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Editorial

Xjenza: The First Issue

The need has long been fell among scientists in Malta
for a local outlet for their work. particularly for work
dealing with local issucs that might not readily find
acceptange by an international journal. It was from this
need that the idea for the journal Xjenza was conceived
about cighteen months ago. an idea put forward by a
memnber of The Malta Chamber of Scientists. This
proposal was later approved by the Council of the same
Chamber. Since there was an encouraging response (o a
first call for submiission of papers, it was decided 10 go
ahead with the ambitious veuture. What you see in fronl
of you today is the fruit of six mouths hard work which
led to the publication of this first issue of Xjenza.

All the research articles in this jonrnal havc been
subjected to pecr review. It is editorial policy to set high
standards of peer review which should lead to cqually
high standards of scientific research. This docs not meau
thal editorial policy will be solely about publishing the
best work of cstablished scientists; it will also be our
policy to cncourage young scicntists with promising new
lines of research to put pen to paper. In this way, Xjenza
will provide a suitable traimng ground for young
scicntists secking their first publication. Apart from
original research articles, review articles on topical
issues will also be featured.

Xjenza will be featuring a section devoted to current
research profiles which will serve (o incrcase awareness
among members of (he Chamber and the public, of the
scientific rescarch being donc in Malta in the various
disciplincs of scicnee. This section may include abstracts
of papers already published m international journals.
The Editorial Board welcomes submissions from
scientists in Malta specifyving their research interest and
activitics to ensure that the journal presents an
opportunity to all researchers across the many scientific
disciplines to feature on a regular basis. It is hoped that
over lime Xjenza would serve as a record of Maltesc
scientific development and achievernent.

Xjenza will also serve as a forum for the initiation and
devclopment of debate among the Maltese scientific
community on the central scientific issues of the day. It
will be a matter for the Editorial Board to solicil
contnbutions in this regard. The issues of debatc will
tend to be thosc identified within and reflecting the
agenda of the Malta Chamber of Scientists, but not
exclusively so, as the range of issues might well include
a debate on the role of the Chamber itself. The journal
will also carry a section on the activities of the Malta
Chamber of Scientists. In subsequenl issues, a
correspondence column will be included in which we

hope to publish letters from readers relating to articles
featured in previous issues or on any topic of inlerest 10
our readers. We also welcome feed-back from readers on
how, perhaps, we could improve the journal (assumiug
that such a thing is possible!). Any readers with ideas for
a new section should let us know. So please write in wilh
all your comments, We assure you that we are all grown-
up women and men and can take criticism and ideas for
change very well.

Another objective of Xjenza is to forge links between
local scientists and Maltesc scientists working abroad. A
register of Maltese scientists working abroad will be
compiled with a vicw to familiarising local collcagues
with their work and encouraging cross-border Maltese
collaboration. Allracting papers from such persons
abroad would help in this familiarisation process but
miore importantly these seientists could be asked 10 acl as
referces for papers submitted to the journal. Such a
register is being compiled. Readers who know of Maltese
scientists working abroad and of their rcscarch interests,
arc asked to wrile in with these details. Who knows whal
projects and other benefils might be spawned in Lhis
way?

Since some of the articles published in this issue had
been pending for some titne because of a few teething
problems, it was not possible this time round to include
dates for submission and acceptance of these articles. It
will become standard practice from the next issue of
Xjenza which is planned for early 1997, by which timc
we also anticipate being on the Internet.

The first issue of Xjenza has come into being as a resull
of the support and dedication offered by my colleagues:
Dr. Martin Ebejer. Dr. Richard Muscat, Dr. Emmanucl
Sinagra and Dr. Christian A. Scerri. When spirits were
low, they were always there with words of
encouragcment spurring me on. For this, and especially
for their hard work, I do thank them.

I would also like to thank the many sponsors who have
made this journal something akin to a viable proposition.

Finally [ would likc to call on all Maltese scicnlists.
Ajenza is really vour journal! Make it come to life!

Wec look forward o receiving the best work from vou,

ANGELA XUEREB
EDITOR
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EZeport

The Malta Chamber of Scientists - The Second Anniversary

Alex E. Felice and Richard Muscat

The Malta Chamber of Scientists, P.O. Box 45 Valletta B.P.O.

In the first issuc of Njenza, The Journal of the
Malta Chamber of Scientists, it is our privilege as
Foundation President and Foundation member of
Council, to outline the activities of the first two
years of the Chamber's life. This also gives us an
opportunily to reflect on what we sec as the future
of the Chamber.

The Malta Chamber of Scientists has become the
national representative organisation of practising
scientists in Malta. There is now an organisation
which is administratively sound, with a healthy
budget, ready to face the future with confidence.
The introduction of Xjernza roughly coincides with
the second anniversary of the inaugural cvent with
which the new Malta Chamber of Scicntists was
publicly launched. It completes a package of threc
publications that complement each other. The
publications have been sustained successfully and
it is hoped that they will be developed further. A
quarterly newsletter, produced by Dr. Christian
Scerri. serves to inform members of Chamber

activities, and the monthly Malta Science Reports
in "The Times", edited by Dr. Richard Muscat,
provides space for the members of the Chamber (o
give visibility to their work in the cyes of the
general  public.  Together  they  contribute
substantially to increasing science awarcness and
science literacy especially among the younger
generations. It is known that thc Malta Science
Reports are read with considerable interest by
prominent members of the reading public
including high officers in the civil service and
diplomatic representatives.

The regular Business and Scientific Mcctings have
been prominent activities successfully sustained for
the last two years. Many important and rclevant
topics have been covered ranging from basic or
enabling sciences to science policy and industrial
applications. One of the most notable events was
the joint meeting that was held with the
PUGWASH Conference on Science and World
affairs. This was the first public appecarance of

His Excellency Dr U, Mitsud Bonnici, President of the Republic of Malta addressing the Chamber at its inauguration on 28 Tuly,
1994, at the University of Malta. Seen to his left are: Prof AE. Fehice, President of the Chamber, Rev Prot I, Serracino Inglotw
Rector of the University, Mrs Mifsud Bonniei and Prof V. Fermito, President-elect of the Chamber.




The Malta Charmber of Sclenitists

PUGWASH and of Nobcl Laureate Joseph Rotblatt after
they had been awarded the Nobgl Peace Prize. Since
then, the Malta Chamber of Scientists has represented
the Pugwash Conference on Science and World affairs in
Malia. It is hoped that the role of the Chamber in this
prestigious group will be increascd. Equally important
meclings on science policy have becn held in conjunclion
with the Maita Development Corporation and other
business leaders. Following such 2 meeting, an
agreemenl was rcached with Messrs. Simonds Farsons
Cisk Ltd., for f{inancial support for thc scientific
mectings. Henceforth, these scientific mneetings shall be
known as the Farsons Serics. The Chamber played an
imporant part in the Malta Science Week by providing
public speakers and many members contributed in
various capacitics. [l is hoped that (he Chamber will
participale again next year.

The Chamber continues to grow and to establish itsell on
the Maltese professional scene.  There are now 200
members drawn from all seclors of the national cconomy
and from all scientific disciplines. A professional register
of scientists has been compiled for the first time. This
register will occupy an important position in the
certification of science specialists in the conlext of
profecssional recogmition within the European Union,
Further growth is possible by targeting new graduates for
membership. There is scope for undergraduates and
peossibly sixth form scienec students to be affiliated with
the Chamber of Scientists in a Junior Chamber. Also a
Comporale Chamber deserves attention (o sustain growth.

There have been areas in which less success has been
achieved. such as in promoting accreditation and continuous
professional development credits. This is important because
shortly it will no longer be possible, in Europe, to use any
professional scientific designation without an appropriate
national accreditation process. Perhaps, recent, sad events in
the industrial sector serve to emphasise the importance of
this issue in a dramatic manner. The membership should be
left in no doubt as to the importance of a properly conducted
accreditation systein which will serve all members in
crhancing their professional standing in Malta and within
the larger European context. The next councid will
undoubtedly have the onus of implementing a professional
accreditation system linked to programmes for continuous
professional development. The new council will also have to
work harder at the political level Lo ensure stable and
sustained funding for scientific rescarch, and to improve the
link between enabling sciences and soctal or economic
development, perhaps, through a National Foundation for
Scientific Research.

All the above mentioned activities would not have been
possible without the effort put in by thosc members sitting
on various commitiees of the Chamber. Also many
comnpanies have supporied the Chamber and special mention
should be given to the Malta Council for Science and
Technology for a foundation grant of Lm 1,000 and Messrs.
Lowcnbrau Ltd. for cordially hosting councitl meetings. It is
hoped that this support together with additional public and
privatc sector financial support will be attracted in the
future.

Membership

Full membership of the Malta Chamber of Scientists is open to all individuals possessing a first
degree in a science related subject. Candidate membership is open to students reading for a science
related degree. Membership fees are due on the 1 June of each year.

Yearly membership fees:
are members).

Lml10 for full membership (Lm15 for a married couple both of whom

[.m5 for candidate members.

Benefits include;

1. Subscription to Xjenza
2. Right to attend all monthly scientific meetings
3

Quarterly newsletter

Please mail or fax your details to the:

The Malta Chamber of Scientists,

P.O. Box 45,
Valletta BP.O.,
Valletta.
Tel:/Fax: 343535
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Wind Energy in Malta

Pius J. Darmanin and Edward A. Mallia
Department of Physics, University of Malta, Msida

Wind energy is an attractive alternative source of energy. It
is becoming increasingly popular in northern counlries
which have a good wind resource. 1t is estimated that (here
are about 17,000 machines providing about 2.7 GW in
countrics snch as Denmark., Germany. Sweden, China.
India. Hawaii, and the U.S A etc.

Wind energy is a renewable, frecly available. non-
polluting source of cnergy. Although the wind is
notoriously wvariable, thc mcan energy available is
generally reliable constant over long periods of time.
The wind cnergy resource of any country depends on
fwo ain factors; the gencral metcorological conditions
that effect the particular zonc, and thc land area
available for farms,

Observations of wind speed and direction taken by the
Mecteorological Office al Luga doring the period 1972-
1991 have been analvzed for a dctermination of wind
cnergy in the Maltese Islands.

The Prevailing Wind Direction

The prevailing wind direction is North West (260°-3407),
Wind in this sector blows for 41 4% of the time and
contributes 1o 54% of the total energy contcnt. East to
South East wind (080°-160°) blows for 18.8% of the
time contributing 19% of the total encrgy. These two
reciprocal scctors contain 73% of the total wind cnergy.
The best locations for wind energy converters {WECs) in
Malta arc those areas exposed to the North Westerlies.

Wind Energy to Electrical Energy

Wind turbines come in a range of sizes, the biggest have
a rotor diameter of 100m, stand on a 100m high tower
(Delimara P.S. stack 110m) and can produce 3MW at a
wind speed of 1Im/s. Smaller practical turbincs have a
42m rotor. stand on a 50m tower and can produce
0.5MW at the same wind speed. This means that cach
large machine provides as much cnergy as 6 small ones.
These machines have an clectrical loading owver
370W/m’ which implies that they require an input wind
cnergy of about 830W/m®. Only part of Lhe wind kinetic
encrgy. can be converted to practical use duc to
aerodynamic and electrical constraints. It is necessary,
thercfore, to assume a typical WEC to evaluate the
amount of clectrical energy that can be produced.

Wind Characteristics and Encrgy
The mean wind speed. at 100m above ground level, is
6.2m/s and provides 142W/m’. the median wind speed is

7.3m/s and provides 235W/m°. Both valucs are small
when compared 1o the required inpul loading of
830W/m’. The estimated annual wind energy at Luga is
2944 kW-hr/m”.

The range of wind speeds observed. allow a typical WEC
1o provide clectricity during only 62% of the time. it
would be at a standstill for an accumulated period
equivalent to 4.0 months, half of which would occur
from July to September. Furthermore during the 7.4
months production period. the conversion efficiency
varies from 8% to 46% as is shown in Tablc 1.

Conversion
Time efficiency Remarks

Yo %o
26.1 11.8 Wind speed low (4.5 m/s - 11 m's)
26.7 457 Wind speed ideal (ca. 11 m/s)

6.5 331 Wind speed high (>= 11 nvs)

excess energy is spilled
2.1 15 4 Wind speed too high
02 7.9 Wind speeds too high

Table 1. Range of wind speed obscrved and conversion efficiencies

When the wind spced is higher than the rated capacity of
the WEC, the excess energy is purposely spilled.
keeping the machine producing at its maximum rated
output. Onc typtcal WEC (irrespective of size) in Lhe
Maliese Isiands can achieve a mean annual overall
cfficicncy of 31%. This means that onc 3MW WEC can
produce 7154 MWhr annually.

Electricity Demand

During the period 1993-94 Encmalta produced a lotal of
1506 GWhr of clectrical energy to meet demand. Thus, a
typical output from a 3IMW WEC represents only 0,.48%
of the national demand for electrical encrgy. i.c. 10 large
WEC would supply ca. 5% of the demand.

In 1975, a German tcam who carried out a similar study,
proposed a wind turbine farm of 10MW producing
22,000 MWhr annually. amounting to 7% of the encrgy
generated in 1974/75. It works out that the demand for
clectricity then was 314 GWhr p.a. Due 1o the increased
demand, the same farm would today producc only 1.4%
of that supplied in 1994,

It 1s Interesting to note that while the Maltese population
has grown by 21% belween 1975 and 1994, the
electricity generated rose by 380% during the saine period.
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The feasibility of Using Wind Energy in Malta

We suggest that the corrected Luga observations
provide a sound basis for a decision on wind energy
utilisation tn Malta. Of course. the observations arc
site specific. The search for the best sites 1s still
open, and it can be tackled with more refined
methods of observation. It takes [2 large WECs to
replace the gas turbines in current use, while 84
would be needed to replace completely one of
Delimara‘s Steam turbines. Such a number of WECs
would have a prohibitive impact on the aesthetics of
the Maltese islands as the best sites are likely to be of
high scenic, landscapec and ecological value.
Alternative sites may be found in industrial zones

such as Hal Far which has a high exposure to the
south sector. Such a site might take 5-10 large
(3MW) WECs but may still suffer from proximity to
the line of the main runway at Luga airport. For
workers in the area the WECs may produce an
intolcrabie noise level. These considerations suggest
that wind energy should be given a lower priority of
exploitation than more direct solar alternatives like
domestic solar water heating and distributed and
centralised power generation via photo—vollaics.
Moreover, serious consideration should be given to
WECs dedicated to production of hydrogen by
electrolysis rather than to augmenting power in the
grid.
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A Case for Biological Zeros

Adrian Mallia ' and Patrick J. Schembri

Departmeni of Biology, University of Malia. Msida. Malia

Most ecological work on rocky shores entails the
quantification of specics distributions and abundances
relative to some convenient and accurale dawum point.
The most commonly used arc tide Ievels and chart dala,
The problem arises when tides arc virtually absent. as in
most of the Mediterrancan Sca or when accurate chan
data are not available.

