
Dr. Ted Dinan – Microbes in the gut and psychobiotics as a potential treatment for anxiety and 
depression 

www.theAnxietySummit.com November 3-16, 2014 
 

© 2014 Trudy Scott All Rights Reserved              Page 1 of 23 
  

 

Microbes in the Gut and Psychobiotics as a Potential  
Treatment for Anxiety and Depression 

 
• Varied ways in which anxiety presents 
• Anxiety as a co-morbid condition e.g. irritable bowel syndrome 
• Microbes in the gut and the influence on emotional activity 
• Non-pharmacological approaches to treating anxiety 
• Psychobiotics as a potential treatment and the newest research in this area 

 
 

 
 
Trudy Scott: Welcome to Season 2 of The Anxiety Summit.  This is Trudy 

Scott, your host for the series.  I'm a certified nutritionist, I’m 
known as a food mood expert and I’m the author of The 
Antianxiety Food Solution.  Our topic today is “Microbes in the 
Gut and Psychobiotics as a Potential Treatment for Anxiety and 
Depression” and I have the great pleasure of having Dr. Ted Dinan 
here to share about some research in this area.  A big welcome to 
Dr. Dinan all the way from Ireland.   

 
Dr. Ted Dinan: Yes indeed.  It’s a pleasure to be here Trudy, a pleasure.   
 
Trudy Scott: It’s a real pleasure to have you and having someone who has 

coined the term psychobiotics together with your colleagues is 
very exciting. We’re going to talk more about that study later on so 
I’m really, really pleased to have you here to share this 
information.   

 



Dr. Ted Dinan – Microbes in the gut and psychobiotics as a potential treatment for anxiety and 
depression 

www.theAnxietySummit.com November 3-16, 2014 
 

© 2014 Trudy Scott All Rights Reserved              Page 2 of 23 
  

Dr. Ted Dinan: Great, my pleasure.   
 
Trudy Scott: I'm going to go ahead and read your bio and then we’ll get right 

into the topic.  
 
Dr. Ted Dinan: Great.   
 
Trudy Scott: Ted Dinan is a Professor of Psychiatry at University College Cork.  

He was previously Chair of Clinical Neurosciences and Professor 
of Psychological Medicine at St. Bartholomew’s Hospital, London.  
Prior to that, he was a Senior Lecturer in Psychiatry at Trinity 
College Dublin.  He has worked in research laboratories in both 
sides of the Atlantic and has a PhD in Pharmacology from the 
University of London.  He is a Fellow of the Royal Colleges of 
Physicians and Psychiatrists and a Fellow of the American College 
of Physicians.  His main research interests are in the biology of 
depression and functional bowel disorders and in this context he 
has made significant contributions to the literature on the 
regulation of the HPA axis in situations of stress with particular 
emphasis on the role of vasopressin.  In 1995 he was awarded the 
Melvin Ramsey Prize for this research into the biology of stress.  
His current research is funded by Science Foundation Ireland, the 
Health Research Board, and the Wellcome Trust.  He has 
published over 400 papers and numerous books on the 
pharmacology and neurobiology of affective disorders.  He is on 
the Editorial Boards of several journals including the Journal of 
Affective Disorders, Human Psychopharmacology and 
Psychoneuroendocrinology.  So again welcome Dr. Dinan and it’s 
so interesting that you’ve published over 400 papers because I just 
keep seeing them come out.  Every time I go to Pub Med and 
search on your name there’s more papers coming out so thank you 
so much for all the research that you have done in the past and all 
the research that you’re doing currently.  It’s very welcome to see 
research in this area so thank you.   

 
Dr. Ted Dinan: Thank you very much indeed.   
 
Trudy Scott: So let’s talk about the varied ways in which we see anxiety 

presenting.   
 
Dr. Ted Dinan: Right.  I suppose it’s true to say that stress in society seems to be 

increasing all the time or at least most of us believe it to be that 
way.  We’re more and more juggling with multiple things, emails 
coming in, text messages, there seems to be an endless stream of 
events requiring our attention at any particular point in time.  So 
with increasing levels of stress undoubtedly one is seeing more and 
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more in the way of anxiety disorders emerging.   
 
People I suppose, often assume that stress is bad but of course if 
we think about it stress can have very positive benefits as well.  It’s 
hard to imagine that people would achieve their full potential in 
exams or any other situation in life if they weren’t stressed to some 
degree.  But of course there’s a point at which stress ceases to be 
of any positive benefit and of course in such circumstances can 
have very negative consequences both in terms of our physical 
health and our mental well-being.   
 
Anxiety disorders are a very broad range of conditions.  They’re 
actually very variable in terms of how they present and I think it’s 
important to point out that anxiety is often a very key component 
of depression so it can just be a symptom of depression and not 
necessarily a condition in its own right.  But on the other hand 
anxiety can be a discrete condition and it varies from conditions 
that I would see a lot in my clinical practice such as panic disorder 
or generalized anxiety disorder to less common conditions but very 
debilitating conditions when they’re in a severe form such as 
obsessive compulsive disorder and of course post-traumatic stress 
disorder can certainly be of a very severe nature as well and very, 
very debilitating.   
 
So there is a very significant variety in the way in which anxiety 
presents and a lot of it does relate to environmental stress but 
undoubtedly the way in which we’re genetically made up 
influences the way in which we deal with that stress and 
determines whether or not we develop an anxiety disorder in 
response to stress.  So the two I suppose key areas that research is 
largely focused on would be our genetics and how we deal with 
stress genetically and of course going back to the time of Sigmund 
Freud it’s been clear that our early environment of stress can make 
us more vulnerable to stress later on.  So we know that abuse in 
children, in particular physical or sexual abuse in children, can 
make children very vulnerable when they grow up.  There are 
some kids who experience awful traumas in childhood and grow 
up to be relatively normal from a mental health perspective but on 
the other hand there are other children who have experienced 
maybe sexual abuse or physical violence as a child or serious 
depravation.  When they grow up they’re more vulnerable to stress 
and far more likely to develop anxiety disorders.   
 
