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			Abstract

			Although early recovery and prevention of depression are important in modern society, antidepressant, that is often the primary pharmacotherapy, produces unwanted adverse effects. We investigated preventive and therapeutic effects, and additionally difference of monotherapy and combined therapy using major traditional medicines, i.e. Kampo (Japanese traditional herbal medicine, saikokaryukotsuboreito) and acupuncture (GV20 and Ex-HN3 as acupoints), which have much less side effects than Western medicine, compared with imipramine measuring immobility time brought by forced swimming (FS) stress. Furthermore, we analyzed its mechanisms according to changes in neurotrophic factors by molecular biology/biochemical method. All the intervention groups in the preventive evaluation and the therapeutic groups in the therapeutic evaluation did not worsen immobility time, and improved prolonged immobility time induced by FS stress respectively. However, there was no significant difference in the time between either the intervention groups or the therapeutic groups. BDNF and NT-3 in acupuncture and combined groups were higher than those in FS group both in the preventive and the therapeutic groups. NGF in the combined group was as same as FS group, and higher than that in acupuncture, Kampo, and imipramine groups in both the preventive and the therapeutic groups. These findings suggest that acupuncture and Kampo improve depression through the regulation of neurotrophic factors, of which mechanism is different from imipramine, and that combined therapy has specific anti-depressive mechanism that does not exert in acupuncture or Kampo alone. We need to utilize more depression rating scales to evaluate the effect of combined therapy more precisely.
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			Introduction

			Depression is a psychiatric disorder classified as mood disorder [1]. Since the prevalence of depression is high, early recovery and prevention of onset are important in modern society. The treatment of depression includes pharmacotherapy, electroconvulsive therapy, and psychotherapy. Pharmacotherapy with antidepressant is often the primary treatment for depression. However, antidepressants may produce unwanted adverse effects. Consequently, patients with depression should often take some additional drugs to reduce the side actions [2]. 

			Therefore, some patients are seeking complementary and alternative medicine for depression to avoid polypharmacy and take treatment that is more effective. In fact, there are several reports about effectiveness of complementary and alternative treatment such as acupuncture or traditional herbal medicine [3-7]. Acupuncture and traditional herbal 

medicine have been utilized as a treatment for physical and mental disorders in traditional Oriental medicine for a long 
time [8,9]. The role of these treatments is to regulate energy imbalance in the body. Because of their almost no side effects, even in Western countries, practitioners have been focusing on them as a potential new approach [10]. Unfortunately, they have been usually used as monotherapy respectively. Although it has been said that acupuncture and traditional herbal medicine exert much power working together, almost patients actually take either acupuncture or traditional herbal medicine in clinical practice. 

			There are various reports on mechanisms of depression. However, clear conclusions have not yet been obtained. Depression has been considered to involve decreases in intracerebral levels of monoamines for about 60 years [11,12]. This hypothesis cannot be denied, because tricyclic antidepressants indeed have partial effect for depression. On the other hand, it has been found that neurogenesis is related to depression, and brain derived neurotrophic factor (BDNF) is one of the important factors for neurogenesis [13-15]. In 2000, Berman RM, et al. [16] reported that ketamine has immediate effect for depression, and BDNF was found to be importantly related to the effect of ketamine [17]. Given this situation, neural plasticity seems to have been gaining attention and settling as the hypothesis of depression onset [18-20]. 

			In this study, Kampo medicine, which is Japanese traditional herbal medicine, and acupuncture, both of which are popular traditional Oriental medicine with fewer side effects than Western medicine, were performed simultaneously on depression model mice to compare the effect between monotherapy and combined therapy. Furthermore, its mechanisms were analyzed by molecular biology/biochemical method. This seems to be the first investigation about the effect of acupuncture and Kampo combined therapy for depression as far as we know.

