
We’ve also been recording unit activity of individual neurons 
in awake, behaving epileptic rats. A substantial population of hip-
pocampal neurons increases their firing rate before spontaneous 
seizures, some granule cells as early as 4 minutes before the sei-
zure. Four minutes might not sound like much, but it could be a 
big deal for patients. For example, it could provide enough warn-
ing to allow a patient to pull over and stop their car before a sei-
zure struck and consciousness was temporally impaired. There is 
much work ahead to translate this work and directly help patients, 
because our recordings are obtained with surgically implanted 
tetrodes, and analysis is done offline – not in real time. 

In summary, this is an exciting time for temporal lobe epilepsy 
research. We’re learning how specific neuronal circuits respond 
to injury and make the brain epileptic. The challenge now is to 
translate those discoveries and help patients.

Have a question? Send it to  
graymatters@neuroscienceprogram.stanford.edu.

Q

initially by pharmacologically triggering status epilepticus, which 
causes excitotoxic damage, especially in the hippocampus. The 
pattern of damage resembles that of patients. After the animals 
recover, they go through a latent period, and after a few weeks, 
they start having spontaneous seizures. 

At the circuit level, which is our area of focus, there are a 
couple major ideas of what might be causing the epilepsy. One is 
insufficient inhibition - many inhibitory neurons die, especially in 
the hippocampal dentate gyrus. Abundant evidence demonstrates 
the loss of inhibitory interneurons in patients and animal models. 

We recently completed an EM stereological study to count 
inhibitory synapses, but to our surprise, there is an excess in epi-
leptic tissue. There is an initial loss of cells with injury, including 
many inhibitory interneurons, but in the weeks following, in-
hibitory neurons that survived sprout axon collaterals and make 
many new synapses. Ultimately, epileptic animals end up with 
more inhibitory synapses per dentate granule cell than in controls.

Paul Buckmaster,  Associate Professor of Comparative Medicine and 

of Neurology and Neurological sciences, explains:

My lab is trying to identify underlying mechanisms of temporal 
lobe epilepsy. It’s satisfying work because it could help patients. 
Compared to how to brains evolve, which is another interest of 
mine, it’s a more tractable problem. 

In most patients, temporal lobe epilepsy is acquired. It can be 
caused by a variety of brain injuries. After the initial injury there 
is a seizure-free latent period, then patients start having sponta-
neous seizures, which typically persist for the rest of their life. 
Common precipitating injuries of temporal lobe epilepsy are 
head trauma, prolonged febrile seizures, brain infections, toxins, 
meningitis, and hypoxia. 

For example, there are documented cases of temporal lobe 
epilepsy caused by ingesting mussels contaminated with domoic 
acid, produced by algae that bloom in the ocean off the coast. 
Domoic acid is structurally similar to the glutamate receptor ago-
nist kainic acid.

Individuals poisoned by domoic acid developed severe, pro-
longed seizures (status epilepticus). Some survived, became am-
nesic, and about a year later developed temporal lobe epilepsy. 

Although domoic acid toxicity is rare, temporal lobe epilepsy 
caused by other brain injuries is common. And it’s difficult to 
control with anticonvulsant drugs - 
about a third of patients continue to 
have uncontrolled seizures. 

What happens during the latent pe-
riod before seizures start? What’s trans-
forming a brain that wasn’t epileptic into 
one that seizes spontaneously? There are 
many changes in the brains of epileptic 
patients and animal models. Which are 
important and why? If the critical fac-
tors were identified, it might be possible 
to block their development during the 
latent period and prevent epilepsy. That’s 
our goal. 

Rats and mice are the species used 
most often to study temporal lobe 
epilepsy. The animal’s brain is injured 

The Expert’s Answer
What is temporal lobe epilepsy and how is your lab 
tackling this problem?

“If we find that there are circuits that 
do contribute to epilepsy, we can try 
to block their sprouting and devel-
opment, which could be a potential 

therapy.”

