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摘要    抑郁症是现代社会最常见的心理疾病, 该病不仅降低个人的生活质量, 还给家庭和社会带来巨大的经济

负担. 但由于经济文化和医疗资源等因素限制, 目前大部分抑郁症患者并没有进行过任何治疗, 已有疗法效果的

有限性又进一步加剧了这种困境. 研究发现, 抑郁症患者的大脑、内分泌、免疫和肠脑功能都出现异常, 脑-肠轴

功能失常可能是抑郁症的主要病理机制. 以往的抑郁症治疗主要针对大脑, 如药物治疗和心理治疗, 而忽视了患

者的其他症状. 近年来, 全世界范围随生活水平的提高抑郁症患病率也随之升高的现象提示, 食品添加剂、药物、

环境压力及不良饮食等均可为肠道菌群异常的直接诱因, 而肠道菌群改变导致菌-肠-脑轴功能异常更可能促进抑

郁症发生; 通过益生菌、益生元、健康饮食以及粪便菌群移植等方式重建肠道菌群平衡, 改善菌-肠-脑轴功能则能

减轻甚至治疗抑郁. 通过调节肠道微生物来改变抑郁焦虑等心理疾病已成为神经科学和心理学的热点, 维护良好

的肠道菌群可能是未来抑郁症预防和治疗的重要方向. 

关键词    抑郁症, 脑-肠轴, 菌-肠-脑轴, 肠道微生物, 益心菌 
  

 
 
抑郁症是一种以显著而持久的情绪低落、兴趣减

退为主要临床特征的心理疾病 , 是现代社会最常见

的心理疾病, 也被称为“精神感冒”. 世界上平均每5

个人中可能就有一个在生命的某阶段遭受抑郁折

磨 [1,2]. 在不同国家和地区, 抑郁症的患病率有差别, 

但近年来大都呈上升趋势 [3,4]. 据2014年保守估计 , 

抑郁症患病率在美国约为4.45%, 在中国约为3.02%, 

世界范围内影响着超过3亿5千万人的健康和生活[5,6].  

抑郁症的核心症状是持续的愉快感缺乏和意志

行为减退(两周以上), 还包括有不适宜的负罪感、自

杀念头、注意力不集中、失眠和食欲障碍等症状. 抑

郁症的主要特点是高发病、高复发、高自杀率和高致

残率. 患者往往具有明显的复发倾向或趋于慢性化,  

首发患者85%以内会在未来10年内出现复发 , 大部

分患者会出现自杀想法和行为 , 最终15%~20%会自

杀成功 [7,8]. 抑郁症不仅严重危害着个体的健康和生

命, 还给家庭和社会带来了沉重的经济负担. 2014年

的研究显示, 在2013年全球医疗经济负担中, 抑郁症

带来的伤残损失生命年(years lost due to disability, 

YLDs)居第一位 , 远超其他疾病 , 占10.3%[3,5]. 2017

年的研究也显示, 从1990到2016年, 抑郁症带来的医

疗疾病负担(伤残调整生命年(disability adjusted life 

years, DALYs))不断增加[9].  

1  抑郁症的认识发展 

抑郁 (depression或melancholia)很早就吸引了人

们的注意. 2000多年前, 古希腊医生希波克拉底就描

述了这种精神症状, 核心特征是持续的恐惧和沮丧. 

文艺复兴后, 随着19世纪心理学和生物学的发展, 人

们对抑郁症的认识也不断深化.  
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1917年 , 精神分析学派创始人弗洛伊德发表了

《哀伤与抑郁》一书, 揭开了人们从心理学角度研究

抑郁的序幕. 心理动力学理论认为, 无意识冲突和童

年早期形成的敌意情绪在抑郁的形成中起了关键作

用. 行为主义理论认为, 当个体生活中的丧失或变更

受到不充分的正强化且经历很多惩罚 , 就会出现抑

郁. 认知理论则认为, 抑郁症病人在生活中思考他们

自己和事件的方式可能使他们抑郁下去 . 患者可能

具有多种消极认知, 如对自己的消极看法、消极的当

前体验、对未来的消极看法和习得性无助等. 基于对

于个体心理结构和心理特征的认识 , 目前已经发展

了多种抑郁症心理治疗方法[10,11].  

现代生物学认为, 抑郁症不仅是一种心理疾病, 

更是一种生理疾病. 抑郁症具有明显的生物学因素, 

患者大脑发生了重要改变, 如脑内神经递质失衡、神

经生长受损、神经可塑性降低、神经环路异常[12,13]. 

调整这些结构和功能异常是抑郁症治疗的根本 [1,13]. 

目前已开发出多种抗抑郁药物 , 药物治疗成为抑郁

症治疗的主流[14,15]. 抑郁具有一定的遗传性, 大规模

全基因组研究发现, 重性抑郁的遗传力为46%, 轻度

抑郁为37%[16]. 个体的第二基因组(即肠道微生物基

因组)在抑郁发生中可能也发挥了重要作用[17~21].  
目前, 一般认为, 抑郁是由遗传基因和环境应激

的累积效应引起, 易感个体遭受应激从而出现抑郁. 

应激性生活事件(童年阴影、失业、丧偶、不幸婚姻

和长期受挫等)是抑郁的重要诱因, 遗传基因和心理

特征决定了个体的易感性 . 科学家提倡通过生物心

理社会医学模式来更好地预防和治疗抑郁症[1,22,23].  

2  抑郁症的治疗 

目前已经被纳入抑郁症标准治疗方案中的主要

有药物治疗、心理治疗及一些其他疗法[15,24,25].  

2.1  药物治疗 

20世纪50年代初期 , 治疗肺结核的药物异丙异

烟肼被偶然发现可以改善情绪 , 从而开启了药物治

疗抑郁症的大门. 异丙异烟肼及随后发现的异丙肼、

苯乙肼、沙夫肼等均属于单胺氧化酶抑制剂(mono-      

amine oxidase inhibitor, MAOI), 具有抗抑郁效果, 但

因其副反应大、起效缓慢 , 很快被三环类抗抑郁药

(tricyclic antidepressant, TCA)取代. 1957年发现的第

一个TCA——丙咪嗪具有良好的抗抑郁效果, 随后又

有氯丙咪嗪、阿米替林和多塞平等TCA用于临床 . 

TCA属于单胺再摄取抑制剂 , 能抑制5羟色胺(5-hy-      

droxytryptamine, 5-HT)和去甲肾上腺素(noradrenaline, 

NA)的重吸收, 适用于各种抑郁症. TCA是公认的第

一代抗抑郁药物 , 但具有抗胆碱的不良反应和心血

管不良反应, 20世纪80~90年代后逐渐被取代. 70年代

后出现了四环类抗抑郁药物(如马普替林), 随后又出

现了多种新型抗抑郁药物 , 包括选择性5-HT重吸收

抑制剂(selective serotonin reuptake inhibitors, SSRIs)、

5-HT 和 NA 重吸收抑制剂 (selective norepinephrine 

reuptake inhibitors, SNRIs)、选择性NA再摄取抑制剂

(selective inhibitor noradrenalin inhibitor, NARI)、α-

受体阻断四环类抗抑郁药, 5-HT平衡抗抑郁药等. 其

中最常用的抗抑郁药物是SSRIs, 包括氟西汀、帕罗西

汀、氟伏沙明、舍曲林和西酞普兰等[15,26]. 传统抗抑

郁药主要针对单胺类神经递质(包括5-HT, NA和多巴

胺(dopamine, DA)等), 而最新的抗抑郁药主要针对谷

氨酸 (Glu)和 γ-氨基丁酸 (gamma-aminobutyric acid, 

GABA), 如氯胺酮(ketamine), 就是一种N-甲基-D-天

冬氨酸 (N-methyl-D-aspartic acid, NMDA)受体拮抗

剂, 具有快速又持久的抗抑郁效果, 其长期抗抑郁效

果还在研究中[27~29].  

药物治疗是目前最常用和最有效的抑郁症治疗

方法, 见效快、易操作、更容易被大量人群采用, 但

存在一定比率的不良反应 [15]. 且现有药物基本上都

是二十世纪五六十年代药物的改进品 , 全新药物很

少, 主要针对单胺类神经递质异常进行治疗[6,13]. 在

接受治疗的患者中 , 有将近1/2效果不明显 [6,13]. 例

如, 难治性抑郁症(treatment resistant depression), 此

类型患者即便使用公认的两种抗抑郁药, 剂量足够, 

且药物治疗依从性良好 , 治疗6周以上仍无明显改

善 [30]. 未来针对其他神经递质如GABA和Glu的药物

可能会给这一情况带来改善 [31], 遗憾的是这些药物

的关注点仍然集中在大脑.  

2.2  心理治疗 

在现代心理学的发展中 , 不同心理学流派根据

自己的理论创立了不同的心理治疗方法 , 如心理动

力学治疗、行为疗法、认知治疗等. 目前, 抑郁症最

常用的心理治疗方法有人际心理治疗 (interpersonal 

psychotherapy, IPT) 、认知行为治疗 (cognitive-be-    

havioral therapy, CBT)和家庭治疗等. IPT是根据研究
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发现抑郁发作与人际关系变化相关这一结果而提出

的. 它强调“此时此地”以及与病人抑郁状态有关的许

多人际困难问题. CBT应用最为广泛, 它基于“情感状

态”是继发于思维和认知之后所产生的这一前提. 这

两种治疗方法目前已被多个国家纳入抑郁症标准治疗

体系[10,24,32].  

经验显示 , 心理治疗对抑郁症具有良好的效果

且无副作用 . 但心理治疗不适用于伴有其他精神状

态的抑郁症, 花费偏高, 疗效高度依赖于治疗师的个

人能力, 难以用科学方法验证, 这些原因使得心理治

疗高度依赖于经济文化和精神医疗状况 , 阻碍其普

遍应用和推广[24].  

2.3  其他疗法 

在药物治疗和心理治疗无效的情况下 , 患者还

可以考虑其他疗法, 如电抽搐治疗(electroconvulsive 

therapy, ECT)、重复经颅磁刺激(repetitive transcranial 

magnetic stimulation, rTMS)、迷走神经刺激 (vagus 

nerve stimulation, VNS)等. ECT是一种无创性脑刺激

疗法, 具有良好的抗抑郁效果[27,33], 但直接刺激大脑

对患者和家属而言 , 仍是一种挑战 [24]. 也有研究表

明, 运动和饮食疗法对于抑郁症有一定效果, 但由于

证据不够充分, 仅被部分人认可[24,34,35].  

