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On the publication of the third issue
Appearing twice a year, Sojourn provides an open-access platform for
publication of the diverse research and writing that students of Englishtaught bachelor programs in the Netherlands produce. Student authors who
publish here reach an audience wider than that of their own program,
generating greater meaning for their academic work.
In preparing this third issue, we were again encouraged by
enthusiastic response from student writers in various stages of their
academic career, from first-semester to almost-graduate. This issue contains
four of the best of the many submissions that we received, and reflects
undergraduate research in the humanities (linguistics), social sciences
(anthropology), and natural sciences (astrobiology and medical science).
We would like to take this opportunity to recognize the critical
contribution of our reviewers, whose efforts are indispensable for this
publication; the names of colleagues who reviewed submissions for this
issue are listed on page 5. The increasing number of English-taught
undergraduate programs in the Netherlands encourages us to hope that
future issues will include contributions from an even wider range of
institutions. We look forward to hearing from people interested in reviewing
for future issues, as well as student authors with academic work suitable for
publication in Sojourn.
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Governmentality and sovereignty
in the Chagossian expulsion
Lewis Hayward-Hopkins*
University College Utrecht

Introduction
This paper will argue that throughout the history of the Chagossian expulsion, governmentality
has been the dominant mode of Anglo-American state power in terms of enactment, but that
sovereignty has retained dominance in terms of legitimation. I will do this across three stages
of the historical narrative: the planning of the American base on Diego Garcia and of the
Chagossian removal; the actual expulsion of the Chagossians; and the maintenance of the exile
and Chagossian resistance to it. I will explain how the decision to remove the Chagossian
population arose from a combination of the historical context, in which self-determination
discourse was taking on a new meaning and significance, and the desire to create a space in
which functional sovereignty has been minimised as a potential impediment to
governmentality. I will also examine the victories and frustrations of the Chagossian legal
actions of the last twenty years and offer comments on the effectiveness of the strategy, arguing
that these actions illustrate the inconveniences presented to governmentality by sovereignty as
well as its capacity to overcome them. In the last part of the body of the paper, I will offer
comments on developments in the Chagossian case since 2010 – especially the establishment
of the Marine Protected Area and the turn towards indigenous environmentalism discourse by
the Chagossian resistance movement – and what these may mean for the now uncertain future
of Chagos. I will begin here with a brief overview of the background to, and history of, this
case and the Chagossian people. Then I will articulate the key concepts deployed in the paper
– sovereignty and governmentality – before undertaking a detailed examination of the case’s
history, attempting to embed my analysis throughout. Finally, I will offer reflections on my
work and draw together my conclusions.
Chagos and the Chagossians
The Chagos Archipelago is a group of atolls and islands in the Indian Ocean, roughly halfway
on a line between Tanzania and Java. It was uninhabited by humans until the late-eighteenth
century, when the French colonial authorities in Mauritius (then Île-de-France) founded a leper
colony there (Poole, 2010, p. 149). This was the opening moment in a long history of state
violence on and around the archipelago. The first slaves from East Africa and Madagascar were
brought to Diego Garcia around 1783 to provide labour for a coconut plantation, establishing
a slave-based plantation economy that provided the basis for life on the islands for around five
decades. The defeat of Napoleon in Europe led to the 1814 transfer of Mauritius and its
dependencies – including Chagos – to the British Empire, which abolished slavery in Mauritius
in 1835. This initiated a transformation in the labour base of the plantations, as their owners
began importing indentured workers from India – mostly Tamils (Gifford & Dunne, 2014, p.
38) – to replace the supply of enslaved Africans. Out of these two populations developed a
Author email: l.hayward-hopkins@uu.nl. The author wrote the original version of this paper for an
undergraduate course taught by Dr. Longina Jakubowska.
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distinct group known at the time as the Ilois (Islanders); they spoke Chagos Kreol and practiced
a distinct culture des îles (culture of the islands) (Vine & Jeffery, 2009, p. 184). Out of slavery
and debt, then, was born the group today known as Chagossians, who by the 1960s numbered
between 1,500 and 2,000 people (Gifford & Dunne, 2014, p. 46) and worked the plantations of
just three of the atolls in the archipelago – Diego Garcia, Peros Banhos, and Salomon (Gifford
& Dunne, 2014, p. 38) – receiving “regular if small salaries in cash and food, land and housing,
education, pensions, vacations, health care, and other benefits” in return (Vine & Jeffery, 2009,
p. 185).
