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EDITORIAL
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Rumours of war....

AS WE APPROACH the first anniversary of the terror-
ist attacks of 11 September, the Australian Defence
Force remains actively involved in Afghanistan, the
Persian Gulf and central Asia, as well as East Timor,
Bougainville and the Solomon Islands, and in the
seas to our north. For all three Services, this contin-
ues to be one of the largest Defence Health Service
undertakings since the Vietnam War. The other fac-
tor that has influenced the way we view our security
is the anthrax letter attacks in late 2001 in the
United States. These attacks have demonstrated the
vulnerability of Western countries to such attacks.
In this issue, both the effects of the ‘white powder’
incidents on the Australian public health system and
the further developments of the health response to
chemical, biological or radiological attack are con-
sidered. The third paper with this theme reviews
developments of pretreatment agents’ protective
against mustard poisoning.

As we move into September 2002, there are also
rumours of war. The United States is keen that the
long-term concerns about Irag’s potential weapons
of mass destruction be addressed. Whether this will
involve the return of weapons inspectors, limited
conflict or all out war is difficult to predict. What is
even more difficult to predict is what the ADFs
health involvement will be. My December editorial
should be an interesting one as we look back over
the next few months.

The Defence Health Symposium 2002, AMMA’s
conjoint meeting with the Defence Health Service,
the Australian Disaster Medicine Group and the
Australian Centre for Post-traumatic Mental Health,
was a roaring success. With over 620 attendees,
there was a myriad of excellent papers presented,
ample opportunity to catch up and network, and a
good infusion of over 50 new members into AMMA.
[ am also very happy to see a range of papers com-
ing to Australian Military Medicine for publication.

In addition to the papers mentioned earlier, this
issue addresses a number of key military medical
themes, including medical research, health policy,
occupational health and Naval history. The future of
Defence medical research, the nutrition of our

recruits, new Japanese encephalitis vaccines and
chemical protective agents, are all addressed.
Critical analysis of current Defence health policy
considers cervical cancer screening, influenza
vaccine and surgical smoke. Finally, the challenge of
providing Naval health care during the Tudor period
provides some important lessons for today.

As always, an excellent series of papers, which
are available to universities and other subscribers,
including Defence, through the Australasian Medical
Index and Meditext. Australian Military Medicine is
also working towards being fully peer-reviewed by
2003. In this issue, we see a number of articles that
have been peer-reviewed. If you can assist in this
process, please complete the enclosed form and
return to the Editor. The other initiative is to look
back ten years to the beginning of the Journal and
to reprint some of the articles from that time. The
first of these is James Ross’ article on influenza
vaccination from 1992.

If possible, the next six months promises to be
more challenging than the last. The rumours of war
will continue and may crystallise, and uniformed
shortages will continue to challenge. At the very
least, there should continue to be a myriad of topics
for future papers, reviews, editorials and letters to
the Editor.

Andy Robertson
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PRESIDENT'S MESSAGE

PRESIDENT’S MESSAGE

OnCE AGAIN, WE AS A WORLD SIT ON THE PRECIPICE.
Whether the protagonists are right or wrong is not for
me to comment. But it seems increasingly likely that
before too long the world will be engaged in another hot
war. Whether Australia is involved remains to be seen.

It is just over 10 years since we last faced the
prospect of a war that involved the potential for the
use of chemical, biological and nuclear weapons. The
frantic efforts that were involved in 1990 to adequate-
ly protect Australia’s forces from these threats led to
an increased awareness of the problems that are faced.
That awareness has been redoubled by the events of
the last twelve months. One of the observations that
will be able to be made of the current efforts will be
how much better is preparedness in these areas.

Since 1990, Australian forces have been working at
an operational tempo that is unprecedented since
Vietnam. Not only have they faced the land deploy-
ments in Rwanda, Bougainville and East Timor, which
have involved the efforts of all three Services, but our
Naval forces have been operating to protect the
borders of the sea-air gap to the northwest, as well
as deploying to the hostile Antarctic regions to protect
Australia’ fishing interests,

In all these activities, the ability to deploy Health
Services in support of the forces (and in the case of
Rwanda as the primary mission of the deployment)
has been vital to success. Our Health Services are
streiched, and the challenges in providing adequate
support are enormous. There has, however, been
significant progress in developing the infrastructure
within which the Health Services can deliver care.

