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It has been a busy few months for the Society, and a 
significant time for bioscience in New Zealand. In May’s 
budget, the Government announced an injection of new 
money into NZ science – which is good news! The ten new 
National Science Challenges will now be funded to the 
tune of $133 million over four years, and the Marsden Fund 
received an additional $20 million (also spread over four 
years). While our funding environment remains incredibly 
competitive, this is certainly a step in the right direction. As 
scientists, it is up to us to continue championing what we 
do, why we do it, and what a difference we make. And as 
grant writers, panellists and peer reviewers, it is also up to 

us to engage in the processes that will ensure the new money gets spent in the 
right places. Now that’s a national science challenge for us all! 

The two best places where our Society spends its money (though sadly less than 
$133M) are in recognising excellence, and in helping our students to gain 
overseas conference experience. On the first point, I am pleased to announce 
that our premier award has a new sponsor, and will henceforth be known as the 
Custom Science NZSBMB Award. Applications for the 2013 award will be closing 
around the time that you read this – so check the website 
(http://nzsbmb.science.org.nz/awards.html) and get in quick. 

We funded another three deserving students in the March round of travel grants. 
Congratulations – and happy travels – to Diana Balasubramanain and Cornelia 
Geßner (both University of Otago), and to Wesley Wen (Massey University). 

Queenstown Research Week promises to be spectacular. Registrations are the 
highest ever, up 20% on last year (which was the 
previous record holder). In very large part, this is 
due to contributions from many of our members, 
who are busy organising meetings and events, 
chairing sessions, preparing talks and posters, etc. 
As if there wasn’t enough excitement building 
already, we will also be debuting our new logo at 
the conference (!). As noted elsewhere (page 7), 
we will also hold our Annual General Meeting 
during QMB. Please do come along and have your 
say on the direction of the Society. 

See you in Queenstown, 

Wayne Patrick 
wayne.patrick@otago.ac.nz 
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Describe your research in one sentence. 

Understanding the biology and evolution of the 
ribosomal DNA gene repeats (rDNA). 

What gets you up in the morning?  

Mushrooms! (I have a predilection for mushrooms 
that’s not particularly related to my day job). 
Otherwise, seeing my lab group achieve an exciting 
result or helping come up with an interesting new 
idea. So, not too difficult! 

What are you doing right now? 

Its autumn/winter, so lots of mushrooms to find! Aside 
from that, working on a couple of grant applications 
that are looking at the relationship between the rDNA 
and cancer (a perplexingly understudied area), that 
partly come out of some bioinformatics work we’ve 
done looking at the human rDNA repeats and 
flanking regions.  

Do you know your h-index? 

Yes, I do. Unfortunately… 

What bit of research has caught your eye recently? 

A couple of PLoS Genetics studies. One looked at the 
effects of ploidy on yeast growth in different 
environments. They found that the effect of ploidy is 
quite context-dependent, but not easily predictable. 
This is an important stepping stone to figure out the 
impact of ploidy on biology. The second is a selfish 
one, but some cognoscenti in yeast aging looked for 
longevity-related QTLs in budding yeast. Interestingly, 
the main QTLs were associated with the rDNA. I liked 
this because it shows that our crazy ideas about the 
role of the rDNA in aging might not be so crazy after 
all! 

How did you get into science?  

Not sure that I was ever out of it. I was one of those 
stereotypical kids who played with tadpoles and 
tortured my sister with spiders (although she’s also in 
science now, too…). For me, that naturalism went 

Meet the Scientist 
Austen Ganley 
Senior Lecturer, Genetics and Evolution 
Institute of Molecular Biosciences 
Massey University, Albany 
 

hand-in-hand with the scientific method as a way of 
thinking about the world. So much so that for a long 
time I didn’t really understand what the scientific 
method was, because I couldn’t conceive of any 
other way. Reading a great article on genetic 
engineering in National Geographic and Horace 
Judson’s book The Eighth Day of Creation when I was 
a teenager were major influences in me becoming 
interested in molecular biology. 

