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Abstract

In modern society, depression is one of the most common mental disorders. It is generally
thought that depression is due to the disorders of neuronal circuits and chemical balance in
the brain. Patients with depression often receive treatment with selective serotonin reuptake
inhibitors (SSRIs). However, recent studies suggest that the magnitude of benefit of
pharmacological treatment is quite limited for these patients. Although recent studies
propose acupuncture as a non-pharmacological approach to managing depression, the
mechanism of its beneficial effects is not well understood. Somatosensory pathways
stimulated by acupuncture relay to the central nervous system (CNS). In animal studies,
acupuncture has demonstrated the potential to ameliorate neural abnormalities associated
with depression. As complex daily life stress is highly associated with depression, the
procedure that suppresses stress responses would be a good candidate to treat depression.
Oxytocin (OXT) is a hormone produced at the hypothalamus and mediates social bonding and
stress reduction. OXT inhibits stress-induced corticotropin-releasing factor (CRF) expression at
the hypothalamus, resulting in anti-stress and anti-anxiety effects. Research has demonstrated
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that acupuncture stimulates the release of hypothalamic OXT through somatosensory
stimulation. Thus, stress-related mental disorders can be treated, at least in part, by
acupuncture. It is proposed that somatosensory stimulations induced by acupuncture are a
possible candidate as a non-pharmacological approach for depression.
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1. Introduction

The acupuncture procedure inserts thin needles into the skin and/or underlying muscle layer.
Inserted acupuncture needles are sometimes stimulated by electricity with various frequencies
(electroacupuncture).

Acupuncture has been employed to treat various diseases and symptoms in the Orient for
thousands of years. Numerous animal and human studies have demonstrated that somatosensory
stimulation can regulate autonomic nerve functions. Stimulation of sensory neurons from the skin
and muscles can subsequently influence autonomic function. Acupuncture and transcutaneous
electrical nerve stimulation (TENS) stimulate somatosensory neurons.

Acupuncture has demonstrated efficacy in treating a range of conditions, including
gastrointestinal (Gl) diseases [1], cardiovascular diseases [2], chronic pain [3], chemotherapy-
induced emesis [4], inflammation [5], and others. Previous studies demonstrated
anatomical/physiological evidence of how acupuncture works.

Acupuncture modulates the activity of the autonomic nervous system, improving cardiovascular
and Gl symptoms [1, 2]. The beneficial effect of acupuncture for chronic pain is mediated via 5-HT
in the dorsal raphe nucleus and plasma met-enkephalin [3]. The anti-emetic effect of acupuncture
is mediated via central opioids [6]. A recent study showed that the anti-inflammatory effect of
acupuncture is mediated via the vagal-adrenal axis and NPY adrenal chromaffin cells [7].

In the recent 20 years, fMRI has been widely used to study acupuncture's effects on brain function
and its network. Acupuncture encompasses cognitive regions as well as somatosensory regions [8].

In modern society, depression is one of the most common mental disorders, promoting a
significant economic burden. Unfortunately, some of these patients are resistant to usual
pharmacological treatments. As a non-pharmacological approach to managing depression,
acupuncture has been proposed.

According to the recently published review article [9], animal and human research supported the
beneficial effect of acupuncture for depression. The pathogenesis of depression is thought to be the
disorders of neuronal circuits and chemical balance in the brain. These include abnormal
function/structure of the specific brain regions, neuroplasticity, reduced neurotransmitters (such as
glutamate and serotonin), and increased inflammatory cytokines [9]. In animal studies, acupuncture
has been shown to improve these abnormalities related to depression [9].

Oxytocin (OXT) is a hormone in social bonding and reducing stress. OXT may have an important
role in mediating the anti-depressive effects of acupuncture. Previous studies suggest that
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acupuncture might stimulate the release of OXT, contributing to its potential therapeutic effects [10].
As mentioned below, acute and/or chronic stress is highly associated with depression. The
procedure that suppresses stress responses would be a good candidate for treating depression [10].