Before these new findings, it seemed like the best way to test 
the hypothesis and potentially develop a therapeutic approach 
was to replace inhibitory synapses by transplanting interneurons 
or inducing surviving interneurons to form new synapses. 

Now we’ve changed strategies. It’s not that there aren’t enough 
inhibitory synapses; it’s just that the ones that are there are not 
functioning properly. In epileptic tissue inhibitory synapses are 
abundant but dysfunctional. Now the goal is to understand why 
interneurons lose synaptic efficacy, try to restore their function, 
and test whether that will prevent seizures.

Another major idea is that temporal lobe epilepsy is caused by 
the development of aberrant recurrent excitatory connections. 
For example, normally dentate granule cells, which are excitatory, 
don’t synapse with each other, but in epileptic tissue they do. We 
recently found a way to suppress development of abnormal posi-
tive-feedback connections after an injury. We’re currently testing 
whether blocking that circuit abnormality will reduce seizure fre-
quency. If so, it might lead to an anti-epileptogenic therapy.

10 Reasons for You To Get Involved in Public Outreach 
/ by Egle Cekanaviciute and Jennifer Shieh

Do you remember what 
sparked your interest in 
science? Was it the thrill 
of seeing an explosion in 
high school chemistry? 
Or dissecting an earth-
worm in preschool? Or 
an obsession with how 
epigenetics was affecting 

you as you developed in the womb? 
Though nearly every child is a natural scientist, born with cu-

riosity and a desire to experiment, not everyone grows up to pur-
sue that passion as a day job. We are part of that select group, but 
the critical thinking skills we learn as scientists-in-training could 
and should be used by everyone. 

That is just one of a plethora of reasons why scientists should 
interact with the general public, both for our good and theirs. 
Here are ten more.

1. Improve your communication skills.
If you can explain your work to a 7th grader or a businessman, 

you can explain your work to a fellow neuroscientist. And that’s 
important for your career. If you do amazing research but no one 
else understands it, how much impact will it actually have?

2. Reinvigorate your perception of your own work and its 
impact on the world.

We can easily get bogged down in the latest experimental fail-
ure and forget why we’re doing all this in the first place. Explain-
ing the big picture to someone can remind you why the project 

you’re working on is so awesome. In addition to potentially in-
spiring future funding, speaking to non-experts about your re-
search allows for an enjoyable variety of questions that may be 
unpredictable. This provides a broader perspective of the field, 
possibly propelling your research in unexpected directions. 

 
3. Spread your enthusiasm for your research and for sci-
ence in general.

There really is a good reason why we do what we do. Once 
you’ve remembered that by explaining it to someone, spread that 
excitement! If you don‘t tell people what you do and why you 
do it, you can’t expect them to intuitively appreciate the splendor 
of the synapse or the thrill of thalamic circuitry. Use your own 
passion to help lay people get both scientifically literate and pas-
sionate about research. 

4. Be proactive about changing the way the public sees 
and understands science. 

Rather than complaining about how the media oversimplifies 
things or how the public just doesn’t understand, make an effort 
to help them understand. Yes, it can be tough to make a difficult 
concept clear without oversimplifying, but it’s worth the effort. At 
the very least, it will allow the public to understand the scientific 
process and why it’s so complicated and takes so long. It will help 
us as scientists if people have realistic expectations. Rather than 
thinking that a few years after they approve stem cell research, 
we’ll have paraplegics running marathons, they will be able to 
understand why it’s critical not to hold early stages of research 
back for too long.Electron micrograph and tracing of synapses onto a dendritic spine (s). In green is an excitatory synapse onto the spine 

and in red is an inhibitory synapse.