What has been the Australian Military Medicine
Association’s contribution to these efforts? Since 1990,
the Association has held 11 annual scientific confer-
ences, including our co-hosting of the Defence Health
Symposium earlier this year.

Our conferences are widely acknowledged as being
of the highest standard, with papers presented on a
wide range of military health related subjects. They
provide an opportunity for us to get together and
explore options for improving the delivery of health
care to military forces, wherever deployed. At least as
importantly, they provide a venue for informal net-
working where ideas, flights of fantasy or passions can
be discussed, debated, rebutted, or perhaps form the

germ of a seminal idea that could revolutionise
military health care. They also strengthen the bond
between us all as professional healers.

The Association also publishes its journal three
times a year, and, thanks to the hard work of our
Editor, the articles are of ever increasing quality.

It is through these various mechanisms that the
military health profession in Australia will be able to
continue to advance and improve its ability to deliver
the highest quality health care into operational areas
$0 as to minimise mortality and morbidity amongst
those who place their lives on the line in the defence
of our country.

DEFENCE HEALTH SYMPOSIUM

The recent Defence Health Symposium held in Sydney,
and co-hosted by AMMA, was clearly a resounding
success. Over 600 delegates attended, including many
from overseas. The papers, many from AMMA mem-
bers, were of a very high standard. The opportunity to
share knowledge and ideas among us all was unprece-
dented.

At the Symposium dinner, we announced the con-
ferring of Honourary Life Membership on Air Vice
Marshal Eric Stephenson for his long and outstanding
contribution to military medicine. The announcement
was greeted with acclamation.

AMMA also had the opportunity to advance its
membership base, and it was pleasing that we attract-
ed over 50 new members during the Symposium.

The challenge for the Association and Council is to
support and maintain that membership.

The Symposium was the Associations 11th Annual
Conference, and as such the holding of a separate
conference in our traditional month of October will

not occur.

CONFERENCE 2003

In 2003, AMMA will revert to its normal routine of
holding a conference in October. We will go to the
equable climes of South Australia, with the opportuni-
ty to sample the fruits of the local vines. The dates
will be 17 to 19 October, so it is now time to put pen
to paper and start writing those erudite contributions
to scientific progress for presentation at the
Conference.
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FUTURE CONFERENCES

AMMA has been approached by a number of other
associations and organisations to join in co-hosting
future conferences. Council will be considering this
in a strategic context in the next couple of months.
There are positives and negatives in relation to such
proposals.

As the Defence Health Symposium demonstrated,
there is great opportunity in advancing the membership
base of the Association, as well as elevating the profile
of the Association. On the down side are the prospects
of diluting the independence of the Association, dilut-
ing the sponsorship base, and having ever-different
dates for our Conferences. Members who might have
ideas in relation to the concept of regular co-hosting of
conferences are invited to contact a member of Council
and put their thoughts and ideas for consideration.

ASSISTANT SURGEON GENERAL—NAVY
Commodore Peter Habersberger RANR has recently
retired as Assistant Surgeon General — Navy. Peter
has had a long association with the Navy, both as a
clinician (in cardiology) and manager (both through
the former office of the Director General Naval
Health Services and the office of the Surgeon
General). Peter has also been a member of the
Association since its inception, and was instrumen-
tal in organising the Association’s first conference.
1 am sure all members of the Association will wish
Peter all the best for the future.

AUSTRALIAN MILITARY MEDICINE

The new Assistant Surgeon General-Navy is
Commodore Graeme Shirtley. Graeme is a radiolo-
gist in private practice in Sydney and has been the
senior Naval Health Reserve officer in Sydney for
several years, working with the Fleet Medical
Officer in Maritime Headquarters managing the
provision of Reserve personnel support to Health
Service requirements.