OXT is well known to inhibit corticotropin-releasing factor (CRF) expression induced by stress,
resulting in anti-stress effects. Once acupuncture can stimulate OXT release via somatosensory
stimulation [10], mental disorders induced by daily life stress could be diminished. In addition to
stress, various factors have been discussed in the etiology of depression, including chronic pain,
brain inflammation, abnormalities in brain circuits, and others [9]. This review article focuses on the
pathophysiological role of the anti-stress effects of OXT and the mechanism of acupuncture
treatment for depression.

2. Effects of Acupuncture on Autonomic Nerve Function

Studies have demonstrated that acupuncture at ST-25 (abdomen) induces a relaxation of the
stomach [11], whereas acupuncture at ST-36 (leg) causes a contraction of the stomach in rats [12].
Acupuncture-induced gastric relaxation is mediated via the somatosensory neurons and
sympathetic neurons. Its afferent limb is the abdominal wall's cutaneous and muscle afferent nerves.
Its efferent limb is the sympathetic nerves innervating to the stomach. Gastric contraction induced
by acupuncture at ST-36 is mediated via the somatosensory and vagal neurons. The reflex center of
gastric relaxation and contraction is within the medulla [11, 12]. Another study showed that
acupuncture at ST-36 accelerates colonic transit in rats. Its afferent limb is the cutaneous and muscle
afferent nerves of the foot. Its efferent limb is the pelvic nerve innervating to the colon [13].

Information from various organs, such as cardiovascular, respiratory, and Gl systems, primarily
reaches the brainstem's nucleus tractus solitaries (NTS). The complex of NTS and the adjacent dorsal
motor nucleus of the vagus (DMV) is named the dorsal vagal complex (DVC). DVC is important in
mediating the vago-vagal reflex, which regulates Gl function. In addition to receiving from the
visceral organs, NTS also receives somatic afferent output from the skin and muscle of the body
through the spinal cord. Thus, NTS can be activated by somatosensory stimulation induced by
acupuncture.

To investigate the neural pathways mediating the gastrointestinal responses induced by
acupuncture, researchers conducted c-Fos immunohistochemistry on the brainstem to obtain
anatomical evidence. In response to acupuncture at ST-36, c-Fos immune-positive cells are observed
at NTS and DMV's medio-caudal/caudal part. This suggests that somatic afferents activated by
acupuncture at ST-36 are relayed to the media-caudal and caudal parts of NTS and stimulate the
DMV neurons. In contrast, c-Fos immune-positive cells are observed at medio-caudal NTS and rostral
ventrolateral medulla (RVLM) in response to acupuncture at ST-25. This indicates that somatic
afferents activated by acupuncture at ST-25 are relayed to the media-caudal NTS and stimulate RVLM
neurons. The RVLM neurons connect with the sympathetic preganglionic neurons of the spinal cord
[14] (Figure 1).
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Figure 1 Possible pathways in acupuncture-mediated autonomic nervous responses.
Somatic afferents activated by acupuncture at ST-36 (foot) are conveyed to the media-
caudal and caudal NTS and stimulate the DMV neurons (solid lines). In contrast, somatic
afferents activated by acupuncture at ST-25 (abdomen) are conveyed to the media-
caudal NTS and stimulate the rostral ventrolateral medulla (RVLM) neurons (dot lines).
The RVLM neurons provide a drive to the sympathetic preganglionic neurons.

The recent study also demonstrated the cite specific effects of acupuncture on autonomic nerve
function. Acu-stimulation on ST-25 triggers sympathetic nerve activity, while acupuncture on ST-36
stimulates parasympathetic nerve activity [7].

Spectral analysis of heart rate variability (HRV) is well known to evaluate autonomic nervous
activity. Low frequency (LF; 0.04-1.0 Hz) of HRV represents sympathetic activity, while high
frequency (HF; 1.0-3 Hz) of HRV represents parasympathetic activity in rats. Following acute restraint
stress loading, increased LF components and reduced HF components are observed in rats. It is
suggested that acute stress increases sympathetic activity and reduces parasympathetic activity [15].

Electroacupuncture at ST-36 significantly reduced the LF component and increased the HF
component following acute stress loading. Thus, electroacupuncture at ST-36 may stimulate
parasympathetic activity and reduce sympathetic activity under stressful conditions [15].