So overall as I say anxiety disorders really are very 
protean/frequent in their manifestation and sometimes they’re 
relatively mild and they can be treated relatively easily. We’re all 
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aware of what anxiety in a mild form is like because there are 
always situations where each of us have experienced very mild, 
transient anxiety but that’s not pathological; that’s just part of 
living.  But there are occasions where anxiety is in a very severe 
form and can really have a very dramatic impact on the 
individual’s well-being and indeed on their physical health as well.   

 
Trudy Scott: Great, thanks, and I’m glad you mentioned that it can be beneficial 

because sometimes having a little bit of anxiety can motivate us to 
get things done and the fact that you talk about these 
environmental factors is a big thing because some people are just 
able to handle the stress better and others are not able to handle it 
as well.  And I’m glad that you mentioned the early childhood 
effects because as you say for some people it may be a factor and 
some it may not.  So, obviously, we’ve got other factors at play 
here, which is what we’re going to hear about as we get into this 
interview.  Let’s talk a little bit about irritable bowel syndrome 
because I know this is an area of interest of yours.  You actually 
published a paper in 2011 where you talk about how with IBS, this 
common GI disorder with a worldwide prevalence of 10 to 20 
percent, we will often see mood disorders that go together with 
IBS and these mood disorders could be depression and anxiety as 
well.   

 
Dr. Ted Dinan: Indeed.  Irritable bowel syndrome is I suppose, when you look at 

all the gastrointestinal disorders, is by far and away the most 
common gastrointestinal disorder seen by gastroenterologists and 
sometimes seen by psychologists as well and it primarily consists 
of abdominal pain or discomfort with an alteration in bowel habits.  
Now of course, when people present with irritable bowel 
syndrome, the most important thing to do initially is to make sure 
that there is no gross underlying pathology. So one needs to 
obviously rule out any cancers or diverticular disease or other 
conditions that could give rise to similar symptoms because 
irritable bowel syndrome is usually defined as a syndrome that 
occurs in the absence of a gross pathology, so there’s no obvious 
underlying pathology.  And the general view of it nowadays on 
both sides of the Atlantic is that it is fundamentally a disorder of 
communication within the brain-gut axis. 
 
Now the brain-gut axis is an axis that we learned more about over 
the decade or two: how does the brain communicate with the gut, 
how does the gut communicate with the brain. The view of irritable 
bowel syndrome is that it is as I say a brain axis disorder, an 
exceedingly common disorder, up to at least 50 percent and some 
studies suggest much higher rates in terms of the presence of 
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psychiatric symptoms in patients with irritable bowel syndrome.  
The general view is that at least 50 percent of patients with irritable 
bowel syndrome have a coexistent or comorbid depression or 
anxiety.  So there’s maybe 40 or 50 percent at max, maybe less 
than that, who have irritable bowel syndrome and do not have a 
comorbid psychiatric illness.  But a very significant percentage of 
patients with irritable bowel syndrome do have comorbid 
depressive or anxiety symptoms.  And obviously those symptoms 
need to be treated as well as the irritable bowel syndrome.   
 
We’re gradually, I think, learning more about the pathology 
underlying irritable bowel syndrome and we and others have 
published a number of studies that show, for instance, that patients 
with irritable bowel syndrome have high levels of cytokines.  Now 
cytokines are chemicals that are produced by the immune system 
and there are certain cytokines that are pro-inflammatory.  They 
give rise to inflammation or are the product of inflammation.  And 
certainly there is good evidence that many patients with irritable 
bowel syndrome do have very high levels of these pro-
inflammatory molecules in their blood stream.  The molecules 
would be molecules like interleukin 6 and TNF-alpha.  The levels 
are significantly elevated as I say in patients with irritable bowel 
syndrome.   
 
So we are gaining a somewhat better understanding.  Of course, 
imaging, as well, is also giving a better understanding.  There’s 
been some very good imaging work in irritable bowel syndrome 
from Emeran Mayer’s group at UCLA, getting a better 
understanding or handle on the areas of the brain that tend to be 
more dysfunctional in patients with irritable bowel syndrome.  I 
think our understanding of what is irritable bowel syndrome has 
increased quite dramatically over the last decade largely thanks to 
far more research in the field, but, unfortunately for a variety of 
reasons, therapeutic interventions or treatments have not kept pace 
with that understanding.   
 
So there’s a major challenge to produce better, more innovative 
techniques for treating irritable bowel syndrome and many of the 
big pharmaceutical companies have in recent years got out of the 
field because it’s really been as far as they are concerned, a bit of a 
mine field.  They’ve either failed to develop new drugs for irritable 
bowel syndrome or they’ve developed treatments, which when 
they’ve arrived on the market, have produced side effects and the 
treatments have ended up being withdrawn from the markets.  So it 
is seen as somewhat of a graveyard for some pharmaceutical 
companies and for that reason they’ve tended to vacate the space.  
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But I think that it was not in any sense wanting to minimize the 
importance of irritable bowel syndrome.   
 
I think that maybe less traditional pharmacological approaches 
might be more warranted anyway, maybe the use of probiotics, 
various nutritional approaches or whatever might actually be more 
important than pharmacological interventions, as of course, might 
cognitive behavior currently from a psychological perspective.  So 
whilst in some ways one would like to see big pharmaceutical 
companies investing money in this area to develop new treatments 
because the more treatments we have the better for patients out 
there, I think it is good to see other treatment modalities perhaps 
moving into the space being vacated by big pharma.   

 
Trudy Scott: Excellent and I’m glad you mentioned that because if the drugs 

aren’t working we need to look for other solutions and what do you 
think about the work of Dr. Pimental talking about the dietary 
approach of using a FODMAPs  diet?  What is your opinion on 
that?   