抑郁症往往并非独立发生 , 患者还同时出现其

他疾病状态. 抑郁患者共病其他心理疾病非常常见, 

如抑郁和焦虑共病超过60%, 约1/3的抑郁患者也患

有人格障碍[21,25,36]. 抑郁症与消化系统疾病具有极高

的共病性, 甚至可能完全重合. 例如, 在肠易激综合

征患者中, 50%~60%以上伴有抑郁或者焦虑[37]. 在炎

症性肠病患者中 , 21.6%会出现抑郁 , 31.5%出现焦

虑 [38]. 在其他功能性肠病和胃肠病中 , 患者的抑郁

风险也明显升高[21,39,40]. 此外, 抑郁患者还可能共病

其他躯体疾病(如糖尿病等代谢性疾病和心脏病等心

血管疾病)及神经系统疾病(如阿尔兹海默症和帕金

森综合征)[21,25,41]. 这些要求在抑郁症的治疗中 , 同

时还需要考虑共病症的治疗 , 进一步增加了抑郁症

治疗的难度.  

除了治疗方法 , 抑郁症治疗还受精神医疗资源

和社会文化因素影响 [5,10,11]. 一般来说, 精神医疗资

源越丰富 , 心理疾病患者越容易得到恰当治疗和帮

助, 主要指标为每10万人中的精神科医生数量. 在不

同国家, 受经济文化因素影响, 精神医疗资源差异巨

大 , 一般发达国家更丰富而发展中国家较为匮乏 . 

2013年统计 , 美国每10万人中有7.79名精神科医生 ; 

瑞士每10万人中有41.42名精神科医生; 中国每10万

人中1.53有名精神科医生; 阿富汗则每10万人中仅有

0.16名精神科医生[5]. 中国精神科医生官方数字近年

来有显著提升 , 2016最新统计为每10万人1.7名 , 但

14%的中国注册精神专科医生没有接受过任何训练, 

另外有29%的人只有3年的大专教育证书, 仍有2/3的

农村地区没有心理疾病床位.  

在中高收入国家 , 阻止心理疾病患者接受适当

治疗的最大障碍不是医疗体系的缺陷 , 而是人们自

身的态度. 在多个国家和文化中, 心理疾病会带来社

会歧视, 患者往往有病耻感, 不希望别人知道自己患

有心理疾病, 或者自欺欺人, 不愿承认自己患有心理

疾病, 因而不进行治疗. 不发达国家和高速发展国家

情况尤为严重, 而发达国家情况稍好一些 [5,11]. 2016

年, The Economist智库发布的《亚太地区精神卫生综

合评价指数研究报告》指出, 在中国, 只有8%的心理

疾病患者进行了治疗 , 而92%的患者从未接受过治

疗. 即使在发达的英国, 也只有25%的抑郁症患者接

受了治疗, 而75%患者未受治疗或诊断[6].  

以上内容可以看出, 不同于其他疾病, 抑郁症患

者的治疗主动性偏低, 而治疗体系尚待完善; 现有治

疗的有效性还需要提高, 但目前已有方法, 改进较为

缓慢; 患者常伴随其他躯体症状, 但治疗却往往只关

注大脑.  

3  抑郁症的病理生理机制 

抑郁症的治疗是在病理机制的研究中发展而来, 

随着神经科学和生物信息学的发展 , 抑郁症的病理

机制逐渐明晰, 已有研究结果提示, 抑郁可能主要涉

及4个方面 , 包括大脑、下丘脑-垂体-肾上腺(hypo-     

thalamic-pituitary-adrenal, HPA)轴、免疫系统和肠脑

的功能改变. 大脑的变化主要表现在神经递质失衡、

神经可塑性降低和神经环路异常[1,13]; HPA轴异常主

要表现在负反馈机制失调 [42,43]; 免疫系统变化主要

表现为慢性炎症 [44,45]; 肠脑功能异常主要是胃肠功

能失调和肠道微生物异常[1,23,37,40,46].  

3.1  大脑异常 

神经递质是神经细胞交流的信使 , 在个体心理

和行为中发挥着重要作用 , 抑郁症与神经递质失衡
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密不可分[47,48]. 单胺类神经递质缺乏假说认为, 幸福

和快乐等积极情绪情感离不开单胺类神经递质 (如

5-HT和DA), 抑郁是由于脑内单胺类神经递质缺乏

引起, 而增加这些神经递质水平, 就能产生抗抑郁效

果[47,49]. 但SSRIs大都起效慢, 只对一部分患者有效, 

提示抑郁还涉及其他机制 [12]. 随后的研究发现 , 抑

郁患者的其他神经递质可能也发生了改变, Glu能系

统和乙酰胆碱能系统过于兴奋, 而GABA能系统受到

抑制, 各个神经递质系统相互影响, 这些研究对于开

发新的抑郁症治疗方法具有重要意义[48,50,51].  

前额叶、海马和杏仁核在调节情绪、心理应激反

应、自我控制、动机和认知反应中发挥重要作用, 但

在一些抑郁症患者中, 海马和前额叶功能受损, 而杏

仁核功能增强 , 甚至可能出现海马萎缩 [52]. 传统脑

源性神经营养因子(brain-derived neurotrophic factor, 

BDNF)假说认为, BDNF是神经生长的重要调节因子, 

BDNF水平降低, 神经凋亡增加会引起抑郁症状; 长

期抗抑郁治疗能够增加脑中BDNF和其他神经营养

和生长因子的含量, 减少海马神经元的凋亡, 促进神

经元生长, 改善认知和情绪[1,43,53]. 进一步研究发现, 

抑郁患者不仅神经生长受损 , 神经胶质细胞生长也

受影响, 突触可塑性降低, 神经髓鞘受损, 总体神经

可塑性降低[12,13,52]. 新的神经可塑性理论认为, 神经

递质失衡(如单胺类和Glu能)和BDNF降低等都会引

起相关脑区神经可塑性降低, 从而引起抑郁症状, 而

抗抑郁治疗(不管是纠正神经递质失衡还是进行脑刺

激)都可通过抑制神经凋亡、增加神经可塑性从而改

善抑郁 [2,27,29,54]. 以上理论都偏重于分子细胞水平 , 

而有的理论更侧重功能如神经环路理论 . 这种理论

认为 , 抑郁症可能是由于大脑中多个神经环路间的

异常交流引起 , 可通过脑刺激等方式重塑异常神经

环路进行治疗, 中脑腹侧被盖区的DA能神经元和中

缝背核的5-HT能神经元及其投射区可能在其中发挥

了重要作用[13,55].  

3.2  HPA轴异常 

HPA轴功能异常是抑郁病理生理机制的重要组

成部分之一[44,46,56,57]. HPA轴是机体应激反应的主要

组成部分 , 不管是生理应激还是心理应激都会激活

HPA轴 , 促进下丘脑释放促肾上腺皮质激素释放因

子 (corticotropinreleasing factor, CRF)和后叶加压素

(arginine vasopressin, AVP), CRF和AVP会引起垂体

前叶促肾上腺皮质激素(adrenocorticotropic hormone, 

ACTH)释放增加, 而ACTH则促使肾上腺增加糖皮质

激素(glucocorticoid, GC)释放, 循环GC反过来又会促

使下丘脑减少CRF和AVP的释放 , 从而形成一个负

反馈通路 [56,58]. 但在1/2以上的重度抑郁患者体内 , 

HPA轴负反馈机制失调 , 循环GC和ACTH水平持续

升高, 不少患者甚至出现高皮质醇血症[44,56]. 早期研

究认为 , 糖皮质激素受体 (glucocorticoid receptor, 

GR)在抑郁的HPA轴功能中发挥重要作用 , 循环GC

水平过高以致超出了GR的负荷从而导致对GR敏感

性降低, 而抗抑郁治疗能够增加GR表达, 增强GR功

能 , 进而增强了GR介导的对于糖皮质激素的负反

馈 [56,57]. 随后研究发现 , HPA失调会减少BDNF表

达[58], 抑制5-HT合成[59], 减少Glu受体表达[60], 甚至

影响神经可塑性和神经环路功能[13,61].   

3.3  免疫异常 

炎症是抑郁症的主要病理特征之一 , 患者往往

存在免疫失调和慢性炎症 [44,62,63]. 细胞因子假说认

为 , 抑郁患者体内促炎症细胞因子水平 (如 IL-6和

TNF-α)升高 , 而抗炎症细胞因子 (如 IL-10和TGF-β)

水平降低, 免疫反应整体倾向于炎症方向[62,64,65]. 高

水平的促炎症细胞因子可抑制HPA轴负反馈功能 , 

提高血脑屏障渗透性, 降低5-HT合成, 扰乱Glu能系

统, 从而引发抑郁 [59,62,66,67]. 早期理论主要集中于外

周炎症, 最新理论很多, 但都认为中枢炎症在抑郁发

生中发挥重要作用 , 如神经炎症假说和炎性体假

说[61,66]. 神经炎症假说强调心理应激、疾病和感染等

各种因素引起小胶质细胞释放过量促炎症细胞因子

对中枢神经系统(central nervous system, CNS)的不利

影响 [61], 而炎性体假说则更关注炎性体引发的中枢

炎症的影响 [68,69]. 神经胶质细胞在中枢免疫和神经

可塑性调控中发挥重要作用 , 虽然不同假说侧重点

不同 , 但都认为神经胶质细胞功能受损引起的神经

炎症和神经可塑性降低可引发抑郁 [61]. 传统抗抑郁

治疗的抗炎症效果并不理想 [63], 在抑郁症治疗中考

虑抗炎症可能会有更好的效果[66].  

3.4  肠脑功能异常 

由于具有自己的神经系统 (肠神经系统 (enteric 

nervous system, ENS)), 并能对外界信号作出独立反

应而不完全依赖于CNS, 哺乳动物的肠道也被称为
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肠脑 [21]. 肠脑是一个微生物器官 , 肠道内细胞的

90%~95%为微生物(包括细菌、古细菌、真菌、病毒

和一些原生动物), 而且肠道的代谢、免疫和信号传

递等主要功能均与微生物有关 , 可以把肠道和肠道

微生物作为一个整体, 对其他器官的信号做出反应, 

并影响其他器官的功能 [70~73]. 抑郁症患者往往存在

肠脑功能异常, 如食欲障碍、代谢异常、功能性胃肠

病和肠道微生物异常[18,23,40,74~76].  