3. Neural Pathway from Skin to Central Nervous System (CNS)

Somatic afferent neurons located on the skin and muscle may play an important role in controlling
various autonomic nerve functions in animals and humans. The posterior column and spinothalamic
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pathways are involved in mediating somatosensory pathways from the spinal cord to the CNS.
Myelinated afferent fibers enter the ipsilateral dorsal column-medial lemniscus tract (posterior
column pathway) and emerge into the contra-lateral spinothalamic pathway. In contrast,
unmyelinated afferent fibers are carried up by the contra-lateral spinothalamic tract (spinothalamic
pathway). These impulses are conveyed to the thalamus and finally sent to the primary
somatosensory center of CNS. Additionally, collateral connections carry these somatosensory
impulses to other areas, such as the hypothalamus, periaqueductal gray (PAG), and brain stem [16]
(Figure 2).
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Figure 2 Relay from the somatosensory stimulation to the hypothalamic OXT release.
The spinal-supraspinal pathways responsible for somatosensory stimulation mainly
comprise the posterior column pathway and spinothalamic pathway. These impulses are
further relayed to the thalamus and ultimately sent to the primary somatosensory
center of the CNS. Additionally, collateral connections relay these impulses to other
brain areas, including the brain stem, periaqueductal gray (PAG), and hypothalamus.

4. Anti-stress Effects of Acupuncture

Depression related to mental disorder is highly associated with acute and/or chronic stress. Daily,
we encounter various types of stress. Accumulation of daily life stress often causes mental disorders.
Stress stimuli, both acute and chronic, may promote different physiological and neuroendocrine
disorders.

CRF neurons are mainly located in the hypothalamus's paraventricular nucleus (PVN). Acute
stress promotes CRF release, activating the hypothalamic—pituitary—adrenal (HPA) axis. Released
CRF also affects visceral function via projecting to the autonomic preganglionic neurons at the brain

Page 5/11



OBM Integrative and Complementary Medicine 2024; 9(1), doi:10.21926/obm.icm.2401016

stem [17].

TENS and electroacupuncture improve various stress-induced physiological responses. Animal
studies showed that sudden stress loading (acute stress) causes various abnormalities in the Gl tract.
Gastric emptying is delayed, while colonic transit is accelerated in rats [13, 14]. In rats, Gl dysmotility
(delayed gastric emptying and accelerated colonic transit) induced by acute stress is restored by
electroacupuncture at ST-36. Electroacupuncture stimulates parasympathetic activity while it
inhibits sympathetic activity following acute stress loading in rats [15]. These suggest that
acupuncture improves the imbalance of autonomic function under acute stress in rats [15].

5. Acupuncture Treatment for Depression

Patients with depression are often prescribed selective serotonin reuptake inhibitors (SSRIs). Due
to the serotonin (5-HT) hypothesis, which posits reduced levels of serotonin in the central nervous
system (CNS) in depressive disorders, SSRIs are expected to elevate 5-HT levels in the brains of
patients with depression.

However, previous studies suggest that the magnitude of benefit of pharmacological treatment
of SSRI may be minimal or non-existent in patients with mild or moderate depressive symptoms
[18]. Moreover, a recent systematic umbrella review suggests that there is no evidence to support
the hypothesis that depression is caused by decreased serotonin activity and levels [19]. Serotonin
metabolite, 5-HIAA, and plasma serotonin showed no association with depression. The conclusion
drawn is that there is no support for the hypothesis that decreased serotonin activity or
concentrations cause depression [19]. Thus, pharmacological treatment, especially SSRI, is now
losing its scientific background.

In contrast, it has been proposed that acupuncture is a possible non-pharmacological treatment
for depression. To compare the effects of electroacupuncture and SSRI in depressive patients, an 8-
week controlled clinical study of 60 patients was performed. Electroacupuncture showed more
remarkable improvement in feelings of despair, anxiety, somatization, and global clinical impression
than the SSRI group [20].