 
Dr. Ted Dinan: Indeed.  Well I think that there are some patients certainly who 

seem to benefit enormously from that approach.  It does involve, I 
suppose, a certain degree of dietary rigor on the part of the patient, 
so it isn’t the easiest diet to be on from a patient’s perspective.  But 
I have patients myself who when they’ve went on such a diet they 
have found a very definite improvement, so I think it’s giving us a 
lead.  I don’t think it’s the answer for all patients but I do believe 
that there are some patients who do benefit enormously from 
making that switch in their diet.   

 
Trudy Scott: Yes.  And I agree it’s not easy.  There’s simply a learning curve 

and there’s a lot of changes to make but that’s where nutritionists 
come in, someone who can guide you and help you through it 
because it is a challenge. But it can be powerful for a lot of people.  
And the other thing that I just wanted to go back to is you talked 
about these cytokines and we’ve got this inflammation going on 
and we’re seeing a lot of research in the mental health area about 
this connection to mood problems and inflammation.  So do you 
feel that could be one of the contributing factors to the anxiety and 
the depression that we may see?  

 
Dr. Ted Dinan: Well I think it very well could be and there’s no doubt that if you 

went to a general hospital and you have surgery and those patients 
who have, because of their illness, high levels of inflammation, 
tend to be at very significant risk of depression and anxiety 
disorders.  So it would seem that to use technical jargon having an 
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inflammatory phenotype brought about by any illness, let’s say 
rheumatoid disease or there are so many conditions that have 
inflammation associated with them, that having that type of state 
does significantly increase the risk of developing depression or 
anxiety.  And you know when you look at pure depression not 
associated with any physical illness or certain anxiety states we do 
see increases in these inflammatory molecules.  And there is now 
some evidence emerging from may not really be large scale studies 
but small, relatively well conducted studies to indicate that anti-
inflammatory molecules or drugs can actually be used to treat 
certain psychiatric disorders.  And there is evidence, for instance, 
that aspirin-like substances, particularly the COX-2 inhibitors, that 
they can potentiate antidepressants.  So where people fail to 
respond to antidepressants that a COX-2 inhibitor can potentiate 
the action of the antidepressant when it has failed on its own. 
 
Likewise, other molecules that have been used, the antibiotic 
minocycline for instance, is anti-inflammatory and again, there is 
evidence that when it’s added into antidepressants that it 
potentiates the action of antidepressants.  So we are seeing an 
accumulating volume of data from laboratories in many different 
countries indicating that reducing the inflammatory molecules in 
anxiety or depressive states tends to improve the mental state of 
the individual.  And you know what, I think it’s quite intriguing 
and in one sense I suppose it’s a little perplexing that when you 
look at people who have let’s say had significant trauma in 
childhood, very often you find that they do carry high levels of 
inflammatory or pro-inflammatory molecules, even when they’re 
mentally well, as they grow into adulthood.   
 
So trauma in early childhood can disregulate our core health 
system, namely the hypothalamic-pituitary-adrenal axis, and can 
also disregulate part of our immunology with the result that when 
people do grow up having been abused as children we often see 
high levels of these inflammatory molecules and we know that 
these children when they grow up to adulthood are more likely to 
develop depression or more likely to develop personality disorders 
or anxiety states.  It’ s tempting to speculate if not more than that 
that it’s the increase in inflammatory molecules that has been 
brought about by the early stressor that does in fact increase the 
risk of these mental health issues in adulthood.   

 
Trudy Scott: Very interesting.  I did not know about the trauma in childhood 

increasing the level of these inflammatory molecules. I appreciate 
you sharing the research on the COX-2 inhibitors improving the 
action of the antidepressant and the antibiotics and I love to see 
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that research.  As a nutritionist, of course, I think “well if the 
COX-2 inhibitor can do it let’s look for some kind of natural 
inflammatory” and the same with antibiotics.   

 
Dr. Ted Dinan: Yes.   
 
Trudy Scott: So let’s talk a little bit about a few non-drug approaches to treating 

anxiety and then I want to go into the exciting part that we want to 
really talk about today and that is the effect of microbes and how 
they can affect our mood.  But let’s just talk a little bit about some 
of the non-pharmacological approaches that we know about.  

 
Dr. Ted Dinan: Right.  Well I think there are quite a few of them out there.  I 

mention two because I suppose they’re the two that I tend to use in 
my own practice more than any others.  Exercise, I mean we all 
hear that exercise is good for our hearts and it’s good for whatever.  
It’s most definitely good for our minds and good for our mental 
health.  And there is an increasing volume of evidence out there to 
indicate that vigorous exercise is very beneficial when it comes to 
anxiety disorders or depression.   
 
Now I have patients come into my clinic and I say to them, 
“Exercise,” and they will come back and they’ll say that they 
walked a quarter of a mile a day or a half a mile a day or whatever 
and these may be relative young people.  I mean to get benefit 
from exercise if one is reasonably fit and reasonably healthy, I 
won’t say fit, one has to indulge in vigorous exercise.  The benefits 
of walking a mile a day may be fine for a 75 or 80-year old but it 
really is not going to be a benefit for a 35 or 40-year old.  You 
know one has to engage in vigorous physical exercise and I would 
say 4 or 5 days a week to really get the mental health benefits from 
it.   
 
What are those mental health benefits?  Well I think if one looks at 
the underlying biology what is very clear is that cortisol, which is 
the main stress hormone in man, is elevated when we’re stressed.  
If we’re stressed, our cortisol levels go up.  They have to go up.  If 
they didn’t go up the situation would be incompatible with life.  So 
when we’re stressed, our cortisol levels rise.  One of the few 
breaks or inhibitors we have to cortisol release is vigorous 
exercise.  So when we vigorously exercise, we actually put a break 
on excessive cortisol release.  We don’t release cortisol.  We need 
cortisol to deal with stress, so we don’t want to stop cortisol 
release.  All we want to do is stop it being released excessively.  
And people who exercise regularly on a vigorous basis are far less 
prone to have exaggerated cortisol responses than people who fail 
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to take exercise.   
 
