muscle activity.



Corrugator EMG activity is also increased in response to the viewing of negatively valenced pictures [20]. At the same time, a decrease in ventromedial prefrontal cortex activity is seen by fMRI [20]. Thus, there is a reciprocal relationship between the ventromedial prefrontal cortex and the amygdala, and their activity is directly tied to the emotion encoded by the muscles of facial expression.



2.1. The Amygdala Is Central for Negative Emotions and Involved in the Pathogenesis of Most Psychiatric Disease


The negative emotions of sadness, anger and fear are all regulated by the amygdala. The last few decades of research have shown that negative emotions are a fundamental part of a variety of psychiatric disorders.



The amygdala has been shown to be central to the pathogenesis of many psychiatric disorders. For example, brain scans reliably show that amygdala activity is dysregulated in major depressive disorder (MDD) [33]. In addition, post-traumatic stress disorder, social anxiety disorder, bipolar disorder, panic disorder, borderline personality disorder, and obsessive-compulsive disorder have all been reported to have amygdala dysfunction [34,35,36,37,38,39]. Treatments that induce rapid antidepressant effects are also reported to quickly downregulate the amygdala.



More than 30 years of research have confirmed the centrality of the amygdala for the genesis of negative emotions. The amygdala neuronal circuit is one of the most studied neuroanatomical circuits in the brain. This circuit is central to models of depression and post-traumatic stress disorder. For example, an fMRI study in MDD patients treated with paroxetine revealed that amygdala activity was decreased only in those MDD patients who responded to paroxetine; non responders did not down-regulate their amygdala [40], thus directly linking improvement of depression symptoms to amygdala regulation.




2.2. Downregulation of the Amygdala


The injection of BoNT/A into the corrugator muscles of depressed subjects is a clear and specific test of more than 30 years research on the pathogenesis of depression.



This research has shown that the amygdala–ventromedial prefrontal cortex neuronal pathway is dysfunctional in MDD. BoNT/A injection at sufficient dose into the glabellar region leads to a temporary but complete inactivation of the procerus and corrugator muscles. Subjects who received BoNT/A injections into the corrugator and procerus muscles had modulation of amygdala activity, as demonstrated by fMRI [41,42]. When subjects view photographs of angry faces, amygdala activity is normally increased; this amygdala response was decreased when the procerus and corrugator muscle contraction was inhibited by BoNT/A injection. Researchers then tested the amygdala response after sufficient time had elapsed such that the effect of BoNT/A on muscular contraction had completely worn off. They found that amygdala activity had returned to its original state. These results confirm that BoNT/A, in a reversible manner, can downregulate amygdala activity [42].



The reversible nature of BoNT/A modulation of amygdala activity is consistent with the reversible nature of BoNT/A’s clinical results in the treatment of depression. A patient with chronic MDD was treated with BoNT/A; her depression went into remission (Figure 1). She missed her three-month follow-up appointment. When she was seen again at 10 months her depression had returned completely, and her corrugator muscles had returned to their baseline activity. Retreatment with BoNT/A then had a similar antidepressant effect.



Recent research has shown that amygdala activity is also modulated in borderline personality disorder patients treated with BoNT/A [43], suggesting the potential utility of BoNT/A for treatment of borderline personality disorder.



Thus, we now have three independent research groups that have confirmed that BoNT/A injection of the corrugator musculature modulates amygdala activity.



If the concept of emotional proprioception is indeed intrinsic to the mechanism of BoNT/A’s antidepressant effect, then the site of BoNT/A facial injections should be critical for the successful treatment of depression. Thus, BoNT/A injection of frown muscles should improve symptoms of depression, but injection into smile muscles should not. Recently, researchers have performed this experiment. In a single-blind randomized trial of BoNT/A injections for treatment-resistant depression, researchers compared the effectiveness of glabellar versus periorbital injection. Periorbital injection targets the orbicularis oculi muscles, which are part of the smile facial expression. Notably, glabellar, but not perioribital, injection was effective in treating depression [11].



Although existing evidence points towards emotional proprioception as the mechanism of BoNT/A’s antidepressant effect, this does not prove that other mechanisms are not involved. Other possibilities include improved body image and self-esteem due to cosmetic effects. However, this appears less likely since both glabellar and orbicularis injections can cause cosmetic improvements, but only glabellar injections had significant antidepressant effects. In addition, the rodent models of BoNT/A for depression, as described below, make this less likely.