In the Maliese Islands there is only anc datum point,
located in the Grand Harbour. Vailetta (14° 30.64' E, 35°
33.60" N). A number of bench marks and trigonometric
stations of various orders are found scattered all over the
Islands. but these arc not always located very close to the
shorc so that levelling work from thesc stations 1o a
particular study sitc may become quile a laborious task
which may exceed the capabilitics of most ccologists.
Furthermore, some of these marks are old and location data
for them are untraceable, while others have turned out 1o be
inaccurate (Williams, E, personal communication, 1993). In
fact, a project is currently underway by the Mapping Unit
of the Planning Authority to recalibrate these stations
and to establish new bench marks. A further
complicating factor is that different charts make use of
different datum points. Thus, while Admiralty Charts
use 2 zero point (Chart datum) which is the level of
lowest astronomical tide and the level to which all
bathymetric soundings are referred, all heights shown on
the official Government of Malta survey sheets use a
datum point which is 0.5859m abovc the Admiralty
Chart datum and which is taken to be mean sea level
{MSL) for the Maltesc Islands. Additionally, there is also
a Public Works Department (PWD) datnm which is
(.4100m above the Admiralty Chart dalum. It is not
always clearly stated which datum points charts and
niaps are based on.

This state of affairs has resulted in ficld workers having
to resort to some other (possibly less accurate) datum
point with which to relate all their data.

By far the most commonly used reference point is the so-
called "biological zero", that is, the uppcr himit of
phacophyceans of the genus Cystoseira in quantity {(cfr.
Boudouresque and Cinelli. 1976). These shrubby brown
dlgae form a wide, mainly infralittoral, belt on most
Mediterranean shores and in most places slop forming a
consistenl belt at aboul mean sea level. This has led

"Present Address:  Envirorunental Management Unil,

somc workers o utilisc specics of this genus as indicators
of mean sea level. Different specics or combinations of
species accur in different parts of the Mediterrancan. In
the Mallese I[slands the tost commonly occurring
specics at sea level arc (. stricta. O compressa, ()
halearica and (. barbata {Allard and Giglio, 1990:
Borg, 1992, Callcja, 1991; Camiller1 and Fleri-Saler.
1991; Vella, 1990).

Obviously. the position of this datum 1s somewhat
subjective and cannot bc detcrmined with the samnc
precision as for surveved levels. which may be accurate
to the nearest millimetre. Nonctheless (here scems to be
somc relationship between this datum and mean sea level
as any visit to the seashorc on a calm day would suggest.
it should also be kepl in mind that the zonation of these
algac on the shore is expected not Lo depend solely on
physical factors, but also on biotic ones. The fact that
different species, with different tolerances, occur in
different parts of the Mediterrancan and possibly also on
differcut shores in the same geographical locality, also
mcans that "biological zero" may no! be the samnc
cverywhere.

As part of a wider project aimed at studying the
zonation patlerns of rocky shore communities in the
Maltese Islands (Mallia, 1993), an aitempt was made
to quantify the relationship, if any, between this
"biological zero" and mcan sea level for the Maltese
Islands.

This was done by fixing a 4cm long brass stud in a
pre-drilled hole by means of Aralditc adhesive at two
stations, Qawra and Dahlet ix-Xmajjar, on the north-
eastern coast of Malta. The height of this stud above
biological zero was determined using a slightly
modified version of the can and tube method
described by Eifion Jones (1980). Next, the height of
the studs above the MSL datum was delermined using
the level and staff method and starting from the
nearest trigonometric slation or bench mark. The
difference between the two measurcments was then
calculated (see Table I).

These results show that although the biological zero
docs not coincide with the MSL datum, the difference
between the two is fairly constant. The differcnce

Planning Authority, St Francis' Ravelin, Floiana
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LOCATION Height of stud Height of stud Diffcrence in
above "biological above MSL heights
zero” (level and staff )
(bottle and tube)
Qawra 0.87m 1.10m 0.23m
Dahiet ix-Xmajjar 0.88m 1.12m (.24m

Table 1.

between the two localties (0.01m) is very small and
within the crror range of the can and tube method.
Therefore. these resulis indicate that in the absence of an
accurate, leveiled datum, the biological zero is a reliable
substitute datum point for ecological work on rocky
shores.

Recent work in the Maltese Islands has also shown that
othcr organisms might also be uscful as indicators of sea
level. For example. Azzopardi (1992} found that the
mcan shell apcrture of the reef-forming, vermetid
gastropod Dendropoma petracum, which on Maltese
shores extends its range of distribution well into the
lower mediolitioral zone, is lowest towards mean sea
Ievel and incrcases on cither side of it. Such organisms
mayv be used as indicators on shorcs where a definite
Cystoseira belt is missing.
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Review Article

The Current Status of Predictive Genetic Testing for Cancer in Humans:
Scientific, Clinical and Ethical Issues surrounding the p53 gene.

Mario Grixti

Cancer Research Laboratory, Department of Anaromy, University of Malia, Msida, Malta.

QOur current understanding of the mofecular basis of
human cancers has raised a very critical issue which 1s
that of predictive genetic testing for cancer in humans.
Over the past few years so much data has becn
forthcoming that it is timely to review the situation.

For many vcars it has been hypothesized that cancer must
have a genetic component. As long ago as [914, Boveri
suggesled that an aberration in the genome might be
responsible for malignant transformation. Subsequent
work has supported this theory and we now define cancer
i humans as being a genctic discase at cellular tevel
Evidence supporting the observation that cancer or the
risk of cancer could be inherited comes from the work of
Mullvilil et al (1997) and Li ¢t al (1988) on familial
cancers.

Almost every {orm of cancer in humans has been reported
to clusier in families. This can be explained, either by the
inheritance of a mutated susceptibility genc, or by chance
associalion and shared exposures 0 environmental
carcinogens (Knudson, 1989).

Since the early 1980s, extensive research world-wide has
been undertaken in order to identify the genes responsible
for malignant transforination of morphologically normal
cells through their subsequent mutations. Some of thesc
genes have been identified. These include the hereditary
retinoblastoma (Rb)y gene, the Wilms™ tumour (WTI1)
gene. Lhe ncurofibromatosis type 1 gene, the familial
polyposis APC gene, the Li-Fraumeni Syndrome (TP53)
gence, the male breast cancer (AR) gene, the deleted colon
cancer {DCC) gene and the recently discovered familial
brecast/ovarian cancer {BRCA-1) gene, and the familial
breast cancer (BRCA2) gene (Knudsan, 1989; Wooster ct
al. 19935, Miki, 1994: Stratton, 1995). Two recent studies
have shown that mutations in the BRCA-1 gene which
predisposcs women to breast and ovarian cancer may also
be associated with an increased risk of prostate cancer in
men (Hall ¢t al. 1990:; Miki ct al, 1994; Easton ¢t al.
1995).

Mapping and identification of these cancer predisposing
genes on different chromosomes have been facilitated in
rceent years by the application of new molecular biology
techniques. The polyinerase chain reaction has in fact
revolutionized the approach to genetic rescarch through
its ability to cyclicallv amplify the genomic regions of
interest. As a result of these technical advances we have a

situation where many genes have been identificd and
others mapped so rapidly. that our understanding of their
biological significance has not kept pacc.

There is evidence to indicale that for manv tvpes of
cancer, including the most comnmon forms such as breast.
lung, colon and bladder. there cxists not only an
environmenta!  influence  but  also  a hereditary
predispesition to the development of cancer. This can
now be clearly illustrated by the classical example of lung
cancer as it s related (o cigarette smoking Whilst
appreciating the evidence that cigarette smoking 1s clearly
linked to the devclopment of lung cancer in niost
instances, not all smokers nccessariiy develop lung
cancer. Also, the mortality rate from lung cancer among
non-smoking relatives of lung cancer paticnts (smokers)
has been shown to be higher than that of non-smoking
relatives of non-smokers used as controls (Garfinkel et al,
1985). Similai results were obtained when comparing the
mortality rates from lung caucer of smoeking relatives of
lung cancer patients to that of smokers with no family
history of lung cancer. So it appears that genetic
influences must contribute o the development of cancer.
even when there arg clearly defined cnvironmental
factors.

A genetic predisposition 1o breast cancer has also been
shown (Adami ct al. 1980: Bain ct al, 198(). The exact
role that heredity plays in the predisposition to particular
breast cancers cannot be quantified. Lynch (1971) states
that approximately 10-15% of breast cancers have a
hercditary background. Clearly, women who bave no
family history of brcast cancer may also dcvelop the
discasc. but those individuals from familics with a history
of brcast cancer arc at somc increased risk. as shown by
Anderson (1972, 1974, 1977). In gencral, the risk of the
sanme ncoplasm developing 1o closc rclatives of a cancer
paticnt is approximately thrcc times grealer than in
control populations (Knudsen, 1989).

A frequently asked question conecerning both the cancer
paticnts and their relatives is:-

“My mother or my father. or possibly both. dicd of
cancer. Docs this mean that I will certainly devclop
cancer?  Under these circumstances, what arc my
pereentage risks and what can be donc to prevent the
disease from dcveloping?” This brings us to the very
essence of the subject of predictive genetic testing for
cancer in humans.
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Gences predisposing to cancer

At molecular level, it is thought that cancer is the end
result of an accumulation of genetic lesions occuring in
key regulatory molecules. This widely held concept is
gaining in importance as more information on growth
arrest and cell death in the regulation of cell number
becomes understood. The identification and functional
role of these molecules are the subjecl of intense rcsearch.
Positional cloning technology has begun o accelerate
identification of gencs that arc responsible for familial
cancers (Ruddon. 1994: Symonds et al, 1994). Over these
last two years wc have scen the cloning of two very
unportanl cancer predisposing gencs, BRCA-1 (Miki,
1994) and BRCA-2 (Stratton. 1995; Tavtigian, 1995).

Genes that slow down cellular turnover, in other words
growth inhibitors, arc termcd tumour suppressor gencs
{Knudson. 1989. Li. 1988. Wecinberg, 1991). Seventecn
vears have passed since the original discovery of a nuclear
phosphoprotein with a molecular mass of 53-kd that
reacted with antiserum from animals with tumours
induced by stmian virus 40 (SV 40) (Linzer ct al. 1979,
Lane and Crawford. 1979).

The p53 gene is the most widely altered gene in human
cancer (Hollstein et al, 1991; De Fromental and Soussi,
1992). It is a tumour suppressor gene which in its normal
form codes for a 53-kd proicin which binds 1o DNA and
acts as a transcription factor to halt cells in the Gl to §
transition of the cell cycle (Clarke et al, 1993), Mulant
forms lack this DNA binding activity and therefore allows
for abnormal proteins formed during malignant ccil
transformation to proceed in the cell cycle. The p33 genc
spans 2 moderalely sized scgment of DNA (20 Kilobases
long). located on the short arm of hurran chromosome 17.
that is ultimatelv translatced to a protein consisting of 393
amino acids contained in 11 cxons, the first of which is
non-coding. Five evolutionary conserved domains within
the coding regions are rcgarded as essential to the
functional activity of p33 (Malkin et al, 1990).

In the presence of DNA damage induced by gamma
irradiation or chemetherapentic drugs, intracellular levels
of p53 risc and prompt the expression of a downstream
gene WAF/CIP 1, whose protcin product p21 binds to
cyclin-depeudent  kinases and inhibits their activity
{Harper et al. 1993, El-Deiry et al, 1993). In this manner
cell cycle is arrested prior 1o DNA synthesis and Lhe cell
is given the opportunity to repair the damaged DNA. If
such repair docs not occur, the presence of normal p33
induces the ccll through a pathway of apoptosis or
programmed cell death (Harris and Holstein, 1993). The
apoptotic pathway is still poorly understood (Yonish,
1992; Stewart, 1994), The carly chemical cvents that
cause apoptosis have been so far hypothetical and these
include: increases in ionisable calcium in the cvtoplasm,
drops in pH, generation of free radicals, and
phosphorylation cascades. That p53 plays a cardinal role
in the carly cvents of apoptosis has been shown by the
work of Stewart, (1994).

During the past seventeen years some 1300 mutations
have been reported in more than 33% of all sporadically
occurring tumoiurs (Nigro et al, 1989). In 1992, the p53
gene was given the honour of being the second most
significant scientific trend of the year in the Time
Magazine (Time 1992). In 1993, p53 was named
Molecule of the Year in Scicnce (1993).