So for people who suffer from recurrent episodes of an anxiety 
disorder or recurrent episodes of depression I would suggest to 
them that apart from the obvious of having good nutrition that it is 
essential to take regular vigorous physical exercise.  And it’s not 
just cortisol.  Over the last 5 or 6 years there’s been wonderful 
data.  I suppose everyone is familiar with stem cells and how all 
sorts of therapies are emerging now or treatments with the use of 
potential stem cells.   
 
Now when I was a medical student we were told at the time that 
people were born with a certain number of neurons in their brain 
and if you lost neurons that they were gone and they would not be 
replaced and, of course, we know now that that isn’t true.  If we 
take the hippocampus, which is a very important area of the brain 
in terms of stress and in terms of memory as well, in the granular 
zone of the hippocampus, which is a specific area of the 
hippocampus, there are stem cells, which we call progenitor cells 
and these stem cells can become neurons.  They can actually 
change and become neurons.   
 
Listeners will be familiar with the fact that stem cells really can 
become any type of cell if the stimulus is right but these progenitor 
cells or stem cells in the hippocampus can become neurons and 
one of the most potent triggers for them becoming neurons is 
exercise.  There are pharmacological ways of stimulating them to 
become neurons but in terms of physiological things or physical 
activities exercise does tend to convert these stem cells, these 
progenitor cells into neurons.  So, there are many clear benefits, 
I’m sure that I’ve just mentioned two, cortisol and these progenitor 
cells. I’m sure there are many other benefits as well from exercise, 
but I don’t think one can overstress the importance of exercise for 
individuals who are basically suffering from current anxiety or 
depressive disorders in terms of – sorry Trudy.   

 
Trudy Scott: No go ahead.  I’ve got a follow up question but finish off.  
 
Dr. Ted Dinan: Well  please, if you’d like to ask please fire ahead.   
 
Trudy Scott: So I’d like to just ask two questions about what you said.  Can you 

tell us why we would want these stem cells to become neurons?  
 
Dr. Ted Dinan: Well certainly in terms of cognitive function or memory profiting 

in the hippocampus is absolutely essential.  And it is clear from 
animal studies that these cells when they become neurons can 
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actually increase the capacity for memory within the hippocampus.  
Now anyone who’s ever suffered from a severe depressive illness 
or a severe anxiety disorder will experience the fact that their 
cognitive function isn’t as good as normal.  I don’t know how 
many patients I saw in my clinic whose concentration was 
shattered by virtual severe depression or anxiety or not only 
concentration but their actual ability to memorize and to recall 
information is impaired as a result of these mood disorders or 
anxiety disorders.  
 
Now we know that this cognitive decline  can be an inherent part 
or affective disturbance or mood disorder or anxiety disorder and 
what I think the exercise can do in relation to these progenitor cells 
is by forming new neurons we can actually increase cognitive 
capacity.  I don’t think we can say that right now in relation to 
humans directly, but all of the evidence from animal studies would 
suggest that that process of converting these stem cells into 
neurons is very essential and does increase the cognitive capacity 
of the individual.  And of course, going hand in hand with that, one 
of the things that you also see in relation to exercise is an increase 
of a protein in the brain called brain-derived neurotropic factor, 
that’s BDNF.  And what BDNF does is it promotes neuronal 
survival and it increases the connections between neurons.  Now 
the more connections we have between neurons, in most situations, 
the better and brain-derived neurotropic factor, this peptide, you 
can show very clearly that vigorous exercise increases it both in 
the bloodstream and in the brain and that it will enhance synaptic 
connections and enhance the survival of neurons within various 
brain regions.  

 
Trudy Scott: Wonderful.  Isn’t it wonderful that exercise can help these stem 

cells become neurons and then actually increase BDNF?  It’s just 
wonderful, really, really great.  

 
Dr. Ted Dinan: Yeah, it is.  Yeah, I know it’s an intriguing area really and I think it 

does offer enormous potential as we go forward because for so 
long we’ve heard that neurons can’t be replaced.  One hears in the 
news today of a gentleman in Poland, who had his spinal cord 
severed when someone attacked him with a knife and apparently 
he’s had stem cells, I’m not sure from what source, inserted into 
his spinal cord and apparently is walking again.  I haven’t got the 
source facts but it was one of the headline news items earlier today 
here in Europe.  It was a collaboration between a Polish research 
team and a London research team.  Assuming that the journalists 
aren’t exaggerating the responses it does sound very, very exciting 
and obviously using stem cells, but what we’re talking about here I 
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suppose is a very natural way of promoting stem cell conversion 
into neurons simply by exercising and undoubtedly having positive 
mental health benefits in the process.   

 
Trudy Scott: Right, positive mental health and cognitive improvements, which 

is great.  
 
Dr. Ted Dinan: Absolutely, exactly.   
 
Trudy Scott: So my second question is about the type of exercise.  You 

mentioned vigorous exercise and I’d love you to just define what 
you mean by that because different people might define it 
differently.  Also related to that I pulled a study in preparation for 
this interview and this study was published July this year and they 
talked about resistance exercise, low to moderate intensity 
resistance exercise, as showing decreases in anxiety.  So I’d love 
you to just mention what is your definition of vigorous and then do 
you feel like there are benefits to other forms of exercise as well?   