Russell Schedlich

Tel: (03) 6234 7844
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Enhancing Resistance to Sulphur Mustard Injury:
Expression of Glutathione S-Transferase in Human
Keratinocytes — Developing a Model to Explore

Pre-Exposure Strategies™

Sam Ross and Peter J Gray

ABSTRACT

THIS PAPER DESCRIBES the rationale for current work undertaken at the Chemical, Biological, Radiological and
Nuclear Defence Centre (CBRN DC) investigating the feasibility of pre-exposure approaches to counteracting the
toxicity of the chemical warfare agent sulphur mustard (HD). HD is a vesicant that causes severe, slow-healing
lesions in skin, lungs and eyes. The work described is focused on endogenous glutathione S-transferase (GST),

a phase II detoxifying enzyme expressed by many eukaryotic cell types. Elevated levels of GST have been found in
some tumour lines resistant to alkylating chemotherapy drugs, which are biochemically similar in action to HD.
It is possible that a capacity to resist DNA damage caused by such drugs could also represent resistance to DNA
damage caused by HD. Human keratinocytes in vitro have been chosen as a biochemical model for the skin, a
major target of HD. The aim of this ongoing study is to determine whether phase 11 enzyme inducers can increase
levels of GST in these cells. A cell survival assay has been developed for this model. A GST assay protocol was
devised, utilising a microplate spectrophotometer with kinetics functions. These techniques constitute a system
that is proving useful in the testing of reagents for toxicity and GST induction in keratinocytes.

[Abbreviations: GSH — reduced glutathione; GST - glutathione S-transferase; HD — sulphur mustard; kbp — kilobase pairs;
LDH, lactate dehydrogenase; MW — molecular weight; NHEK — neonatal human epithelial keratinocytes; NR — Neutral Red dye]

INTRODUCTION

Sulphur mustard (bis(2-chloroethyl) sulphide; HD),
sometimes referred to as “mustard gas”, is a bifunc-
tional alkylating agent that has been used as a chemi-
cal warfare agent, first in Ypres in 1917 and most
recently in the Iran-Iraq conflict in the 1980s 2, It is a
vesicant, causing dose-dependent injuries to skin, eyes
and airways on contact, and is also capable of causing
systemic toxicity. Although its cytotoxic properties
have been extensively documented (reviewed in refer-
ences 3 to 5)*°, the details of the biochemical mecha-
nism through which it causes its characteristic injuries
is still poorly understood. As a result, there are no
specific medical pre- or post-exposure treatments. The
only way to protect the body from HD is by physical
barrier; in practice, this entails the use of protective
clothing to cover all skin surfaces and a
respirator/self-contained air supply. Such protective

gear is cumbersome and imposes a high physiological
burden on the wearer.

APPROACHES TO COUNTERING
SULPHUR MUSTARD INJURY

The search for specific therapies to counteract the
consequences of HD exposure has pursued two cours-
es, seeking reagents that will mitigate cellular damage
by HD if administered prior to exposure, or antidotes
that will reverse the damage sustained once HD expo-
sure has taken place. Both approaches, however, have
been hampered by aspects of the toxicology of this
agent. The molecular and biochemical mechanisms by
which HD induces cell injury that leads to the charac-
teristic lesions is poorly understood. In contrast, the
detailed knowledge of the anticholinergic action of
nerve agents has led to the development of pre- and
post-exposure strategies that target specific

1. Dr Ross and Dr Gray are research scientists at the CBRN Defence Centre, Platforms Sciences Laboratory, Defence Science &

Technology Organisation , Australia. This paper was presented at the 2002 Defence Health Symposiurn.
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elements affected by the chemical action of organo-
phosphates. It is known that HD is a potent alkylat-
ing agent that readily attacks DNA, forming mono-
functional adducts and crosslinks®”. One theory
proposes that DNA damage is the initial event, lead-
ing to activation of poly(ADP)ribose polymerase and
NAD+ depletion, leading to inhibition of glycolysis
and cell death®. Another suggests that HD readily
reacts with intracellular glutathione, which leads to
loss of protection against free radicals, and inactiva-
tion of enzymes that regulate calcium homeostasis®.
Neither of these schemes has been proven conclusively.
Possible post-exposure antidotes that have been
investigated include poly(ADP)ribose polymerase
inhibitors®, calmodulin antagonists’, NAD+ precur-
sors'*®, anti-inflammatory drugs* and povidone
iodine'*'¢. However, the pathogenesis of HD injury
presents an obstacle to this approach. Following
exposure to HD, there is a dose-dependent latent
phase, lasting from hours to days, during which a