What would you have done if you didn’t go into 
science? 

Probably a bunch of hare-brained schemes doomed 
for failure. I think I’m like one of those archetypical 
(and possibly apocryphal) sports stars that is good at 
one thing and little else. 

What do you consider to be the highlight of your 
career so far? 

Demonstrating the true level of variation between the 
ribosomal DNA repeat copies in a genome. This really 
was unknown, and quantifying the variation meant 
the field could move away from hand-wavy, 
qualitative statements to thinking about these repeats 
in an accurate way. However, honourable mention 
goes to our characterization of the missing regions in 
the human genome that flank the ribosomal DNA 
repeats. 

If you were stranded on a desert island, what three 
biochemicals and/or biochemists would you want 
with you? 

Well, chewing coca leaves supposedly suppresses 
appetite and increases productivity, so some of this 
cocaine would come in handy. Despite the dangers 
of a diuretic in a water-limited environment, I would 
choose ethanol, and if you are going to have ethanol, 
then why not have a yeast biologist who has brewed 
the University beer, Kevin Verstrepen (Catholic 
University of Leuven), along (who coincidentally is 
coming to NZ for a yeast meeting we are hosting at 
Massey Albany in November)!! 
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This, our premier prize, is open to all New Zealand 
based members of the New Zealand Society of 
Biochemistry and Molecular Biology, of at least one 
year's standing. 

 The award consists of a $1,000 cash prize, registration 
and travel costs for attending the annual NZSBMB 
conference (QMB in 2013), and a $2,000 travel grant 
to attend a conference of the winner's choosing. 

 The award is made on the basis of work published 
during the three years preceding the award, judged 
on nominations or applications in the form of a 
portfolio of published papers accompanied by a CV 
of the applicant. The CV should use the standard 
Marsden/HRC template (available at 
http://nzsbmb.science.org.nz/awards.html). The 
contribution of the applicant to each of their 
nominated papers should be noted. 

 We encourage nominations of colleagues 
considered worthy, but please check with the 
nominee first. Direct applications by people on their 
own behalf are also welcome. 

A condition of the prize is that the winner will attend 

Call for applications for the 
Custom Science NZSBMB Award 

Deadline: August 2 2013  

the 2013 QMB meeting, to present the Custom 
Science NZSBMB Award lecture. 

The other obligation is that the recipient will write an 
article based on the lecture for the NZSBMB 
newsletter. 

Applications/nominations for the 2013 award close on 
2 August, and should be sent to the secretary of the 
society:  

Dr Kerry Loomes, School of Biological Sciences, 
University of Auckland.  

E-mail: k.loomes@auckland.ac.nz. 

Custom Science is a New Zealand company offering 
an expanding range of custom services to accelerate 
and facilitate life science research.  

For more information, visit:  www.customscience.co.nz 

Apply for the next  
NZSBMB student travel award round  

Do you want support for your next 
conference overseas? 

Awards are up to NZ$1000 each, and are intended to assist post-graduate students to attend their first 
conference outside New Zealand. There are two rounds of student travel awards each year. 

For further details and the application form, visit the NZSBMB website (http://nzsbmb.science.org.nz/) or contact 
Kerry Loomes (k.loomes@auckland.ac.nz). 

Students!  
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NZSBMB Student Travel Awards: 
Conference Report 

In March this year I attended the 8th Annual DOE 
Joint Genome Institute Genomics of Energy & 
Environment Meeting in the USA. The meeting was 
organised by Joint Genome Institute (JGI) and all 
functions were held at the Marriott Hotel in Walnut 
Creek, California. Walnut Creek, a quiet little city in 
the San Francisco Bay area, is not only home to the 
headquarters of the DOE’s sequencing giant JGI, but 
also part of a highly intellectually stimulating 

Annual DOE Joint Genome Institute Genomics of 
Energy & Environment Meeting  

Walnut Creek, California  
March 2013 

Milica Ciric 
 Agresearch, Palmerston North 

neighbourhood, including Lawrence Berkeley and 
Lawrence Livermore National Laboratories, UC Berkley 
and California Academy of Sciences, to name a few. 
 
