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into GM food technology, including study of its potential
effects on health.

These responses reflect an appropriately cautious
approach towards the science of genetic modification.
They reflect the real concern expressed by both “single-
interest groups” and a wider public. These anxieties may
seem odd, even irrational, given that GM foods were
introduced in the USA without any sign of consumer
anxiety. Why? Because Europe now lives in a post-BSE
(bovine spongiform encephalopathy) age, one in which
society has learned that the epidemic of BSE was brought
on by unchecked industry-driven changes in farming
practices and that the denials of risk by government and
scientific authorities were worthless. That concern is now
spreading beyond the UK. Recognition of this deeply
ingrained public scepticism about food technology has led
Monsanto to rethink its entire GM-food strategy.8,9

The comments by Lachmann, Sykes, and Gosden are
therefore disappointing because they reflect a failure to
understand the new, and apparently unwelcome, dialogue
of accountability that needs to be forged between
scientists and the public. Risks are not simply questions of
abstract probabilities or theoretical reassurances. What
matters is what people believe about these risks and why
they hold those beliefs. Ewen and Pusztai’s data are
preliminary and non-generalisable, but at least they are
now out in the open for debate, as are the results, also
published in today’s Lancet, of Brian Fenton and
colleagues. Only by welcoming that debate will the
standard of public conversation about science be raised.
Berating critics rather than engaging them—and
criticising reports of research, as the Royal Society did
with the Pusztai data,before those data were reviewed and
published in the proper way—will only intensify public
scepticism about science and scientists.
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Adequacy of methods for testing the
safety of genetically modified foods
See pages 1353, 1 3 5 4
An issue that has been prominent in the current debat e
on the health risks of genetically modified (GM) foods is
whether there are adequate methods of testing for the
safety of these foods. One view is that the safety
assessments of these foods are not as rigorous as those
for new chemicals or dru g s. To d ay ’s L a n c e t c a rries two
Research Letters reporting work on the potential risks to
human health of the lectin Galanthus niva l i s a g g l u t i n i n
( G N A ) , a compound that may be useful in protecting

food plants from attacks by insects. These letters raise
issues about the design of studies on safety.

Stanley Ewen and A rpad Pusztai report that , when fed
to rat s , GM potatoes containing the GNA lectin have
p r o l i f e r at i ve and antiproliferat i ve effects on the gut.T h e y
suggest that several of these effects are due to alterat i o n s
in the composition of the transgenic potat o e s , r at h e r
than to the newly expressed gene product. H owe ve r ,d at a
on the composition of the different diets are not report e d
in the letter. Pusztai has released some of these details on
the internet (http://www. rri . s a ri . a c. u k / g m o / a j p. h t m ) .
These details indicate that the content of starch, g l u c o s e
p o l y m e rs , l e c t i n , and trypsin and chy m o t ry p s i n
i n h i b i t o rs in GM potatoes differed from that of the
parental line. U n f o rt u n at e l y, these differences have not
been examined further by analysis of an extended range
of lines, for evidence on whether these differences are
at t ri butable to the genetic modification or to nat u r a l
va ri at i o n s. Another shortcoming of the study is that the
diets were protein deficient; they contained only 6%
protein by we i g h t . There is convincing evidence that
s h o rt - t e rm protein stress and starvation impair the
gr owth rat e , d e ve l o p m e n t , h e p atic metabolism, a n d
immune function of rat s.1 , 2

E wen and Pusztai say that the significant differences
b e t ween diet groups in va riables such as mucosal
thickness or crypt length are evidence of the biologi c a l
effects of the GM foods. Such a claim is easy to make
but difficult to prove , because no consistent pat t e rns of
changes were observed in the study. Ingestion of
p o t atoes may be associated with several adaptive changes
in the gut because of the low digestibility of raw or part l y
refined potato starch. In rats caecal hy p e rt r o p hy is a
common response to short - t e rm feeding of va ri o u s
poorly digestible carbohy d r at e s , such as raw potat o
s t a r c h .3 , 4 A phy s i o l o gical response of this nature is
probably of little tox i c o l o gical significance. D o s e -
response studies would have helped in the assessment of
c o n s i s t e n cy of response.

The experiments done by Ewen and Pusztai we r e
i n c o m p l e t e , included too few animals per diet gr o u p,5

and lacked controls such as a standard rodent diet
containing about 15% protein (lactalbumin) as a
balanced source of aminoacids6 and a test diet with
p o t atoes containing an “ e m p t y ” ve c t o r. Therefore the
results are difficult to interpret and do not allow the
conclusion that the genetic modification of potat o e s
accounts for adve rse effects in animals. Similar cri t i c i s m s
of this work have been made by the Royal Society
( h t t p : / / w w w. r oya l s o c. a c.uk/ st_pol54.htm ).