An RCT study compared SSRI alone versus SSRI together with manual acupuncture or
electroacupuncture in 477 moderate-severe patients with depression. Compared with SSRI alone,
enhanced therapeutic effectiveness, accelerated response to treatment, and reduced adverse
effects of SSRI. This suggests that acupuncture has therapeutic effects on these patients [21].

Acupuncture may act in various ways, stimulating biochemical pathways and/or restoring
neuronal structures in depression [9].

Synaptic plasticity is regulated, at least in part, by 5-HT. Electroacupuncture regulates the 5-HT
receptor and restores hippocampus synaptic plasticity, improving depressive behaviors.
Acupuncture may improve the 5-HT receptor and upregulate 5-HT content in synaptic gaps of brain
regions [22].

Brain-derived neurotrophic factor (BDNF) regulates neural plasticity by promoting axons and
dendrites' growth, reconstruction, and synaptic formation. BDNF also regulates synaptic
transmission. Electroacupuncture could ameliorate the depression-like behaviors and promote
nerve regeneration by increasing BDNF expression in the hippocampus. In addition, acupuncture
also upregulated the expression of BDNF in the PFC, suggesting that acupuncture has
neuroprotective effects in depression via upregulating BDNF [23].
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6. Anti-stress Effects of Hypothalamic OXT

In addition to 5-HT and BDNF, OXT has been demonstrated to mediate the anti-depressive effects
of acupuncture because OXT regulates social bonding and stress reduction. Previous studies suggest
that acupuncture might stimulate the release of OXT, which contributes to its potential therapeutic
effects [10].

Stress responses are mediated via central CRF and peripheral corticotropin (HPA-axis). OXT is
mainly synthesized in the hypothalamus's supraoptic nucleus (SON) and PVN. Central OXT has been
demonstrated to reduce anxiety and attenuate the HPA axis in response to both acute and chronic
stress. OXT inhibits stress-induced CRF expression via GABA, receptors, producing anxiolytic effects
[24].

Animal studies have shown that OXT decreases background anxiety without affecting learning
and memory of a specific traumatic event. When OXT is administered centrally before fear
conditioning or extinction training, there is a reduction in fear expression and an enhancement of
fear extinction [25]. This suggests that increased OXT activity prevents the formation of aversive
memories during traumatic events.

As mentioned earlier, acute stress loading delays gastric emptying while it accelerates colonic
transitin rats [13, 14]. In contrast, repeated experience with the same stressor produces habituation
or diminution of behavioral responses. Delayed gastric emptying and accelerated colonic transit
observed in acute stress are recovered to normal levels following repeated stress loading for 5 days
(chronic homotypic stress) in rats. This suggests that habituation is developed once the same stress
is repeatedly experienced. Recovered gastric emptying following chronic homotypic stress is
antagonized by central injection of OXT antagonists [26]. In OXT knockout (KO) mice, delayed gastric
emptying is still observed following chronic homotypic stress, suggesting no habituation to the
repeated same stress [27]. Microdialysis study showed that OXT levels are significantly increased in
the effluent from the PVN in response to chronic homotypic stress [28]. This indicates that central
OXT mediates the adaptation mechanism in response to chronic homotypic stress. Chronic
homotypic stress upregulates OXT expression at the PVN, inhibiting CRF expression and HPA axis
activity and restoring Gl malfunction in conscious rats [26].

In modern society, individuals encounter various physical, mental, and social stress daily. In order
to mimic complex stress exposure in humans, rats are loaded with different types of stressors for 7
consecutive days (chronic heterotypic stress). In contrast to chronic homotypic stress, chronic
heterotypic stress loading still results in delayed gastric emptying and accelerated colonic transit [26,
28]. Following chronic heterotypic stress, fewer OXT neurons and more CRF neurons are observed
in the PVN [26]. These indicate that chronic heterotypic stress fails to adapt Gl function due to
increased CRF expression and reduced OXT expression at the PVN. Increased CRF and reduced OXT
expression in the brain may promote depressive disorders. Therefore, it is conceivable to
hypothesize that stress responses to chronic heterotypic stress would diminish once endogenous
OXT expression is upregulated. Once we can habituate to daily complex stress, we may overcome
the mental disorders associated with depression.