The meeting was very diverse and fast paced, with 
the main focus on applying genome sciences and 
technologies to address bioenergy and 
environmental issues. In four days, this meeting 
offered high quality invited presentations, two nights 
of poster sessions, as well as a very interesting guided 
tour through the JGI sequencing facilities, and 
workshops on sequence-based bioinformatics, data 
management systems and new sequencing 
technologies. The organizers achieved good 
balance between the presentation of novel 
metagenomic research and informing scientific users 
on recent breakthroughs both in sequencing 
technologies and information processing through 
talks and workshops. 

The talks covered four main areas: metagenomics, 
plants, microbial genomics and synthetic biology. 
The meeting had strong focus on the metagenomics 
of microbial communities involved in lignocellulose 
degradation; metabolic engineering efforts in plants, 
fungi and microorganisms for improvement of biofuel 
feedstocks; synthetic biology and single cell 
genomics. Keynotes presentations on synthetic 
biology, delivered by Chris Voigt from MIT and on the 
Tara Oceans project by Eric Karsenti from EMBL were 
of excellent quality. 

I presented a poster on part of my PhD project I am 
conducting at AgResearch in collaboration with 



 7 Southern Blot    July 2013 

Institute of Fundamental Sciences at Massey 
University in Palmerston North. The focus of my PhD 
project is developing a metasecretome phage 
display approach to explore the bovine rumen 
plant-adherent microbial metagenome for 
lignocellulolytic activities. Rumen plant-adherent 
microbial communities have key roles in the 
degradation of lignocellulosic material for the 
provision of energy to their hosts. Fibrolytic activity, 
the most prominent feature of the rumen 
microbiome, depends on efficient adherence of 
rumen microbes and their fibrolytic enzymes to feed 
material. This is mediated via cell surface and 
secreted proteins, collectively referred to as the 
metasecretome. Consequently, the rumen microbial 
metasecretome is predicted to represent a valuable 
repository of lignocellulolytic bioactivities. In order to 
develop a metasecretome phage display approach 
on a large ”meta” scale I have combined next 
generation sequencing and phage display 

technologies and applied it to select, express and 
display secretome proteins from the bovine rumen 
plant-adherent microbial community. 

In my poster, I presented data on the development 
of this method and results of in silico mining of the 
metasecretome-enriched phage display library for 
lignocellulolytic activities. Discussing my work with 
scientists from different metagenomic and 
bioinformatics backgrounds was very helpful for 
gaining different perspectives on my research. 

Overall, the JGI conference has been both enjoyable 
and highly informative, and provided invaluable 
experience for my development as a scientist. The 
quality of research presented was impressive and the 
conference provided very friendly setting for 
networking and learning. I would like to thank NZSBMB 
for supporting me with the travel award. 

Notice of Annual General 
Meeting 

The New Zealand Society for Biochemistry and 
Molecular Biology will hold its 2013 Annual General 
Meeting at 12.15pm on Wednesday, 28th August. This 
is during the Queenstown Molecular Biology 
conference, and the venue will be one of the QMB 
meeting rooms at the Rydges Hotel, Queenstown.  
 

 
Please send any agenda items to the Secretary, Dr. 
Kerry Loomes (k.loomes@auckland.ac.nz) by 5.00pm 
on Wednesday, 14th August. 
 

Job vacancies  
 Take advantage of our nationwide membership and send us the details of any upcoming vacancies in 
your lab. We will include your ad in the next issue of Southern Blot. 