In the second Research Letter, B rian Fenton and
colleagues provide data that indicate strong binding of
GNA to human white blood cells in vitro. Binding per se
of a lectin does not automatically imply cell activat i o n .
N e ve rt h e l e s s , such findings emphasise the need for
f u rther studies. Attention should not be confined to the
gastro-intestinal tract, but should also be paid to the
b i o availability of these compounds and their potential
t oxic effects once they have entered the systemic
c i r c u l at i o n . Such inve s t i g ations will be of paramount
i m p o rtance for future generations of GM foods (see
b e l ow ) . An extensive tox i c o l o gical study of this type has
been done with a GM tomato containing an insecticidal
protein deri ved from Bacillus thuri n gi e n s i s.7

W h at about the adequacy of existing test methods and
s t r at e gies for the assessment of the safety of GM foods?
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Does biocompatibility of dialysis
membranes affect recov e ry of renal
function and surv i v a l ?
See page 1337
Despite the introduction of haemodialysis about 50 ye a rs
a g o, acute renal failure (ARF) is still a life-threat e n i n g
i l l n e s s , with a mortality rate of 40–80%.1 M o r e ove r ,
some studies have suggested that haemodialysis itself
m ay delay recove ry of renal function. The most
c o n t r ove rsial issues in the management of ARF by
haemodialysis are the indications for and intensity of
d i a l y s i s , the mode of dialysis, and the effect of
b i o c o m p atibility of membranes on pat i e n t s ’ r e c ove ry and
s u rv i va l .The arguments put forward in the debate on the
membranes have not always been strictly scientific.

In general, the complement-activating capacity of a
dialysis membrane can be taken as an index of
b i o i n c o m p at i b i l i t y. Complement activation leads to
neutrophil activation and infiltration into the kidney. B y
releasing va s o c o n s t ri c t o rs and damaging oxygen radicals,
a c t i vated leucocytes may prolong renal damage,2 , 3 h e n c e
the view that the use of bioincompatible membranes
might delay recove ry from A R F.2 , 3

There are data for4 - 1 0 and against1 1 - 1 5 this view (panel).
In the early studies, by Hakim and colleagues4 in pat i e n t s
in intensive-care units, and by Schiffl and colleagues5 i n
p atients who had undergone cardiac surgery, the use of
Cuprophan (bioincompatible) membranes adve rs e l y
affected surv i val rat e , the occurrence of sepsis, t h e
d u r ation of oliguri a , and the rate of renal recove ry.
Because of the higher mortality rates due to sepsis and
the slower resolution of renal function in the Cuprophan
gr o u p, Schiffl and colleagues5 p r e m aturely stopped their
study for ethical reasons. Yet they later published a
f o l l ow-up report , which extended their earlier series of
p at i e n t s.6 According to the second report , gr a m - n e g at i ve
organisms were cultured from most of the patients with 
a positive blood culture who had been dialysed with
C u p r o p h a n , whereas only gr a m - p o s i t i ve bacteria we r e

I n t e rn ationally agreed strat e gies for the eva l u ation of the
safety of transgenic food crops with improved agr o n o m i c
p r o p e rties have been drawn up. The assessments have
consisted of the characteri s ation of the new gene
p r o d u c t s , i d e n t i f i c ation of alterations in concentrat i o n s
of nutrients and known tox i c a n t s , and eva l u ation of the
potential allergenicity of the gene product and of the
i m p l i c ations of gene transfer between plants and the gut
microflora of animals or human beings.8 The firs t
approach to safety assessment is a comparat i ve one—i e ,
a new food is compared with a conventional product that
l o n g - t e rm experience has shown to be safe (concept of
substantial equiva l e n c e ) .9 The data so far indicate that
GM crops with agronomic advantages that have been
introduced into the environment do not differ from the
traditionally gr own crops except for the inserted traits.

Safety testing will have to be adjusted for the “ s e c o n d
g e n e r at i o n ” of food plants, which are modified to
i m p r ove food-quality traits—e g, to raise the nutri t i o n a l
value of the proteins, to increase concentrations of oils
l ow in sat u r ated fats or of novel carbohy d r at e s , or to
f o rtify the foods with micronutrients or antiox i d a n t s.
These must undergo extensive tox i c o l o gical and
n u t ritional assessment with a combination of in-vitro
and in-vivo techniques as required for novel foods in
g e n e r a l .1 0

Pa rticular attention must be gi ven to the detection and
c h a r a c t e ri s ation of unintended effects of genetic modifi-
c at i o n . Inferences about such effects can no longer be
based solely on chemical analysis of single
m a c r o n u t rients and micronutrients and known crop-
specific antinutrients or tox i n s. New methods have been
d e veloped to screen for potential alterations in the
metabolism of the modified organism by analysis of gene
expression (monitored by microarr ay technology, m R N A
f i n g e rp ri n t i n g ) , by overall protein analysis (proteomics),
and by secondary metabolite profiling.1 1 , 1 2 Depending on
the outcome of these studies, f u rther tox i c o l o gical and
n u t ritional studies may be needed.

In summary, methods to assess the safety of GM f o o d s
t h at are already on the market are adequat e , but the
future generation of such foods will need a wider range
of tests cove ring both tox i c o l o gical and nutri t i o n a l
e n d p o i n t s. The studies must be designed carefully
because of the complexity of foods.1 3 This complexity
means that the adoption, as recently proposed,1 4 of an
approach used for pesticides and food additive s—t h e
establishment of an “acceptable daily intake”—i s
i n a p p r o p ri at e . Results of studies into GM foods should
be interpreted with caution and presented to the
scientific community in sufficient detail.
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