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inaccurate reports of a supplement’s
safety and efficacy. He emphasized the
need for extensive randomized clinical
trials, similar to those already published
for St John’s wort and ginkgo biloba,
which are necessary to distinguish 
between genuinely beneficial herbal
supplements and those that have little
medical value and pose significant 
toxicological risk.

A view from the USA
Varro Tyler (Dean and Distinguished
Professor Emeritis, School of Pharmacy,
Purdue University, West Lafayette, IN,
USA) discussed how herbal remedies 
are regulated as dietary supplements
rather than medicines in the USA.
Manufacturers of herbal products in the
USA are not allowed to claim that 
a product has a therapeutic effect.
Moreover, they must state that any 
effect that the product might have has
not been proven scientifically. The nutri-
tional supplement market in the USA 
is swamped with products that vary
greatly in quality, and a recent trend is
the marketing of nutraceuticals, which

are expensive foods containing only a
small amount of herb extract.

Since its initial boom, the supplements
market in the USA has been in decline
(by 11.9% from 1998–mid-2000), which
is thought to be because of reported side
effects, drug–drug interactions, variable
quality and limited evidence of efficacy.
Tyler described how the lack of patent
protection for supplements discourages
clinical studies, and how only a few
products have been adequately re-
searched; the remainder is based on
‘borrowed science’. This leads to a
plethora of herbal products that are 
similar but inferior to well-researched
products, which consumers find unsatis-
factory, thus causing a decline in sales.
Tyler suggested that a potential solution
to this would be to approve herbal reme-
dies as over-the-counter or prescription
drugs with quality assurance. 

Regulating the remedies
Michael Baker (Director of Legal and
Regulatory Affairs, Proprietary Association
of Great Britain, London, UK) discussed
the existing regulations for herbal 

remedies in the UK, and what options
were available for improving these. In
the UK, a recent House of Lords report
(http://www.parliament.the-stationery-
office.co.uk) has outlined recommen-
dations concerning the regulation of
herbal remedies, the possibility of setting
up centres of excellence for complemen-
tary medicine research and the provision
of information sources and training for
the public and healthcare professionals,
respectively. With increased funding 
and research training, combined with 
effective regulation, herbal remedies
could become an invaluable and safe 
addition to conventional medicine.
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Activation of a stress signal transduction
pathway – the unfolded protein re-
sponse (UPR) – could play an important
role in nitrogen-sensing in budding
yeast. It could also be a weak point for
attack by antifungal agents. Martin
Schröder and colleagues at the Howard
Hughes Medical Institute (Ann Arbor,
MI, USA) suggest that the UPR is acti-
vated when there is a rich source of ni-
trogen and translation rates are high1.
The UPR is responsible for transcriptional
induction of 381 open reading frames in

response to endoplasmic reticulum (ER)
stress, including genes for ER-resident
chaperones and ER-associated protein
degrading machinery1. The team there-
fore proposes that high translation rates
cause a build-up of unfolded polypep-
tide chains in the ER and UPR activation
induces chaperones that promote pro-
tein folding and enable it to catch up
with the supply of unfolded proteins in
the ER. When nitrogen levels drop, trans-
lation rates decrease and the UPR is
downregulated.

A protective mechanism
Down-regulation of the UPR also 
stimulates yeast to switch from normal,
vegetative growth to either meiosis and
asci formation (sporulation) or to fila-
mentous pseudohyphal growth (the
pathogenic form of many of these or-
ganisms)1. By switching to filamentous
pseudohyphal growth, yeast can move
and forage for a new nitrogen supply2.
‘When the ER is stressed and contains
unfolded proteins, the UPR has a protec-
tive function, and strains that can activate
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the UPR survive higher levels of, for ex-
ample, the antibiotic tunicamycin,’ says
Schröder. Tunicamycin and 2-deoxyglu-
cose interfere with N-linked glycosylation
and, therefore, inhibit protein folding
and cause a build-up of unfolded
polypeptide chains in the ER. Other
drugs that inhibit protein folding in the
ER are β-mercaptoethanol and dithio-
threitol, which reduce disulphide bonds.

Deciding to switch
When nitrogen becomes limiting, say
Schröder and colleagues, the decision to
form asci or filaments depends on the
carbon source. On a fermentable carbon
source such as glucose, Saccharomyces
cerevisiae switches to the more virulent,
filamentous pseudohyphal form and its
cells become elongated and switch to
unipolar budding3. The cells also stick 
together and invade the agar on which
they are growing, with both mother and
daughter cells dividing simultaneously.
By contrast, nitrogen starvation of yeast

growing on a non-fermentable carbon
source, such as acetate or ethanol, 
induces sporulation2,4.

Schröder and colleagues found that 
either activation of the UPR or over-
expression of the transcription factor
Hac11p suppressed pseudohyphal growth
in diploid yeast strains1. Hac11p is the
product of an unconventional splicing
reaction that bypasses the spliceosome
and is modulated by the UPR. The 
reaction ceases when cells are starved of
nitrogen but is reactivated when ammo-
nium salts are added to the yeast culture.

New antifungal agents?
Schröder believes that because UPR
plays a significant role in yeast differ-
entiation, it is important for many
physiological functions and defines a
role for the UPR in nitrogen sensing.
Furthermore, it shows that protein fold-
ing is not the final step in gene expres-
sion and that it can be regulated by the
nutritional status of the cell. The team

are currently investigating the molecular
basis for repression of differentiation in
yeast by the UPR. Although the research
team are not currently investigating new
drug candidates that could exploit the
function of the UPR to treat fungal infec-
tions, Schröder says: ‘drugs that impair
protein folding in the ER, or otherwise
activate the UPR, could serve as new 
lead structures in the search for new 
antifungal agents.’
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Is there something in the industry that gets you 
hot under the collar?

Do you have a view that you would like to air?

Would you like to comment on a recent paper?

Would you like to hear others’ opinions on a subject?

If so, please send me your letters for the new 
Discussion Forum, where we encourage comments, 
debate or just getting something off your chest.

Please send your letters to Dr Rebecca Lawrence 
News & Features Editor, Drug Discovery Today
84 Theobald’s Road, London, UK  WC1X 8RR. 

tel: +44 20 7611 4143, fax: +44 20 7611 4485 
e-mail: rebecca.lawrence@current-trends.com

Editorial reserve the right to reject or edit your comments when necessary.

Please include your full details; letters can be anonymous if required.