 
Dr. Ted Dinan: Indeed.  Well I think what is vigorous to one person might be quite 

excessive to another, so I do think one has to take the age of the 
individual into consideration and their physical health.  But I think 
that for most people who are physically healthy, and I mean even 
people well into their 50s and 60s, if they’re prepared to put in the 
time to become fit, if one takes let’s say jogging as a form of 
exercise, running a 9 or 10-minute mile is not particularly difficult 
to achieve for a 50 or a 60-year old.  You know so assuming one is 
physically good shape most 50 or 60-year olds, even if they’ve 
been sedentary for very long periods of time, after 6 weeks of let’s 
say jogging short distances for maybe 3, 4 days a week should be 
able to do a 9 or 10-minute mile.  I mean that is not fast running by 
any standards.  And most 40 or 50-year olds who are physically 
healthy should, in my opinion, be capable with appropriate training 
of running 5 to 10 miles.  And you know for some people that 
seems like a really long distance but it isn’t a very long distance. 
 
The problem with exercise is that most people, if they’ve left 
exercising after they’ve left high school so they left at whatever, 
17, 18 years of age, by the time they’re 40 they’ve had 20 years of 
being relatively inactive.  Now in order to become active again at 
40, it’s going to take a few weeks.  I mean it’s not going to be fun 
if you’ve been inactive for 20 years going out there and running a 
mile or two miles.  It isn’t fun.  There’s no one going to tell me 
that that is fun.  But if you do that and you do it in a safe, graded 
way over 6 or 8 weeks at the end of 6 or 8 weeks 5 miles is not 
going to be a major hurdle, particularly at a relatively slow pace.   
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So I think it’s a question of having a realistic goal over a realistic 
period of time and having a graded exercise schedule and not 
going out and assuming that after 1 week one is going to be able to 
run the Boston Marathon because obviously that’s not going to 
happen.  So I do think that we need to be realistic in terms of 
exercise, but I really am shocked at how inactive so many people 
are.  I personally enjoy running, so I’m taking that as an example.I 
It could be swimming, it could be cycling, there are obviously 
many different forms of vigorous exercise, but it’s incredible how 
sedentary so many people are.   
 
I'm not sure what it’s like in the US at the moment but in Europe 
there’s been a very big move towards more exercise.  There’s lots 
of people cycling now, far more people running, but there’s still 
loads of very inactive people who are not engaged in any physical 
activity.  So you know one doesn’t want to be realistic.  As I said 
at the outset I think that if somebody is 70 or 80, if one has always 
been inactive one isn’t probably going to start running or jogging 7 
or 8-minute miles although I’ve come across 70 and 80 year olds 
who could run and run a 7, 7.5-minute mile, which is a very fast 
mile, which most 40-year olds couldn’t do so there are people in 
their 70s that certainly can do that, but the exercise objective I 
think needs to be realistic, determined by the age of the individual, 
and their general physical health.  And I do think that as I said 
running, swimming, and cycling are obviously good, vigorous 
forms of exercise.  But for 30 or 40-year olds walking a mile or 
two a day is really a nice relaxing thing to do but is not exercise.   

 
Trudy Scott: Right, okay great, and I always say find something that you like to 

do.  You mentioned you like to run so you're going to do it so find 
something that you like to do and then you’re more likely to do it.  

 
Dr. Ted Dinan: Absolutely.  That’s certainly the case absolutely.   
 
Trudy Scott: And then going to the question about the resistance training, do 

you think there’s benefits in that as well?  
 
Dr. Ted Dinan: Well I do, I do.  I think that there is absolutely a significant benefit 

where there is resistance training and I think both in terms of 
mental health and really in terms of aging and remaining well, both 
mentally and physically, that resistance training is actually 
decidedly beneficial.  I’m always rather intrigued by when you 
attempt to see which elderly people are going to actually have the 
healthiest outcome over an extended period of time, one of the best 
predictors is actually muscle strength.   
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If you take people in their 70s who have very low muscle strength 
for whatever reasons, maybe due to inactivity or to illness or 
whatever, their outcomes are very, very poor whereas people who 
have good muscle strength, who have good hand grip, who have 
strengthened their legs, they tend on average, to live much longer 
lives and much healthier lives.  So I do think that resistance 
training programs are beneficial for everyone and especially as we 
get older I think they have major health benefits.   

 
Trudy Scott: Excellent.  Now going back to our original question, which was 

these non-drug approaches, you said there were two that you were 
going to mention.  We’ve talked about exercise.  What’s the other 
one?   

 
Dr. Ted Dinan: Well I suppose the other one really would be cognitive behavior 

therapy, and we might talk a little bit about diet as well, but I think 
the cognitive behavior therapy can be very beneficial.  I think one 
of the problems with any new therapy, and I’m not suggesting that 
cognitive behavior therapy is necessarily new. It’s been around for 
a few decades at this stage, but I think its use often has become so 
extended to areas where its benefit is minimal and that it can get 
bad press as a result.  But I do believe that when used appropriately 
in people with anxiety disorders that it can be very beneficial.   
 
I always regard the way in which we deal with stress is a bit like 
any behavior.  I mean if one learns how to swim properly it’s not 
something one is going to forget or if one learns to cycle properly, 
likewise, one is not going to forget how to cycle.  But likewise, one 
could learn to swim very poorly and find that one’s breathing was 
appalling and after 50 meters in the pool one is blue in the face 
because one’s breathing is bad.  And that is true of how many 
people deal with stress, as well.  They deal with it inappropriately.  
They learn from an early age to deal inappropriately with stress, 
and I think this is true of people in all walks of life.  It’s something 
that I see a lot of sick doctors, doctors with mental health problems 
and I’m amazed at people who would have high IQs and who 
would’ve excelled academically at university and medical school 
and yet, at the same time have very poor coping capacity when it 
comes to dealing with stress.   
 