可以看出, 抑郁症并不是一种单纯的心理疾病或

CNS疾病, 患者不仅出现大脑分子结构异常和功能失

调 , 外周系统功能也受到损伤 , 如HPA轴功能失调 , 

免疫失调和肠脑功能紊乱. 这些异常并非独立发生, 

而是相互联系、彼此影响的, 如应激可降低大脑5-HT

含量, 而5-HT的合成和分泌受免疫、HPA轴和肠脑影

响, 又反过来影响这些系统的功能[43,59,77]. 因此, 综合

考虑中枢和外周更能阐明抑郁症的生理异常, 即脑-肠

轴功能异常更能全面说明抑郁症的病理基础.  

脑-肠轴是指哺乳动物大脑和胃肠道间存在的双

向信号交流网络, 通过神经、HPA轴和免疫等途径把

大脑和肠脑联系起来 [17,21]. 心理应激或者疾病等因

素损害某条途径功能, 即可能造成整个脑-肠轴功能

异常, 从而出现抑郁[23,78,79]. 随着肠道微生物研究的

深入 , 研究者不仅关注脑-肠轴自上而下(即从脑到

肠)的影响 , 同时开始关注自下而上(即从肠到脑)的

作用[23,40,80]. 个体的代谢、免疫、内分泌和神经等各

个系统的功能都与肠脑密切相关, 肠脑的变化(如肠

道微生物异常)会影响大脑和行为, 大脑的变化也会

影响肠脑功能和结构 , 结合肠脑和大脑是未来神经

科学发展的新方向 , 针对肠道微生物来治疗心理疾

病和神经系统疾病可能是未来神经科学发展的新趋

势[21,81~89].  

肠道微生物可通过肠-脑轴(为强调肠道微生物

的重要性也称菌-肠-脑轴)来影响宿主的大脑和心理

行为, 在心理疾病中发挥重要作用[82,83]. 肠道微生物

是肠脑的重要组成部分 , 决定肠脑正常结构和功

能 [70~73], 影响HPA轴的发育和功能成熟 [90~93], 调节

免疫系统发育和功能[94~96], 调控血脑屏障的结构[97], 

调节神经递质的合成分泌和识别[77,90,98], 影响神经细

胞生长[99]、神经胶质细胞发育和功能[100,101]以及神经

髓鞘形成[102], 影响大脑发育和功能[84,96,103,104]. 因此, 

调节肠道微生物, 不仅能改善肠脑功能失调, 还能调

节免疫、HPA轴和大脑异常, 从而全面改善脑-肠轴

功能 , 这可能是未来抑郁症等心理疾病预防和治疗

的重要方向, 这就是抑郁症的肠道微生物假说.  

4  抑郁症的最新研究进展—肠道微生物

假说 

肠道微生物假说认为, 抑郁症与个体肠道微生物

密切相关, 肠道微生物改变及随之的肠-脑轴功能异

常是抑郁症发生的病理基础, 肠道微生物异常是隐藏

在环境和遗传之下的独立因素, 也是抑郁症的直接诱

因, 调节肠道微生物可能是预防和治疗抑郁症的有效

方法. 十几年来, 随着肠脑研究的深入, 不断增加的

研究从多个方面支持了这项假说[21,83,85,86,105~110].  

4.1  抑郁症患者拥有不同于健康个体的肠道 

微生物 

临床证据显示 , 抑郁症患者的肠道菌群发生了

明显改变. 有研究认为, 总体上抑郁患者的菌群多样

性和丰度都有所下降 [75,105]. 与健康个体相比 , 在门

水平 , 抑郁患者粪便中拟杆菌门(Bacteroidetes)和变

形 菌 门 (Proteobacteria) 含 量 升 高 , 而 厚 壁 菌 门

(Phylum Firmicutes)含量降低; 在科水平 , 普雷沃氏

菌科含量增加; 在属水平, 普氏菌属含量增加, 粪菌

属(Faecalibacterium)和瘤胃球菌属(Ruminococci)含量

降低 [75,111]; 双歧杆菌属(Bifidobacterium)和乳酸杆菌

属(Lactobacillus)含量降低[112]. 虽然这些研究都发现, 

抑郁症患者与健康个体的粪便菌群不同, 但具体差异

部分仍有分歧 [76,113,114], 这可能与研究者采用不同诊

断标准、入组标准以及粪便菌群检测方法等因素有关.  

动物实验发现 , 啮齿类抑郁模型动物的肠道微

生物也与其健康对照组有明显区别 . 在嗅球切除模

型、母子分离模型、社交挫败模型、慢性可变应激模

型以及本研究组的慢性束缚应激模型中都发现了这

种现象 , 甚至抑郁动物的菌群组成与抑郁患者有相

似之处 , 如门水平拟杆菌门含量增加而厚壁菌门含

量降低, 属水平乳酸杆菌属含量减少[115~118].  

这些证据均提示抑郁可能与特定的菌群表型(菌

群组成和结构)有关.  

4.2  抑郁患者粪便菌群移植可传递抑郁症 

抑郁这种“精神感冒”似乎也具有流感的传染特

性(即通过流感病毒从个体传播给另一个体), 但抑郁

的传播介质更为复杂, 为抑郁患者的肠道微生物, 传
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播条件也更为苛刻, 在自然条件下很难实现.  

Zheng等人 [113]把抑郁症患者和健康人的粪便移

植到无菌动物(没有肠道微生物)体内, 发现接受抑郁

症患者粪便菌群的小鼠(Mus musculus)抑郁样行为增

加 , 菌群表型与接受健康人粪便菌群的小鼠明显有

差异, 且这种差异与各自供体间差异一致, 提示菌群

表型通过影响代谢引发抑郁. Kelly等人[105]使用抗生

素鸡尾酒法处理 , 使大鼠(Rattus norvegicus)处于一

种微生物缺乏状态 , 再把人的粪便微生物通过灌胃

的方法接种给大鼠. 结果表明, 与接受健康志愿者粪

便的大鼠相比 , 接受了抑郁患者粪便菌群移植的大

鼠表现出快感缺失, 焦虑样行为增加, 同时色氨酸代

谢发生改变, 其表现与抑郁供体的症状一致 [105]. 这

两项研究显示 , 抑郁患者的心理和生理异常可通过

其粪便菌群传递给其他个体 , 进一步提示个体的心

理状态受肠道菌群调控.  

在自然条件下, 子代通过垂直传递和水平传递, 

也会获得与亲代相似的肠道微生物[119]. 本研究组发

现 , 抑郁的遗传效果可能是由于遗传获得了亲代抑

郁易感的肠道微生物引起.  

4.3  破坏肠道菌群会增加抑郁风险 

抗生素破坏菌群增加抑郁风险 . 尽管抗生素曾

在人类抗感染治疗中发挥过重要作用 , 但抗生素不

仅针对病原体 , 同时也严重破坏个体的有益共生微

生物, 引起菌-肠-脑轴功能紊乱, 反而增加其他疾病

风险, 甚至是心理疾病风险[120~123]. 大规模人群研究

发现 , 抗感染治疗中使用的抗生素会明显增加个体

罹患抑郁等心理疾病的风险 . 这种风险呈现出剂量

依赖效应和时间依赖效应——即风险与抗生素的使

用剂量和时间长短呈正相关 , 即使在使用结束10年

后, 这种风险提高影响依然存在 [124,125]. 婴幼儿研究

也发现, 在出生后一年内使用抗生素的孩子, 更易出

现行为问题和抑郁症状, 这种现象在3岁半时就已非

常明显 [126]. 动物研究也表明, 抗生素使用会增加动

物出现行为和认知异常的风险[121,127].  

应激破坏肠道菌群增加抑郁风险 . 应激性生活

事件是抑郁症的重要诱因 , 动物研究常用各种慢性

应激来诱使实验动物抑郁 . 应激不仅影响心理和应

激系统, 还会破坏肠道菌群[128~134]. 本研究组研究表

明, 慢性应激可通过改变肠道菌群, 进而引起菌-肠-

脑轴功能失调(包括海马5-HT含量降低、BDNF mRNA

表达减少、血浆应激激素水平增加、循环IL-10水平

降低、肠道菌群改变等), 从而引起抑郁[135].  

不良饮食方式破坏菌群, 增加抑郁风险. 断奶以

后, 饮食是影响个体肠道菌群的最重要因素之一, 不

健康的饮食明显破坏肠道菌群 [119,136~138]. 研究发现 , 

西方饮食或精加工饮食或工业化使用大量饱和脂肪

酸、糖和添加剂(防腐剂乳化剂调味剂等)的饮食方式

会破坏菌群平衡, 增加个体的抑郁风险[139~141]. 食物

的这种风险提高可能是由于破坏肠道菌群平衡从而

影响菌-肠-脑轴功能引起的[142,143].  

抗生素、应激和饮食等因素均会破坏肠道菌群, 

使原本健康的肠道菌群趋近于抑郁患者的菌群结构, 

从而增加宿主的抑郁风险. 更为严峻的是, 这些破坏

因素常常同时出现[144,145], 却被宿主忽视.  

4.4  重建肠道菌群平衡可改善抑郁症 

肠道微生物与宿主健康和疾病息息相关 , 肠道

菌群紊乱引发多种生理和心理疾病 , 而重建肠道菌

群平衡有改善和治疗作用 [83,84,146~148]. 目前, 已经证

明有效改善肠道菌群紊乱的方法主要有益生菌、益生

元、健康饮食和粪便菌群移植4种[138,149~151].  

益生菌 (probiotics)是指足量服用时能对机体产

生有益影响的、活的微生物. 这种有益影响不仅局限

在胃肠道, 甚至可能达到整个菌-肠-脑轴, 研究者把

这种能够改善行为和心理状态的益生菌称为益心菌

(psychobiotics)[152]. 临床研究和动物实验均发现, 补

充益心菌可减轻抑郁症状 , 甚至能达到与传统治疗

相似的效果. 在抑郁患者的随机对照安慰剂研究中, 

补充益心菌, 能够减轻患者的抑郁和焦虑症状, 改善

认知和代谢异常[153~155]. 抑郁的动物模型研究进一步

验证了这种效果, 提示益心菌可能是通过菌-肠-脑轴

改善行为和认知[135,156,157]. 目前已经报道的益心菌基

本都属于乳酸杆菌和双歧杆菌 , 如干酪乳杆菌

(Lactobacillus casei)和瑞士乳杆菌(Lactobacillus hel-

veticus)以及两歧双歧杆菌 (Bifidobacterium bifidum)

等特定菌株.  

