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In a clas sic comic strip, most recently gra cing the Beano, tiny char ac ters called “num skulls”
live in the head of a chap called Edd, con trolling what he gets up to – often with hil ari ous
res ults. It has run for dec ades, pre sum ably because the idea that there could be crit ters
within us cap able of exert ing a pro found men tal and phys ical in�u ence seems pretty absurd.

But it appears sci ence is hav ing the last laugh: in recent years the idea has spawned myriad
research papers – except that instead of minus cule people at work inside one’s head, it is
microbes in the gut that appear to be pulling the strings.
How microbes in the gut in�u ence the brain – and vice versa – is still being unpicked. Stud -
ies have revealed pos sible routes of com mu nic a tion that include the immune sys tem,
branches of the vagus nerve that run from the gut to the brain, and inter ac tion with the
nerves and syn apses that con trol the func tion of the gastrointest inal tract. If the links could
be under stood, and har nessed, experts say the impact could be pro found.
Sci ent ists hope that by shift ing the com pos i tion of microbes in the gut, either by admin is -
ter ing par tic u lar microbes or help ing bene � cial microbes to thrive, they may be able to help
treat dis orders such as anxi ety and depres sion – an approach known as psy cho bi ot ics.
“A large per cent age of people who take med ic a tion or psy cho ther apy to treat mild or mod er -
ate [cases] don’t respond,” says Prof John Cryan of Uni versity Col lege Cork, a key �g ure in
the �eld, who is work ing on how modi fy ing gut bac teria might be bene � cial along side other
treat ments.
This bold idea is bolstered by dec ades of research reveal ing what has been dubbed the
“micro bi ota gut-brain axis”.
Many exper i ments have involved tak ing germ-free mice – anim als raised in a sterile envir -
on ment with no microbes – and intro du cing “good” bac teria to their insides, res ult ing in a
reduc tion in stress, anxi ety and depres sion.
But while the res ults are excit ing, there is a com plic a tion. “Mouse and human micro bi ota are
hugely di� er ent,” says Bhis madev Chakra barti, pro fessor of neur os cience and men tal health
at the Uni versity of Read ing.
Yet evid ence is grow ing that our own gut microbes may exert a power ful in�u ence on our
brains. Early small stud ies, some industry fun ded, found that con sump tion of pro bi ot ics –
good bac teria such as bi�dobac teria and lacto ba cilli – might reduce psy cho lo gical dis tress
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and even a�ect brain activ ity in regions involved in con trolling the pro cessing of emo tion
and sen sa tion.
One study found that tak ing a pro bi otic was asso ci ated with a reduc tion in neg at ive mood.
Another found that admin is ter ing Bi�dobac terium longum to patients with irrit able bowel
syn drome reduced depres sion, while 2022 research found that gut microbes are asso ci ated
with levels of depress ive symp toms.
There is even evid ence that gut microbes a�ect neuro de gen er at ive dis eases, such as
amyotrophic lat eral scler osis (ALS): one study found mice with a sim ilar dis ease deteri or ate
faster if they do not have a gut micro bi ome, while intro du cing the bac terium Akker mansia
mucini phila appeared to have a bene � cial e�ect on their beha viour and neur o lo gical motor
abil it ies by increas ing levels of vit amin B3. Intriguingly, low levels of vit amin B3 have been
found in human ALS patients, and clin ical tri als involving B3 sup ple ments are being planned.
For Cryan, the concept that microbes could play a key role in psy cho lo gical and neur o lo gical
con di tions is not a sur prise. “There has never been a time where the brain has exis ted
without micro bial sig nals. We have evolved with these friends, and they are friends with
bene �ts,” he says.
Ques tions remain about which microbes might in�u ence which dis orders, and whether it is
the microbes them selves, or the chem ic als they pro duce, that are a�ect ing the brain.
And as Cryan notes, mul tiple chem ic als may be at play – while their in�u ence might shift
over time. “What might be play ing a big ger role in early life may play less of a role in adults,”
he says.
In addi tion, sci ent ists are still try ing to under stand what is cause and what is e�ect. “People
with depres sion may change their eat ing habits,” says Dr Philip Bur net, a neur os cient ist in
the depart ment of psy chi atry at the Uni versity of Oxford. “They may not even eat much at all
if they’re severely depressed. So you don’t know what that’s doing to the gut any way.”