Two major models of emotional transmission, James–Lange and Cannon–Bard, were proposed more than 100 years ago [13,44,45,46,47]. The James–Lange theory of emotion suggests that bodily reactions themselves elicit conscious emotions. By contrast, the Cannon–Bard theory posits that emotional experience occurs independently of physiological arousal. Arguments against the peripheral model (James–Lange) included the slow transmission of neuronal signals from the periphery, such as from the viscera. In the case of neuronal transmission from the corrugator muscles, nerve conduction velocity is not an argument against the James–Lange theory. The corrugator muscles send their signal to the trigeminal nerve, a large cranial nerve with proximity to the amygdala. The role of facial muscles in emotion is most consistent with embodied theories of emotion [48,49].



The precise mechanisms by which BoNT/A glabellar injections lead to modulation of amygdala activity remain to be elucidated.




2.3. Animal Models


Darwin inferred the strong evolutionary importance of facial expressions from their occurrence in a wide variety of species. Animal models of depression have been helpful in understanding the disease. Rodent models have demonstrated the antidepressant activity of approved antidepressants.



Human, but not rodent, drug trials can be significantly affected by the placebo response. Psychiatric trials have higher placebo response rates than other types of clinical trial. Recent research has shown that mice demonstrate a defined set of facial expressions when challenged with emotional events [50]. Three different emotional states, pain (tail shock), disgust (quinine), and pleasure (sucrose), were differentiated by facial expressions. Using a machine learning model, they demonstrated that mouse facial expressions exhibited fundamental features of emotions, such as intensity, valence, generalization, persistence, and flexibility. Next, they used optogenetics to activate specific regions of the insular cortex. Projections from the insular cortex to the amygdala have been shown to affect the emotional state induced by the tasting of different solutions. In their optogenetic model, they found that activation of the anterior insular cortex–basolateral amygdala pathway diminished the mouse facial expression of disgust. They then showed that optogenetically induced facial expressions corresponded temporally and in persistence to those triggered by exposure to quinine (disgust).



The authors concluded that facial expressions were consistent indicators of emotional states and that, in mice, the neuronal circuits involved can be inferred by their facial expressions. This raises the question: does BoNT/A show antidepressant activity in rodent models?



In rodents, it has been reported that a lesion in the median forebrain bundle induced by 6-hydroxydopamine (6-OHDA) provides a suitable model to investigate the depressive-like behaviors seen in Parkinson’s disease [51].



The forced swim test is a standard assay for depression in rats, as shown by the effect of standard antidepressant drugs in this model. In the rat 6-OHDA model of Parkinson’s disease, a 1 ng intrastriatal BoNT/A injection significantly reduced depressive behavior, as demonstrated by the forced swim test, p < 0.002 [51].



Another rodent model of depression assesses the duration of immobility in space-restricted animals. In mice, a single facial injection of BoNT/A led to a rapid and sustained improvement of depressed behaviors in space-restricted animals, as observed by a shorter duration of immobility [52]. Expression of multiple neurotransmitters and growth factors was affected by BoNT/A. 5-Hydroxytryptamine levels were increased in the hypothalamus and hippocampus. Brain-derived neurotrophic factor was also increased in the amygdala, hippocampus, hypothalamus, and prefrontal cortex. Both 5-hydroxytryptamine and brain-derived neurotrophic factor expression have been reported to be involved in the pathogenesis of depression; their activity is decreased in depressive states.



In a different mouse model, BoNT/A reduced anxiety-like behaviors and inhibited microglia toll-like receptor 2-mediated neuroinflammation [53]. Inflammation is thought to play a significant role in the genesis and maintenance of depressive behavior.



In summary, there are now multiple rodent models of depression that show that a single injection of BoNT/A into rodents has a strong antidepressant effect.





3. Randomized Controlled Trials


There is an extensive clinical trials research literature that shows that BoNT/A is a strong antidepressant.



The first open-label trial demonstrated that injection of 29 μ of BoNT/A into the glabellar frown muscles induced remission of depressive symptoms in multiple female patients [1]. Patients received 7 μ into the procerus muscle, 6 μ bilaterally into the medial part of the corrugator muscles, and 5 μ bilaterally into the lateral part of the corrugator muscles. This dosage is almost 50% higher than that commonly used to treat glabellar wrinkles in women, and was chosen to increase the likelihood of complete muscle inhibition. By contrast, treatment for cosmetic reasons often does not aim for complete muscular inhibition. When the paralyzing effects of BoNT/A wore off, the depressive symptoms returned. Reinjection of BoNT/A led to remission.