Your favourite biochemical technique or protocol  
 Have you stumbled across a new, nifty technique that you’d like to share? Summarise it in a page or less 
and share it with us. 

Please email your content and ideas to: miriam.sharpe@otago.ac.nz. 

Wanted:  
for the next edition of Southern Blot 
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Visit Gangnam, Seoul... 

More Overseas Conferences 

We cordially invite you to attend the  
International Conference of the Korean Society for 
Molecular and Cellular Biology 2013 
October 9-11, 2013 
COEX, Gangnam, Seoul, Korea 
 
Focusing on novel knowledge and technologies in 
cellular and molecular biology 
 
Speakers include:  

• 1989 Nobel Laureate, Dr. J. Michael Bishop 
(University of California, USA) 

• Dr. James L. Manley (Columbia University, USA) 
• Dr. Lynne E. Maquat (University of Rochester, 

USA) 
• Dr. Hans Clevers (University Medical Center 

Utrecht, Netherlands) 
• Timothy A. Springer (Harvard Medical School, 

USA)  
• Junjie Chen (The University of Texas MD 

Anderson Cancer Center, USA)  
• Nobutaka Hirokawa (University of Tokyo, 

Japan) 
 
Abstract and Early Registration Deadline, Tuesday, 10 
September 2013 
 
www.ksmcb.or.kr/icksmcb2013 
 
 

Or Dhaka, Bangladesh 

We are pleased to announce details of the 
23rd FAOBMB Conference 
17-19 December 2013 
Dhaka, Bangladesh  
 
The theme for the Conference is:  

• Biochemistry & Molecular Biology in Socio-
economic Development 

Sub-themes include:  
• Health 
• Nutrition and Agriculture 
• Biotechnology and Industry 
• Bioinformatics and Biological diversity 

 
Further information at: 
http://faobmbconference2013.net 
Email: faobmbconference2013@gmail.com 
 
Deadline for submission of Abstracts:  15 September 
2013 
Deadline for application for Travel Fellowships for 
early career scientists: 15 September 2013 
Deadline for early registration: 15 October 2013 
 
Travel Fellowships are available for young biochemists 
and molecular biologists to participate. Guidelines 
and application forms are available at the FAOBMB 
webpage (www.faobmb.net) under the"Fellowships" 
tab. 
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Feature Article 

Crossing the barrier 
Chris E. Adkins, Kara R. Barber and Paul R. Lockman  
(Texas Tech University Health Sciences Center, USA) 

Reprinted with permission from The Biochemist, June 2013 

To treat mental illness effectively with pharmacological agents, a drug must be able to cross 
the blood–brain barrier (BBB) at sufficient amounts to provide therapeutic concentrations 
within brain tissue at a desired target. The challenge of drug delivery to the central nervous 
system (CNS) has been a longstanding problem, which has resulted in more than 98% of CNS 
drugs failing to enter the clinical setting because of poor BBB penetration1. This article 
discusses first how the BBB generally limits drug delivery to the CNS; secondly, the role the BBB 
plays, if any, in limiting antidepressants access to the CNS; and, finally, general strategies to 
bypass the BBB in new drug development for mental illness. 

Blood–brain barrier 

The BBB is an anatomical description of the boundary 
between the brain parenchyma and the vasculature 
(Figure 1). Functionally, the BBB acts as a physical, 
enzymatic and transport barrier to protect brain tissue 
from blood components, and potential toxins within 
the blood and or plasma2. Physical restrictions at the 
BBB that limit drug uptake into the brain are primarily 
the tight junction protein complexes which 
circumferentially seal capillary endothelial cells 
together to form the vascular lumen. These junctions 
are so efficient at sealing the endothelial cells 
together that transendothelial electric resistance is 
2000-fold higher than what is observed in peripheral 
vascular tissue. The primary junctional proteins which 
seal the endothelia together include proteins from the 
family of claudins, zonula occludens and the 
intercellular junctional adhesion molecules. 
Furthermore, the presence of astrocytic foot 
processes that cover the basement membrane of the 
BBB and numerous pericytes cooperate to restrict 
paracellular diffusion of large and or polar molecules 
between the blood and brain. Enzymatically, the BBB 

has a number of phosphatases, which inactivate or 
‘metabolize’ susceptible compounds attempting to 
diffuse from the vascular space into the brain 
parenchyma. 