7. Stimulatory Effects of Acupuncture on Hypothalamic OXT Release and Stress Responses

Transcutaneous electrical nerve stimulation (TENS) at the ST-36 acupoint significantly improves
Gl dysmotility induced by chronic heterotypic stress in rats. This effect is abolished by central
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injection of OXT antagonists. TENS increases the number of OXT neurons and decreases CRF-neurons
atthe PVN following chronic heterotypic stress [29]. These suggest that TENS activates hypothalamic
OXT via the spinothalamic pathway (Figure 2). Activated OXT neurons inhibit CRF expression,
resulting in attenuation and/or habituation in response to various types of stress loading (chronic
heterotypic stress).

As previously discussed, individuals encounter various types of stress daily. Manual therapies,
such as acupuncture, electroacupuncture, and TENS, may prove beneficial in alleviating daily stress
in humans.

OXT expression stimulated by acupuncture could further activate other neurotransmitters in the
brain. In the nucleus accumbens of the mouse brain, acupuncture induces therapeutic effects for
autism spectrum disorder. Acupuncture first triggers the OXT system, which stimulates the release
of endocannabinoids, dopamine, and serotonin [30].

Post-traumatic stress disorder (PTSD) has characteristic features, such as deficits in stress
regulation and social functioning. Traumatic stress in the normal individual activates the sympathetic
and adrenal system, causing a rise in noradrenaline and adrenaline levels. Traumatic stress also
activates the HPA axis and elevates cortisol levels.

Clinical trials showed the beneficial effects of acupuncture for patients with PTSD. People
diagnosed with PTSD were randomized to either acupuncture treatment or a cognitive-behavioral
therapy (CBT) group. Compared with CBT, acupuncture significantly improved the symptoms of PTSD
patients [31].

In 1993, Uvnas-Moberg et al.,, for the first time, demonstrated that various types of
somatosensory stimulation, such as massage, electroacupuncture, thermal stimulation, and
vibration, could increase OXT levels in plasma and cerebrospinal fluid in rats [32]. This suggests that
acupuncture and TENS may act on OXT neurons at the hypothalamus.

OXT may reduce fear response and increase social functioning in PTSD patients. The proposition
is that OXT treatment before fear extinction training serves as a comparable time point to
psychotherapy in patients with PTSD [33].

Studies have demonstrated a strong association between chronic pain and depression. Chronic
pain could worsen symptoms of depression, which worsens the pain sensation. Chronic pain and
depression may share the same neurotransmitters and nerve pathways. Recent studies suggest that
the beneficial effect of acupuncture for depression is due to its anti-nociceptive effects [34]. In
addition to anti-stress effects, anti-nociceptive effects are a possible explanation for how
acupuncture works to treat depression.

8. Conclusion

1. The pathogenesis of depression is thought to be the disorders of neuronal circuits and
chemical balance in the brain. In animal studies, acupuncture has been shown to improve
these abnormalities related to depression.

2. The magnitude of benefit of pharmacological treatment of SSRI may be minimal for depression.
A recent systematic umbrella review proposes no evidence to support the hypothesis that
depression is caused by lowered serotonin activity and its levels.

3. The daily life stress is highly associated with the pathogenesis of depression. Once we can
habituate to daily complex stress, we may diminish the mental disorders related to depression.
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4. OXT is involved in social bonding and stress reduction. OXT inhibits stress-indued CRF

expression, resulting in anti-stress effects. Acupuncture stimulates the release of OXT via
somatosensory stimulations.

5. For depressive disorders, acupuncture is a possible candidate as a non-pharmacological

approach because of its stimulatory effects on hypothalamic OXT.

Author Contributions

The author did all the research work of this study.

Competing Interests

The author has declared that no competing interests exist.

References

1. Takahashi T. Mechanism of acupuncture on neuromodulation in the gut--A review.
Neuromodulation. 2011; 14: 8-12.

2. Kun WA, lJie ZH, Shuai CU, Xin WU, Guogi ZH, Shengbing WU, et al. Electroacupuncture
ameliorates cardiac dysfunction in myocardial ischemia model rats: A potential role of the
hypothalamic-pituitary-adrenal axis. J Tradit Chin Med. 2023; 43: 944-954.