This research has been followed by multiple controlled trials of BoNT/A for depression. The first randomized double-blind placebo-controlled trial (RCT) found that 60% of BoNT/A subjects responded (a 50% or greater decrease in depression scores), compared to 13% of placebo (p = 0.02) at the primary endpoint of 6 weeks [5]. Patients were followed over 16 weeks. The HAM-D score was reduced by 47% in those treated with BoNT/A, and by 9% in the placebo group (p = 0.03). Patients in this trial were suffering from moderate unipolar depression that was partly chronic and treatment resistant. Patients were also on various oral antidepressant medications that were maintained during the trial. The effect size was large (Cohen’s d = 1.28).



A second, larger trial (n = 74), lasting 6 weeks, reported a BoNT/A response rate that was 52%, vs. 15% for placebo (p < 0.001). Of the 74 subjects, 31 were maintained on their preexisting oral antidepressants. The remission rate of 27% was significant (p < 0.02) [3]. The magnitude of the pretreatment frown at rest (without forcible contraction) was not correlated with improvement in depression symptoms. These results suggest that cosmetic improvement in wrinkles did not play a role in the mechanism of action.



The third trial had similar results, with a BoNT/A response rate of 45%, vs. 5% for placebo (p = 0.007) [4]. This was a cross-over study; after 12 weeks, the placebo group received BoNT/A. Over the follow-up period of 24 weeks, both groups had significant improvements in depressive symptoms after BoNT/A injections.



The next randomized controlled trial was conducted over 6 weeks, with 28 patients suffering from major depression in Iran. At six weeks, the BoNT/A group was significantly improved versus placebo (p < 0.004) [5].



A 24-week phase 2 RCT trial with 120 subjects using 30 μ of BoNT/A reported that the BoNT/A group improved significantly, p< 0.05, at 3 and 9 weeks and approached significance at 6 weeks, p < 0.053 [6]. However, a concurrent 50 μ trial did not achieve statistical significance. Of note, the placebo response rate in this trial was higher than in all other trials. Their trial also excluded subjects who had previously tried or were currently medicated with oral antidepressants; these exclusion criteria, which were different from the other trials, probably contributed to the high placebo response rate, which can make statistical separation of any antidepressant treatment from placebo difficult.



One trial compared the effect of BoNT/A on anxiety and depression in 90 hemifacial spasm patients versus 90 benign essential blepharospasm subjects. Both groups had improvement in anxiety and depression 2 months after BoNT/A (p < 0.05) [7].



A trial in 89 depressed subjects with Parkinson’s disease compared the effect of sertraline versus BoNT/A. BoNT/A was noninferior to sertraline at 2 months and had a lower incidence of adverse reactions (BoNT/A 11% and sertraline 29%, p < 0.05) [8].



Another trial compared sertraline with BoNT/A for depression in 76 patients over 12 weeks. Overall, both groups improved similarly; however, the BoNT/A group improved faster and had fewer side effects (15% vs. 33% for sertraline) [9].



A 12-week multicenter trial of 88 patients compared BoNT/A (n = 61) to placebo (n = 21). BoNT/A demonstrated a significant improvement relative to placebo, p < 0.0027 [10].



In a single-blind randomized trial, treatment-resistant depressed subjects, (n = 58) were treated with either glabellar frown injections or orbicularis oculi (periorbital) injections. At 6 weeks, depression scores in the BoNT/A group were improved (p < 0.004) [11].



In summary, there have been 10 trials in five countries: Germany, USA, China, Iran, and France [2,3,4,5,6,7,8,9,10,11]. No trial designs to date have included sham injections. In 9 of the 10 trials the primary outcome measure was met. All of the trial subjects were treated only once with BoNT/A.




4. Meta-Analyses


Another line of evidence consists of recent meta-analyses of clinical trials to date [54,55,56,57,58]. The effect size, or Cohen’s D, of BoNT/A relative to placebo ranged from 0.82 to 1.09 across these five meta-analyses. These results confirm the strong antidepressant effect of BoNT/A. In addition, a meta-analysis of trials of patients with comorbid migraine and depression treated with BoNT/A showed a strong antidepressant effect [58].




5. FAERS


Indirect evidence for the antidepressant effect of botulinum toxin can be seen by inverse frequency analysis of reports from the FDA Adverse Effect Reporting System (FAERS). Normally, this reporting system is used to assess the risk of side effects from a drug. However, an inverse analysis can be used to see if a drug reduces the incidence of a condition. An analysis of over 40,000 BoNT/A treatment reports, out of 13 million pos-marketing safety reports, revealed that those patients who received BoNT/A injections for a variety of conditions had a significantly lower number of depression reports compared to patients undergoing different treatments for their conditions [59,60]. It is notable that the only other drug so strongly inversely correlated with reporting of depression was ketamine, whose isomer, esketamine, was recently approved for treatment-resistant depression.