Jennifer Shieh Egle Cekanaviciute
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5. Change the scientist stereotype. 
There are two issues with the scientist stereotype that cause us 

to lose a lot of the public starting in middle school: 1) scientists 
don’t look like them and 2) they don’t want to look like scientists. 
When people think of scientists, they tend to think of a crazy-
haired white male professor in a lab coat. We need to get out 
there and show them that scientists come in many different sizes, 
shapes, colors, and dispositions. We can’t help our image by hiding 
in labs all day and night, so get out there and show off how cool 
you are (or revel in your nerdiness but at least show that you get 
to be yourself). Science is one of the rare professions that people 
choose because they like it, not just because of money or societal 
pressure - so present yourself as a rebel (with a cause). It would 
also do good for scientists to remember that we‘re extremely in-
teresting people. After all, NIH believes it, NSF believes it, your 
graduate admissions committee believed it at some point. Now 
everyone else needs to be convinced of it as well.

6. Break the cycle of poor science education in the US.
One big problem with the scientist stereotype is that kids lose 

interest in science and we may not be able to get them back. 
These kids who don’t get a good grounding in science or develop 
an appreciation for it then grow into adults who don’t care about 
science. Adults who don’t care about science aren’t likely elect of-
ficials who will direct the funding needed for a science education 
(or education in general for that matter). Without proper funding, 
kids won’t be exposed to science directly, continuing the sad cycle 
of poor science education. We have the tools to break that cycle 
by telling those kids, adults, and the government why science 
education is so critical. 

 
7. Fulfill your obligation for receiving public funding.

Tax dollars fund much of our research, so we should present 
that publicly-funded work to our benefactors. They are the ones 
that put bread on our table and mice in our cages. We owe them 
an explanation for not having found that cure for cancer yet, 
and a reassurance that money spent in lab is not money wasted. 
Talking about scientific research in general and your work in 

particular can influence people to think more about financially 
supporting science, both indirectly through the government (do 
we want to fund missions to Afghanistan or Mars?) and through 
direct donations (adopt an orphan disease!).  

8. Scientific illiteracy in the public is dangerous.
Public support for the scientific enterprise is not only critical 

for us to keep our jobs, it is necessary for a reasonable and healthy 
society. Misinformation bombards everyone all the time - unfor-
tunately, many people accept unreliable anecdotes over rigorous 
research. There is nothing inherently wrong with the coexistence 
of highly questionable claims and sound evidence; the problem 
is when people are unable or unwilling to separate the two. For 
example, despite the glaring lack of evidence for a link between 
vaccines and autism, the anti-vaccine campaigning of parents and 
celebrities like Jenny McCarthy is still leading to children not 
getting vaccinated. Critical thinking and familiarity with the ex-
perimental method allows people to interpret results, be flexible 
in the face of new discoveries, and reject arguments based solely 
on the “wisdom” of the crowds.

9. We could use more scientific literacy in government.
Science and engineering training is great for tackling knotty 

problems - this can be true in government too. Unfortunately, it’s 
actually a stigma for a politician to be branded intellectual these 
days. We could have ended up with a vice president who makes 
fun of Drosophila research, for pete’s sake! We need to take action 
to ensure that the people creating the policies and laws that gov-
ern our actions understand what they’re doing. Elected officials 
have the power to make both good and bad science policy. Help 
them make the right decisions.  

10. If not you, then who?

There’s a tendency to think that someone else will do this. But 
if we all put that responsibility on a mysterious “someone else” - 
there won’t be anyone and we will end up blaming an imaginary 
foe that’s really just us. Don’t let that happen. Take charge and be 
part of the solution! If you’re not part of the solution, you’re part 
of the precipitate... 

7+ Ways You Can Do It
It’s really quite ridiculous how easy it is to get involved in “public 
outreach.” From teaching a full classroom of kids to setting the 
record straight in a blog comment, from a lifetime of being a 
good scientific role model to giving a single inspired lecture, you 
choose the time and place and commitment. So, please do! 