3. LinlLL, LiHP, Yang JW, Hao XW, Yan SY, Wang LQ, et al. Acupuncture for psychological disorders
caused by chronic pain: A review and future directions. Front Neurosci. 2020; 14: 626497.

4. Morais SF, Turrini RN. Evaluation of acupuncture and auriculotherapy in the control of
chemotherapy-induced nausea and vomiting: A pilot study. Rev Esc Enferm USP. 2023; 57:
€20230191.

5. Zhang Z, Cui X, Liu K, Gao X, Zhou Q, Xi H, et al. Adrenal sympathetic nerve mediated the anti-
inflammatory effect of electroacupuncture at ST25 acupoint in a rat model of sepsis. Anat Rec.
2023; 306: 3178-3188.

6. Tatewaki M, Strickland C, Fukuda H, Tsuchida D, Hoshino E, Pappas TN, et al. Effects of
acupuncture on vasopressin-induced emesis in conscious dogs. Am J Physiol Regul Integr Comp
Physiol. 2005; 288: R401-R408.

7. LiuS, Wang ZF, Su YS, Ray RS, Jing XH, Wang YQ, et al. Somatotopic organization and intensity
dependence in driving distinct NPY-expressing sympathetic pathways by electroacupuncture.
Neuron. 2020; 108: 436-450.e7.

8. Huang W, Pach D, Napadow V, Park K, Long X, Neumann J, et al. Characterizing acupuncture
stimuli using brain imaging with FMRI-A systematic review and meta-analysis of the literature.
PloS One. 2012; 7: e32960.

9. Yang N, LinL, LiY, Li H, Cao Y, Tan C, et al. Potential mechanisms and clinical effectiveness of
acupuncture in depression. Curr Neuropharmacol. 2022; 20: 738-750.

10. Takahashi T. Sensory stimulation of oxytocin release is associated with stress management and
maternal care. Front Psychol. 2021; 18: 588068.

11. Tada H, Fujita M, Harris M, Tatewaki M, Nakagawa K, Yamamura T, et al. Neural mechanism of
acupuncture-induced gastric relaxations in rats. Dig Dis Sci. 2003; 48: 59-68.

12. Tatewaki M, Harris M, Uemura K, Ueno T, Hoshino E, Shiotani A, et al. Dual effects of

Page 9/11



OBM Integrative and Complementary Medicine 2024; 9(1), doi:10.21926/obm.icm.2401016

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

acupuncture on gastric motility in conscious rats. Am J Physiol Regul Integr Comp Physiol. 2003;
285: R862-R872.

Iwa M, Matsushima M, Nakade Y, Pappas TN, Fujimiya M, Takahashi T. Electroacupuncture at ST-
36 accelerates colonic motility and transit in freely moving conscious rats. Am J Physiol
Gastrointest Liver Physiol. 2006; 290: G285-G292.

Iwa M, Tateiwa M, Sakita M, Fujimiya M, Takahashi T. Anatomical evidence of regional specific
effects of acupuncture on gastric motor function in rats. Auton Neurosci. 2007; 137: 67-76.
Imai K, Ariga H, Takahashi T. Electroacupuncture improves imbalance of autonomic function
under restraint stress in conscious rats. Am J Chin Med. 2009; 37: 45-55.

Hendelman W, Humphreys P, Skinner C. The integrated nervous system. Boca Raton, FL: CRC
press; 2010.

Nakade Y, Tsuchida D, Fukuda H, Iwa M, Pappas TN, Takahashi T. Restraint stress delays solid
gastric emptying via a central CRF and peripheral sympathetic neuron in rats. AmJ Physiol Regul
Integr Comp Physiol. 2005; 288: R427-R432.

Fournier JC, DeRubeis RJ, Hollon SD, Dimidjian S, Amsterdam JD, Shelton RC, et al.
Antidepressant drug effects and depression severity: A patient-level meta-analysis. JAMA. 2010;
303: 47-53.