			Experimental Procedures

			We investigated the antidepressant effect of acupuncture, Oriental herbal medicine, and Western medicine using depression animal model. Moreover, we focused on both the preventive and therapeutic potency. All protocols were approved by the Animal Experiment Ethical Review Committee of Suzuka University of Medical Science (authorization number: 189).

			Experimental animals

			We used 6-week-old male ICR mice as depression model. They were purchased from CLEA Japan, Inc. (Tokyo, Japan), and maintained under a room temperature of 22 ± 3℃, 60% humidity, and a 12-h light/dark cycle. They took animal feed (CE-2; CLEA Japan, Inc.) and water as free access. We acclimatized them by handling for one week before the start of the experiment.

			Production of depression in mice

			We created depression model mice using the forced swimming (FS) procedure described by Porsolt, et al. [21]. ICR mice were placed in a plastic beaker (diameter, 15cm; height, 22cm) containing freshwater at 25 ± 2℃ to a depth of body height +5cm for 6 min 5 days a week for 2 weeks. 

			Procedure of acupuncture and drug administration

			 We mainly examined if there is difference in the antidepressant effect between the acupunctural monotherapy, Kampo monotherapy, and combined therapy of acupuncture and Kampo. Initially, the depression model mice were divided into two groups, i.e. group for evaluation of the preventive effect, and group for evaluation of the therapeutic effect. Then, the two groups were additionally classified into five groups respectively, i.e. just forced swimming stress group with no treatment (FS group), acupuncture group (FS+AP group), Kampo extract administration group (FS+ Kampo group), combined therapy with both Kampo extract administration and acupuncture group (FS+AP+ Kampo group), and imipramine administration group (FS+ Imipramine group).Furthermore, we set ICR mice with neither FS nor treatment as control group. Each group had eight subjects respectively. In the groups for evaluation of the preventive effect, we conducted forced swimming and acupuncture and/or drug treatment simultaneously. 

			In the acupuncture procedure, we used stainless steel needles (diameter, 0.25mm; length, 15mm, Acupuncture Needle D-Type) which were obtained from SEIRIN Co., Ltd., Shizuoka, Japan. The original needle is longer than 15mm, because it has a handle. We modified to make the handle cut out in order not to be removed by the mice. We selected “Bai-Hui” (DV20) and “Yintáng” (Ex-HN3) as acupuncture points according to previous reports that showed the effectiveness of acupuncture for depression using these acupoints [6,22,23]. DV20 is typically utilized for neurological and psychiatric diseases such as stroke, headache, dizziness, and anxiety. Ex-HN3, which has function to calm the spirit, is typically used for insomnia, anxiety, and stress. At these acupoints, horizontal and inward simultaneous acupuncture stimuli were continued for 20min with insertion to a depth of 5mm. During the acupuncture stimulation, the mouse was fixed with adhesive tape on its tail on an overturned cage. These acupuncture stimuli were performed for 5days a week for 2weeks. The control mice that did not receive stimulation with acupuncture were just fixed for the same duration as AP group.

			In the pharmacotherapy, we utilized saikokaryukotsuboreito as Kampo medicine and imipramine as Western antidepressant based on previous reports that showed the usefulness of these drugs [24-26]. Saikokaryukotsuboreito was obtained as a powdered extract (4.5g) made from a mixture of Bupleuri radix (5.0 g), Scutellariae radix (2.5g) , Ginseng radix (2.5g), Pinelliae tuber (4.0g), Zingiberis rhizoma (1.0g), Zizyphi fructus (2.5g), Cinnamomi cortex (3.0g), Poria (3.0g), Ostreae testa (2.5g), and Fossilia Ossis Mastodi (2.5g) from Tsumura & Co, Tokyo, Japan (lot number: 2160012010). Imipramine was obtained from Sigma, MO, USA. The dose of these drugs were set according to previous reports. Saikokaryukotsuboreito (1g/kg body weight) and imipramine (10mg/kg body weight) were dissolved in saline and administered orally with a gastric tube 5 days a week for 2 weeks. The control mice that did not receive pharmacotherapy orally took normal saline as the same way as the therapeutic groups