The impact of the BBB’s physical restrictions on drug 
permeation is similar to that which would occur across 
a continuous cell membrane. The BBB will allow small 
lipid-soluble molecules to freely move from blood to 
brain, but molecules that are charged, hydrophilic, 
have a large molecular mass or are protein-bound will 
have restricted permeation (Figure 2). Unfortunately 
for drug development, simply making a drug more 
lipid-soluble will not always enhance the 
concentrations of drug in the brain parenchyma. For 
example, seven chlorambucil lipophilic analogues, 
which had logP values ranging from 4.05 to 8.0, had 
no greater brain concentration than chlorambucil 
(logP of ~2.6) because of increased body distribution3. 

BBB transporters 

The BBB expresses a number of influx transporters 
which allow a pathway for specific polar or large 
nutrients to gain access to the brain (Figure 2). For 

The role of the blood–brain barrier in treating mental illness 

Abbreviations: ABC, ATP-binding cassette; BBB, blood–brain barrier; BCRP, breast cancer resistance protein; CNS, central nervous system; 
MRP, multidrug-resistance-associated protein; P-gp, glycoprotein. 
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example, the polarity of L-glucose significantly limits its 
passive diffusion across the BBB. This polarity could be 
a potentially significant problem for its isomer H-
glucose given the brain has a very small storage of 
glycogen yet neuronal demand for glucose is very 
high. However, to overcome this obstacle, the BBB 
has a high level of glucose transporter 1 (GLUT1) 
expression at the luminal endothelial membrane to 
shuttle D-glucose from the blood into the brain. 
Similarly, large endogenous compounds which the 
brain requires can use highly expressed receptor- 
mediated endocytotic mechanisms at the BBB to 
enter brain. For example, iron binds to transferrin in 
blood which then binds to the transferrin receptor at 
the BBB, which then undergoes endocytocis to be 
escorted to the abluminal side of the BBB. 

On the other hand, the BBB also expresses numerous 
efflux transporters which significantly limit the entry of 
a broad range of drugs, including antidepressants, 
antipsychotics, antiepileptic and analgesics4. The 
primary efflux transporters which have been 
implicated in preventing drug entry into the brain 
include P-glycoprotein [P-gp; ATP-binding cassette 

(ABC) B1], breast cancer resistance protein (BCRP; 
ABCG2), multidrug-resistance-associated proteins 
(MRP; ABCC1–ABCC6) and organic anion transporters 
(OATs). Bypassing efflux transport at the BBB to 
optimize drug delivery to the CNS is complex. When 
drugs have poor penetration across the BBB due to 
polarity, analogues are generally created that its lipid 
solubility. Unfortunately, this frequently results in the 
drug exhibiting an increased susceptibility to BBB 
efflux pumps. 

Passive diffusion across the BBB and 
psychopharmacology 

Most psychiatric medications gain access to the CNS 
by passively diffusing across the endothelial cell 
membrane of the BBB. One of the primary factors that 
govern whether a drug molecule can diffuse across 
the BBB is its degree of lipophilicity5. Lipophilicity is 
expressed in terms of logP or logD. The logP value 
represents the octanol/water partition coefficient and 
is simply the ratio between the unionized compounds 
between the two solutions. LogD is similar, but takes 
into consideration all forms of the compound (ionized 
and unionized). Although both coefficients 
demonstrate whether a molecule prefers to exist in an 
aqueous solution (e.g. plasma) or in an oil phase (e.g. 
lipid membranes), the coefficient logD tends to be 
used in the BBB literature as it can account for a 
physiological pH of 7.4. 