Moncrieff J, Cooper RE, Stockmann T, Amendola S, Hengartner MP, Horowitz MA. The serotonin
theory of depression: A systematic umbrella review of the evidence. Mol Psychiatry. 2023; 28:
3243-3256.

Yang X, Gong W, Ma X, Wang S, Wang X, Guo T, et al. Factor analysis of electroacupuncture
and selective serotonin reuptake inhibitors for major depressive disorder: An 8-week controlled
clinical trial. Acupunct Med. 2020; 38: 45-52.

Zhao B, Li Z, Wang Y, Ma X, Wang X, Wang X, et al. Manual or electroacupuncture as an add-on
therapy to SSRIs for depression: A randomized controlled trial. J Psychiatr Res. 2019; 114: 24-
33.

Han X, Wu H, Yin P, Chen Z, Cao X, Duan Y, et al. Electroacupuncture restores hippocampal
synaptic plasticity via modulation of 5-HT receptors in a rat model of depression. Brain Res Bull.
2018; 139: 256-262.

Luo T, Tian H, Song H, Zhao J, Liya A, Fang Y, et al. Possible involvement of tissue plasminogen
activator/brain-derived neurotrophic factor pathway in anti-depressant effects of
electroacupuncture in chronic unpredictable mild stress-induced depression in rats. Front
Psychiatry. 2020; 11: 63.

Bulbul M, Babygirija R, Cerjak D, Yoshimoto S, Ludwig K, Takahashi T. Hypothalamic oxytocin
attenuates CRF expression via GABAa receptors in rats. Brain Res. 2011; 1387: 39-45.

Missig G, Ayers LW, Schulkin J, Rosen JB. Oxytocin reduces background anxiety in a fear-
potentiated startle paradigm. Neuropsychopharmacology. 2010; 35: 2607-2616.

Zheng J, Babygirija R, Bulbul M, Cerjak D, Ludwig K, Takahashi T. Hypothalamic oxytocin mediates
adaptation mechanism against chronic stress in rats. Am J Physiol Gastrointest Liver Physiol.
2010; 299: G946-G953.

Babygirija R, Zheng J, Bulbul M, Cerjak D, Ludwig K, Takahashi T. Sustained delayed gastric
emptying during repeated restraint stress in oxytocin knockout mice. J Neuroendocrinol. 2010;
22:1181-1186.

Babygirija R, Bililblil M, Yoshimoto S, Ludwig K, Takahashi T. Central and peripheral release of

Page 10/11



OBM Integrative and Complementary Medicine 2024; 9(1), doi:10.21926/obm.icm.2401016

29.

30.

31.

32.

33.

34.

oxytocin following chronic homotypic stress in rats. Auton Neurosci. 2012; 167; 55-60.
Yoshimoto S, Babygirija R, Dobner A, Ludwig K, Takahashi T. Anti-stress effects of transcutaneous
electrical nerve stimulation (TENS) on colonic motility in rats. Dig Dis Sci. 2012; 57: 1213-1221.
Su T, Pei L. Acupuncture and oxytocinergic system: The promising treatment for autism. Transl
Neurosci. 2021; 12: 96-102

Hollifield M, Sinclair-Lian N, Warner TD, Hammerschlag R. Acupuncture for posttraumatic stress
disorder: A randomized controlled pilot trial. J Nerv Ment Dis. 2007; 195: 504-513.
Uvnas-Moberg K, Bruzelius G, Alster P, Lundeberg T. The antinociceptive effect of non-noxious
sensory stimulation is mediated partly through oxytocinergic mechanisms. Acta Physiol Scand.
1993; 149: 199-204.

Toth I, Neumann ID, Slattery DA. Central administration of oxytocin receptor ligands affects cued
fear extinction in rats and mice in a timepoint-dependent manner. Psychopharmacology. 2012;
223:149-158.

Yan B, Zhu S, Wang Y, Da G, Tian G. Effect of acupuncture on chronic pain with depression: A
systematic review. Evid Based Complementary Altern Med. 2020; 2020: 7479459.

Page 11/11