益生元 (prebiotics)是指食用后能促进肠道有益

细菌生长的营养或食物成分 , 可以说是肠道益生菌

的食物. 研究者发现, 补充益生元不仅能够促进有益

菌生长, 重建肠道微生物平衡, 还能产生类似于益心

菌的行为和认知改善效果 , 这种健康增益可能是通

过调节菌-肠-脑轴功能实现的[149,158~160]. 目前益生元
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的研究很受关注 , 其中研究较多的主要有以下3种 : 

低聚果糖、低聚半乳糖和Ω-3多不饱和脂肪酸等[161].  

与不良饮食相反 , 健康饮食可以增加肠道菌群

多样性和稳定性, 促进身心健康 [19,149,162,163]. 健康饮

食, 主要指食物中含有丰富的膳食纤维、不饱和脂肪

酸和发酵食品(酸奶奶酪酸豆汁等等); 而含有较少的

精制碳水化合物、饱和脂肪酸、糖和添加剂(防腐剂、

乳化剂、调味剂、着色剂等)的食物, 如地中海式饮食. 

健康饮食可以重塑肠道菌群平衡, 通过菌-肠-脑轴促

进行为和认知改善[19,138,143,151,162]. 这些数据也为从前

一直被人忽视的抑郁症饮食疗法提供了有力的支持.  

粪便菌群移植 , 将健康个人的粪便移植到患者

肠道内 , 整体替换患者原有的菌群 , 在艰难梭菌感

染、炎症性肠病和溃疡性结肠炎等疾病治疗中已经发

挥着重要作用 [164]. 目前国内外已经有研究者尝试 , 

通过移植健康人的粪便菌群, 来治疗抑郁症、自闭症

等心理疾病.  

就当前研究应用来看, 针对肠道菌群, 通过益生

菌或益生元、健康饮食或者粪便菌群移植, 重建菌群

平衡, 调节菌-肠-脑轴功能, 可能在未来抑郁症等心

理疾病的治疗中发挥重要作用[86,152,165].  

4.5  传统抗抑郁疗法发挥作用可能与肠道微生物

有关 

一般认为, 传统抗抑郁治疗能够改善认知和大脑

功能, 从而治疗抑郁. 但最新研究发现, 传统治疗方

法, 不仅影响大脑, 还会影响肠道菌群, 这些疗法发挥

作用似乎与对菌-肠-脑轴的影响有一定关系[19,166,167].  

抑郁症的药物疗法可调节肠道菌群 . 第一个抗

抑郁药物—异烟肼, 最初就是用来治疗结合分枝杆

菌感染; 第一代抗抑郁药物TCA, 也能抑制大肠杆菌

(Escherichia coli)、鼠疫耶尔森杆菌(Yersinia pestis)、

疟原虫(Malaria Parasite)等生长; 目前常用的SSRIs

类, 能够抑制革兰氏阳性细菌生长; 甚至最新的抗抑

郁药氯胺酮 , 也能抑制一些葡萄球菌 (Staphylococ-      

cus)、肠球菌 (Enterococcus)和白假丝酵母 (Candida 

albicans)的增殖. 常用抗生素, 如头孢曲松钠和二甲

胺四环素, 都显示出了一定的抗抑郁特性 [166]. 本研

究组的实验也发现 , 西酞普兰对慢性束缚应激抑郁

模型大鼠具有治疗效果 , 同时还能改变抑郁大鼠的

肠道菌群, 尽管改变后的菌群并未恢复到对照水平. 

这些结果表明 , 抗抑郁药物发挥作用可能与其对肠

道微生物的作用有关. 同时, 这些发现也提示, 对于

难治性抑郁, 从肠道微生物角度研究, 可能会提供更

多认识.  

其他抑郁症疗法也可改变肠道菌群 . 除了上文

所说的饮食疗法 , 运动疗法可能也是通过影响肠道

菌群, 改善菌-肠-脑轴功能实现的, 久坐不动、缺乏

运动的不良生活方式会增加抑郁风险 , 而充分运动

则能改善抑郁[167,168].  

4.6  肠道微生物的整合疗法 

目前已经有研究者尝试针对肠道菌群 , 结合传

统疗法的整合疗法来治疗心理疾病. 2016年, Schnorr

和Bachnerb[169]尝试结合饮食和心理疗法, 给一位惊

恐发作患者进行心理治疗 , 并去除饮食中能持续升

高血糖的食物 , 增加富含益生菌的食物 , 结果发现, 

患者焦虑症状和失眠情况都有明显改善 , 粪便中的

有益微生物乳酸杆菌增加 , 而一些有害的梭菌类减

少, 粪便菌群组成和多样性都发生了明显改善. 2017

年, Bambling等人[170]进行了一项预实验: 12名难治性

抑郁症患者, 同时进行益生菌和乳清酸镁联合治疗, 

8周后患者的抑郁状况得到明显改善 , 转为常规

SSRIs治疗, 但16周后重新检测发现患者症状又出现

复发. 这两项研究提示, 在传统抗抑郁治疗中注意改

善肠道菌群, 可能会产生更好的效果.   

综上所述 , 抑郁症患者的菌群发生了改变 , 这

种改变可能由多种因素引起, 如抗生素、应激、不良

饮食和遗传型易感等 . 且这种改变具有稳定性 , 在

一定条件下可把抑郁的表型传递给其他个体 . 破坏

健康个体的肠道菌群 , 会增加抑郁风险 ; 而重建患

者的肠道菌群平衡, 不管是使用益心菌、益生元、健

康饮食、粪便菌群移植、运动或者药物, 都能产生抗

抑郁效果.  

5  结论与展望 

一百多年来, 随着现代心理学和生物学的发展, 

人们对抑郁症的认识取得了巨大进步 , 开发了多种

治疗抑郁症的方法. 例如, 心理疗法、药物疗法、脑

刺激和运动饮食等方法 , 其中最常用的是药物治疗

和心理治疗. 但由于治疗有效性、患病人数和社会文

化经济等多种原因, 87.5%以上患者没有得到有效帮

助[5,6,171]. 消极性格和认知、大脑神经递质失衡、神

经可塑性降低和神经环路异常、HPA轴功能失调、慢
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性炎症及肠脑功能异常在抑郁症患者中经常同时出

现, 暗示患者的脑-肠轴功能失调, 这可能是抑郁症

的主要病理基础 . 人们对抑郁症的关注从心理到大

脑 , 到其他系统(内分泌和免疫), 再到脑-肠轴 , 肠-

脑轴, 最后转向菌-肠-脑轴[87~89,172~174], 具体可见图1

所示. 肠道菌群异常是抑郁的直接诱因, 肠道微生物

可通过菌-肠-脑轴影响个体的行为和心理, 菌-肠-脑

轴功能失调才是抑郁症的真正病理基础 , 这就是抑

郁症的肠道微生物假说. 根据这种假说, 针对肠道微

生物, 调节菌-肠-脑轴功能, 就能改善和治疗抑郁症. 

截至目前已经积累了多种有效促进肠道菌群平衡的

方法, 如调整饮食、补充益生菌制剂或者益生元, 在

上述方法无效时, 还可以考虑粪便菌群移植.  

长久以来, 抑郁症的治疗多为“头痛医头”, 直接

针对大脑异常(如5-HT, Glu或神经环路), 而其他躯体

异常则往往被忽视或默认为会随着大脑功能改善而改

善. 而调节肠道微生物, 进而全面改善菌-肠-脑轴功

能, 可能会给抑郁症等心理疾病的防治带来无法估量

的影响. 且这种方法具有更大的灵活性和可操作性, 

对于患者而言, 更易接受实施; 对于高风险人群, 也

更易于预防. 一百多年前, 就提出抑郁等精神疾病的

根源可能在肠道微生物, 补充益生菌可能有改善, 但 

 

图 1  抑郁症的病理机制和治疗策略. 长期应激、抗生素滥用、不良饮食等多种因素可导致抑郁症患者的脑肠轴功能失调. 大脑异常可通过神

经、内分泌和免疫途径自上而下影响肠脑, 肠道微生物异常亦可损害肠脑, 并通过以上 3 条途径自下而上影响大脑, 进而诱发抑郁. 传统治疗

策略主要关注改善大脑生理异常和功能异常, 而最新治疗策略更倾向通过肠道微生物整体调节菌-肠-脑轴功能. 图中: GR为糖皮质激素受体; 

CRF为促肾上腺皮质激素释放因子; VAP为后叶加压素; ACTH为促肾上腺皮质激素; GC为糖皮质激素; EC为肠内分泌细胞; Trp为色氨酸; TDO

为色氨酸 2,3-双加氧酶; IDO为吲哚胺 2,3-双加氧酶; ECT为电抽搐治疗; DC为树突状细胞; FMT为粪便菌群移植  
Figure 1  The pathophysiological mechanisms and treatment strategies of depressive disorder. Variety of factors may induce the brain-gut axis dys-
function of depressed patients, including chronic stress, antibiotic abuse, and poor diet. Brain dysfunction impacts the gut brain through neuron, neuro-
endocrine and immune pathways from up to down, and gut microbiota dysbiosis impairs gut brain function, and influences the brain and behavior via 
the three pathways from down to up. Traditional treatment strategies mainly focus on brain and mental improvement, while the most advanced strate-
gies tend to gut microbiota and dephasing the improvement of whole microbiota-gut-brain axis. GR, glucocorticoid receptors; CRF, corticotropin re-
leasing factor; VAP, vasopressin; ACTH, adrenocorticotropic Hormone; GC, glucocorticoid; EC enteroendocrine cell; 5-HT, serotonin; Trp, trypto-
phan; GABA, gamma-aminobutyric acid; TDO, tryptophan 2,3 dioxygenase; IDO, indoleamine 2,3-dioxygenase; ECT, electroconvulsive therapy; IL, 
interleukin; TNF-α, tumor tumor nectosis factor-alpha; DC, dendritic cell; FMT, fecal microbiota transplantation 
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由于各种因素限制 , 这种观点并未受到关注 [175~177]. 