Understanding the role of p33 as a cancer predisposing
gene comes from the clinical and scicntific work on the
Li-Fraumeni Famitial Cancer Syndrome, first described
as a clinical entity in 1969 by Li and Fraumeni, who
notcd the association between young onsct sarcoma and
other tumours in close relatives (Li, 1988). This
svndrome is an autosommal dominant disorder that
predisposes individuals to multiple forms of cancers
occuring al a voung age and in closc relatives. [t consists
of a sarcoma developing in a first degree relative before
the age of 45 and a second first degree rclative who has
developed any type of cancer under the age of 45 years or
a sarcorna at any age Malkin, (1993). Other characteristic
features of the syndrome include the occurance of
multiple primary cancers in affected individuals, the early
age of the patient at onset of inost tumours and the
autosomal pattern of inheritance of the disorder as
determined by classical segrcgation analysis Malkin,
(1992,

Component tumours of the svndrome inciude breast
cancers, leukaemias, brain tumours and adrenocortical
tumours. A recent study by Kyritsis et al (1994) reporting
on germline mutations in the p53 gene on a set of glioma
paticnts is trportant in that it sustains the recent
observalions that germline p33 Imutations may occur
outside the classically defined LFS families (Frebourg et
al, 19925 Malkin ct al, 1992; Toguchida et al, 1992). This
obscrvation complicates the scene of predictive genetic
testing for the classical Li-Fraumeni Syndrome (Malkin
ctal, 1993y,

Other cancer predisposing genes whose function is that of
growth inhibition include: the retinoblastoma Rb gene,
Wilms Tumour Gene WTI, WT2, the adeno polyposis
coli gene APC and BRCA-1/ BRCA-2 genes.

Studies on the retincblastoma genc demonstrate the
correlation between hereditary mutation in mour suppressor
genes and genetic predisposition to develop cancer, Patients
with the hereditary form (about 409%%) have a high risk of
muitifocal retinoblastoma and other tumours in their family
members and they may pass the disease to their progeny as
an autosomal (rait. The same features of hereditary cases of
RDb can also occur in paticnts with no family history of the
disease and are duc to new mutations in the germ line, The
non-hereditary cascs are unifocal, with an oldcr average age
of onsct {Vogel, 1979, Knudson et al, 1989). By analogy with
retinoblastoma. some patients with sarcomas of bone and soft
tissues and no family history of cancer may be carriers of
ncw germline mutations at the p53 locus (Malkin et al,
19903
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Implications of Germline Mutations

Observational studies in the mutation spectrum of the p33
genc have been going on for quite some time (Bartek et
al, 1992). We are now at a stage were the focus of current
work is to correlate the significance of thesc mutations
with clinical outcome (Harris et al, 1993). The frequency
of cancers among carriers varies from 50% to 90% up lo
the age of 60, Above the age of 60 years the risk of
developing cancer is said to be the same as that of the
general population of the same age who do not carry a
mutation in the p53 gene (Garber et al. 1991 Srivastava
et al, 1990 Hollstcin ¢t al, 1991).

This may be explained by considering the fact that the
presence of a parlicular muiation might just be a rare
polymorphism and so there would be no biological
significance of this mutation on cell growth. Thercfore.
any genetic tendency to develop cancer would manifest
uself carly in those individuals whose mutations arc not
Just a rare variant of DNA, but would not do so in those
individuals whosc mutations are of no significant
functional activity (Lvnch and Kursh. 1971; Ory,1993).
When discussing the relative risk for development of
carly onsct breast cancer, the overall penetrance of gene
carriers in the Li-Fraumeni Syndrome 1s 90% by the age
of 30 years and the majority of cancers after childhood arc
breast cancers. Outside the Li-Fraumeni Syndrome
families, germ-line p53 mulations have also been reported
in patients who develop multiple primary cancers and in
patients with a strong family history of cancer affecting
multiple tissues (Frebourg and Fricnd. 1992: Malkin et al,
1992; Toguchida et al, 1992).

Biological and statistical issucs also surrennd surveys for
germ-line p33 mutations in population studies (Shapiro,
1989). The predictive power of a positive test for p53 is
detenimined by three factors:

1. the prevalence of p33 mutations in the
population,

2. the sensitivity (the probability of detccting a truc
positive) of the test.

3. the specificity (probability of detecting a (rue negative)
of the test.

study

Even when sensitivily and spccificily are very high
(99%0). the predictive power of a positive test is only
50% when the prevalence of p53 mutations in the
survey population s 1%; 1.c.. only one half of those
with a positive p33 lest actually arc cancer-prone
individuals. Thc power of the test is increased
substantially by studying populations with a high
prevalence, preferably greater than 10%. In predictive
testing of siblings and offspring of cancer paticnts
with a germ-line p33 nrutation, the prevalence of
mutation is as high as 50%. Available data suggest
that the prevalence of this germline mutation might be
0.01% in the general population, 0.1-1% among
various cancer patients, and 5-10 % among young
patients with multiple primary cancers (Li et al.
19913,

Mutation-screening Techniques

The p53 protein can be detected immunohistochemically
using monoclonal antibodies against this protein. During
13 years of work on this protein, it has been demonstrated
that its overexpression can be detected in a wide variety of
human malignancies including cancer of the breast.
colon, lung, bladder, prostale and brain (Nigro, 1989).

The immunchistochemical technique has been shown to
fail to stain both preneoplastic and neoplastic cells
carrying a mulation of the p53 gene. Conversely, it has
been shown to stain cells in a cancer family in which the
p53 gene is normal (Barnes et al. 1992 Eeles et al. 1993).
Normaliy, the p53 protein occurs at a very low
concentration in cells because it 1s rapidly dcgraded bv
cellular proteascs. However, using monoclonal antibodics
against the mutant p33 protein. cancer cells ofien
demonstrate high levels of the abnormal protein which
accumulates in the cells. In transittonal cell carcinoma of
the urinary bladder, delection of p53  profein
accumulation has been reported in up to 61% of invasive
tumours  (Sidransky et al, 1991.  1992). The
immunohistochemical technique still remains useful for
detecting p53 overexpression. It can be performed on
biopsy material as well as on cxfoliated cells such as in
cervical smears, serous effusions and  spulum.
Morphologically normal cells, overexpressing the p53
protein, are presumed to indicatc a prencoplastic stage of
cellular differentiation.

There is no question that as far as testing for p53 genc
mutation is concerned, the primary tools are those of
molecular genctic techniques. Mutations within the gene
are widcly dispersed mainly between codons 130 and 290
and most of them involve the evolutionary conserved
domains. In particular, at lcast three mutational hol-spots
at codons 175, 248 and 273 have emerged. Mutations at
these hot-spots arc characteristically transitions at CpG
dinucleotides. Cancers originating from various specific
tissue sites differ with respect to the distribution and
frequency of mutations at these hot-spots (Hollstein ct al.
1991 Caron de Fromental and Soussi, 1992). Predictive
testing for p53 gene mutation involves testing of the
whole gene. A number of screcning lechniques for the
detection of point mutations are available and provide the
approximatc location of the mutation.

Current mcthodologics use the polymerase chain
reaction (PCR) to amplify 4 particular scgment of the
gene being investigaled. The most commonty uscd
mutation screening techniques are: single strand
conformational polymorphism (SSCP) (Oritia et al.
1989), denaturing gel electrophoresis (DGGE or a
vartant CDGE) (Fisher ct al, 1983; Borresen et al,
1991) and with chcemical  mismatch  cleavage
(CMC/HOT) (Montandon ¢t al, 1989; Curiell, 1990).
The basic principles are as follows. In SSCP, single
strands of DNA have a diffcient secondary
conformation depending on their base composition. In
DGGE, double stranded DNA denatures al different
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temperatures or congcentrations of denaturant. dependent
upon the base pair composition. The CMC/HOT
technique mixes norinal DNA  with test mutant and
allows single strands from each sample to reanneal. At
the sitc of a base mutation. a mismatch occurs and can be
identificd by a chemical which binds to the mismatch and
acts as a cleavage site for pipcridine.

Each tcchnique has its advantages and disadvantages.
SSCP and CDGE are rapid, but cach exon {or al the most.
(wo exons together) of the p53 has to bc analysed
scparatcly. Both have a sensitivity of nearly 90%.
However. it is uniikely to be a long term solution for
population screcning in sporadic cancer because it is not
so uscful for analysing large PCR products where
conformational  diffcrences  beeome  insignificant.
CMC/HOT can analysc larger arcas. but is laborious and
uscs harardous chemicals, This latter method showed a
higher sensitivity when compared to the other methods in
a blind study of sampies (Condie et al. 1993) but has been
reported (o miss G to T mutations.

Newer methods are now being sought, such as the
analysis of Duplex DNA by triple helix formation and is
applicd to the detection of p53 microdeletions to facilitatlc
DNA screening procedures {Olivas and Maher, 1994),
This  method exploits  the ability of  certain
oligonucleotides to moniler DNA sequences iu the major
groove withoul requiring denaturation of the double
helical DNA target and might be directly appticd to
general screening of mutations  aflecling  homopurine
sequences.

All' thc above screening  techmiques  indicate  the
approximale site of a mutation. The gold standard is
dircet sequencing and this will probably be the method of
choice 1f clients wish 1o have a 100% reassurance (hat
their p33 gene is normal.

[l is reconumended that once a mutation is found it should
always bc scquenced and also confirmed by at least one
other technique. such as restriction enzyme or allcle-
specific hybridization.

Once a mulation is identified, tests can show with 100%
certainty whether a rclative 1s a carrier of the mutated
genc or not (Eeles et al, [993).

Early detection and prevention

The goal of predictive genetic testing in human cancer
is 1o be able to predict the inheritance of a disease
gene thal is going to lead to a malignancy. and to
initiate preventive measures before a person actually
devclops cancer. The best example so far of carly
detection and prevention is in the ficld of inherited
cancer syndroies.

Since the localization of the multiple endocrine neoplasia
ivpe 2A (Mole et al,1993), it has been possible 1o develop
a genetic test to screen for mutation in multiple endocrine

ncoplasia type 2A (MEN 2A) in the ret proto-oncogenc
on chromosone 10, (Donis-Keller et al, 1993). Multiple

cndocrine  neoplasia (MEN  2A) is an autosomal
dominantly inhcrited cancer syndrome comprising
medullary  thyroid cancer (MTC), adrenal gland

phaeochromocytomas and hyperparathyroidism. Almost
all patients with MEN 2A develop MTC during childhood
or early adolesence. Genetic tests have been applied in the
preclimical state to screen for MEN 2A, permitting early
{rcatment ({early curative thyroidectomy) in children
predisposed to the disease (Calmettes ct al, 1992: Marsh
et al. 1994). This approach is now being performed at
several centres, including Washington University and
Cambridge University.

A different sccnario is set up when discussing thc
problem of individuals carrying p33 mutations. There 1s
lack of association between specific mutations and tumour
histopathology. A situation is created whercby due to our
currenl limilations in clinical diagnostic techniques,
tumours cannot be cffectively screened. In the case of the
Li-Fraumeni Syndrome whcre familics inherit a spectrum
of cancers namely sarcomas, breast, brain. acute
lcukacmia, melanoma, germ-cecll tnmours, bladder
cancers and adrenocortical carcinoma, current screening
mecasurcs have shown to be ineffective in predicting
discasc in the preclinical state.

Proposed blood screening for leukacmnias and magnetic
resonance imaging for brain (umours have all proved (o
be unsnccessful for early detection. Mamnography
screening for breast cancer has been shown lo decreasc
mortality in the over 50 vears age group (Shapiro et
al.1988: Shapiro. 1989), but its cflicacy in woinen under
30 is uuknown. With the reccnt identification of the
breast cancer genc BRCAIL (Miki ct al, [994), (his
approach to screening for predisposition to develop breast
canccr can change complelely.

Preventive measures such as chemoprevention may be of
some value in certain cancers but, there is no evidence
that il is of universal benefit. Chemoprevention studies
should also include hormonal therapy such as the use of
tamoxifen in the tamoxifen prevention trial for women al
high risk of breast cancer (Cuzick and Baumim, 1985;
Navfield. 1991).

The inclusion of vitamins such as retinoids must also be
given due consideration in chemoprevention studies. In
women who are carriers of a mutated p53 gene, the risk
of developing breast cancer before the age of 45 is 18 fold
over the gencral population (Birch, 1992; Easton et al,
1993; Sidrausky et al. 1992. Eeles et al 1993).
Prophylactic subcutaneous masteclomy may not be an
unreasonable preventive measurc for breast cancer in
those paticnts carrving p33 mutations.

Therefore, it may be concluded thal so far, detecting
individuals carrying germline p33 mulations is not
tcchnically  impossible.  However, monitoring  these
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individuals, for cariy dctection of the different tumours
which may develop, is nol vet possible (Garber ct al.
1991).

Gene Therapy

Gene therapy is the stable insertion of a functional gene
into the genome of a host cell to alter the funclional
capabilities of the ccll or to correct a specific genctic
defect. This technique gives researchers the possibility lo
understand more about the regulation of gene function
and at the same tine find its applicability as a therapeutic
approach in the treatment of cancer (Foa and Guarini,
1993 Miller. 1992; Gollesman. 1994). Optimization of
both cfficiency and safety of the ways in which a genc is
transferred. s the crucial feature of all strategics seeking
to cxploit this technology.

The p53 tumour suppressor genc is a prime canditate for
gene Lherapy (Takahashi et al, 1989. D’Amico ct al.
1992: Chiba ct al.1990). Genetic lesions in the p53 gene
arc the most commonly occuring changes found in all
human cancers (Vogelstein, 1990). Several groups of
scientists were able to show that the stable transfection
(Takahashi et al, 1992), or rctroviral transduction
(Fujiwara el al, 1993) of wild typc p53 gene into cancer
cells with a nutant p53 dramatically inhibits cell growth
in cultured cells despite the possible presence of other
genetic lesions, The significance of this observation is
that any other genctic lesion necd not be corrected before
an anti-tumour effect could be seen (Fujiwara et al. 1994).

[n-vitro gene therapy experiments starled in the late
1980s and il is only now that we arc secing the possible
application of in-vivo gene therapy using wild type pS53
genc (Carbone and Minna, 1994). News of thc first
proposed gene therapy for lung cancer to cnter human
(nals has been reporied in the (Journal of the National
Cancer Instiute, Vol. 86 Nod March 2, 1994). This trial
15 still pending approval by the U.S. Food and Drug
Administration on the safety of the retroviral veclors
being used (Anderson, 1992). In oncology, rescarch into
gene therapy 1s mainly concentrated on lung cancer.
Mutations of the p53 tumour suppressor gene are the
genetic abnormalities most frequently identified in non-
small cell lung cancer (Takahashi ct al, 1989).

Conventional methods of treatment have not resulted in a
significant decrease in mortality from lung cancer and
therefore this creales a political and economic power to
assist researchers pursuing this novel therapy.