There are also big vari ations in the gut micro bi o mes between indi vidu als, thanks to di� er -
ences in diet, the internal envir on ment – for example in�am ma tion, alter a tions in the
mucus layer, or levels of vari ous chem ic als – and genet ics.
Cryan says that has a �ip side: “We might be able to get tailored treat ments for people to
man age their own men tal health,” he says.
The poten tial of the �eld is tan tal ising.
“We did a study where we took microbes from young anim als and gave them to old anim als
and that was able to reverse the e�ects of age ing on the brain,” Cryan adds. Work in humans
is already pro gress ing. Cryan and col leagues pub lished research last year in which they put
together a diet of fer men ted foods, whole grains, legumes, and fruits and veget ables, such as
apples, bana nas, leeks and onions, that are rich in �bres that fuel the growth of good bac -
teria.
The team found that adults who fol lowed this diet for four weeks had a sig ni �c ant reduc tion
in per ceived stress, unlike those who fol lowed a con trol diet. Intriguingly, the microbes
detec ted in the gut of the par ti cipants were sim ilar, but the chem ic als they pro duced
changed.
Bur net is also explor ing how men tal health can bene �t from manip u lat ing gut bac teria. He
and col leagues have found that pre b i ot ics improved prob lem-solv ing in people with psy -
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chosis, pos sibly by mak ing the brain more respons ive to the anti psychotic drugs.
In another recent study, a team in the US gave adoles cents with aut ism a drug to “mop up”
gut chem ic als that appear to occur at higher levels in people with the dis order. The approach
was asso ci ated with reduced anxi ety and irrit ab il ity after eight weeks of treat ment.
A key area of research is under stand ing the mech an isms that link gut microbes and the brain
to under stand why some people respond to inter ven tions while oth ers do not. Chakra barti is
recruit ing for the largest gut and brain ima ging study in humans so far, with a focus on the
neur o trans mit ter gamma-aminobu tyric acid (Gaba). Gaba is pro duced in the brain, and is
involved in early neurodevel op ment, as well as the abil ity for us to stop ourselves doing
things – like brakes on a car. Changes in levels of Gaba have been linked to schizo phrenia,
aut ism, depres sion and anxi ety.
The study will give par ti cipants either a placebo or a pro bi otic that con tains bac teria that
pro duce Gaba in the gut, then the team will meas ure par ti cipants’ brain activ ity and beha -
viour. The study, says Chakra barti, aims to �nd out how cer tain gut bac teria might exert an
in�u ence on the brain.
Since our diets are in our own hands, should we try psy cho bi ot ics at home?
Cryan thinks there are pos it ive steps that we can take, such as increas ing our intake of diet -
ary �bre – a pre b i otic that pro motes the growth of good bac teria. These lead to the pro duc -
tion of sub stances that appear to be lack ing in people with depres sion. Fer men ted foods like
sauerkraut, kim chi, ke�r, yoghurt, as well as col our ful veget ables and nuts rich in poly phen -
ols, have been shown to be bene � cial to the micro bi ome.
“Then there are cer tain things you could decrease if you are sens it ive to stress, anxi ety, etc,”
he says. “Try to remove as much pro cessed food as you can because a lot of it con tains
sweeten ers, arti � cial emul si � ers and other things that we know are not good for our micro -
bi ome.”
It sounds like a stand ard healthy diet. Can we be sure the bene �ts are not just down to its
impact on other organs, like the heart? “Good heart health is good brain health,” says Prof
Jane Foster, an expert in how micro bi ota in�u ence the brain from McMas ter Uni versity,
Canada. “But we can not dis count the poten tial role of microbes in improv ing all of that.”
Cer tainly the sci ence sug gests that manip u lat ing the gut micro bi ome involves more than
simply swal low ing a dose of good bac teria. “If the per son’s only eat ing hot dogs, it doesn’t
mat ter how much pro bi ot ics you put in there,” she adds. “The diversity of your diet leads the
diversity of your gut.”
Low levels of vit amin B3 have been found in ALS patients, and clin ical tri als involving B3
sup ple ments are being planned