1. Brain Day
As Stanford neurostudents, we’re given a great opportunity to 

dazzle 7th graders by showing them real brains. This is about the 
time when a lot of kids start to lose their interest in science (or at 
least start thinking it’s not cool to show an interest), so it’s impor-
tant to keep them enthusiastic. We do this for the Palo Alto com-
munity because they support Stanford and we are a part of that 
community. But this year, we’re also spreading out to East Palo 
Alto, so now we can expand our excitement about the brain to a 
local community with fewer resources. Brain Day is our chance 
to show off what’s cool about science: it’s flashy, splashy, let’s you 
experiment, play, check your ideas, make mistakes, ask all the “stu-
pid” questions, and in the process discover how something works. 
And really, what’s cooler than finding out how the brain works?

2. Science Bus
If you‘d prefer to face a raging leopard or a raging PI rather 

than teach 30 unruly 7th graders at a time, there are multiple 
other options right here at Stanford. For example, you can teach 
equally unruly 2nd through 5th graders through Science Bus. An 
after school program in East Palo Alto that meets twice a week, 
they also organize Science Olympics on Stanford’s campus every 
spring and field trips to science museums in the Bay Area. You 
can come for a single session, teach a class every week, or staff 
the BBQ during the Olympics - any help is greatly appreciated 
by the kids and their teachers. This is also a chance to broaden 

Jennifer Shieh teaching about the brain on “Take Your Sons & 
Daughters to Work” day

(or show off) your knowledge about scientific topics beyond the 
brain.

3. Splash!
You can also target older kids (7-12th graders) through Splash! 

which allows you to design your own 1-4 hour course that fo-
cuses on anything at all, including (but not limited to) natural sci-
ences. It’s low commitment, medium preparation, and enormous 
fun. The participating kids are disciplined and interested - it’s a 
rare opportunity to make an impact on the next nerd generation! 

4. Talk to your friends and family.
Maybe doing formal presentations isn’t your thing. Or you just 

hate kids. Don’t be afraid to try to explain what you do to your 
non-sciencey friends and family. They might not understand all of 
it, but at least you’re showing your enthusiasm for it. And letting 
them know that they can come to you with questions you might 
be able to answer (like what it means when there’s a study say-
ing that this area or that area of the brain lights up when you do 
something) rather than the questions you probably can’t (or don’t 
want to) answer (like what you think about that rash). Show them 
how what you’re studying is relevant to their lives. Maybe even 
invite them to participate in a project (a small one in your labora-
tory or a large-scale one such as SETI@home)– that‘ll make both 
sides feel proud and important.

5.  Talk to strangers.  
It’s ok to ignore your mom’s advice about not talking to 

strangers now. Strike up conversation with people on the plane 
- or at least be open if they want to strike up conversation. You 
never know who you’re sitting next to - this could be a great 
networking opportunity. If you’re a ham, volunteer to give a talk 
at a science cafe, science pub, or an open mic night. Or don’t give 
a talk; write a poem or a song or one-act play that incorporates 
some scientific theme. Yes, there exist critically acclaimed plays 
about science and scientists - check out “Copenhagen”. 

6. Talk to politicians.
If you care about some issue, you were probably told that you 

should “write to your congressman” - but maybe only got form 
letters back. Well, it’s still worth it. And now, the Obama adminis-
tration has made a policy of openness and public participation. We 
are part of that public and right now they’re soliciting opinions 
about what the government should do regarding public access to 
published federally-funded research results. This includes much of 
the research we are doing, so if you have ideas or opinions about 
what should/shouldn’t be done, make yourself heard. Check out 
The Office of Science and Technology Policy blog for how to do 
this: blog.ostp.gov

7. Talk to the world.
YouTube, Twitter, blogs, Wikipedia, the radio, podcasts - we 

have so many avenues available to us these days for communica-
tion. We’ve got the tools. Now go out there and use them!

Egle Cekanaviciute is a Neuroscience Program student in Mar-
ion Buckwalter’s lab, and Jennifer Shieh graduated in 2009 
with a Ph.D. in Neuroscience from Sue McConnell’s lab.Suraj Pradhan showing animal brains to local high school students at Splash!

Sridharan Devarajan letting students handle brains for the first time at Splash!
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