In addition to lipophilicity, other factors are important 
in determining whether a drug will be able to 
penetrate the BBB and gain access to the brain. The 
molecular mass of an optimal CNS drug should be less 
than 500 Da. The drug should have a small polar 
surface area, and minimal hydrogen bond donor and 
acceptor counts. Of interest, it has been shown that 
for low-molecular-mass drugs, the brain uptake 
transfer coefficient is proportional to the molecules 
lipophilicity and size (Figure 3). This relationship is for 
the most part true over orders of magnitude5. In order 
to predict whether a drug would be able to traverse 

Figure 1. The neurovascular unit and the structures that contribute 
to the BBB. The primary structures associated with BBB function 
illustrated include the endothelial cells, tight junctions, pericytes, 
and astrocytic foot processes. 

Lipinski’s ‘Rule of Five’ 

• Molecular mass less than 500 
• LogP less than 5 
• Fewer than five hydrogen bond 

donors 
• Fewer than ten hydrogen bond 

acceptors 
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the BBB, a ‘Rule of Five’ was developed6 that 
considers size, logP and hydrogen bonding. This rule 
provides a good estimate of whether or not a drug 
can enter into brain tissue. These rules were further 
refined and suggest CNS penetration is expected if: 
molecular mass !500 Da, logP !5, the number of 
hydrogen bond donors !5, and the number of 

hydrogen bond acceptors !10. 

In the early 1950s, the discovery of the mood- 
enhancing effects of iproniazid forever changed the 
landscape of psychopharmacology7. Similar to the 
accidental discovery of penicillin, the observation 
that iproniazid, an anti-tubercular agent, was able to 
improve vitality, sociability and depression in 
hospitalized tuberculosis patients was quite fortuitous. 
It is now known that iproniazid is an irreversible and 
non-selective monoamine oxidase inhibitor that 
improves mood and energy by increasing 
neourtransmitter concentrations in the brain. Because 
of iproniazid’s hepatotoxicity, newer monoamine 
oxidase inhibitors were developed over the next two 
decades that were able to achieve similar effects, 
but exhibit less hepatotoxicity. Meanwhile, imipramine 
was also demonstrating that it could also alleviate 
depression in patients. This observation was also 
somewhat unexpected and led to the development 
of a number of tricylcic antidepressant drugs 
including clomipramine, amitriptyline and doxepin. 

Of interest to this article, both prototypical 
antidepressants in both drug classes (monoamine 
oxidase inhibitors and the tricyclics) have excellent 
molecular properties that enable them to cross the 
BBB (Table 1). For example, the prototypical 
monoamine oxidase inhibitor iproniazid has a 
molecular mass of 179 Da, has a total of four 
hydrogen bond donors or acceptors and has a logP 
of approximately 0.4. Imipramine, the tricyclic 
antidepressant, has a molecular mass of 281 Da, two 

Figure 2. The primary mechanisms by which molecules gain access to or are restricted from the brain 

Figure 3. The relationship between the oil/water partition coefficient 
and molecular mass against experimentally observed permeability-
surface area product (PS) for molecules. Reference compounds 
are plotted (black plots) in relation to a number of antidepressant 
or antipsychotic drugs that are not known to interact with P-gp 
(green plots) or that have been shown to be P-gp substrates in vitro 
and/or in vivo (red plots). Molecules near the regression line gain 
access to brain primarily via passive diffusion, while molecules 
falling below the line are often substrates of efflux transporters. 
Molecules plotted above the line (not shown) are likely to gain 
access to the brain by facilitated diffusion or active transport 
processes. 
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hydrogen bond acceptors and a logP of 4.4. Both of 
these drugs satisfy Lipinski’s rules for drug delivery to 
brain. This is not surprising since the clinical 
observations of alleviating depression suggest strongly 
that the drugs go to brain. Since both drugs were the 
prototype for each class, subsequent generations of 
drugs were formulated with similar mechanisms to 
treat depression, but also enhanced their distribution 
to brain. 