And the reasons for that often are that they’ve actually learned 
very bad techniques as children for dealing with stress.  They don’t 
really know how to cope and I think what cognitive behavior 
therapy aims to do is first of all to delineate how or what 
inappropriate strategies the individual is employing in dealing with 
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the stressor and then trying to replace those inappropriate strategies 
with more appropriate ones.  Just like the guy who is swimming 
very poorly and can only swim 50 meters because the breathing is 
very bad, clearly he can be retrained and thought to breathe more 
appropriately and to swim much further distances in a more 
relaxed and appropriate style.  And likewise in dealing with stress, 
I think that one can help an individual to learn new strategies for 
more effective coping.  And what that does is it may benefit the 
individual during the course of let’s say an anxiety state or a 
depressive state.  I think it really does help to minimize recurrence 
rates.  If somebody with an appropriate cognitive behavior therapy 
develops good strategies for dealing with stress, the risk of relapse 
into another episode of anxiety or another episode of depression is 
dramatically decreased.   

 
Trudy Scott: Excellent and I love that analogy to swimming.  That puts it into 

perspective.  You need to know how to do these things and that’s 
just going to make it a lot easier, so all of these things are all 
beneficial.  And you briefly mentioned food and I’m going to just  
give a plug for Dr. Felice Jacka.  I’m sure you’re familiar with her 
work.   

 
Dr. Ted Dinan: Yes, indeed yes.   
 
Trudy Scott: Wonderful.  We interviewed her on The Anxiety Summit in June.   
 
Dr. Ted Dinan: Oh did you?  Right, right, yes, yes.   
 
Trudy Scott: The research that she’s doing is wonderful and I just saw this post 

yesterday on Facebook saying that the International Society for 
Nutritional Psychiatry Research has this position paper called 
Nutritional Medicine as Mainstream in Psychiatry, which was 
penned by members of this organization and it’s just been accepted 
by the leading journal Lancet Psychiatry.  So what they’re saying 
is “nutritional psychiatry has finally been accepted into the 
mainstream, and we couldn’t be more proud”, so the work that 
she’s doing is wonderful and of course this is a summit about food 
and nutrients, so we have to mention food because it’s so 
important.   

 
Dr. Ted Dinan: Absolutely.  It is absolutely and I certainly won’t say much about it 

because I am certainly no nutritionist but I do think without talking 
about any specific items of food what I always say to my patients 
and I do think that there’s increasing evidence to support the 
statement, most people out there, most of your listeners will know 
what a good diet for one’s heart is.  Fairly few people will know 
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what a good diet is for one’s brain or for one’s mental health you 
know.  And I think the reality is when you look at the key 
components that are good for mental health, they’re actually very 
similar to the key components that are good for a healthy heart.   
 
So I always say to patients you know the diet that’s good for 
having a healthy heart is very similar to the diet that’s good for 
having a healthy brain and good mental health.  So whilst there 
may be certain specific items that might be particularly good for 
mental health but overall I think that as a general rule of thumb 
people will not go astray. If they have a healthy diet for their heart 
that healthy diet will have good benefits from the mental health 
perspective also.   

 
Trudy Scott: Brilliantly said, thank you.  Okay, so let’s get into this next section.  

So last year, as I mentioned at the beginning of the call, in 
November you and your colleagues published this paper called 
Psychobiotics: A Novel Class of Pyschotropics and then earlier this 
year I read an article that you had co-written with Dr. John Cryan 
and it was called Psychobiotics: How Gut Bacteria Mess with Your 
Mind and I want to just read this one quote you had from this 
article because I think it’s fantastic.   

 
Dr. Ted Dinan: Please.   
 
Trudy Scott: “In the 20th century the major focus of microbiological research 

was on finding ways to kill microbes by antibiotics.  This century 
the focus has changed somewhat with the recognition of the health 
benefits of bacteria, not just from an immunity perspective but 
from a mental health one.”  And this is so exciting to me and I 
would love to go into this section now to talk about microbes in the 
gut and their influence on emotional activity.  And perhaps let’s 
just start with this term that you and your colleagues coined, 
psychobiotics, and then let’s take it from there.   

 
Dr. Ted Dinan: Indeed.  Well we coined this term psychobiotics and by that we 

were referring to probiotics, which have a positive mental health 
benefit.  Now there are many bacteria out there that are classified 
as probiotic.  Many of them have no benefit to health at all, not 
mind or mental health.  Unfortunately, because of lax regulation 
the term probiotic has been used by the food industry in a very, 
very liberal way, and often by companies who have no scientific 
data whatsoever to suggest that the particular bacteria involved 
have any health promoting benefit.  In fact, we’ve often looked at  
effects of probiotics and find that they don’t even survive the acid 
in the stomach, so if one ingests them they don’t even survive the 
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acid in the stomach. They’re killed by the acid in the stomach.  
 
And so there are lots of claims being made and the reality is that 
there are only perhaps a small percentage of all of these probiotic 
organisms that would have any benefit from a mental health 
perspective.  Now I think it’s probably worth, Trudy, putting it in 
some sort of a context.  Within our intestine we have about one 
kilogram of bacteria, so about two pounds of bacteria within the 
intestine.  Now that is the equivalent of the same size as the human 
brain, the same mass as the human brain, so the volume of bacteria 
has a mass equivalent to that of the human brain.  But 
biochemically, it’s exceedingly complex because these bacteria 
produce all sorts of chemicals, many of them neurotransmitters that 
are used in the brain, and many of them are substances that we are 
incapable of producing and our brains are pivotally dependent 
upon.   
 
So in terms of brain development we need these bacteria in our 
gut.  We’ve co-evolved with bacteria.  We’ve always had bacteria 
on board and our brains are dependent on this bacteria and our 
bacterial products.  It’s worthwhile pointing out that 99 percent or 
certainly over 90 percent of the genes in our body are bacterial 
genes.  They’re not human genes.  And if we were to take all the 
genes out of the bacteria our cells would not be big enough to take 
those genes.  So we really are very dependent on bacteria 
producing substances that we can’t produce or that we can only 
produce in very limited quantities. And our brains, in particular, 
are very dependent on many different components that bacteria 
within our gut actually produce.   
 