			Measurement method

			The evaluation of depression was determined by immobility time in the forced swimming test described above [21]. ICR mice were placed in a plastic beaker (diameter, 15cm; height, 22cm) containing freshwater at 25 ± 2 ℃ to a depth of body height +5cm for 6 min 5 days a week for 2 weeks. The action of mouse was recorded with a video camera, and immobility time for 5 min after excluding the first 1 min from the 6 min recording time was measured. The immobile state was defined as a state in which the mouse suspends most movements and performs only those movements of the limbs necessary to maintain balance. Body weight was also measured in relation to depression. 

			In the sample collection, mice were immediately anesthetized after a series of animal experiments. Their brains were immediately removed and stored at -80 ℃. Right anterior cerebrum was used for molecular biological and biochemical analysis. Expressions of cerebral neurotrophic factors were determined by RT-PCR and ELISA. Total RNA was extracted from brain tissue using RNeasy Mini kit according to the manufacturer’s protocol (Qiagen, Valencia, CA, USA). The amount of RNA was determined spectrophotometrically. cDNAs encoding mouse glyceraldehyde-3-phosphate dehydrogenase (GAPDH), nerve growth factor (NGF), BDNF, neurotrophin-3 (NT-3), and neurotrophin-4/5 (NT-4/5) were evaluated as the study subjects. To quantify the expression, mRNAs of these neurotrophic factors were analyzed by real-time RT-PCR using Super Script III (Invitrogen, Carlsbad, CA, USA), Power Up SYBER Green Master Mix (Applied Biosystems, TX, USA) and the ABI Prism 7000 SDS (Applied Biosystems). Thermal cycling parameters for primer optimization were as follows: activation at 95℃ for 10 min followed by 50 cycles 95℃ for 15sec and 60℃ for 1min. The mRNA level for each sample was normalized against GAPDH mRNA. Specific primers are shown in Table 1. Expressions of cerebral neurotrophic factors were assessed using Multi-Neurotrophin Rapid Screening ELISA kit: Mouse according to the manufacturer’s protocol (Biosenis,SA,Australia).

			Table 1: Primer sets for real time PCR.
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			Statistical analysis

			Statistical significance was assessed using one-way analysis of variance (ANOVA) with Tukey-Kramer post-hoc using PRISM version 5.0 (GraphPad Software, La Jolla, CA, USA). P < 0.05 was defined as significant.

			Results

			Physical and behavioral findings

			[image: ]

			There was no significant difference in the body weight between any additional classified groups in either the group for evaluation of preventive effect or the group for evaluation of therapeutic effect (Figures 1A & 2A). In the groups for evaluation of preventive effect, there was no significant difference in immobility time between AP, Kampo, combined, and imipramine groups, and the time in FS group significantly increased compared with any other groups (Figure 1B). In the groups for evaluation of therapeutic effect, all the treatment groups had significant decrease in immobility time after treatment (Figure 2B).
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			Molecular biology / biochemical findings
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			In the investigation of preventive effect, we had following results (Figures 3 & 4). mRNA expressions of NGF in control, FS+Kampo, and FS+Imipramine groups were significantly lower than that in FS group. Protein expressions of NGF in control, FS+AP, FS+Kampo, and FS+Imipramine groups were significantly lower than that in FS group, and the expression in combined group was as same as FS group. mRNA expressions of BDNF in control, FS+AP, FS+Kampo, and FS+AP+Kampo groups were significantly higher than that in FS group. Protein expressions of BDNF in control, FS+AP, and FS+AP+Kampo groups were significantly higher than that in FS group. mRNA expressions of NT-3 in control, FS+AP, and FS+AP+Kampo groups were significantly higher than that in FS group. Protein expressions of NT-3 were observed in the same way as the mRNA expressions. There was no significant difference in mRNA expressions of NT-4/5 between any groups. Protein expressions of NT-4/5 in control and FS+AP+Kampo groups were significantly higher than that in FS group, and the expressions in AP, Kampo, and imipramine groups were as same as FS group.