The immediate problem with application of gene transfer
technology in patients is the delivery of the therapeutic
gene to sufficient numbers of tumour cells to produce a
clinically observable effect.  There 15  also  the
consideration of safety of vectors, When a retrovirus
infects a cell, its viral RNA is copied by the enzyme
reverse transcriptase into DNA that enters the nucleus
and integrates randomly into the genome of the host.
These natural events are exploited for gene transfer by

construction of retroviruses that do nol contain the
replication gencs, and in which the viral structural gencs
are replaced by the new genes to be inserted into the cells.
A very plausabic biological model system is being
currently  promoted.  This  includes the  direct
administration of a rctroviral wild-type p53 cxpression
vector in orthotopic human lung cancer model in nu/nu
mice {Fujiwara ct al. 1994; Miller ct al. 1989) rcsulting in
growil inhibition of cancer cells.

As is true of interesting studics. these data raise a scries
of questions that should be considered in  futurc
experiments.  Although the usc of a relroviral veelor
favours intcgration in rapidly dividing cells, can all the
growth supression be attributed to transfected cells only?
Since il is likely thal all cancer cells arce tranfected. could
the supression of growth also be due to a byslander cffect?
(Freemnan et al. 1993). Does the growth suppression
obscrved in transfceted cells result from the induction of
apoptosis (programmed ccll death)? Do the bystander
cells undergo the samc growth suppression dne to
indnction of apoptosis? Is therc a bystander effect in
metastatic cclls? The bystander effect is an obscrvation
whereby transduced cells have been shown to inhibit the
growth of nontransduced neighbouring cells in cullure
(Cai ct al, 1993: Freeman et al. 1993). The molecular
basis of this bystander effect is under investigation. Docs
this possible theraputic tool work in other siles of the
body for other pS3 mutations?

It is apparent that there arc still somc fundamental
practical and clinical problems to be addressed. Lung
canccrs are rarcly one ccll laver Lthick and they are rarcly
confined to a closed spacc. Fujiwara and co-workers
(1993) have shown that wild-type p33 is capable of
multilayer penetration  into  lhe  three-dimensional
structure of multicellular tumour spheroids. Of clinical
concern is the size of the tumour and the accessibility 1o
melastatic sites. The polential toxic effects also need 1o be
addressed. Retroviruses integrate slably into the genome
of replicating cells, Thercfore, it is important (o consider
the outcome of genetically altered normal epithehial cells.

Taking into consideration all the available results so far,
it is being proposed that in the case of lung cancer.
microscopically established tumours in the bronchial
epithelium can be efficiently infected with a retroviral
vector expressing wild-typc p33 genc and that in-situ
retrovirus-inediated gene transfer may be a useful stralegy
for manipulating genetic abnormalities of cancer cells in
vivo (Roth et al, [994). Usig current molecular
techniques it is possible to identify pre-neoplastic as wecll
as microscopical neoplastic cells before these cells display
the cytological and histological features of invasive
cancers (Casson ct al. 1991; Sozzi ct al, 1992; Kaslan et
al, 1992).

Much research still needs Lo be done. At present there arc
over 100 protocols accepled or under consideralion by
varigus advisory committecs for gene targeled therapies
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world wide, the majority being in the United States. Mosl are
for cancet in which the ethics arc perhaps simplest with the
lowest risk benefit ratio.

Ethics of Predictive Genetic Testing

Issues regarding ecthics of prediclive genetic testing are
cmerging as themes of great concern. Over the past five
vears scientific publications have presented data ranging
from screening for cancer predisposition (Markham et al,
1994) to screening for specific cancers (Kodish et al,
1994), genetic intervention studies (Roth. 1994) and
recently  pre-implantation  diagnosis  of  inherited
predisposition to cancer (Kogan ct al. 1987, Handyside.
1993 Harper ct al, 1994).

Testing young cancer paticits and their unaffected
relatives for p53 germline mutations presents a number of
difficult clinical and cthical questions (Li et al, 1991
Prosscr ct al. 1991). As far as clinical management is
concerned, the first sel of problems arises becausc of the
unccriainty about the risks conferred by germline p53
mutations. The spectrum of cancers so far reporied in
families with germlinc pS53 mutations have been
discussed previously (Li et al, 1988. Birch. 1992:
Frebourg et al. 1992). The range of cancers include bone
and soft lissuc sarcomas, breast cancer. brain cancers,
acute lenkaemias, melanoma, germ-cell tumours, bladder
cancer. adrenocoriical carcinoma and prostate cancers. As
more familics are screened this list of associated cancers
will probably incrcasc even furiher.

Therefore, considering tie limited potential for screening and
carly delection of cancers in carriers of p53 germline
mutations, the question of whether it is ethical to lest
asymptomatic members of cancer families in whom such
mutations have been found, must be addressed. Whal are the
sacial. ccononuc and psychological consequences resulling
from such testing? What effective measures are available to
carriers of the p33 mtations? At present the grealest benefit
that can be derived from lesting is reassurance and relief
from anxicty m those familly mecmbers found not to be
carriers of a mulation. There are other benefils including
ability 10 plan education, futurc carcers and decisions on
marriage and child bearing, taking into account the
knowledge of cancer predisposition.

Therc are concerns that predictive testing in this particular
scting will increase people's anxiety and may have a negalive
cflect on psvchological and economic issues, raising the
question of selection of mdividuals for predictive testing
(Kash ct al, 1991). The effect on life insurance premiums is
unclear, but individuals with a strong family history would
have their premiuns weighted and these would be reduced to
normal if a relative of a person with a known mutation was
shown not lo carry the genc (Ecles et al, 1993).

Privacy and confidentiality of test resuits in identified carriers
of germline p53 mutations have both social and economic
umpact. Employers for example, may be rcluctant to appoint
persons at high risk of developing cancer. The psychological

effects of belonging to a family with high risk of cancer have
not been studied and are not understood (Murray, 19%1.
Sujansky et al, 1990; U.S. President's commission for the
study of cthics, 1999). One way to resolve this constallation
of issues is 0 gain more insight into the biological
significance of these mutations in correlation with particular
patterns of cancer, 1., specific mutations causing specific
cancers. At present, testing for p53 germline mutations is
performed onky within the setting of research protocols oult, it
is expected that predictive testing will become more widely
available. Predictive testing should be preceded by thorough
counsellimg which should include psychological assessment
and polential impact caused by a positive result. There should
also be informed consent. A carcfully planned long-term
follow up is also needed in order to obtain data on the life
experiences of carriers of mutations, as well as on cancer
incidence.

Testing on children at risk is another contentious issue and it
should be reserved only for cases in which a distinct and
immediate benefit can be obtained. Such testing is usually
postponed until adolesence, when the individuals can make
their own informed decisions as to whether or not they wish
to be tested, (Edwards and Hail, 1992; Wald and Law, 1992,
Wald, 1993).

Advisory committees involved in the design of p53 testing
programs. relate their recommendations based on their
experience with Huntington's Disease (Went, 1990:
Huggins cl al, 1990: Lam ct al, 1988; Bloch and Hyaden.
1990; Ford et al. 1994; Tyler et al, 1992). Predictive
testing for Huntington’s Disease involves an area where
prevention is not possible and by using a set protocol,
individuals having predictive testing for this disease helps
to mimimise lhe problems expericnced and allows the
individuals to have tine to decide if they really want the
test and for what reason. There may be many rcasons why
individuals may wish to have a predictive test. In the case
of Huntington’s Diseasc, 80% of individuals at risk said
they wanted the test for planning their future and their
family. and to relieve anxiety.

This experience has a significan! relevance to the design of
p33 testing programs. We cannot assume that the impact ol
testing for germline p53 mutations would have the same
favourable oulcome but there is definitely growing support in
favour of such testing (Smigel, 1993; Berg, 1991. Li el al,
19923,

Conclusion

The conceried cfforts from the work of the Human
Genome Project will scon lead to thc identification of
many more genes responsible for hereditary discases,
including cancer (Watson, 1990). The genetic data that 1s
presently available and that will be made available, in the
near future, on populations and individuals is the subject
of debate by all involved in this line of research. Issues
such as confidentiality, the right to know or not to know,
non-discrimination ameong carricrs, insurance, disease
specificity, availability of treatmenlt, inhcritance pattern
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and gene penctrancc and expressivity. feature
prominantly in the ethics of any genetic screening
program {(Huggins ct al. 1990).

The aim of this review was to update the present scenc of
canccr genetics and to promotc the interest scen over the
past few years on the concept of cancer genelics clinics.
At present gene markers for the most commonly accuring
cancers have been identificd. ic. bowel. breast and
ovanan cancers (Fishel et al, 1993: Bronner et al. 1994
Miki. 1994. Woostcr. 1995). This has generated a
particular interest both from the general public and from
clinicians dealing with cancer patients. Morc information
15 being demanded on the availability of genetic (csls,
cancer risks. screenming mcasurcs. prevention  and
treatment.

Sincc 1989 the concept of cancer genetics clinics was
alrcady being proposed (Hoskins, 1989). To datc therc arc
more than 20 cancer genctics clinics sel up in Europe. In
the United Kingdom alone there arc about 6 centres. One
such centrc is at the Roval Marsden Hospital where a
genctic cancer clinic is held which also offers a cancer
genclics screcming service {personal communication,
Eeles RA). Clients attending these clinics have acecess to
information on their own genetic risk for cancer as well
as to highly specialised screcning tests available to date.

The clinical significance of being cither a BRCAI gene
carrier or a BRCA2 genc carrier is at presenl still poorly
understood. Large cpidemiclogical studies have to be carried
out to really assess the contribution of these gencs to cancer
development in famikial and sporadic cases (Claus el al,
1994). AL present, 10% of breast cancers have a strong, family
history and it is only possible to identify a definitc dommant
pattern of inheritance in approximately 1% of individuals.
However, it is also possible that thesc genes could account for
as little as 1-15% of breast cancers. Since breast cancer is the
commonest tumouwr occurring in women world wide, one can
appreciate the potential burden that individuals can place on
cancer genctics clinics, given the current state of information.

There arc as many queslions as answers in the arca of p33
cancer genc predisposition, in particular, the at risk
groups need to be better defined and follow-up of known
carriers is nceded. The p33 gene is offering the most
promising openings in the field of corrcctive gene therapy
but it is unrealistic to think that their cffectivencss would
be immediate.

The advances in science and medicine have brought about yet
another cthical issue to thc scene. This i1s the ethics of
preimplantation diagnosis of inherited predisposition to
cancer. {t is very likely that couples will seek prenatal
diagnosis to prevent passing a mutant genc on to their
children. Is the idea of terminaling a pregnancy after a
diagnosis by convenlional means (chorion villus sampling)
acceptable? Mecthods for diagnosing genetic defects in early
embryos before implantation are being developed and heavily
supported by investnents (Harper et al, 1994)

The challenge which we now facce is how to rclate all the
information we have so far on cancer predisposing genes
into effective screcning and interventional programmes
(Haward ct al. 1991). Effeclive siudies alse have to be
undertaken to define the cost effectiveness of population
screening and the health gain (o be anticipated from
cancer predisposition screening,
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Commentary

Graphs and their Spectra

Irene Sciriha

Depariment of Mathematics, University of Malta, Msida, Malta.

From the contributions to confercnces and journals, it is
cvident that most of the research in mathematics is
directed towards the development of the theoretical
aspect of its various areas. In this sense mathematics is
an art fathomed and pondered on for the sake of its own
bcauty. It has dctermined the direction of most of the
significant  research in  other fields. Being an
incomparable  human  achievement, mathematical
creativity has fathered our understanding about the
naturc of man and his universe. Invariably, apparently
futile results find immediate applicalions in various
ficlds.

Graph theory staried as amustng brain teasers from the
days of Euler, who showed, in the eighteenth century,
that the seven Kénigsberg bridges cannol be crossed just
once in a closed route, and of Guthrie and De Morgan
who. in the nineteenth ccntury, gnestioned the number
of colours rcquired to colour a map. Since then 1t has
been taught under various guises including operational
research in management studies, network theorv in
cngincering and algorithms in computer science. 1t has
become a  valuable forecasting ool in several
applications in industry and commeree,

Since 1939, chemisls investigating molccular orbitals
noticed a relationship between the energy levels and the
stability of a molecule. The Hiickel molecular orbital
theory gives an approximation of thc m—molecular
orbitals of a moleculc by expressing themn as a linear
combination of the atomic pr-orbitals {Cotton, 1963
Coulson and Rushbrook. 1940; Zivkovic, 1972). When
Schridinger’s equation, that determines the uolecular
orbital cnergies, is simnplified, the resulting equation is
the charactcustic equation Det{i/-4) = (1, where A is the
adjacency matrix of the graph whose structure is the
samic as that of the mwolecule being considered (when
hydrogen—suppressed, as in the case of hydrocarbons,
which 15 the case most conunonly quoted in chemistry
literature) (Spialter. 1964). The spectruin of a graph is
thc solution of the characteristic equation of its
adjacency matrix and the gen values in the spectruimn
describe the energy of the orbitals of the molecule whose
structure is the same as that of the graph..

The investigation of Graph Spectra is one of the
torcmosl problcms of current rescarch in the thcory of
graphs. Scveral important researchers have addressed
the problem and the theory is sufficiently advanced so
that state—of-the-art books svnthesizing results have

already appeared. In spite of this, there is ample scopc
for further research. One of the best books that offers a
survey of the work done in this area up to a few years
ago. is Spectra of Graphs by Cvetkovic and co-workers,
1980. When Cvetkovic was about to present his Ph.D.
thesis on the spectra of graphs, an established physical
chemist, 1. Gutman showed a keen interest in his results.
He realised that for a class of molecules the cigenvalucs
in the spectrum of a graph were precisely the energy of
the orbilals of the moleculc whose structure is the same
as that of the graph.