2005年, Logan和Katzman[74]提出补充益生菌可作为抑

郁症的辅助疗法. 2009年之后, 科学家们开始注意肠-

脑轴在抑郁等心理疾病中的作用[17,21,40,80,178,179]. 2013

年, Dinan等人[152]直接提出益心菌概念来强调益生菌

在心理疾病治疗中的潜能. 与此同时, 益生菌在动物

实验中被证明具有治疗抑郁症的作用[135,157], 随后直

接使用益生菌改善抑郁症治疗的临床研究也不断增

加 [153~155]. 最近, 有临床工作者开始尝试结合菌群干

预和传统疗法治疗难治性抑郁症[170]. 可以预期, 不久

的将来, 针对肠道微生物和肠-脑轴的治疗将会在抑

郁症的预防和治疗中发挥重要作用.   

参考文献  

1 Marije aan het R, Mathew S J, Charney D S. Neurobiological mechanisms in major depressive disorder. Can Med Assoc J, 2009, 180: 

305–313 

2 Gerhard D M, Wohleb E S, Duman R S. Emerging treatment mechanisms for depression: Focus on glutamate and synaptic plasticity. 

Drug Discov Today, 2016, 21: 454–464 

3 Ferrari A J, Charlson F J, Norman R E, et al. Burden of depressive disorders by country, sex, age, and year: Findings from the global 

burden of disease study 2010. PLoS Med, 2013, 10: e1001547 

4 DALYs G B D, Collaborators H. Global, regional, and national disability-adjusted life-years (dalys) for 315 diseases and injuries and 

healthy life expectancy (hale), 1990-2015: A systematic analysis for the global burden of disease study 2015. Lancet, 2016, 388: 

1603–1658 

5 Smith K, Torres C D. Mental health: A world of depression. Nature, 2014, 515: 108–181 

6 Ledford H. Medical research: If depression were cancer. Nature, 2014, 515: 182–184 

7 Sim K, Lau W K, Sim J, et al. Prevention of relapse and recurrence in adults with major depressive disorder: Systematic review and me-

ta-analyses of controlled trials. Int J Neuropsychopharm, 2015, 19: pyv076  

8 Miret M, Ayuso-Mateos J L, Sanchez-Moreno J, et al. Depressive disorders and suicide: Epidemiology, risk factors, and burden. Neuro-

sci Biobehav Rev, 2013, 37: 2372–2374 

9 DALYs G B D, Collaborators H. Global, regional, and national disability-adjusted life-years (dalys) for 333 diseases and injuries and 

healthy life expectancy (hale) for 195 countries and territories, 1990–2016: A systematic analysis for the global burden of disease study 

2016. Lancet, 2017, 390: 1260–1344 

10 Gerrig R J, Zimbardo P G. Psychotherapy. In: Gerrig R J, Zimbardo P G, eds. Psychology and Life (in Chinese). Beijing: Posts and Tel-

ecom Press, 2003. 448–477 [Gerrig R J, Zimbardo P G, 著. 钱铭怡, 译. 心理治疗. 见: Gerrig R J, Zimbardo P G, 著. 王垒, 王甦, 

译. 心理学与生活. 北京: 人民邮电出版社, 2003. 448–477]   

11 Gerrig R J, Zimbardo P G. Mental disorders. In: Gerrig R J, Zimbardo P G, eds. Psychology and Life (in Chinese). Beijing: Posts and 

Telecom Press, 2003. 416–447 [Gerrig R J, Zimbardo P G, 著. 甘怡群, 译. 心理障碍. 见: Gerrig R J, Zimbardo P G, 著. 王垒, 王

甦, 等, 译. 心理学与生活. 北京: 人民邮电出版社, 2003. 416–447]   

12 Liu B, Liu J, Wang M, et al. From serotonin to neuroplasticity: Evolvement of theories for major depressive disorder. Front Cell Neuro-

sci, 2017, 11: 305 

13 Chaudhury D, Liu H, Han M H. Neuronal correlates of depression. Cell Mol Life Sci, 2015, 72: 4825–4848 

14 Bain L, Stroud C. Enabling Discovery, Development, and Translation of Treatments for Cognitive Dysfunction in Depression: Workshop 

Summary. Washington DC: National Academies Press, 2015   

15 Baghai T C, Baumann P, Fountoulakis K N, et al. The selection of drug therapy. In: Baghai T C, Grunze H, Sartorius N, et al, eds. Anti-

depressant Medication and Other Treatment of Major Depressive Disorder (in Chinese). Beijing: People’s Health Publishing House, 

2009. 41–74. [Baghai T C, Baumann P, Fountoulakis K N, 等, 著. 徐一峰, 顾牛范, 徐韬园, 等, 译. 药物治疗的选择. 见: Baghai 

T C, Grunze H, Sartorius N, 等, 著. 徐一峰, 顾牛范, 徐韬园, 等, 译. 抑郁障碍的抗抑郁药物治疗和其他治疗. 北京. 人民卫生

出版社, 2009. 41–74]   

16 Corfield E C, Yang Y, Martin N G, et al. A continuum of genetic liability for minor and major depression. Transl Psychiat, 2017, 7: 

e1131 

17 Forsythe P, Sudo N, Dinan T, et al. Mood and gut feelings. Brain Behav Immun, 2010, 24: 9–16 

18 Evrensel A, Ceylan M E. The gut-brain axis: The missing link in depression. Clin Psychopharm Neurosci, 2015, 13: 239–244 

19 Dash S, Clarke G, Berk M, et al. The Gut microbiome and diet in psychiatry: Focus on depression. Curr Opin Psychiat, 2015, 28: 1–6 

20 Kundu P, Blacher E, Elinav E, et al. Our gut microbiome: The evolving inner self. Cell, 2017, 171: 1481–1493 

Downloaded to IP: 126.183.2.152 On: 2018-07-27 00:41:23 http://engine.scichina.com/doi/10.1360/N972017-01182



 
 
 

 

  2019 

评 述 

21 Liang S, Wang T, Hu X, et al. Microorganism and behavior and psychiatric disorders (in Chinese). Adv Psychol Sci, 2012, 20: 75–97 [梁

姗, 王涛, 胡旭, 等. 微生物与行为和精神疾病. 心理科学进展, 2012, 20: 75–97]   

22 Bukh J D, Bock C, Vinberg M, et al. Interaction between genetic polymorphisms and stressful life events in first episode depression. J 

Affect Disord, 2009, 119: 107–115 

23 Wilhelmsen I. Brain-gut axis as an example of the bio-psycho-social model. Gut, 2000, (Suppl IV): 5–7 

24 Baghai T C, Fink M, Markowitz J C, et al. Aditional therapy. In: Baghai T C, Grunze H, Sartorius N, et al, eds. Antidepressant Medica-

tion and Other Treatment of Major Depressive Disorder (in Chinese). Beijing: People’s Health Publishing House, 2009. 91–98 [Baghai T 

C, Fink M, Markowitz J C, 等, 著. 徐一峰, 顾牛范, 徐韬园, 等, 译. 抑郁症的其他治疗. 见: Baghai T C, Fink M, Markowitz J C, 

等, 著. 徐一峰, 顾牛范, 徐韬园, 等, 译. 抑郁障碍的抗抑郁药物治疗和其他治疗. 北京. 人民卫生出版社, 2009. 91–98]   

25 Baghai T C, Grunze H, Sartorius N. Diagnosis and Epidemiology. In: Baghai T C, Grunze H, Sartorius N, eds. Antidepressant Medica-

tion and Other Treatment of Major Depressive Disorder (In Chinese). Beijing: People’s Health Publishing House, 2009. 13–21 [Baghai T 

C, Grunze H, Sartorius N, 著. 徐一峰, 顾牛范, 徐韬园, 等, 译. 诊断和流行病学. 见: Baghai T C, Grunze H, Sartorius N, 著. 徐

一峰, 顾牛范, 徐韬园, 等, 译. 抑郁障碍的抗抑郁药物治疗和其他治疗. 北京: 人民卫生出版社, 2009. 13–21]   

26 Tong X X, Tong E T. The history and development of antidepressants (in Chinese). Herald Med, 2009, 28: 135–139 [童晓欣, 童萼塘. 

抗抑郁药历史与研究进展. 医学导报, 2009, 28: 135–139]   

27 Huang Y J, Lane H Y, Lin C H. New treatment strategies of depression: Based on mechanisms related to neuroplasticity. Neural Plast, 

2017, 2017: 4605971 

28 Mohler H. The gaba system in anxiety and depression and its therapeutic potential. Neuropharmacology, 2012, 62: 42–53 

29 Kraus C, Castren E, Kasper S, et al. Serotonin and neuroplasticity-links between molecular, functional and structural pathophysiology in 

depression. Neurosci Biobehav Rev, 2017, 77: 317–326 

30 Garay R P, Zarate C A Jr, Charpeaud T, et al. Investigational drugs in recent clinical trials for treatment-resistant depression. Expert Rev 

Neurother, 2017, 17: 593–609 

31 Wong J J, O’Daly O, Mehta M A, et al. Ketamine modulates subgenual cingulate connectivity with the memory-related neural circuit-A 

mechanism of relevance to resistant depression? PeerJ, 2016, 4: e1710 

32 Parker G. What is the place of psychological treatments in mood disorders? Int J Neuropsychopharm, 2007, 10: 137–145 

33 Pirnia T, Joshi S H, Leaver A M, et al. Electroconvulsive therapy and structural neuroplasticity in neocortical, limbic and paralimbic 

cortex. Transl Psychiat, 2016, 6: e832 

34 Hallgren M, Herring M P, Owen N, et al. Exercise, physical activity, and sedentary behavior in the treatment of depression: Broadening 

the scientific perspectives and clinical opportunities. Front Psychiatry, 2016, 7: 36 

35 Lakhan S E, Vieira K F. Nutritional therapies for mental disorders. Nutr J, 2008, 7: 2 

36 Adam D. Mental health on the spectrum. Nature, 2013, 496: 416–418 

37 O’Mahony S M, Clarke G, Dinan T G, et al. Irritable bowel syndrome and stress-related psychiatric co-morbidities: Focus on early life 

stress. Handb Exp Pharmacol, 2017, 239: 219–246 

38 Neuendorf R, Harding A, Stello N, et al. Depression and anxiety in patients with inflammatory bowel disease: A systematic review. J 

Psychosom Res, 2016, 87: 70–80 

39 Levy R L, Olden K W, Naliboff B D, et al. Psychosocial aspects of the functional gastrointestinal disorders. Gastroenterology, 2006, 130: 

1447–1458 

40 Collins S M, Bercik P. The relationship between intestinal microbiota and the central nervous system in normal gastrointestinal function 

and disease. Gastroenterology, 2009, 136: 2003–2014 

41 Abautret-Daly A, Dempsey E, Parra-Blanco A, et al. Gut-brain actions underlying comorbid anxiety and depression associated with in-

flammatory bowel disease. Acta Neuropsychiatr, 2017, 3: 1–22 

42 Leonard B E. The HPA and immune axes in stress: The involvement of the serotonergic system. Europ Psychiat, 2005, 20: 302–306 