And you know you said at the outset there and I agree entirely with 
you on the statement that, in fact, we spend so much time trying to 
knock out bacteria and of course with the Ebola virus and so many 
other nasty pathogenic microbes out there, it’s not surprising that 
mankind has over the decades wished to knock out some of these 
pathogens but often when we knock out pathogens we knock out 
good bacteria that are necessary as well. And we end up of course 
in a world where there are a lot of microbes now that are totally 
resistant to the antibiotics that we’ve got currently available.   
 
So we’re going to see more and more antibiotic-resistant infections 
and in the elderly, a major global problem. Particularly in the 
western world, is the emergence of C. difficile infection in elderly 
people, very resistant to conventional antibiotics.  So we’ve sort of 
I suppose went down the road of attempting to eliminate pathogens 
and really ignored the fact that in the majority of cases bacteria are 
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our friends; they’re not pathogenic.  We need them.  They need us, 
as well, of course.  Bacteria in our gut can only survive if they get 
nutrition from us.  We in turn get molecules from these bacteria. 
We’ve been talking about psychobiotics here, which are bacteria 
that have a mental health benefit, and we’ve shown for instance 
that bifidobacteria can manufacture many different things but they 
can manufacture tryptophan.  Bifidobacteria are probiotics and 
certainly small babies tend to have lots of bifidobacteria in their 
intestine.   
 
Now in the human brain we have very little capacity for storing 
tryptophan.  We need a constant dietary supply of tryptophan 
because tryptophan is the precursor of serotonin, a chemical very 
important for maintaining normal mood and maintaining anxiety at 
a reasonable level.  And there’s evidence out there for three or four 
decades at this stage that if serotonin in the brain is altered that you 
can have the emergence of anxiety states or the emergence of 
depression.   
 
Now tryptophan, its levels in the blood increase with the intake of 
bifidobacteria and because we ourselves are incapable of storing 
large amounts of tryptophan we are dependent on the uptake of 
tryptophan into our brains on a regular basis.  And it may be of 
interest to the listeners to know that if somebody has recovered 
from a depressive episode or a severe anxiety state and you deplete 
the brain of tryptophan - and you can do this in a relatively short 
period of time, it can be done over 4 or 5 hours with certain 
cocktails of amino acids - they will immediately become depressed 
again within a really short period of time.   
 
So the brain is pivotally dependent on an uptake of tryptophan and 
if you have been depressed and have been effectively treated, 
depleting the brain of tryptophan will revert one back into a 
depressed or an anxious state.  So it’s just one example of an 
amino acid that we are very dependent upon, and which bacteria 
can produce.   
 
Another substance that bacteria can produce is folic acid, folate.  
Again our brains and all the parts of our body are dependent upon 
a supply of that.  We know that certain probiotic bacteria can 
produce folic acid.  The only medical food licensed in the US for 
treating depression is methyl folate and pure folic acid or folate is 
actually produced by bacteria in the intestine and specifically by 
certain probiotic bacteria.  So we’re at a stage I think where we 
are,  I think, in our relative infancy in understanding which 
bacteria are truly psychobiotic and which are not.   
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I can say in my lab that we have spent a lot of time profiling a 
large array of probiotics to see which of them has positive mental 
health benefits and most of them do not.  Now we have managed to 
delineate a few that seem to have a positive mental health benefit 
and we’re moving from animal studies increasingly into human 
studies to test these particular probiotics for psychobiotic potential.   

 
Trudy Scott: Wonderful.  And I know that in the article that I mentioned earlier 

you talked about some of the other strains.  Could we talk about –
one you mentioned, L. rhamnosus, for OCD-like behaviors in mice 
and interferon-gamma.   

 
Dr. Ted Dinan: Yes.  Lactobacillus rhamnosus, the JB-1 strain of that, is a strain 

that we’ve been working on now for quite a while with colleagues 
at McMaster University with John Bienenstock’s group. We have 
found in animals that Lactobacillus rhamnosus does have 
significant anti-anxiety effects.  Now most listeners will be 
familiar with benzodiazepines because they’ve been used for over 
half a century in treating anxiety disorders, drugs like diazepam 
and chlordiazepoxide and more recently alprazolam or Xanax as its 
trade name is called. They’re very effective drugs although they 
are prone to dependence and people can become tolerant of them 
and so forth.  We know that they act in the human brain by acting 
on GABA receptors.   
 
So when we found that this Lactobacillus rhamnosus had anti-
anxiety activity, we wanted to see if in fact it had any impact on 
GABA.  And what we showed very clearly in a paper we published 
about two years ago in PNAS was that when we fed animals 
Lactobacillus rhamnosus that it did have an anti-anxiety impact in 
the animals and it produced dramatic changes in the numbers of 
GABA receptors throughout the brain.  Now, we then went on to 
see how it could possibly be that a bug in the gut could produce 
such dramatic changes in receptors for GABA in the brain.   
 
One of the roots of communication between the gut and the brain is 
the vagus nerve.  The vagus nerve innervates the gut and projects 
up to the brain and there are signals coming from the brain down 
the vagus and there are signals from the gut going up to the brain.  
We decided we would cut the vagus nerve and we would then feed 
the animals the Lactobacillus rhamnosus and what we found in the 
study is that the Lactobacillus rhamnosus had no impact 
whatsoever, if the vagus nerve had been severed, that the animal 
needed an intact vagus nerve before the GABA receptors in the 
brain were altered by this particular psychobiotic.   
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Trudy Scott: Very interesting.   
 