			 In the investigation of therapeutic effect, we had following results (Figures 5,6). mRNA expressions of NGF in control, FS+AP, FS+Kampo, and FS+Imipramine groups were significantly lower than that in FS group, and the expression in combined group was as same as FS group. Protein expressions of NGF were similar to the mRNA expressions. mRNA expressions of BDNF in control, FS+AP, FS+Kampo, and FS+AP+Kampo groups were significantly higher than that in FS group. Protein expressions of BDNF in control, FS+AP, and FS+AP+Kampo groups were significantly higher than that in FS group. mRNA expressions of NT-3 in control, FS+AP, FS+Kampo, and FS+AP+Kampo groups were significantly higher than that in FS group. Protein expressions of NT-3 were observed in the same way as the mRNA expressions except in FS+Kampo group. There was no significant difference in mRNA expressions of NT-4/5 between any groups. Protein expression of NT-4/5 in only control group was significantly higher than that in FS group.
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			Discussion

			The present study showed following results. The FS procedure made the immobility time of ICR mice significantly increased. In the therapeutic groups, the immobility time of AP, Kampo, combined, and imipramine groups was significantly lower than that of control group. Whereas, in the preventive groups, the immobility time of AP, Kampo, combined, and imipramine groups was not increased compared with control group. However, there was no significant difference in the immobility time between interventional groups in either the preventive group or the therapeutic group. Expressions of mRNA or protein of neurotrophic factors in the mice brains showed different patterns both in the preventive group and in the therapeutic group. 

			The method for producing ICR mouse in a state of depression by using forced swimming had been already established, and we found that this method was also useful in our investigation. In this study, the body weight of depressive mouse was as same as that before the forced swimming stress. It indicates that this method does not give ICR mice so much load. Judging from the results, we considered that this stress procedure could be allowed as a depression induction method. 

			Our investigation demonstrates that acupuncture is effective to depression according to the improvement of increased immobility time in the therapeutic groups, and the preservation of normal immobility time in the preventive groups. A large number of investigators have examined the state of depression in animal studies, many of which have found that chronic stress with a physical stressful stimulus could create a state of depression. Using animals in this state of depression, the effects of electroacupuncture have been examined at the “Bai-Hui” (GV 20) and “Yintáng” (Ex-HN3) points [3,22,27]. However, we showed that acupuncture without electric stimulation at the same acupoints had preventive and therapeutic effects on depression mice, following the report of the same effect on rats. This method of producing depression in mice seems to be very convenient and useful.

			In addition, we found that acupuncture increased the decreased mRNA and protein expression of BDNF induced by the FS procedure in the therapeutic group, and that acupuncture maintain mRNA and protein expression of BDNF in spite of the FS procedure in the preventive group. Fluctuation in mRNA and protein expression of NT-3 was similar to that of BDNF. These findings suggest that acupuncture has preventive and therapeutic effect on depression through enhancing mRNA and protein expression of BDNF and NT-3.

			We found that Kampo, the name of which is saikokaryukotsuboreito, significantly suppressed the onset of FS induced depression and successfully improved the prolonged immobility time of depression mice as well as imipramine. Expression pattern of mRNA and protein of neurotrophic factors in FS+Kampo group was similar to that in FS+Imipramine group in both the preventive and the therapeutic groups. These findings suggest that there might be difference in the mechanism to treat depression between acupuncture and Kampo and imipramine. Kampo medicine is Japanese traditional herbal medicine that is based on traditional Chinese medicine and has evolved to incorporate Japanese culture and proven scientific and medical knowledge [28]. Kampo products (mainly herbal extract formulations) were first included under the coverage of the Japanese National health insurance system in 1976. Today, we, Japanese doctors, are able to prescribe 148 kinds of Kampo formulas as well as the Western medicines within the National health insurance system. With less side effects of Kampo, we expect that Kampo will be utilized more frequently under the precise diagnosis. 