43 Mahar I, Bambico F R, Mechawar N, et al. Stress, serotonin, and hippocampal neurogenesis in relation to depression and antidepressant 

effects. Neurosci Biobehav Rev, 2014, 38: 173–192 

44 Rook G A W, Lowry C A. The hygiene hypothesis and psychiatric disorders. Trends Immunol, 2008, 29: 150–158 

45 Lima-Ojeda J M, Rupprecht R, Baghai T C. “I am I and my bacterial circumstances”: Linking gut microbiome, neurodevelopment, and 

depression. Front Psychiat, 2017, 8: 153 

46 Belmaker R H, Agam G. Major depression disorder. New England J Med, 2008, 358: 55–68 

47 Hamon M, Blier P. Monoamine neurocircuitry in depression and strategies for new treatments. Prog Neuropsychopharm Biol Psychiat, 

2013, 45: 54–63 

48 Lener M S, Niciu M J, Ballard E D, et al. Glutamate and gamma-aminobutyric acid systems in the pathophysiology of major depression  

Downloaded to IP: 126.183.2.152 On: 2018-07-27 00:41:23 http://engine.scichina.com/doi/10.1360/N972017-01182



 
 
 

    2018 年 7 月  第 63 卷  第 20 期 

2020   

and antidepressant response to ketamine. Biol Psychiat, 2017, 81: 886–897 

49 Hirschfeld R. History and evolution of the monoamine hypothesis of depression. J Clin Psychiat, 2000, 61 (Suppl 6): 4–6 

50 Pytka K, Dziubina A, Mlyniec K, et al. The role of glutamatergic, gaba-ergic, and cholinergic receptors in depression and antidepres-

sant-like effect. Pharmacol Rep, 2016, 68: 443–450 

51 Murrough J W, Abdallah C G, Mathew S J. Targeting glutamate signalling in depression: Progress and prospects. Nat Rev Drug Discov, 

2017, 16: 472–486 

52 Serafini G. Neuroplasticity and major depression, the role of modern antidepressant drugs. World J Psychiat, 2012, 2: 49–57 

53 Sahay A, Hen R. Adult hippocampal neurogenesis in depression. Nat Neurosci, 2007, 10: 1110–1115 

54 Alves N D, Correia J S, Patricio P, et al. Adult hippocampal neuroplasticity triggers susceptibility to recurrent depression. Transl Psy-

chiat, 2017, 7: e1058 

55 Williams L M. Precision psychiatry: A neural circuit taxonomy for depression and anxiety. Lancet Psychiat, 2016, 3: 472–480 

56 Barden N. Implication of the hypothalamic-pituitary-adrenal axis in the physiopathology of depression. J Psychiat Neurosci, 2004, 29: 185–193 

57 Juruena M F, Cleare A J, Pariante C M. The Hypothalamic pituitary adrenal axis, glucocorticoid receptor function and relevance to de-

pression. Rev Bras Pisquiatr, 2004, 26: 189–201 

58 Kunugi H, Hori H, Adachi N, et al. Interface between hypothalamic-pituitary-adrenal axis and brain-derived neurotrophic factor in de-

pression. Psychiat Clin Neurosci, 2010, 64: 447–459 

59 Maes M, Leonard B E, Myint A M, et al. The new “5-HT” hypothesis of depression: Cell-mediated immune activation induces in-

doleamine 2,3-dioxygenase, which leads to lower plasma tryptophan and an increased synthesis of detrimental tryptophan catabolites 

(trycats), both of which contribute to the onset of depression. Prog Neuropsychopharm Biol Psychiat, 2011, 35: 702–721 

60 Nasca C, Bigio B, Zelli D, et al. Mind the gap: Glucocorticoids modulate hippocampal glutamate tone underlying individual differences 

in stress susceptibility. Mol Psychiat, 2015, 20: 755–763 

61 Singhal G, Baune B T. Microglia: An interface between the loss of neuroplasticity and depression. Front Cell Neurosci, 2017, 11: 270 

62 Schiepers O J, Wichers M C, Maes M. Cytokines and major depression. Prog Neuropsychopharm Biol Psychiat, 2005, 29: 201–217 

63 Lindqvist D, Dhabhar F S, James S J, et al. Oxidative stress, inflammation and treatment response in major depression. Psychoneuroen-

docrinology, 2017, 76: 197–205 

64 O’Brien S M, Scott L V, Dinan T G. Cytokines: Abnormalities in major depression and implications for pharmacological treatment. 

Human Psychopharmacol, 2004, 19: 397–403 

65 Wichers M, Maes M. The psychoneuroimmuno-pathophysiology of cytokine-induced depression in humans. Int J Neuropsychopharm, 

2002, 5: 375–388 

66 Leonard B E. Inflammation and depression: A causal or coincidental link to the pathophysiology? Acta Neuropsychiat, 2018, 30: 1–16 

67 Haroon E, Miller A H. Inflammation effects on brain glutamate in depression: Mechanistic considerations and treatment implications. 

Curr Top Behav Neurosci, 2017, 31: 173–198 

68 Holmes S E, Hinz R, Conen S, et al. Elevated translocator protein in anterior cingulate in major depression and a role for inflammation in 

suicidal thinking: A positron emission tomography study. Biol Psychiat, 2018, 83: 61–69 

69 Franklin T C, Wohleb E S, Zhang Y, et al. Persistent increase in microglial rage contributes to chronic stress-induced priming of depres-

sive-like behavior. Biol Psychiat, 2018, 83: 50–60 

70 O’Hara A M, Shanahan F. The gut flora as a forgotten organ. EMBO Rep, 2006, 7: 688–693 

71 Lyte M. The microbial organ in the gut as a driver of homeostasis and disease. Med Hypotheses, 2010, 74: 634–638 

72 Avetisyan M, Schill E M, Heuckeroth R O. Building a second brain in the bowel. J Clin Invest, 2015, 125: 899–907 

73 Knight R, Callewaert C, Marotz C, et al. The microbiome and human biology. Annu Rev Genom Hum Genet, 2017, 18: 65–86 

74 Logan A C, Katzman M. Major depressive disorder: Probiotics may be an adjuvant therapy. Med Hypotheses, 2005, 64: 533–538 

75 Jiang H, Ling Z, Zhang Y, et al. Altered fecal microbiota composition in patients with major depressive disorder. Brain Behav Immun, 

2015, 48: 186–194 

76 Naseribafrouei A, Hestad K, Avershina E, et al. Correlation between the human fecal microbiota and depression. Neurogastroent Motil, 

2014, 26: 1155–1162 

77 O’Mahony S M, Clarke G, Borre Y E, et al. Serotonin, tryptophan metabolism and the brain-gut-microbiome axis. Behav Brain Res, 

2014, 277: 32–48  

78 O’Mahony S M, Hyland N P, Dinan T G, et al. Maternal separation as a model of brain-gut axis dysfunction. Psychopharmacology, 2011, 

214: 71–88 

79 Scott L V, Clarke G, Dinan T G. The brain-gut axis: A target for treating stress-related disorders. Modern Trends Pharm Psychiat, 2013, 

28: 90–99 

Downloaded to IP: 126.183.2.152 On: 2018-07-27 00:41:23 http://engine.scichina.com/doi/10.1360/N972017-01182



 
 
 

 

  2021 

评 述 

80 Neufeld K A, Foster J A. Effects of gut microbiota on the brain: Implications for psychiatry. J Psychiat Neurosci, 2009, 34: 230–231 

81 Mayer E A, Tillisch K, Gupta A. Gut/Brain axis and the microbiota. J Clin Invest, 2015, 125: 926–938 

82 Kelly J R, Clarke G, Cryan J F, et al. Brain-gut-microbiota axis: Challenges for translation in psychiatry. Ann Epidemiol, 2016, 26: 

366–372 

83 Rieder R, Wisniewski P J, Alderman B L, et al. Microbes and mental health: A review. Brain Behav Immun, 2017, 66: 9–17  

84 Kennedy P J, Murphy A B, Cryan J F, et al. Microbiome in brain function and mental health. Trends Food Sci Tech, 2016, 57: 289–301 

85 Yarandi S S, Peterson D A, Treisman G J, et al. Modulatory effects of gut microbiota on the central nervous system: How gut could play 

a role in neuropsychiatric health and diseases. J Neurogastroent Motil, 2016, 22: 201–212 

86 Fond G, Boukouaci W, Chevalier G, et al. The “psychomicrobiotic”: Targeting microbiota in major psychiatric disorders: A systematic 

review. Pathol Biol, 2015, 63: 35–42 

87 Smith P A. The tantalizing links between gut microbes and the brain. Nature, 2015, 526: 312–314  

88 Mayer E A, Knight R, Mazmanian S K, et al. Gut microbes and the brain: Paradigm shift in neuroscience. J Neurosci, 2014, 34: 

15490–15496 

89 Foster J A, Lyte M, Meyer E, et al. Gut microbiota and brain function: An evolving field in neuroscience. Int J Neuropsychopharm, 2016, 

19: pyv114  

90 Sudo N. Microbiome, HPA axis and production of endocrine hormones in the gut. Adv Exp Med Biol, 2014, 817: 177–194 

91 Gareau M G, Jury J, MacQueen G, et al. Probiotic treatment of rat pups normalises corticosterone release and ameliorates colonic dys-

function induced by maternal separation. Gut, 2007, 56: 1522–1528 

92 Eutamene H, Bueno L. Role of probiotics in correcting abnormalities of colonic flora induced by stress. Gut, 2007, 56: 1495–1497 

93 Sudo N, Chida Y, Kubo C. Postnatal microbial colonization programs the hypothalamic-pituitary-adrenal system for stress response in 

mice. J Psychosom Res, 2004, 558: 263–275 

94 Honda K, Littman D R. The microbiota in adaptive immune homeostasis and disease. Nature, 2016, 535: 75–84 

95 Thaiss C A, Levy M, Suez J, et al. The interplay between the innate immune system and the microbiota. Curr Opin Immun, 2014, 26: 

41–48 

96 Kim S, Kim H, Yim Y S, et al. Maternal gut bacteria promote neurodevelopmental abnormalities in mouse offspring. Nature, 2017, 549: 