AUSTRALIAN MILITARY MEDICINE

casualty experiences no symptoms®. HD is highly
lipophilic; in vapour or liquid form, it is rapidly
absorbed by body tissues. Decontamination is only
possible following exposure to liquid, and then it
must be carried out within a few minutes of contact
in order to be effective’. Studies undertaken at CBRN
DC have demonstrated that breakdown of nuclear
chromatin, an indication that the cell is irretrievably
committed to cell death’”, can be detected as soon as
one hour after exposure to an in vitro equivalent of a
vesicating dose of HD in rat thymocytes® and normal
human keratinocytes (NHEK) (Figure 1). It is there-
fore probable that, in the case of HD injury, by the
time gross pathological changes become apparent,
cellular damage is well advanced and may be beyond
the reach of reversal of the biochemical changes that
have taken place. In view of the difficulty associated
with administering any post-exposure antidote, the
pursuit of pre-treatment options appears to be the
most realistic approach.

FIGURE 1: Breakdown of nuclear chromatin following exposure to HD.

NHEKSs (left) and thymocytes (right) were incubated with 100 mM HD. NHEKs were embedded in agarose

(4 x 10° cells per sample) prior to incubation with HD, and thymocytes were embedded after incubation.

At 1 to 24 h agarose blocks were incubated with 10 mg/ml RNnase at 37°C for 1h, then Proteinase K was added to
0.25 mg/ml and the samples incubated overnight. High MW DNA degradation was analysed by pulsed field elec-

trophoresis as described in [18].
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GLUTATHIONE S-TRANSFERASE, AN
ENDOGENOUS DETOXIFYING ENZYME
Glutathione-S-transferases (GSTs) catalyse the reac-
tion between reduced glutathione (GSH) and a
broad range of electrophilic molecules (reviewed in
references19 and 20)'**. Several distinct GST sub-
unit types that are the products of separate genes
have been identified. Subunit types are distin-
guished by their substrate binding specificities, and
proportions present in different cell types — mam-
malian cytosolic GSTs have been grouped into the
classes: alpha (AGST), mu (MGST), pi (PGST),
sigma (SGST), theta (TGST), zeta (ZGST) and
omega (OGST). GSTs are thought to have an impor-
tant role in mitigation of toxic injury to cells; conju-
gation of highly reactive electrophilic species with
GSH decreases the detrimental reactivity of such
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substances towards cellular macromolecules. They
belong to a larger group of detoxification enzymes
referred to as phase Il enzymes, which are generally
involved in detoxification pathways by catalysing
the elimination of reactive intermediate metabolites
of carcinogenic molecules®*.

Increased levels of GST activity have been found
in many tumour and leukemia cell lines, where it
has been correlated with resistance to various
chemotherapy drugs, including alkylating species
such as melphalan®?. Keratinocytes express the
GSTP isoform® ¥, Since GST has been inferred to
have a role in resistance to alkylating agents, and
HD is an alkylating agent that readily attacks DNA,
it is possible that manipulation of GST activity in
the skin might represent a strategy to moderate cel-
lular damage caused by HD exposure.

FIGURE 2: Assay of phase II enzyme inducers for
toxicity to keratinocytes.

Neutral Red uptake assay (above): NHEKs were plated
into 48-well culture plates (18,000 cells per well) and
allowed to recover for two days in serum-free medium.
Inducers were solubilized in dimethyl sulfoxide or
ethanol, and diluted into medium to required concen-
trations (final concentration of solvent in medium 0.1%
v/v). Cells were incubated with inducers for 24 k, then
incubated with Neutral Red (30 mg/ml in serum-free
medium) for 3h. Samples were extracted by extraction
with 50% ethanol/1% acetic acid (0.4 ml per well), and
NR quantified by measuring A540nm.

Lactate Dehydrogenase assay (below): cells were plated
into 96-well culture plates (9,000 cells per well) and
treated with inducers as above, then the assay was car-
ried out according to the manufacturer’s instructions.
Assays were carried out in quadruplicate.
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