The zero of the energy scale is that for no interaction
between the separate atomic orbilals within the molecule
{Karplus and Porter, 1970). Thus the zero eigenvalues,
A=0, determine the non-bonding molecular orbitals
(NBMO) responsible for the instability of a molecule.
The NBMO are described by the corresponding linearly
independent kernel cigenvectors of A (Zivkovic, 1972).
The solutions also shed light on the electron density
distribution in a molecule (Cotton, 1963). So the results
of graph specira are of great interest in chemistry.

The mathematical analysis of an existing molecule in terms
of ils spectrum may be nvestigated if the bonds between the
atoms are known, The data is represented as an adjacency
list expressing Lhe neighbouring atoms of each atom in the
molecule or as a (0-1) adjacency matrix A in which an i—
cnéry is | if the corresponding atoms are bonded within the
molecule and zcro otherwise, The wvanishing of the
determinant of .4 is an indication of instability. Even the
characteristic cquatton itself, Det(A/—1)=0, where A is the
adjacency matnix of the graph whose structure is the same
as (hat of the imolecule being considered gives a number of
results about the structure of the molecule.

A graph whose adjacency matrix has the number zero in its
spectrum is said 1o be singular. Although some resulls
regarding bipartite graphs have already appeared in the
literature, identification, especially for arbitrary graphs, is
complex as with increasing order the number of basic
structures responsible for the singularities 1ncreases
enormously.

As highly reactive molecules are difficnlt to prepare and to
isolate, and very unstable. it would be useful to predict their
possible structure. The characterisation of singular graphs is
still an open questuon. In this respect the author has had
some success in characterising mininal configurations
(Sciriha, 1995a). A systematic search for the minimal
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configurations in singular graphs that give rise to a
singularity was carried out on the grounds that a linearly
dependent set of f row vectors of 4, the adjacency matrix
of the graph, is present. The linear combination between
the r row vectors is termed a kernel relation and is
denoted R,. It is noted that the coefficients of the kernel
relation are the ordered entries of the corresponding
kernel eigenvector in the nullspace of 4. An algorithm
was set up to identify the non-isomorphic singular
graphs for successive values of £. This theory becomes
more and more cumbersome when applied to large
systems. One can practically not avoid the use of an
appropriate software package, such as
MATHEMATICA, used in programming mode, for
values of ¢ larger than or equal to 5

The first stage was to determine the core, y;, which is
the subgraphs induced by the vertices corresponding to
these ¢ row vectors of 4. From the core %, a minimal
configuration (I3 R) is "grown" by adding a
periphery, a set of vertices adjacent to those of the core,
until the number of zero eigenvalues in the spectrum of
the resulting graph G, called the nullity of the graph G,
1s reduced to one. In the case when the core has one zero
eigenvalue in its spectrum then the minimal
configuration, I', is the core itself. Such a graph has
been called a nut graph as the periphery is empty
(Gutman and Sciriha, 1995). The core i, and kernel
relation R, of the minimal configurations T', thus
obtained will be unique. There may be several
peripheries for the same core and kernel relation so that
there is a many-to—one correspondence between the
structures of minimal configurations | and the pair
(xR). Such minimal configurations are the subgraphs
found in all singular graphs. The 61 minimal
configurations for ¢ less or equal to 5 have been
characterized. Several properties for larger ¢ have also
been established.

The core may shed light on the charge density
distribution in a molecule. The vertices of the core have
been shown to correspond to atoms that are charge rich
in some ions and molecules. These are the atoms that
are likely to be involved in chemical reactions.

As different minimal configurations may be "grown"
from the same core, a maximum configuration may be
set up by including all the peripheral vertices used to
build up the minimal configurations from a core ¥,
satisfying the relation R,. In this way the largest graph
with the number zero in its spectrum satisfying a
particular kernel relation R,, with all the vertices of the
periphery joined to those of the core and themselves
inducing a null graph, is obtained. This configuration
may have more than one zero -eigenvalue.
Corresponding to each zero eigenvalue is a core and a
particular kernel relation (Sciriha, 1995a).

The graph may be enlarged further by including edges
between the vertices in the periphery and also by joining

arbitrary graphs to the vertices in the periphery. In this
way the order of the graph may be increased indefinitely
without upsetting the core y, or the relation R,. So will
the rank of the graph which is equal to the order less
the nullity.

In 1993 M. Ellingham published a paper showing that
he has addressed the problem of singular graphs from a
different point of view (Ellingham, 1993). He also built
a singular graph G from "basic subgraphs". These he
defined as non-singular graphs of order r where r is the
rank of the adjacency matrix of G. It has also been
interesting to investigate graphs of small rank. As the
order of a graph is increased the rank is kept fixed or
under control at small values by adding vertices which
increase the nullity, that is the number of zero
eigenvalues in the spectrum. Thus as new vertices are
included more minimal configurations are discovered as
subgraphs. For very small rank only complete k—partite
graphs are admissible, allowing only vertices of the
same type, that is vertices having the same set of
neighbouring vertices. For rank greater than or equal to
4 more minimal configurations contribute to the nullity.

As the set of minimal configurations characterizing singular
graphs is being collected and their properties studied.
certain common properties are already apparent. In fact
several conjectures have been made, the validity of which
will be investigated. One such conjecture is on the common
value L of the coefficient of A of the characteristic
polynomial Det(A/-4) where 4 is the adjacency matrix of
the graph, for minimal configurations grown from the same
core for the same kernel relation. It is conjectured that L
may be expressed in terms of the properties of the vertex—
deleted , subgraphs of the corresponding minimal
configuration (Sciriha, 1995b).

J.J. Seidel who is one of the pioneers of the development
of Graph Spectra stressed his belief that the
eigensolution holds the secrets to the understanding of
graphs and the systems they model. The aim of this
work is to unravel some solutions of significant
importance.
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Preliminary Data On The Occurrence And Distribution Of Shallow Water
Marine Sponges (Porifera) Around Maltese Coasts

Joseph A. Borg and Patrick J. Schembri

Department of Biology, University of Malta, Msida, Malta.

Summary. Data on the ecology of the Maltesc Porifera is facking altogether. Even documented basic information on
the occcurrence of commercial sponge species in Maltese coastal waters is unavailable. This study presents the results
of a four year diving survey aimed at studying the occurrence and distribulion of shallow water sponges around the
Maltese Islands. In all. 33 species of Porifera have been identified. most of which are new rccords for the Maltese
Islands. Information on the bathymectric distribution and abundance of these species is given. Although an extensive
area has been covered in our survey. we have not recorded any commercial sponges. It is therefore likcly that these
species do not occur locally. at Ieast in shallow inshore walcrs.

Keywords: Porifera, sponges. Maltese Islands. sponge disease. species lists, check-lists, sponge fisheries.

Sponges are a ubiquitous componcn! of the marine
benthos. Some species have considerable commercial
importance as their f(ibrous skcleton is the familiar
bathroom sponge and they have been exploited by man
since antiquity. Until recently there has been a thnving
fishery for sponges in the Medilcrranean centered mainly
on Greece, Tunisia and Turkey (FAO. 1994). Despite
both their commercial importance and intcresting
biology, there 1s a lack of cven the most basic biological
and ecological information on the Maltese sponge fauna,

In July 1990. a FAQO rcgional workshop was held in
Malta to discuss the situation concerning the occurrence
of a discase which had afflicted both commercial and
non-cominercial species of sponges since 1986 (FAQ,
1994), This disease had a large cconomic impact on the
Mediterranean commercial sponge fisheries, having
practically eliminated this industry in some countrics
{Vacelet, 1991). Studies made during the past four years
have suggested that the disease is duc to a baclerium
which normally plays a part in the digestion of the
spongin skelcton of dead sponges by secreting a
collagenase enzvme. In conditions stressful to sponges.
this bacterium becomes virulent and also atiacks the
skeletal tissue of live sponges (Vacelet ef af., 1994). At
the time of the Malta FAQ workshop, the authors were
asked to supply data on the local occurrence of
conunercial sponges and on the incidence of the sponge
discase. The only information available concerning
sponge [isherics in Malta were the recollections of some
local fishermen (see below), A literalurc scarch for

information on the local commercial and non-
commercial sponge fauna rcvealed only a single
putlication, which recorded ninc non-commercial

species of Porifera (Micallef and Evans, 1968). These
identifications arc suspect, however, as the identification
source uscd by the authors is a scmi-popular guide to
Mediterranean marine lifc which only features a handful

of the species occurring in the Mediterranean, and in any
casc. identification of sponges is difficult without
detailed histological cxamination. The lack of local
information on commercial sponges and of a local
sponge fishery contrasts with the important sponge
fisheries in several nearbv Mediterranean countrics such
as ltaly, Tunisia and Greece. Howcver, local fishcrmen
from Wied iz-Zurrieq conftrmed that forcign fishing
boats had in thc past collected commercial sponges
off Filfla Island. From the fishermen's descriptious of the
diving gear uscd by the sponge fishermen ai that time,
such an activily nwst have been carried out scveral decades
ago. There is also a documented record in local newspapers
of the 1890s concermning commercial sponge fishing
activities in Malta (J. Inguanez, personal communication,
1991},

The lack of basic data on the local sponge fauna, such as an
accurate species list. prompted thc authors to initiate a
survey having three primary aims:

1. To compile a checklist of the shallow water Porifera of the
Mallese Islands and to provide basic ecological information
on their bathymetric distribution and abundance.

2. To establish whether any commercial sponges cxist
locally,

3. To monitor the local occurrence of the sponge discase.

As a preliminary to this survey, J. Vacelet (Station
Marine d'Endoume, Marseillc) together with one of us
(JAB), carried out five dives at different sites around
mainland Malta to assess the incidence of the sponge
disease amongst local sponge populations, 1o record he
most commonly occurring non-coumnercial specics, 1o
gain experience in their ficld identification and to search
for commcrcial species. Dala on the incidencc of the
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sponge disease amongst non-commercial sponges
obtained during this preliminary survey have been
published in Vacelet ef af, (1994) and FAO (1994).

Materials and methods

A total of 31 SCUBA dives were carried out at depths
ranging from zero to 45m in 17 different localities
around the Maltese Islands (Figure 1} In view of the
indications of a past sponge fishery off Filfla, nine out of
the 31 dives were made off this island. During most
dives, divers working in pairs moved underwater along
6-metre wide belt transccts at pre-detcrmined bearings.
The lengih of thesc transects varied depending on the
depth of the water at the site concerncd. All sponges
cncountered in the transects were identified and recorded
in situ where possible, but specimens were also collected
for later identification in the laboratory. An estimate was
wade of the abundance and a particular look-out was
kept for diseased individuals and comimercial species. A
[ew spccimens which arc included in  our species list
were obtatned from saniples collected by trawling at 40-
150m off mainland Malta (Tables I and II), whilst others
were collected during other studics. Most of the
identifications to species level have been checked by 1.
Vacelet of the Station Marine d'Endoume, Marseille,
France. The collection has been deposited at the museum

of the Department of Biology, University of Malta.

Results

In alt, 33 species of sponges have becn identified, most
of which are new local records. Table | gives a classified
list of the species recorded while Table IT provides data
on the localitics surveyed.

The most abundant species in shallow (1-15m), exposed
wilers appeared to be Sarcoiragus spinosula and lrcinia
varigbilis. The latter also  occurred, although less
abundantly, at depths of 20-25m. In nore sheltered shallow
waters (2-6m), cspecially along the rocky headlands of
several inlets, Chondrilla nucula appearcd to have the
highest abundance. In sciaphilic environments throughout
the 15-35m depth range. Crambe crambe and Agelas
oroides had the highest abundance. Chondrosia reniformis
and Petrosia ficiformis were cominon in the 5-25m depth
range in some of the sites surveved. At Filfla, Cacospongia
scalaris was the most abundant species in the 20-35m
depth.

No commercial sponge specics were encountered during
this survey. Only single individuals of non-cominercal
spouges apparently afflicted by the sponge disease were
encountered during dives carricd out in 1993 and 1994,
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Figure 1: Map of the Maltese Archipelago showing the localities surveyed for sponges.
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Species Site
Class CALCAREA
Subclass CALCINEA
1 Clathrina clathrus {SCHAMIDT) M6
Subclass CALCARONEA

2 Leuconia sp. Xghajra

3 Petrobiona massiliana (VACELET) MI13

4 Sycon elegans (BOWERBANK) Mi2

5 Ute glabra (SCHMIDT) Xghajra

Class DEMOSPONGIAE

6 Acanthella acuta (SCHMIDT) Mao

7 Agelas oroides (SCHMIDT) ML, M5, M9 MI0O,
M12. M13, Cl1,Fl

8 Anchinoe sp. M1,

9 Anchinoe paupertas (BOWERBANK) Cl

10 Aplysina aerophoba (SCHMIDT) M2, M4

Il Axinella verrucosa (ESPER) Cl

12 Batzella inops (TOPSENT) MI1. M10

13 Cacospongia scalaris (SCHMIDT) M2 M3, M4, Mo, Fl

14 Cacospongia mollior (SCHMIDT) M6, M13

15 Chondrilla nucula (SCHMIDT) M2, M3, M4,
Mo, M7, M10,
MI10, M11, G2

16 Chondrosia reniformis (NARDO) M1, M2, M4, M6,
M7, M8 M9, MI10,
MII1, Mi3,Cl, C2

17 Crambe crambe (SCHMIDT) M1, M2, M4, M5, Mo,
M9, M10, M11, M12,
MI3. ClL. G1. G2, F1

18 Dictyonelfa incisa (SCHMIDT) M3

19 Dysidea cf. fragilis (MONTAGU) MI

20 Dysidea sp. Ml

21 Fascivspongia sp. M1

22 Haliclona sp, Off Ras il-Wahx

23 Ircinia dendroides (SCHMIDT) Cl

24 Ircinia oros (SCHMIDT) M1, M8 M9 MI13 ClI

25 Ircinia variabilis (SCHMIDT) MI, M2, M4, M5,
M6, M8, M9, M10,
MI2, M13, CIL, Gl
M9, MI0. Fl1

26 Oscarella lobularis (SCHMIDT) M6

27 Petrosia ficiformis (POIRET) M1, M5, M6, M8,

28 Raspaciona aculeata (JOHNSTON) Off Qammieh

29 Sarcotragus spinosula (SCHMIDT) MI, M2 M3, M4,
M35, M6, M7, M8,
M9, M10, MI11,
Cl1, Gl, G2, Fl

30 Scopalina lophyropoda (SCHMIDT) Off Qammich

31 Siphonochalina sp. Off Qammich

32 Spiratrella cunctatrix (SCHMIDT) MI1, M9 MI10MI11

33 Tethya aurantium (PALLAS) Ml12, Gi

Table I. Classified hist of species recorded. The sites where the species were recorded are indicated by a code corresponding 1o that in Fig. 1.