			Saikokaryukotsuboreito comprises of 10 kinds of crude drugs as described in the method. This formula is almost the same as shosaikoto with the addition of Ostreae testa, and Fossilia Ossis Mastodi. Shosaikoto works well for depressive condition. Ostreae testa, and Fossilia Ossis Mastodi are effective for tension from overactivity of the sympathetic nervous system.This function of saikokaryukotsuboreito seems to be effective for depression. In addition, it would be more effective, if accompanied by excessive muscle tension [29]. The characteristic of Kampo, saikokaryukotsuboreito might support that prolonged immobility time was significantly decreased in the therapeutic FS+Kampo group, and that immobility time was normally maintained in the preventive FS+Kampo group.

			 We did not observe that there were significant differences in the immobility time in either the preventive groups or the therapeutic groups, which were unexpected data, and unfortunately demonstrates that combination therapy of acupuncture and saikokaryukotsuboreito has no significant additive or synergistic effect for depression. However, protein expressions of NGF and NT-4/5 in FS+AP+Kampo group showed different patterns from FS+AP and FS+Kampo groups. These data suggest that there might be some difference in the mechanism for treating depression from acupuncture or Kampo monotherapy. That means the combined therapy has anti-depression effect through maintaining NGF and increasing NT-4/5. In the behavioral investigation, we unfortunately performed the evaluation of depression with only immobility time. We expect that we will be able to detect the severity of depression more precisely with more evaluation scales such as open-field test, hole-board test, elevated plus -maze test, light/dark test, and so on.

			Conclusion

			Our study indicates that the therapeutic effects of Acupuncture and Kampo Medicine for depression are through the regulation of neurotrophic factors including BDNF, which is different from imipramine. More importantly, there are different mechanisms in regulation of neurotrophic factors between Acupuncture monotherapy, Kampo monotherapy, and combined therapy with both of them.
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Figure 1: Changes in Weight (A) and immobility time in the forced swimming (FS) test (B) in mice with FS stress in the evaluation of
preventive effect. Onsets of depression in mice induced by FS were suppressed in acupuncture group, Kampo group and acupuncture
and Kampo combined group, similarly to imipramine group. Values are means + SD (n = 8). *P < 0.05 and **P < 0.01 versus FS group
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Figure 4: Expressions of NGF (A), BDNF (B), NT-3 (C), NT-4/5 (D) in the mice brain in the evaluation of preventive effect. Results are
expressed as protein content measured by ELISA. Values are means + SD (n = 8). *P < 0.05 and **P < 0.01 versus FS group.
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Figure 2: Changes in weight (A) and immobility time in the forced swimming test (B) in mice with FS stress in the evaluation of therapetic
effect. Acupuncture group, Kampo group and acupuncture and Kampo combined group showed therapeutic effects on depression mice
induced by FS, similarly to imipramine group. Values are means + SD (n = 8). *P < 0.05 and **P < 0.01 versus FS group.
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Figure 5: mRNA expressions of NGF (A), BDNF (B), NT-3 (C), NT-4/5 (D) in the mice brain in the evaluation of therapeutic effect. Results
are expressed as relative gene expression levels of MRNA. Values are means + SD (n = 8). *P < 0.05 and **P < 0.01 versus FS group.
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Figure 6: Expressions of NGF (A), BDNF (B), NT-3 (C), NT-4/5 (D) in the mice brain in the evaluation of therapeutic effect. Results are
expressed as protein content measured by ELISA. Values are means + SD (n = 8). *P < 0.05 and **P < 0.01 versus FS group.
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Figure 3: MRNA expressions of NGF (A), BDNF (B), NT-3 (C), NT-4/5 (D) in the mice brain in the evaluation of preventive effect. Results
are expressed as relative gene expression levels of mRNA. Values are means + SD (n = 8). *P < 0.05 and **P < 0.01 versus FS group.