More recently, post-marketing safety surveillance data was investigated to determine whether users of BoNT/A had a reduced incidence of anxiety. Users of BoNT/A reported a lower incidence of new anxiety than did nonusers. Thus BoNT/A appears to have some protective effect against anxiety [61]. However, direct trials will be necessary in order to confirm this indirect evidence.




6. BoNT/A Could Change the Paradigm of Treatment in Psychiatry


Although there are established therapies for depression, at least one third of patients fail to respond to any combination of oral antidepressants and psychotherapy [62]. Thus, the development of new treatment approaches for depression is needed.



BoNT/A therapy has several potential advantages as a psychiatry therapeutic. First, a single treatment typically takes only 15 min to administer in an outpatient office setting. No special equipment is required. The ease of delivery and administration is important. Multiple medical specialists have experience in injection, including neurologists, primary care physicians, dermatologists, plastic surgeons, ear nose and throat surgeons, nurse practitioners, and physician assistants. This would greatly facilitate the uptake of BoNT/A upon FDA approval for a psychiatric condition.



Second, it lasts on average about three months, allowing fewer office visits for both patients and physicians and thereby enhancing therapeutic adherence. The long duration of BoNT/A effects allows it to potentially have a role as a depot drug for depression. This would simplify the treatment protocol and reduce the problem of withdrawal symptoms that are sometimes experienced by patients who abruptly stop their oral antidepressant medication. Real-life clinical experience with BoNT/A in depression has shown that depressive symptoms begin to return 2–4 months after injections, in most patients. The duration of action may reflect the dose used versus the strength of the glabellar frown muscles [63]. It has been observed anecdotally that certain individuals with more prominent frown muscles require higher doses for the antidepressant effect to last 3 months [64].



Third, BoNT/A has been used for more than 30 years for a variety of therapeutic and cosmetic indications in millions of patients. This experience has shown that BoNT/A is a safe and well-tolerated treatment for glabellar frown muscles [65]. Side effects usually consist of short-term local irritation, headache, and occasional ptosis.



The optimal dosage of BoNT/A for the treatment of depression has not been fully established. One could argue that some negative emotional activity is necessary for adaptive human behavior. BoNT/A treatments of the frown musculature appear to diminish amygdala activity in normal subjects. This has not been observed to be a difficulty, in terms of behavior, for the millions of nondepressed subjects who have received treatments over many years. In the depressed patient population, BoNT/A is probably normalizing dysfunctional amygdala activity. There are less data on the treatment of males, but they appear to respond as well as females.



The use of BoNT/A for a variety of indications has grown over the past 20 years. In part, it is possible that the enhancement of emotional wellbeing resulting from glabellar injections may well have contributed to the rapid growth and acceptance of this therapeutic modality [66,67].



Currently approved oral antidepressants may have side effects, such as weight gain, fatigue, or sexual dysfunction [68,69], and 44% of patients discontinue their medication because of these side effects [70]. Thus, the burden of side effects appears to be lower with BoNT/A [8,9]. Other approved treatments, such as electric shock therapy, esketamine, and atypical antipsychotics, have more potential for severe side effects. For example, electric shock therapy can cause significant memory loss, and esketamine may cause hallucinations and dissociation that requires on-site monitoring for hours after administration. It is plausible that this may have played a role in reducing the numbers of patients who are treated with such therapies. Thus, for patients, BoNT/A has potential advantages.



Tachyphylaxis has been reported for many drugs, including oral antidepressants. To date this has not been reported for BoNT/A treatment of depression [63]. However, larger-scale and longer-term clinical trials will be necessary to learn more about the role of BoNT/A in depression.



Conceptually, BoNT/A affects emotional processes in the CNS through the muscles of facial expression, by interruption of the emotional proprioceptive feedback loop. The modulation of amygdala activity by BoNT/A also gives this therapy the potential to treat a wide range of psychiatric disorders. Notably, in addition to MDD, bipolar depression, panic disorder, post-traumatic stress disorder, borderline personality disorder, social anxiety disorder, and obsessive–compulsive disorder all demonstrate amygdala dysregulation. Preliminary studies have shown that borderline personality disorder, bipolar depression, and social anxiety disorder can be helped by glabellar BoNT injections [64,71,72,73]. It will, therefore, be of interest to determine a potential role for BoNT/A in psychiatric disorders in general.
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Figure 1. Patient BDI-II scores after BoNT/A treatment. 
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