Sites indicated by their actual name were not surveved by SCUBA diving but the specimens were obtained {rom other workers.
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Code Name of site Datc of dive/s Max. depth
Ml Ahrax Point May ‘90 25m
Aug '90 15m
M2 Mellieha Bay Aug 91 15m
Sept ‘91 20m
Oct '91 15m
M3 St Paul's Bay Oct '94 15m
M4 Qawra Point May '90 35m
M3 Qawra reef Sept '91 27m
Scpt '91 27m
Mo Sliema May '90 30m
M7 Zongor Point May '92 ISm
M8 Muuxar Jau '93 3Sm
M9 Delimara Aug '92 30m
MIO  Wied iz-Zurricq  Aug '9! 30m
Aug ‘9l 35m
MI1  Ghar Lapsi May "90 15m
MI12  Anchor Bay Oct '90 15m
MI13  Cirkewwa May '90 30m
Aug 91 25m
Cl Irgicga Point Oct '91 30m
Gl Imgarr ix-Xini  Oct 91 25m
G2 Hondog
ir-Rurnmien Aug '93 lem
Fl Filfla Aug'92 30m
Aug '92 30m
Aug 92 25m
Aug '92 25m
Aug '92 25m
Sept '92 30m
Sept' 92 23
Scpt '94 30m
Sept '94 25m
/ Off Qammieh  Aug '92 40m
/ Off Ras il-Wahx Mar'93 150m
/ Xghajra Aug '90 0-0.5m

Bottom type

Bedrock/Boulders/Posidonia oceanica meadows
Bedrock/Boulders/Posidonia oceanica meadows
Bedrock/Boulders/Posidonia oceanica meadows
Bedrock/Boulders/Posidonia oceanica meadows
Bedrock/Boulders/Posidonia oceanica meadows
Bedrock/Posidonia oceanica meadows
Bedrock/Posidonia oceanica meadows
Bedrock/Posidonia oceanica meadows
Bedrock/Posidonia oceanica meadows
Bedrock/Posidonia oceanica meadows
Bedrock/Posidonia oceanica meadows
Bedrock/Boulders/Posidonia oceanica meadows
Bedrock/Posidonia oceanica meadows
Bedrock/Posidonia oceanica meadows
Bedrock/Posidonia oceanica meadows
Bedrock/Posidonia oceanica meadows
Bedrock/Boulders/Posidonia oceanica meadows
Bedrock/Posidonia oceanica mcadows
Bedrock/Posidonia oceanica meadows
Bedrock/Boulders/Posidonia oceanica meadows
Bedrock/Posidonia oceanica meadows

Bedrock/Boulders/Posidonia oceanica meadows
Boulders/Sand

Bouldcrs/Sand

Boulders/Sand

Bedrock/Boulders/Sand
Bedrock/Boulders/Sand

Boulders/Sand

Bedrock/Boulders/Sand
Bedrock/Boulders/Sand

Boulders/Sand

Bedrock/Sand

Sand/mud

Mediolittoral/Upper infralittoral Bedrock

Table [1. Details of the sites surveyed for spanges.

Conclusions

As cxpected, the majority of sponges recorded during
this study beiong to the class Demospongiae. Due to
the search and sampling methods employed in this
study. small sized epibenthic and cpiphytic specics
such as those found in meadows of the scagrass
Posidonia oceanica may have been overlooked. As a
resull, our specics list is considerably shorter than for
other parts of the Mediterranean (see for example
Pansint and Pronzato, 1985; Carballo and Garcia-
Gomez, 1994} and many more species no doubt occur:
there are currently about 554 known species of
marine Porifera in the Medilerranean (Pansini, 1990)
Nevertheless, on the basis of our results we arc able to
statc that:

1. The shallow watcr sponge fauna of the Maltcsc
Islands appcars to be similar to that of other parts of
the Mediterrancan.

2. There do nol appecar to be any large commercial
sponge beds in Maltese shallow coastal waters that could
be economically exploited, and indeed. no commercial
sponge species were recorded,

We suggest that future work on the local marine sponge
fauna should aim at quantifying species abundance,
compiling a more complete species list and at identifying
the more important species involved in interspecific
relationships with other marine plants and animals.
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The Cytotoxic Activity of Cucurbitacin E and Busulphan on Ovarian and
Stomach Cancer Cells /n Vitro: A Comparative Study

Everaldo Attard, Anthony Scicluna-Spiteri
Institute of Agriculture, University of Malta, Msida, Malta

Mario Grixti, Alfred Cuschieri

Ligpartment of Anatomy, University of Malta, Msida, Malta

Summary. 4 comparaiive study of the cylotoxicity of cucurbitacin I, a natural product, and busulphan on human
ovarian and stomach cell lines was carricd out. The cells were exposed to different concentrations of these two
compounds and cell viability was determnined from day 0 to day 11 1t was observed that cucurbitacin £ had a marked
effect on the ovariain cancer cell line while busulphan showed a similar effect when exposed lo the stomach cancer
cell fime. These drug-cell combinations showed a pronounced cell kill exponential curve, leading to the conclusion
that cucurbitacin {7 exerts its pinocyiic activity on the ovarian cancer cells while busulphan exerts its alkylating

effect on the stomackh cancer cells.

Kevwords: Iichallium elaternan, Cucurbitaceae: cucurbitacin E: busulphan: ovartan cancer cell line; stomach cancer

cell line

Cucurbitacin E and other cucurbitacins arc highiy
oxvgcnated triterpencs which are found solelv in plants
grouped under the Cucurbitaceae family, including
Fehallinn  elateriun .. {the squirting  cucumber).
Fehaitivm efaterium L. is a local medicinal plant which
has been used in folk medicine as a cathartic (Cint,
1991) and as an cmetic (Lanfranco, [975). It has also
been used in dropsy (Penza, 1969) and in the treatment
of jaundice (Cini. 1991},

Experiments on the juice of the plant have shown that it is
cflective in the treaiment of constipation, oedema, sinusils,
and the prevention of liver disease (Yesilada ef af.. 1988).
Howcwer, it has been found that the juice has a low
therapeutic index (Famsworth, 1992), but that it conlains
cucurbitacins. including cucurbitacing B and E. which have
antitumour — activity.  Despite  this.  when  individual
cucurbitacins were tested on various normal cells, the cell
viability was not affected (Gallily et of., 1962).

Cvtotoxicity (Gitler et al.. 1961) and metabolic studies
(Shohat ¢t al., 1962) were performed on Sarcoma 180,
Leltre Erhlich ascites carcinoma and Sarcoma Black
using cucurbitacins D, E and I in mice. There was a
higher cytotoxic cffect shown by these compounds on
Sarcoma 180 than on the other twa cell lincs, Metabolic
studies showed that in Ehrlich ascites carcinoma cells.
the oxygen uptake of cells was morc sensitive to the
action of cucurbitacins than the anacrobic glvcolysis. It
was observed that the inhibition of the oxidative
metabolism of the cancer cells by the cucurbilacins was
related to that observed by hydrocortisone. This may be
duc to the fact that the cucurbitacins have a steroid-like
structure which may influence the perineability of the

membranes of the cells and mitochondria. Combination
therapy with cucurbitacins and X-rays on transplanied
tumours in niice (Shohal et al., 1965) was less effective
on Ehrlich tumour than Sarcoma Black.

Cucurbitacins B and E showed an effect on cultured
human nasopharyngeal carcinoma. and Sarcoma 37
implanted intramuscularly into right hind legs of CAF1
mice when these compounds were injected intra-
peritoncally.

Cucurbitacin E (Figure 1) can exert its cylotoxic cffect
cither on the ccll membrane (Gallily et al., 1962} or on
the DNA in the nucleus of the caucer cclls (Kupchan et
al.. 1973). The cucurbitacin side chain is important for
the observed cyvtotoxic activity (Kupchan et al., 1970y,

C
| - N
CH3 —8—0—Cl, —CH, —Cl, —Cll,
0

Busulphan

L.eaving Group

-OH _
Leaving Group

Cucurbitacin E

Figure 1. Structures of Busulphan and Cucurbitacin I
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Busulphan (Figurc 1) is an alkylating agent. which
cxerls i1ts actton by joining two guaninc residucs on two
strands of thc DNA, leading lo cross-linking. This, in
wrn, prevents the uncoiling and replication ol the DNA
molecule, thus halting the multiplication of the tumour
cells (Rogers et al., 1976).

Scveral studies have been carried out on the ccll lines
alrcady mentioned using different cucurbitacins, but the
effcet of these compounds on ovarian and stomach
cancer ccll lines has not been studied. The present study
was thereforc undertaken to examine any possible effects
of cucurbitacin E on ovarian and stomach cancer cell
lines and also to compare the cffect of cucurbitacin E
with that of a widely used cvtotoxic agent. busulphan.

Experimenta!l Procedures

Cucurbitacin E was preparcd by solvent extraction of the
fruit of Echalfium claterium (Lavie et al.. 1958).
collected from Marsascala (Malta). 52% (w/w) of the
pure compound was oblained. Its purity was confirmed
using five analylical methods: UV and IR
spectrophotomctry, Melting Point Delermination, TLC
and HPLC against a known standard. A speccimen is
deposited at the Institute of Agriculture, University of
Malla. Fromn a stock solution of 1.8x10"M. I in 10
dilutions were prepared.

Busulphan (Myleran® Wellcome, West Sussex, UK.}
500mg tablcts were ground in a mortar and then
dissolved in RPMI 1640 medium to make a final stock
solution of 4x10”"M. ! in 10 dilutions were then
preparcd.

Single stomach (SNU-1) and ovarian (OVCAR-3) cell
lines were obtained from the Department of Anatomy
University of Malta. These cell lines were cultured and
subcultured to propagate the cecll lines. The cells were
grown in RPMI 1640 medium in sterile Nunclon®
culturc flasks and incubated at 37°C iu 6% COj.
Subculturing was performed every seven days (Freshney,
1988).

A cell suspension was obtained by dctaching the
monolayer from the flask using trypsin and resuspending
the cells in RPMI medium. Complete cell detachment
was visualized under a x100 magnification microscope
(Diaverl Leitz-Wetzlar). 20ml of RPMI medium was
added Lo cach flask (x2) and the cell suspension was
mixed. A small sample was withdrawn and cells werc
counted in an Improved Neubaucr hacmocytomceier using
the method described in the Sigma Cell Culture
Catalogue {1994).

The drugs were added on day 0. Twenty-eight tubes were
used in all. 1ml of ovarian cell suspension was added to
cach of fourteen tubes while lm!l of stomach ccll
suspension was added to another fourteen fubes. The
concentrations of cucurbitacin E used were: 1.8x10°°M,
1.8x10'M and 1.8x10"M. The concentrations of

busulphan used were: 4x10°M, 4x10"M and 4x10""M.
2ml of the three solutions with differcnt concentrations
ol cucurbitacin E were added to six tubes containing
ovanan cancct cells, and to six tubes conlaining stomach
cancer cells. The same procedurc was repeated for
busulphan. The rest (1.c. four tubes) acted as the control
tubes in which 2 ml of RPMI medium were added to the
cancer cell suspension.

From days 7 to 11, the nuinber of viable and non-viable
cclls was counted using a hacmocylometer and 0.4%
trypan blue for the staining of non-viable cells (Freshney.
1988). Tlhe experiment was followed from day 7 1o 11. as
it was observed in our laboratory that therc was no
significant lethal effect on the cancer celis from day 0 o
day 7. The five-day period. dav 7 to 11. was sufficient to
provide information on the cytotoxic activity of both
cucurbitacin E and busulphan on the two cancer ccll
lincs A prcliminary study had shown that the decreasc
in percentage cell viability was not significant aficr day
11

The percentage cell viability was calculated using the
number of viable and non-viable cells obtained. The four
results were used to obtain an average percentage cell
viability, The counting of non-viabile cells was neccssary
to determine the LC., which is the concentration of
cytotoxic compound required to kill 50% of the cells in
suspension. The decrease in cell viability should depend
on the cylotoxic activity of the compounds and not on the
limiled environmental factors, which include nutricnt
availability in the medium and the conditions inside the
incubator. The cell counts for the tubes treated with the
cyvlotoxic compounds were adjusted by taking the average
cell count in the control tubes to be [00%.

Results

Tumour Cell Growth Inhibition. Figurcs 2 to 5 show the
percentage log cell viability against number of days. for
ovarian and stomach cancer cells. both trcated with
cucurbitacin E and busulphan.

As can be observed from Figure 2, at 1.8x10°M.
cucurbitacin E showed a lower terminal percentage log
cell viability than at 1.8x107M, although cell viability,
for the latter, was markedly reduced. Figure 3 shows
that the inbibition of tumour growth is higher with
increasing busulphan concentration. At the two lower
concentrations (4x10*M and 4x10"'°M) of busulphan
used, a rapid fall in cell viability was evident after day
10 while at 4x10°M, a rapid decrease was observed
after day 9. Figure 4 shows that the effect of
cucurbitacin E on stomach cancer cells varied with the
three different concentrations used. At [.8x10°*M
cucurbitacin E, there was a rapid decrease in cell
viability between day 8 and 9 but a slow steady fall
thereafter. At 1.8x10°M cucurbitacin E, there was a
lineac decrease in  cell viability. At 1.8x107M
cucurbitacin E, there was a slow decreases in cell
viability after day [0. Stomach cancer cells treated with
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4x10°M busuiphan (Figure 35) showed a stepwise
decrcasc in viability with time, A considerablc decrease
in ccll viability after day 8 was observed at the three
concentrations of busulphan used, but no further effect at
4x10°M and 4x10°M was observed after day 10. Al
4x10"M busulphan a higher cytotoxic effect was
observed than at the lower concentration of 4x10""M.