528–532 

97 Bien-Ly N, Watts R J. The blood-brain barrier’s gut check. Sci Transl Med, 2014, 6: 263fs46 

98 Bravo J A, Forsythe P, Chew M V, et al. Ingestion of lactobacillus strain regulates emotional behavior and central gaba receptor expres-

sion in a mouse via the vagus nerve. Proc Natl Acad Sci USA, 2011, 108: 16050–16055 

99 Ogbonnaya E S, Clarke G, Shanahan F, et al. Adult hippocampal neurogenesis is regulated by the microbiome. Biol Psychiat, 2015, 78: e7–e9 

100 Castillo-Ruiz A, Mosley M, George A J, et al. The microbiota influences cell death and microglial colonization in the perinatal mouse 

brain. Brain Behav Immun, 2018, 67: 218–229 

101 Erny D, Hrabe de Angelis A L, Jaitin D, et al. Host microbiota constantly control maturation and function of microglia in the CNS. Nat 

Neurosci, 2015, 18: 965–977 

102 Hoban A E, Stilling R M, Ryan F J, et al. Regulation of prefrontal cortex myelination by the microbiota. Transl Psychiat, 2016, 6: e774 

103 Borre Y E, O’Keeffe G W, Clarke G, et al. Microbiota and neurodevelopmental windows: Implications for brain disorders. Trends Mol 

Med, 2014, 20: 509–518 

104 Diaz Heijtz R, Wang S, Anuar F, et al. Normal gut microbiota modulates brain development and behavior. Proc Natl Acad Sci USA, 

2011, 108: 3047–3052 

105 Kelly J R, Borre Y C O B, et al. Transferring the blues: Depression-associated gut microbiota induces neurobehavioural changes in the 

rat. J Psychiat Res, 2016, 82: 109–118 

106 Luna R A, Foster J A. Gut brain axis: Diet microbiota interactions and implications for modulation of anxiety and depression. Curr Opin 

Biotechnol, 2015, 32: 35–41 

107 Maqsood R, Stone T W. The gut-brain axis, BDNF, NMDA and CNS disorders. Neurochem Res, 2016, 41: 2819–2835 

108 Farmer A D, Randall H A, Aziz Q. It’s a gut feeling: How the gut microbiota affects the state of mind. J Physiol, 2014, 592: 2981–2988 

109 Kennedy P J, Cryan J F, Dinan T G, et al. Kynurenine pathway metabolism and the microbiota-gut-brain axis. Neuropharmacology, 2017, 

112: 399–412 

110 Cryan J F, Dinan T G. Mind-altering microorganisms: The impact of the gut microbiota on brain and behaviour. Nat Rev Neurosci, 2012, 

13: 701–712 

111 Liu Y, Zhang L, Wang X, et al. Similar fecal microbiota signatures in patients with diarrhea-predominant irritable bowel syndrome and 

patients with depression. Clin Gastroenterol Hepatol, 2016, 14: 1602–1611 e5 

Downloaded to IP: 126.183.2.152 On: 2018-07-27 00:41:23 http://engine.scichina.com/doi/10.1360/N972017-01182



 
 
 

    2018 年 7 月  第 63 卷  第 20 期 

2022   

112 Emiko A, Hirokazu T, Takashi A, et al. Possible association of bifidobacterium and lactobacillus in the gut microbiota of patients with 

major depressive disorder. J Affect Disord, 2016, 202: 254–257 

113 Zheng P, Zeng B, Zhou C, et al. Gut microbiome remodeling induces depressive-like behaviors through a pathway mediated by the host’s 

metabolism. Mol Psychiat, 2016, 21: 786–796 

114 Lin P, Ding B, Feng C, et al. Prevotella and klebsiella proportions in fecal microbial communities are potential characteristic parameters 

for patients with major depressive disorder. J Affect Disord, 2017, 207: 300–304 

115 Park A J, Collins J, Blennerhassett P A, et al. Altered colonic function and microbiota profile in a mouse model of chronic depression. 

Neurogastroenterol Motil, 2013, 25: 733–e575 

116 O’Mahony S M, Marchesi J R, Scully P, et al. Early life stress alters behavior, immunity, and microbiota in rats: implications for irritable 

bowel syndrome and psychiatric illnesses. Biol Psychiat, 2009, 65: 263–267 

117 Kaser M, Zaman R, Sahakian B J. Cognition as a treatment target in depression. Psychol Med, 2017, 47: 987–989 

118 Yu M, Jia H, Zhou C, et al. Variations in gut microbiota and fecal metabolic phenotype associated with depression by 16S rRNA gene 

sequencing and Lc/Ms-based metabolomics. J Pharm Biomed Anal, 2017, 138: 231–239 

119 Yatsunenko T, Rey F E, Manary M J, et al. Human gut microbiome viewed across age and geography. Nature, 2012, 486: 222–227 

120 Hu X, Wang T, Liang S, et al. Antibiotic-induced imbalances in gut microbiota aggravates cholesterol accumulation and liver injuries in 

rats fed a high-cholesterol diet. Appl Microbiol Biotechnol, 2015, 99: 9111–9122 

121 Frohlich E E, Farzi A, Mayerhofer R, et al. Cognitive impairment by antibiotic-induced gut dysbiosis: Analysis of gut microbiota-brain 

communication. Brain Behav Immun, 2016, 56: 140–155 

122 Bercik P, Collins S M. The effects of inflammation, infection and antibiotics on the microbiota-gut-brain axis. Adv Exp Med Biol, 2014, 

817: 279–289 

123 Wang T, Hu X, Liang S, et al. Lactobacillus fermentum NS9 restores the antibiotic induced physiological and psychological abnormali-

ties in rats. Benef Microbes, 2015, 6: 707–717 

124 Lurie I, Yang Y X, Haynes K, et al. Antibiotic exposure and the risk for depression, anxiety, or psychosis: A nested case-control study. J 

Clin Psychiat, 2015, 76: 1522–1528 

125 Kohler O, Petersen L, Mors O, et al. Infections and exposure to anti-infective agents and the risk of severe mental disorders: A nation-

wide study. Acta Psychiat Scandinav, 2017, 135: 97–105 

126 Slykerman R F, Thompson J, Waldie K E, et al. Antibiotics in the first year of life and subsequent neurocognitive outcomes. Acta Paedi-

atr, 2017, 106: 87–94 

127 Guida F, Turco F, Iannotta M, et al. Antibiotic-induced microbiota perturbation causes gut endocannabinoidome changes, hippocampal 

neuroglial reorganization and depression in mice. Brain Behav Immun, 2018, 67: 230–245 

128 Holdeman L V, Good I J, Moore W E. Human fecal flora variation in bacterial composition within individuals and a possible effect of 

emotional stress. Appl Environ Microbiol, 1976, 31: 359–375 

129 Galley J D, Nelson M C, Yu Z T, et al. Exposure to a social stressor disrupts the community structure of the colonic mucosa-associated 

microbiota. BMC Microbiol, 2014, 14: 189  

130 Bailey M T, Coe C L. Maternal separation disrupts the integrity of the intestinal microflora in infant rhesus monkeys. Dev Psychobiol, 

1999, 35: 146–155 

131 Gur T L, Worly B L, Bailey M T. Stress and the commensal microbiota: Importance in parturition and infant neurodevelopment. Front 

Psychiat, 2015, 6: 5 

132 Dinan T G, Cryan J F. Regulation of the stress response by the gut microbiota: Implications for psychoneuroendocrinology. Psychoneu-

roendocrinology, 2012, 37: 1369–1378 

133 De Palma G, Collins S M, Bercik P, et al. The microbiota-gut-brain axis in gastrointestinal disorders: Stressed bugs, stressed brain or 

both? J Physiol, 2014, 592: 2989–2997 

134 Marin I A, Goertz J E, Ren T, et al. Microbiota alteration is associated with the development of stress-induced despair behavior. Sci Rep, 

2017, 7: 43859 

135 Liang S, Wang T, Hu X, et al. Administration of lactobacillus helveticus NS8 improves behavioral, cognitive, and biochemical aberra-

tions caused by chronic restraint stress. Neuroscience, 2015, 310: 561–577 

136 Frei R, Lauener R P, Crameri R, et al. Microbiota and dietary interactions—An update to the hygiene hypothesis? Allergy, 2012, 67: 451–461 

137 Erica D S, Samuel A S, Mikhail T, et al. Diet-induced extinctions in the gut microbiota compound over generations. Nature, 2016, 529: 

212–215 

138 Sandhu K V, Sherwin E, Schellekens H, et al. Feeding the microbiota-gut-brain axis: Diet, microbiome, and neuropsychiatry. Transl Res, 

2017, 179: 223–244 

Downloaded to IP: 126.183.2.152 On: 2018-07-27 00:41:23 http://engine.scichina.com/doi/10.1360/N972017-01182



 
 
 

 

  2023 

评 述 

139 Slyepchenko A, Maes M, Jacka F N, et al. Gut microbiota, bacterial translocation, and interactions with diet: Pathophysiological links 

between major depressive disorder and non-communicable medical comorbidities. Psychother Psychosom, 2017, 86: 31–46 

140 Owen L, Corfe B. The role of diet and nutrition on mental health and wellbeing. Proc Nutr Soc, 2017, 76: 425–426 

141 Noble E E, Hsu T M, Kanoski S E. Gut to brain dysbiosis: Mechanisms linking western diet consumption, the microbiome, and cognitive 

impairment. Front Behav Neurosci, 2017, 11: 9 

142 Jørgensen B P, Hansen J T, Krych L, et al. A possible link between food and mood: Dietary impact on gut microbiota and behavior in 

Balb/C mice. PLoS ONE, 2014, 9: e103398 

143 Oriach C S, Robertson R C, Stanton C, et al. Food for thought: The role of nutrition in the microbiota-gut-brain axis. Clin Nutr Exp, 

2016, 6: 25–38 

144 Ng K M, Ferreyra J A, Higginbottom S K, et al. Microbiota-liberated host sugars facilitate post-antibiotic expansion of enteric pathogens. 