In the 1970s, fluoxetine, a selective serotonin reuptake 
inhibitor was introduced to the clinic. This drug was 
not discovered serendipitously, but rather as a result 
of careful and painstaking experimental work to 
selectively target the serotoninergic pathway and to 
avoid other neurotransmitters, in an attempt to limit 
CNS toxicity. Similar to imipramine and iproniazid, 
fluoxetine as a model selective serotonin reuptake 

inhibitor has excellent characteristics to permit its 
passage across the BBB. Specifically, it has a logP of 
3.9, two hydrogen bond acceptors, one hydrogen 
bond donor and a molecular mass of 309 Da. It 
should be noted that almost all other selective 
serotonin reuptake inhibitors obey Lipinski’s rules of 
brain penetration. 

BBB efflux and psychopharmacology 

Molecules that are small and lipid-soluble make ideal 
drug candidates to treat mental illness because of 
their ability to cross the BBB. However, these physical 
characteristics also make the drug susceptible to 
protein-mediated efflux at the BBB8 (Figure 2). One of 
the major transporters overseeing CNS penetration is 
P-gp. P-gp belongs to the ABC family of transporters 
(MDR1; ABCB1) and was first detected in endothelial 
cells of the human BBB in 19899. In brain endothelial 

Table 1. Antidepressants able to cross the BBB 
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cells, P-gp is primarily located at the luminal side of 
the vasculature and at astrocytic end feet on the 
abluminal side of the BBB. P-gp has enormous 
capability to bind to and efflux substrates with a 
wide variety of structural differences. Subsequently, 
different classes of drugs ranging from anticancer to 
antiepileptic have been implicated to be substrates 
of P-gp at the BBB4. 

In addition to P-gp, there are numerous other efflux 
transporters at the BBB, including MRP and BCRP. 
High levels of MRP1 and MRP4 have been reported 
at the BBB. BCRP, also a member of the ABC class of 
transporters, commonly known as ABCG2, MXR or 
ABCP, has also been identified the efflux transport of 
large anionic compounds primarily acidic in nature. 

There are a number of antidepressants and 
antipsychotics that are subject to P-gp-mediated 
efflux at the BBB10. Drugs that are susceptible to P-gp 
efflux tend to be independent of any specific drug 
class. For example, it has been shown that 
amitriptyline (tricyclic), citalopram, paroxetine and 
venlafaxine (serotonin reuptake inhibitors) are 
subject to being extruded at the BBB by P-gp, yet 
they also have excellent properties that also allow 
them to passively diffuse across the BBB. Similarly, the 
antipsychotics chlorpromazine, haloperidol, 
olanzapine and risperidone are all subject to P-gp- 
mediated efflux and can bypass the BBB by passive 
diffusion. However, it is important to note that all of 
these drugs still retain CNS activity, suggesting that 
the therapeutic concentrations of these drugs in the 
brain is the amount of drug that passively diffuses 
across the BBB, despite the amount extruded back 
into blood by efflux proteins. 

The BBB and new psychopharmacology targets 

Between 1950 and 1980, almost all antidepressants 
worked to increase neurotransmitters in the synaptic 
cleft between neurons. There is now experimental 
evidence that suggests this mechanism results in a 
modulation of neuronal gene expression, which 
causes changes in the expression of brain- derived 
nerve growth factor, tyrosine hydroxylase, 
proenkephalin and other factors involved in 
adaption and plasticity. It has been suggested that 
long-term use of antidepressants may actually cause 
synaptic remodelling that could offset the anomalies 
found in depression. As psychopharmacology 
develops in its understanding of intracellular 
mechanisms of antidepressants, new drug targets will 
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