The four different cell-drug combinations were compared
using the Probit analysis. The differences in the trends
for these combinations were found to be statistically
sigmficant (P<0.05, v=4).

Cucurbitacin E showed a higher cytotoxic effect on the
ovariar cancer cells than busulphan. It is worth noting

*
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Figure 2: The Percentage Log of the Adjusted Cell Viahility against Time for ovarian cancer cells exposed to three concentrations of
Cucurbitacin E (Concentrations: 1 1 8x10°M, 2 = 1.8x107M. 3 = 1.8x] 0"“M}.
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Figure 3: The Percenlage Log of the Adjusted Cell Viability against Time [or ovarian cancer cells exposcd to three concentrations of
Busulphan (Concentrations: | ~4 x 10°M. 2 =4 x 107 M, 3 = 4 107"M).
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ligure 4. The Percentage Log of the Adjusted Cell Viability against Time for stomach cancer cells exposed to three concentrations of
Cucurhitacin E {Concentrations: | 1 8% 10°M. 2+ 1.8 % 10°M. 3 = 1.8 x 10°M).
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Figure 5: Graph ol the Percentage Log cof the Adjusted Cell Viability against Time for stomach cancer cells exposed to three concentrations
of Busulphan {Concentrations: 1 - 4 xI0"M, 2 4 x 10", 3=4x lO'mM)

that at the highest concentration of both cytotoxic
compounds used (1.8x10°M cucurbitacin E and 4x10°M
busulphan), a similar patitern was  observed,
characterized by no further cytotoxicity at day 11. In the
stomach cancer cells, a grealer percentage ccll death was
obtained with busulphan than with cucurbitacin E.

Minimum Median Lethal Concentration. Table | shows
the minitnum median lethal conceatration for the two
different cell lines treated with the two cylotoxic drugs.
Cucurbitacin E showed a minimum LCe of 2.72x107"M

for the ovarian cancer cclls at day 10. and a minimum
LCsq of 0.5269M for the stomach cancer cells at day 7.
For busulphan, the minimum LCs, for ovarian cancer
cells was 9.14x107'M at day 9. while that for the stomach
cancer cells was 2. 14x10°°M on day 10.

From the values onc may notc that cucurbilacin E has a
greater aclivity on ovarian cancer czlls than busulphan
(mLC:y E < mLCsy; B). On the other hand.
busulphanshowed a greater effect on the stomach cancer
cells although this occurred on day 10 as opposed to the
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Stomach Cancer
Cells

Ovarian Cancer
Cells

Cucurbitacin E

mLCsg 272x10°T M 05269 M

X value* (.8795 0.7575
Busulphan

mLCs0 9.143x104 M 2.14x10°8 M

R value* 0.9006 0.9540

Table L. Table showing the mL.Cs for the two different compounds
and cell lincs. *All R values are taken at p<0.05, v = 4.

mLCs; of cucurbitacin E which was found on dav 7. The
LCs, for cucurbitacin E-treated stomach cancer cells 1s
too high (0.5269M) to be considered as an effective
compound.

Discussion

Since cucurbitacin E has been shown 1o have an effect on
DNA by alkylation {Kupchan et al, 1973), and on the
cell membrane by the proccss of pinocytosis (Gallily et
al., 1962), it was of interest in this study to compare ils
cffects on cancer cells with thosc of busulphan and to
draw some conclusions from the results obtained.

Tumour Cell Growth Inhibition. The results show that
the in vitro cytotoxic effect of cucurbitacin E was best
observed on ovarian cancer cell lines while busulphan
showed a greater effcct on stomach cancer cells.

If onec considers that cucurbitacin E is taken up by the
tumour ccll by a rate limiting process, there might be
sufficicnt uptake at low concenlrations to have an
alkylating effect on the DNA. This might cxplain (he
grealer cylotoxic effect observed for cucurbitacin E on
ovarian cancer cells at thc lowest concentration
(1.8x10°M) used. Whether this effect is due to the
process of pinocytosis is still to be determined.
However, this process is greatly influenced by high
cucurbilacin E concentrations, whcre an increase in
the uptake of fluid inside the cell leads to cell
blistering and eventually cell dcath. This was
observed by Gallily and co-workers (1962) on four
cell lines, using elatericin A and B. At high
concentrations, the effect on the cell membrane is
more pronounced,

Busulphan, at a concentration of 4x10"°M and 4x10*M.
did not have an cffect on the ovarian cancer cells.
This is known as the tunerostatic effect. At these two
concentrations,  insignificant  cytotoxicity  was
observed until day 10 after which a decrease in cell
viability was obscrved. Al the highest concentration
{(4x10°M) used, the same cffcct was observed until
day 9 after which there was a better response.This
might be explained by the fact that busulphan did

not appear to affect the pinocytic activity of the tumour
cells since cell morphological changes were not
observed. The high ratc of cell death observed for the
high concentration might be duc to the effects on the
DA by alkylation.

At the lowest concentration (1.8x10"M) of cucurbitacin E
used, a small effect on the stomach cancer cell line was
observed, probably due to the limited amount of drug in
solution. However, at the highest concentration (1.8x10°M)
a marked effect on cell viability was observed. It can be
concluded that stomach cancer cells showed marked
resistance towards cucurbitacin E, as was shown by the
ovartan cancer cells toward busulphan. On the other
hand, busulphan showed cffective cytotoxicity in the
stomach cancer cclls, Although there was a greal
reduction in the viable count at the highest concentration
(4x10°M) used. the 4x10°M concentration showed a
lower end-point. However, at these two concentrations,
after dav 10, no further significant inhibition was
observed.

It would appear that the activity of the cytoloxic
compounds on stomach cancer celis does not depend on
the pinocytic activity but on the alkylating effect on the
DNA since busulphan had a greater activity (han
cucurbitacin E on these cancer cells.

It can be concluded from these results that cucurbitacin E
lacks the pronounced alkylating effect of busulphan but
the latter lacks the pinocytic activity of cucurbitacin E. It
might also be postulated that cucurbitacin E increcascs
the uptake of busulphan (and other alkylating agents)
while the latter exerts its effects inside the cell. The
effect of cucurbitacin E on the permeability of cell
membranes {(Shohat ef 4/, 1962) could be duc 1o its
steroid-like structure which is similiar to that of the cell
membrane. [t should also be stressed that cucurbitacin E
has an effect on both cell lines. although a minimal one
on the slomach cancer cells.

Minimum Median Lethal Concentration. The median
lethal coucentrations (LCsp) for cucurbitacin E on the
ovarian and stomach cancer cells show that for the
ovarian cells the LCso was quite satisfactory and hence
nierits further attention while for stomach cancer cells
the high LCs, indicates a lack of sensitivity of these cells
for the cylotoxic compound .

For busulphan the LCsg, for the ovatian cancer cells is
quitc high and so it can be regarded as incffective for the
treatment of ovarian cancer. In fact the mLCs, for
busulphan is 3361 times greater than that for
cucurbitacin E in these cells. However, the low LCs, for
stomach cancer cells suggests that it can be used. On the
contrary, the mLCs, for busulphan is much sinaller than
that for cucurbitacin E, i.e. the mLCs, of the latter, being
about 2.46x107 times grecater than the mLCs of
busulphan.



34

The Cytotoxic Activity of Cucurbitacin E and Busulphan

To substantiate the above finding, further
iuvesligations would have to be carried out to
determine the extent of the activity of the two
cytotoxic agents in vive, to determinc morphological
changes and to detect any DNA aberrations,
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Motor Vehicle Accidents: Analysis of Casualty Department Data, St.
Luke’s Hospital, Malta.

Maurice N. Cauchi

Department of Pathology, University of Malta Medical School , Guardamangia.

Summary: Motor vehicle accidems (MVAs) referred 1o St. Luke’s Hospital Casualty Department were analysed. There were 616
MV As referred to hospital during the year , an incidence of 170 per 100,000 of the population. There were 3 accident rate peaks.
natncly. one carly i the morning, a second around mid-day, and a third around 6 pm. The majority (55%) involved young persons
under the age of 30 years. The nisk of hosprtalisation was highest for males in the 20-29 age group (480/100,000). Neary one third
required hospitalisation for more serious injuries. This analysis crphasises the need for urgent measures to be taken to reduce the

raic of MV As and associated morbidity.

Keywords: motor vehicle accidents. Malta. S Luke’s Hospital, emergency, admissions

The number of motor vehicle accidents Is increasing

at an alarming rate. This has resulted from a Total Male Female Ratio M/F
number of (actors. In Malta, there is currently one Jan 37 26 11 2.36
car for cvery lwo residents (sce Brockdorff 1993), Fcb 45 29 16 1.81
Morcover, Mallese  drivers have become more Mar 38 22 16 1.37
mobile, using their car more frequently, and younger Apr 34 24 Lo 2.40
in age as a result of the increasing purchasing power May 21 16 5 3.20
of the individual. Jun 70 48 21 228
Jul 97 62 32 1.94
Studics relating to the incidence and pattern of car Aug 43 26 L5 1.65
accidents in Malta are not readily available (sce Sep 44 26 16 1.69
Camilleri 1969). In this study. an analysis of MVA Ot 34 20 13 170
casualties admitled to the Casually Department of St Nov 42 28 14 2.00
Dec 61 41 19 2.16

Luke's Hospilal over a period of one vear (1994) was
carried out with a view (o determinc patlerns which
were significantly related to increased raffic accidents.

Materials and Methods

The registers ol the Casualty Department, St. Luke’s 100
Hospital. werc examined [lor the vear 1994, The N
followtng information was obtained. 80
70
Agc. sex. place of residence, date and time of accident, Number gp
and oulcomc (whether discharged or transfcrred to a of 50
hospital ward). Data was stored on a data-base and Cases
analysed nsing a statistical analysis  package 10
{Manugistics Statgraphics Plus). Risk ol admission to 3
SLH for injury for MV As was defined as: 20
Nuwmber of persons adimitted during a defined time 1:)}

Number of persons in that age/sex bracket in the Maltese population

Results

The number of 1njuries resulting fromn motor vehicle
accidents admitted to St Luke’s Hosputal (MVAs) per
mouth varied fron a low of 21 in May (o a high of 97
in July (Tablc 1, Figurc 1). As expecled. there is a
considcrable male preponderance, with male:female
ratios ranging from 1.4 to 3.2. There does not seem to
e a scasonal distribution in this ratio.

Table 1© Motor vehicle injury admittance 1o SLH. bv month and
sex. 1994,

Jan Feb Mar Apriay Jun Jul Aug Sep OctNovDec

Months
g Female p Male o

Figure 1: Monthly variation in the number of admissions to SLII
casualty department.

There was a preponderance of accidents in the early
hours of the morning. In males, the period from
midnight till 4.00 am accounted for 285% of all
accidents. Therc was a second peak during latc
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morning and another around 6 pm. In fcmales. the
periods between 4 and 6 pm accounted for the highest
relative proportion of accidents {(Figure 2. Table 2).

80
70

60
Number g \

of 0 \
Accidents
304

20
10

1 1 T

2 4 6 8

T T T T T T T ;
10 12 14 16 18 20 22 24
Time of day

-o-Male --Female

Figure 2. Variation in the number of admissions 1o SLH by time of
day. Noie the prominent early moming peak affecting mainly male
individuals. Other peaks occur at around mid-day and around 6
p.m.

|'ume Males |[Females | Total M/F
No. % [No. % |No. %
<4 00hrs 113 28.5|54 2531167 27.6]2.09
4.00-<800hrs | 46 116|14 66| 63 98]3.29
8.00 -<12.00hrs{ 68 172(38 1781106 174]1.79
12.00 -<16.00hrs) 45 114(21 98 66 10.8}2.14
16.00 -<20.00hrs| 73 18456 264[129 2121 1.30
20,00 -<24.00hrs| 51 129130 1411 81 13.3] 1.7

Table 2. Number of persons hospitalised {ollowing MVAs, by
time of occurrence,

The majority of accidents involved young persons
under the age of 30 - in fact, 64% of injuries involved
persons in this age group, with a sharp drop after the
age of 30 years (Figure 3, Table ).

&0

0

40

Number
ol
Accidents

/\
NN
o LA

s 16 17 18 19 20 313233 24725 Jo 35 &0 %0 &0
Age(yr)
-0—Males -4 Females

Figure 3: variation in admission 10 Slh by age and sex. Note the
sharp peak for males aged 18-20 vears.

There were 185 MVAs involving persons under the age
of 20 years (33%), and 171 between the age of 20 and
30 years (23.4%). For the 20-29 age group, the risk of
hospitalisation was 480/100,000 in males and
199/100,000 in females and was only slightly less for
the 10-19 age group (373 and 181 respectively).

There were significant variations in the incidence of
hospitalisation rates between the days of the weck, with
Sundays showing the highest incidence (21%) (Table 4)

Maltese Risk per

MVA's Population, 100,000
Age(Yrs) M F M F M F
0.9 13 16 | 27817 26502 47 60
10-19 107 49 | 28708 27086 373 181
20-29 123 48 | 25601 24142 480 199
30-39 59 32 © 28981 28102 205 114
40-49 Ly 234 27471 27736 134 83
50-59 17 111 16477 18669 103 59
~60 27 17 | 23507 10502 115 56
TOTAL 383175 1178560 182709 214 %

Table 3: MVAs: risk of Hospitalisation. by age and sex.

Injuries
Number Per cent
Monday 62 13
Tuesday 33 10.]
Wednesday 64 11.7
Thursdav 90 16.5
Friday 80 14.2
Saturday 8] 14.1
Sunday 113 209

Table 4: Vanation in number of injurics, by day of week.

A measure of the degrec of severity of the MVA may be
obtained from an analysis of the discharge rates after
attending the Casualty Department: obviously. those
transferred 1o one of the hospital wards would account
for the more severc cases. Table 5 shows that nearly
29% of all MVAs were referred, The proportion of
males was slightly higher than that for females, but this
was not statistically significant.