Dr. Ted Dinan: You know we’ve been doing more work with Lactobacillus 

rhamnosus.  We’ve been profiling other uses of psychobiotics as 
well.  We’ve been looking at a number of different Lactobacilli 
that actually secrete GABA; they actually produce GABA.  And 
we also have worked with one or two probiotics or psychobiotics 
that increase DHA levels in the brain.  Now DHA is obviously one 
of the omega-3 fish oil derivatives and we found that feeding 
certain strains of bifidobacteria would increase the concentrations 
of DHA in the brain of animals.  Now in general omega-3 or fish 
oils or polyunsaturated fatty acids are regarded as good for both 
heart health and brain health but our studies would suggest that 
probiotics are capable of actually enhancing the levels of DHA in 
the brain and as I said that is one of the pivotal omega-3 
derivatives and it’s incorporated into membranes and neurons 
within the brain when certain probiotic bacteria are given to 
animals.   

 
Trudy Scott: Wonderful.  Where are you with human studies?  I saw that you 

were going to be doing some human studies looking at both 
anxiety and depression and I’m wondering where you are with 
those studies.   

 
Dr. Ted Dinan: Indeed.  We are in the process – we’re just finishing a study of a 

bifidobacteria longum.  It was a probiotic that we found had 
cognitive enhancing effects in animal studies and we’re just 
completing the placebo-controlled trial now in healthy subjects 
looking at the impact on cognition, the impact on stress, and also 
we’re doing a detailed electrophysiological study of the brain to 
see if there are any electrophysiological changes in the brain.  
We’ve just actually finished recruitment for that study and we’re in 
the process of commencing data analysis.  We have plans in an 
advanced stage to commence a trial in depression and one in 
anxiety, as well.   

 
Trudy Scott: Wonderful.  So where are we seeing this field going?   The next 

thing is to do these human trials and where do you see the future 
going?  

 
Dr. Ted Dinan: I think that that is really the key.  I think proper translation, it’s 

fine to see lots of animal studies and it’s good to see them, but I 
think really now we’re at the point where there are enough well 
defined bacteria out there, whose genomes have been sequenced 
and who have been demonstrated to have anti-anxiety or 



Dr. Ted Dinan – Microbes in the gut and psychobiotics as a potential treatment for anxiety and 
depression 

www.theAnxietySummit.com November 3-16, 2014 
 

© 2014 Trudy Scott All Rights Reserved              Page 20 of 23 
 

antidepressant effects in rodents and we need to put these bacteria 
into humans.  Now on the positive side because we’re not dealing 
with chemicals here that could produce all sorts of toxicity and 
side effects. The studies of these probiotics in humans can be done 
relatively quickly because they’re generally regarded as very safe, 
these bacteria.  They don’t have any major side effects.  If they’re 
not going to do any good, they won’t do any harm.  And I think 
we’re in that stage now where a number of groups globally are 
about to commence very large-scale studies, and I do believe that 
over the next two to three years we will probably be in a situation 
where we will be able to delineate, a really small number perhaps, 
but a number nonetheless of psychobiotics for use, I hope in the 
treatment of mental health disorders.   
 
I’m not suggesting that this is the only avenue moving forward for 
treating mental health problems; it isn’t.  I do believe it offers 
people a great choice of options particularly people who either 
don’t respond to pharmacological therapies or who don’t want to 
take pharmacological therapies, for whatever reason or perhaps 
people who have failed cognitive behavior therapies or other 
strategies.  I think the more options with evidence-based 
approaches that we have out there the better for patients with mood 
disorders or anxiety disorders.   

 
Trudy Scott: Absolutely and we’re all different.  Someone may have their gut 

compromised and they may need more support in terms of these 
psychobiotics.  

 
Dr. Ted Dinan: Absolutely.   
 
Trudy Scott: One final comment: what about food-based sources for this good 

bacteria?  There’s been a few studies that have looked at fermented 
milk products and yogurt that have shown some benefits.  Your 
comments on that?   

 
Dr. Ted Dinan: Yes.  I think the study that was recently published by the group at 

UCLA is a very interesting study because it’s a brain imaging 
study. What they essentially showed was that a fermented milk 
product with a cocktail of probiotics was capable of altering brain 
activity in quite a dramatic way.  For me, that was a very exciting 
study because it was the first study really to show changes of brain 
function in humans, not just in animals, with a probiotic cocktail.  
So I think we do need more of these studies.  That really is the way 
forward as far as I’m concerned.  
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Trudy Scott: Yep and I just feel that, going back to the whole food discussion, if 
we can be getting a lot of those from healthy foods, from some of 
these fermented milk products or maybe sauerkraut since this is an 
age old tradition to eat fermented foods, we’re going to be giving 
our gut more of the benefits that we need.   

 
Dr. Ted Dinan: Absolutely and of course the use of prebiotics as well in our diet 

that would actually promote the growth of these healthy bacteria.  
So we don’t necessarily need to take in these healthy bacteria 
ourselves.  If we can give them the right nutritional support, they, 
of course, will grow more intensively in our intestines.   

 
Trudy Scott: Wonderful.  Well, we so appreciate the research that you’re doing.  

As I said earlier hearing all of this as a nutritionist and feeling 
inspired that we’re doing the right thing and getting this 
information from you on this interview has been absolutely 
fantastic Dr. Dinan.  I really appreciate it.   

 
Dr. Ted Dinan: My pleasure.   
 
Trudy Scott: And I look forward to seeing more studies coming from you and I 

wish you all the best with the studies that you have in progress at 
the moment.  Thanks so much for joining us on The Anxiety 
Summit.   

 
Dr. Ted Dinan: Thank you very much.  It was my pleasure.  Thank you very much 

indeed.   
 
Trudy Scott: Thank you.   
 
Dr. Ted Dinan: Thank you, good bye.   
 
Trudy Scott: Thank you everyone for joining us on another great interview on 

The Anxiety Summit.  This is Trudy Scott signing off.   
 
Here is the speaker blog: 
http://www.everywomanover29.com/blog/anxiety-summit-microbes-gut-psychobiotics-
potential-treatment-anxiety-depression/ 
 
Dr. Ted Dinan MD, PhD, Professor of Psychiatry at University College Cork 
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