Nature, 2013, 502: 96–99 

145 Roca-Saavedra P, Mendez-Vilabrille V, Miranda J M, et al. Food additives, contaminants and other minor components: Effects on human 

gut microbiota—A review. J Physiol Biochem, 2017, 74: 69–83  

146 Grenham S, Clarke G, Cryan J F, et al. Brain-gut-microbe communication in health and disease. Front Physiol, 2011, 2: 94 

147 Clemente J C, Ursell L K, Parfrey L W, et al. The impact of the gut microbiota on human health: An integrative view. Cell, 2012, 148: 

1258–1270 

148 Shanahan F. Linking lifestyle with microbiota and risk of chronic inflammatory disorders. In: Shanahan F, eds. The Hygiene Hypothesis 

and Darwinian Medicine. Basel: Birkhäuser Basel, 2009. 93–102 

149 Liu X, Cao S, Zhang X. Modulation of gut microbiota-brain axis by probiotics, prebiotics, and diet. J Agric Food Chem, 2015, 63: 

7885–7895 

150 Cammarota G, Ianiro G, Bibbo S, et al. Gut microbiota modulation: Probiotics, antibiotics or fecal microbiota transplantation? Int Emerg 

Med, 2014, 9: 365–373 

151 Marques T M, Cryan J F, Shanahan F, et al. Gut microbiota modulation and implications for host health: Dietary strategies to influence 

the gut-brain axis. Innov Food Sci Emerg Tech, 2014, 22: 239–247 

152 Dinan T G, Stanton C, Cryan J F. Psychobiotics: A novel class of psychotropic. Biol Psychiat, 2013, 74: 720–726 

153 Akkasheh G, Kashani-Poor Z, Tajabadi-Ebrahimi M, et al. Clinical and metabolic response to probiotic administration in patients with 

major depressive disorder: A randomized, double-blind, placebo-controlled trial. Nutrition, 2016, 32: 315–320 

154 Wallace C J K, Milev R. The effects of probiotics on depressive symptoms in humans: A systematic review. Ann Gen Psychiat, 2017, 16: 14 

155 Pirbaglou M, Katz J, de Souza R J, et al. Probiotic supplementation can positively affect anxiety and depressive symptoms: A systematic 

review of randomized controlled trials. Nutr Res, 2016, 36: 889–898 

156 Abildgaard A, Ekfving B, Hikland M, et al. Probiotic treatment reduces depressive-like behaviour in rats independently of diet. Psycho-

neuroendocrinol, 2017, 79: 40–48 

157 Desbonnet L, Garrett L, Clarke G, et al. Effects of the probiotic bifidobacterium infantis in the maternal separation model of depression. 

Neuroscience, 2010, 170: 1179–1188 

158 Schmidt K, Cowen P J, Harmer C J, et al. Prebiotic intake reduces the waking cortisol response and alters emotional bias in healthy vol-

unteers. Psychopharmacology, 2014, 232: 1793–1801  

159 Robertson R C, Seira Oriach C, Murphy K, et al. Omega-3 polyunsaturated fatty acids critically regulate behaviour and gut microbiota 

development in adolescence and adulthood. Brain Behav Immun, 2017, 59: 21–37 

160 Mika A, Day H E, Martinez A, et al. Early life diets with prebiotics and bioactive milk fractions attenuate the impact of stress on learned 

helplessness behaviours and alter gene expression within neural circuits important for stress resistance. Eur J Neurosci, 2017, 45: 

342–357 

161 Gibson G R, Hutkins R, Sanders M E, et al. Expert consensus document: The international scientific association for probiotics and 

prebiotics (Isapp) consensus statement on the definition and scope of prebiotics. Nat Rev Gastroenterol Hepatol, 2017, 14: 491–502 

162 Murphy T, Dias G P, Thuret S. Effects of diet on brain plasticity in animal and human studies: Mind the gap. Neural Plast, 2014, 2014: 

563160 

163 Heiman M L, Greenway F L. A healthy gastrointestinal microbiome is dependent on dietary diversity. Mol Metabol, 2016, 5: 317–320 

164 Evrensel A, Ceylan M E. Fecal microbiota transplantation and its usage in neuropsychiatric disorders. Clin Psychopharm Neurosci, 2016, 

14: 231–237 

165 Kali A. Psychobiotics: An emerging probiotic in psychiatric practice. Biomed J, 2016, 39: 223–224 

166 Macedo D, Filho A, Soares de Sousa C N, et al. Antidepressants, antimicrobials or both? gut microbiota dysbiosis in depression and possible 

implications of the antimicrobial effects of antidepressant drugs for antidepressant effectiveness. J Affect Disord, 2017, 208: 22–32 

Downloaded to IP: 126.183.2.152 On: 2018-07-27 00:41:23 http://engine.scichina.com/doi/10.1360/N972017-01182



 
 
 

    2018 年 7 月  第 63 卷  第 20 期 

2024   

167 Yuan T F, Ferreira Rocha N B, Paes F, et al. Neural mechanisms of exercise-effects on gut miccrobiota and depression. CNS Neurol 

Disord Drug Targets, 2015, 14: 1312–1314 

168 Clark A, Mach N. Exercise-induced stress behavior, gut-microbiota-brain axis and diet: A systematic review for athletes. J Int Soc Sports 

Nutr, 2016, 13: 43 

169 Schnorr S L, Bachnerb H A. Integrative therapies in anxiety treatment with special emphasis on the gut microbiome. Yale J Biol Med, 

2016, 89: 397–422 

170 Bambling M, Edwards S C, Hall S, et al. A combination of probiotics and magnesium orotate attenuate depression in a small ssri resistant 

cohort: An intestinal anti-inflammatory response is suggested. Inflammopharmacology, 2017, 25: 271–274 

171 Hyman S. Mental health depression needs large human-genetics studies. Nature, 2014, 515: 189–191 

172 Dinan T G, Stilling R M, Stanton C, et al. Collective unconscious: How gut microbes shape human behavior. J Psychiat Res, 2015, 63: 

1–9 

173 Parashar A, Udayabanu M. Gut microbiota regulates key modulators of social behavior. Eur Neuropsychopharm, 2016, 26: 78–91 

174 Mu C, Yang Y, Zhu W. Gut microbiota: The brain peacekeeper. Front Microbiol, 2016, 7: 345 

175 Bested A C, Logan A C, Selhub E M. Intestinal microbiota, probiotics and mental health: From metchnikoff to modern advances: Part 

III-Convergence toward clinical trials. Gut Pathogens, 2013, 5: 4  

176 Bested A C, Logan A C, Selhub E M. Intestinal microbiota, probiotics and mental health: From metchnikoff to modern advances: Part 

I-Autointoxication revisited. Gut Pathogens, 2013, 5: 5  

177 Bested A C, Logan A C, Selhub E M. Intestinal microbiota, probiotics and mental health: From metchnikoff to modern advances: Part 

II-Contemporary contextual research. Gut Pathogens, 2013, 5: 3  

178 Collins S M, Surette M, Bercik P. The interplay between the intestinal microbiota and the brain. Nat Rev Microbiol, 2012, 10: 735–742 

179 Bercik P, Collins S M, Verdu E F. Microbes and the gut-brain axis. Neurogastroent Motil, 2012, 24: 405–413 

 

Downloaded to IP: 126.183.2.152 On: 2018-07-27 00:41:23 http://engine.scichina.com/doi/10.1360/N972017-01182



 
 
 

 

  2025 

评 述 

Summary for “抑郁症研究的发展和趋势——从菌-肠-脑轴看抑郁症” 

The development and tendency of depression researches: 
Viewed from the microbiota-gut-brain axis 
Shan Liang1, Xiaoli Wu1,2, Xu Hu1, Yunxia Niu1,2 & Feng Jin1* 
1 Key Laboratory of Mental Health, Institute of Psychology, Chinese Academy of Sciences, Beijing 100101, China; 
2 Graduate School, University of Chinese Academy of Sciences, Beijing 100049, China 
* Corresponding author, E-mail: jinfeng@psych.ac.cn 

Depressive disorder is the most prevalent mental disease, not only it has impaired the life and wellbeing of patients, but 
also brought great economic burden for family and society. Yet depressive disorder is widely undiagnosed and untreated 
because of stigma, inadequate mental-health resources, complex comorbidities, and lack of effective therapies. Increasing 
researches indicate that depressive disorder is more a physiological disease rather than a psychological illness. For most 
patients, the brain-gut axis function is impaired, including the imbalances in brain neurotransmitters, the decline in brain 
neuroplasticity, the dysfunction in hypothalamic-pituitary-adrenal axis, the chronic periphery inflammation and neu-
ro-inflammation, as well as gastrointestinal diseases and the gut microbiota dysbiosis. Traditional treatments for depres-
sion have been focusing on the brain itself, and/or also, using variety of medications and psychotherapy. Almost half of 
the patients have not acquired effective help. New treatment strategies underlining the whole brain-gut axis dysfunction 
will shed light on the dilemma.  

In recent years, more and more studies have presented the important role played by gut microbiota in brain and be-
havior, promoting the appearance of new theories for mental disorders. According to current gut microbiota hypothesis, 
gut microbiota is a crucial component of gut brain, gut microbiota disruption and the following brain-gut axis dysregula-
tion are the main pathophysiology of depression, and which will be the promising target of future therapies. Patients and 
model animals with depressive disorder share some similarities in gut microbiota, which are obviously distinctive with 
their healthy controls, indicating that depression is probably related with certain gut microbiota phenotype. Both the 
physiological symptoms and behavioral symptoms can transfer to germ-free and microbiota-deficient animals through 
fecal microbiota transplantation from depressed patients, further confirming the relationship between depression and ab-
normal microbiota. Various factors like antibiotics use, chronic stress, and long-term unhealthy diet disturb gut microbi-
ota, while the abnormal microbiota probably induce microbiota-gut-brain axis dysfunction and increase the incidence of 
depression and other mental disorders. Several methods have presented good effects in gut microbiota regulation, includ-
ing probiotics, prebiotics, healthy diet, and fecal microbiota transplantation, all of which possibly alleviate and treat de-
pression via improving the microbiota-gut-brain axis function. Additionally, traditional adjuvant treatments like diet 
therapy and exercise therapy also possibly work through microbiota-gut-brain axis regulation. Even the effects of com-
mon antidepressants are probably related with gut microbiota, too. And the integrative therapy attempts emphasizing gut 
microbiota regulation present promising effects. All of the above results indicate that depression is strongly linked with 
gut microbiota abnormalities, and it may be treated through gut microbiota intervention using effective methods like 
psychobiotics supplement. Now-a-day the application of gut microbiota interventions has been becoming a hot point in 
treatment of mental disorders. And maintaining the normal condition of gut microbiota probably play vital part in the 
prevention and therapy of mental disorders in the future. 

depressive disorder, brain-gut axis, microbiota-gut-brain axis, gut microbiota, psychobiotics 
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