Males Femaies Total
Discharged 251 147 404
Referred 104 49 153
Total 355 196 551
% Referred 293 25.0 278

Table 5. Propertion of MVA patients referred for  (urther
mnvestigations and/or treatment (Note: Relative risk — 1.24, SE(RR)

1.22, 95% confidence interval for corrected Rr - 0.38 - 1.84. ¢’
tfor equal nsk - 0.96, N.S.).

Table 6 gives an analysis by arca of residence, for
localities where (he total number of MVASs was 10 or
morc. When expressed as a proportion of the total
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Yy MALES FEMALES TOTAL % EXPECT POPn

FLORIANA to 4 14 486 5 2883
MSCALA 10 5 10 395 7 3796
ST. JULIANS 16 8 24 342 12 7012
SANTA LUCIA 8 4 12 334 G 3594
MSIDA 12 10 22 321 12 6854
ST. PAULS BAY 11 5 18 300 10 6001
ZEBBUG 21 3 24 234 13 10248
B'KARA 31 18 S0 233 537 Zld45¢0
GZIRA 12 [ 18 224 14 8032
SLIEMA 12 bl 25  bB4 23 13567
ATTARD 1 3 14 179 13 779
TARXIEN 8 5 12 175 13 7417
ZABBAR 16 7 23 169 23 13622
SANGWANN 12 [y 18 166 14 %032
TIAMRUN S 12 17 146 20 11653
ZURRIEG 9 3 12 141 15 8518
MOSTA 11 9 21 136 20 [540]
QORMI 17 7 24 134 31 17958
RABAT 9 7 16 1.27 22 12613
ZEJTUN g 6 14 123 10 11411
PAOLA 9 2 I 115 16 9522

Table 6: Hospitalisation following MV As: by place of residence

population residing in the particular locality, it is seen
that certain areas of residence are associated with a
grealer (han expected incidence of MV As. For instance,
Floriana, Marsascala, St. Juliaus, Santa Lucia, Msida
and St. Pauls Bay (Bugibba) were associated with a
MVA rate of more than 3 per 1000 population, whereas
at the other end of the scale, Paola, Rabat, Qormi,
Mosta, Zejtun and Hamrun had less than 1.5 per 1000
(X2 =64.5. P <.00]).

Discussion

This studv represents an analysis of motor vehicle
accidents presented at SLH during a period of one year.
There were 616 MVAs treated during this vear,
representing 170 per 100,000 population. It is
important to bear in mind that this represents only a
proportion of MVAs and does not include the
considerable number of minor accidents that do not
require hospitalisation.

It is of intercst (o note that while Junc and July saw
peak MVA rates, August was a relatively quiet month
(with 43 MVA incidents, less than the number in
February). Thus the distinction between the “busy”

summecr months and the rest of the year is not so clear-
cut. The reasons for this low incidence in this relatively
busy month are not clear, and could be due to randomn
variation from year 1o year. Analysis over a number of
years would be required beforc an analysable pattern
can emerge.

The time distribution of MVAs calls for comment.
There were three distinct peaks seen in the rate of
accidents, namely (a) carly hours of the morning, (b)
around mid-day, and from 4-7 pm. While the daytime
accidents might be corrclated with the increase in
motor traffic on the roads, the early morning peak ts
more likely 1o be associated with a younger age group.

Possible factors accounting for this unnecessary loss of
life include the following:

a.  the marked tendency for Maltese youths to indulge
in late night entertainment. particularly on a wcekend,
and, in the summer months. throughout the week.

b. thc increased tendency to drink, which is now
being offered in bulk (Disco clients are being offered
the option of paving a oncec only fee of Linl0.00 and
drink all they can),

¢.  increased availability of motor cars for younger
age group drivers. Increased afflucnce has been a
major factor in this phenomenon,

In fact, one of the most obvious findings in this study in
comparison with the study carried out by Camilleri
relating to Lraffic accidents in 1967 is the presence of
the early moming pcak of accidents which was non-
existenl at that time.

The day-to-day variation was significant, with lowest
incidence during Monday-Wednesday and increasing
for the rest of the weck with a peak on Sunday (which
includes the Saturday night / Sunday morning MV As).

Whether there cxists an accident-prone personality is
difficult to prove. A reccnt study from Finland (Hilakivi
et al, 1989) has shown that young male persons
involved in traffic accidents are more likely to show
impassivity, adventurousness, naivele, excessive
trustfulness, and depression - factors relating to the
control of emotions.

It is to be noted that wherever statistics over a long
period of time have been analysed, the conclusion is
confirmed that there is a tendency for accident death
rates to increase over all ages, but the most striking
increase is likely 1o affect youths aged 15-24 years of
age (Millar & Last, 1988). These findings have been
confirmed in Malta in a recent study (Galea, 1992).
Any preventative aspects must take this into
consideration, and special effort should be made to
investigate the factors that could possibly be responsible
for the escalation of this specific type of MVA.

The value of wearing seat belts in preventing serious
injury has been emphasised again in a number of studies.
For instance, Orsay et al (1988) conclude that “safety
belt wearers had a 60.1% reduction in severity of injury,
a 64.6% decrease in hospital admissions, and a 66.3%
decline in hospital charges”, emphasising the increasc
cost of medical care required for non seat-belt wearers.

The higher than expected incidence of MVAs
associaled with certain localities is of interest.
Residents at Floriana, M'Scala SL. Julians, Santa Lucia,
Msida and St. Paul’s Bay (Bugibba) arc 2-3 timcs more
likely to be involved in MV As than residents of Paola,
Zejtun, Rabat, Qormi, Zurrieq or Hamrun (Table 6). It
is to be emphasised that these are residential addresses
and not accident localities, and therefore do nol
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necessarily relate to local road or traffic conditions.
although it is reasonable to argue that residents of high
density traffic arcas are more likely to be involved in
car accidents than those residing in more rural areas.
More study would be required to confirm these findings
and to ferret out those factors associated with this
increased accident rate.

While this study is restricted to only one year’s MVAs,
the pattern of accidents found is likely to be repeated.
Efforts to reduce the number of MVAs must start with
an analysis of the factors that lead to these accidents.
While it was not the aim of this study to tease ocut these
factors, serious cfforts must be made by the relevant
authorities to ensure that the multiple factors involved
in car accidents as highlighted in the daily press (sce
cg. Cauchi M.N. 1995) are analysed and dealt with.

References
Brockdorff PV (1995) Facts, Figures and Myths on

Malta, The Sunday Times, February 12, 6.

Cauchi MN (1995) Road Carnage: Need for Action The
Sunday Times, March 5, 39.

Camilleri VT (1969) Traffic Injuries in Malta - some
considcrations and suggestions. The St Luke's
Hospital Gazetfe. iv, 19-27.

Galea G (1992) A Young man’s Death: An Analysis of
Premature Mortality in Malta. University of Malta.

Hilakivi I, Veilahti J Asplund P, Sinivuo J, Laitinen L.
Koskenvduo K (1989) A sixteen factor test for
predicting automobile driving accidents of
young drivers Accid Anal Prev. 21, 413-418,

Millar WJ and Last JM (1988) Motor vehicle traffic
accident mortality in Canada, 1921-1984. Am. J.
Prev. Med, 4(4) 220-230.

Orsay EM, Turnbull TL, Dunne M, Barrett JA,
Langenberg P and Orsay CP (1988) Prospective
study of the effect of safety belts on morbidity
and health care costs in motor-vehicle accidents.
JAMA., 260, 3598-3603.

Your fvourite ge

VBRAU

r...The better Lager




Xjenza 1996; 1:1 39-40

319

Current Research Profile

Dr. Robert Martin Borg Ph.D. (Dalhousie)
Department of Chemistry, University of Malta, Msida, Malta.

Robert M. Borg was born in Sliema in 1936, He
attended secondary school at St. Alovsius College,
B'Kara, followed by two vears at the (old) Junior
College, Valletta. In 1974, he joined the B.Sc. course at
the University of Malta, and subsequently rcad for a
Masters degree under the guidance of Professor Victor
Ferrito. The title of his M.Sc. disscrtation was "The
Analysis of the Oxazolone Derivatives of Amino Acids
by Gas Chromatography-Mass Spectroscopy”. This
work also led to his first academic paper.

His sclecion for a Canadian Commonwealth
Scholarship in 1979 cnabled him (o read for a Ph.D. in
chemistry  at  Dalhousie  University, Halifax, Nowva
Scotia. The ncxt four years, under the mentorship of
Professor Donald R. Arnold, deterinined the direction
his acadenc carcer would takc, as a passion for organic
photochemistry was kindled. Indeed. to this dav, the
title of his Ph.D.  thesiss "Radical [fons in
Photochemisiry” best describes his current rescarch
interesis. These involve the study of the light-induced
generation of charged organic molecules, and their
subsequent reactions,

Having graduated from Dalhousie in 1983, he spent the
ncxt five years as a post-doctoral fellow, the first two at
the University of Marvland at College Park followed by
three years at the Universily of Toronto both posts held
with promincnt photochemists. His research efforts in
this period culminated n  several publications,
including the award of a U.S. Patent, which describes a
novel process by which water-soluble polymers used
extensively in the oil industry can be made fluorescent,
4 feature that makes their quantitative use casier, and
thus might prevent pollution by avoiding waste,

In 1988 Dr Borg returned from North America and
joined the Departiment of Chemistry at the University of
Malta as full-timne lecturer, where he still is loday (now
as semior leclurer). He teaches organic chemistry,
nuclear magnetic resonance (NMKR) and mass
spectroscopy, and photochemistry on the B.Sc. and
M.Sc. courses.

In 1994, the Department of Chemistry was granted
sufficient funds 1o purchasc a 250MHz NMR
spectrometer. This essential instruinent gencrates some
controversy duc to the high running costs of its
superconducting magnet (thc only one in Malta), which
requires cryvogens (liquid helium and liquid nitrogen),
However, by having access to this instrument (which is
in use by rescarch students practically 365 days a year),
Dr Borg was able to publish the results of his research

in a British journal within six months of its acquisition.
Since then, another paper has been published, with one
more manuscript on the way. These publications
{described below) are also thanks to the hard work of
the cxcellent graduate students currently reading for a
Masters degree under Dr Borg's supervision.

Current Research Interests

a) The photochemicai reaction between cyano-
aromatics and alkenes in acetone solution.

It has been shown previously by Arnold and co-workers
(1984) that the irradiation of the dicyvanobenzcnes in
the presence of 2.3-dimethyl-2-butene
(tetramethylethene, TME) in polar acetonitrile solution
vields subslitution products as a result of photoinduced
electron transfer, whilst in non-polar benzene solution,
no reaction is observed to occur (Scheme 1).

é *H%leg‘g

Scheme !

A new mode of photorcactivity of the dicyanobenzencs
with TME, when acetone is used as a solvent, has
recently been reported (Borg, 1994), Irradiation of I,3-
or l.4-dicyanobenzene in the presence of TME, in
acetone solution, affords cyano-substituted 2,3-dihydro-
2,2.3 3-tetramethyl-1#-inden-1-ones in good yields.
The ortho isomer of dicvanobenzene proved relatively
unreactive.

hv, acetgne
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NG NC MH

1.4-

13-
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5-CN 67%
8-CN 68%
7-CN trace

Scheme 2

Evidence for the imines being intermediatcs, as well as
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for the involvenent of a charge-transfer inlcraction in the
reaction mechanism was also presented.

These new pholoreactions are significant. since they may
provide a gencral synthetic methadology 1o indenone
derivatives which are known 1o possess biological activity,
or could serve as synthelic precursors (o natural products
such as steroids (Galatsis. 1994). Ongoing studies in the
laboratory of Dr, Borg are thercfore exploring the full scope
of this reaction. so as to determine its synthetic utility. This
work is currently being carried out by an M. Sc. student. Ms
Mariclla Berry, whose first research efforts at the
undergraduate  level  were  responsible  for  the
implementation of this project.
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b) The photochemistry (electron transfer) of 1,1,0,0 -
tetraphenyl-1,(a-1)-dienes.

The discovery, by Neunteufel and Armold in 1973, thal the
irradialion of an acetonitrile solution of 1. 1-diphenylethene
and electron transfer photosensilizers such as 14-
dicyanobenzene yields the tetrahvdronaphthalene ring
systemm via a formal [4e+2e] cycloaddition reaction
(Scherne 3) led Lo a plethora of activity in this arca.
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Despite the extensive natare of the above studics, the
[4e+2c] cycloaddition reaction described above has never
been applied to an intramolecular system and it was
decided to investigate these reactions further. Indeed, in a
preliminary report (Mangion, 1995) it has recently been
demonstrated that the 14-dicvanobernzenc-sensitized
irradiation of 1,1.8.8-tetraphcnyl-1.7-octadiene leads to the

forrnation of the expected [4e+2e] cycloadduct in high
chemical vield and stercoselectivity (Scheme 4).

Scheme 4

In Dr. Borg’s laboralory studics have been cextended to
other tetraphenylated dienes of varving methylene chain
length, with very interesting results. These will be
presented at the Amencan Chemical Socicly National
meeting in Orlando, Florida this sumnmer, with the full
paper due to be submitied for publication shortly thereafter.

(These results are mainly the result of the hard work of an
M.Sc. student, Dino Mangion, who is currently in the
process of writing his dissertation. Dino will shortly be
leaving for Canada, where he has been awarded a graduate
fellowship to read for his PhD. - also at Dalhousic
University under the guidance of Don Arnold!).
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¢) Chemical Actinometry

Although this is not a research arca as such, this article
would not bc complete without mentioning another
M.Sc. project nearing completion. This involves the
construction and subsequent use of an electronic
actinomeler. This is an indispensable instrument in
photochemnistry. and is used to quantifv photochenucal
transformations (such as those described above) to the
amount of hght inpul into the system ie¢  a
measurement  of the gquantum  efficiency  of the
photoreaction. This project is in the able hands of Nicky
Gingell, who has almost completed the construction
stage, in a highly professional manncr. He will soon
be embarking on some important measurenients on
the photochemical systenms described in A) and B) .
above.
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