By 1957, the largest Chagossian island – Diego Garcia – with its strategic central location
in the Indian Ocean, its exceptional natural harbour and its suitability for a large airstrip, had
been marked by the US Navy as the best possible site for the construction of a military base in
the region (Vine, 2004, p. 119). By 1973, the British government had accordingly caused –
through coercion, manipulation, and finally, outright force – the removal of between 1,328 and
1,522 Ilois to Mauritius and a further 232 to the Seychelles (Gifford & Dunne, 2014, p. 46),
where they rapidly began to experience poverty and destitution (Jeffery, 2010, p. 1102). Today,
Diego Garcia hosts one of the United States’ best-equipped military bases, with NASA
facilities, “enough tanks, weaponry, ammunition, and fuel to equip an expeditionary force of
tens of thousands of U.S. troops for 30 days”, and a CIA extradition centre used for the torture
of detainees captured during American operations in the Middle East, in which the base has
played a vital role (Vine & Jeffery, 2009, p. 210). Meanwhile, Chagossian people have been
resisting their exile since its earliest stages, and in the last two decades have been engaged in a
series of legal cases against the British state that have resulted in significant numbers moving
to the UK with newly acquired citizenship – mainly now living in Crawley, a town in West
Sussex close to their point of arrival at Gatwick Airport (Jeffery, 2010, p. 1103) – but in little
else by way of compensation.
Concepts
The key concepts for the analysis of the workings of state power in this paper come from
Michel Foucault. The analysis will focus on two dimensions of state power, which are
particularly significant for Western states: its enactment, or its means and ends; and its
legitimation. Sovereignty and governmentality each entail both an enactment logic and a
legitimation discourse for state power, and in each case those two dimensions are entangled.
This paper will take the history of the Chagossian expulsion as a case in which the interaction
between sovereignty and governmentality can be seen and argue that, between these two modes
of state power, governmentality has been dominant in terms of enactment and sovereignty in
terms of legitimation.
Sovereignty
Sovereignty is exercised “above all on a territory and consequently on the subjects who inhabit
it” (Foucault, 2009, p. 135). As a mode of state power, it is legislative at its core, being enacted
through the formulation, application, and enforcement of laws. In fact, Foucault argues that the
Western legal system in its entirety has developed to both define and legitimate royal power
(Foucault, 1994, p. 212). The king, the wielder of royal power, sits at the centre, with rights as
a system of limitations on that power that also results in its social and political distribution
according to differences in privileges. Kings are no longer the norm in Western states, and
where they do exist they do not tend to wield much personal power, but other institutions have
taken their place without disturbing the logic too greatly. An example of this can be found in
the United Kingdom, where little-known executive powers once held by the monarch,
collectively labelled the royal prerogative, enable “making treaties, declaring war, deploying
the armed forces, regulating the civil service, and granting pardons” amongst other things
(Poole, 2010, p. 146). These powers are now exercised “by government ministers or else by
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the monarch personally acting, in almost all conceivable instances, under direction from
ministers” (ibid.). Royal power has been neatly transferred from the monarch as a person to
other state institutions, or even to the monarch as an institution wielded by others. The United
Kingdom also provides an example of Western legal systems’ establishment of rights as a set
of limitations on royal power, because the Magna Carta of 1215, England’s best-known
constitutional document, does exactly that. The Magna Carta established a wide (though
differentiated) range of rights for England’s inhabitants in order to limit the power the king
could wield over them (Holt, Garnett, & Hudson, 2015). In addition to this, royal appointments
and feudal grants – rights, in effect – generated a descending model of power, reflected in the
dominant political theory of the day (Whittle & Rigby, 2002, p. 80). Ultimately then, rights
defined the distribution of royal power among other actors, as well as the limitations of its use,
through law. The French Revolution’s Declaration of the Rights of the Man and of the Citizen
of 1789 and the United States’ Bill of Rights, though each written for use in a republic, follow
the precedent of the Magna Carta, as does the Universal Declaration of Human Rights, in using
rights as a legislative tool to define the limits of royal (and thus, state) power. Western legal
systems, therefore, have continued to function as definitions and distributions of royal power,
whether real or symbolically held by the state, and power enacted through and according to
them is what is meant here by sovereignty.
Just as the enactment of sovereign power is given shape by legal systems, its legitimation
is deeply bound up with the use of law as well. The history of the discourses legitimising
sovereign power is too great to examine in any detail here, but perhaps three key aspects can
be identified: legitimate sources, legitimate practitioners, and legitimate practices. Historically,
Western states have tended to rely most heavily on the discourse of divine authority to establish
a legitimate source of state power (Steffek, 2003, p. 263), so that the king is simply a conduit
for power that actually derives from the cosmic creator and patriarch. The king is therefore also
the legitimate practitioner of this power, and those whose power derives from him share in this
legitimacy, though of course not without contest. In secular Western states today, however,
divine authority provides neither a legitimate source for, nor the legitimate practitioners of,
state power. Instead, the legitimate source of state power is the state’s citizenry and the
legitimate practitioners, therefore, are those who are granted the citizenry’s power through
some form of democratic process.
When we speak of legitimate practices of state power in terms of sovereignty, we speak of
the formulation and application of laws (including through the use of force) and obedience to
the limitations of rights – if state power is exercised through and according to law, then it is in
accordance with sovereignty’s legitimation discourse. This discourse is so deeply embedded in
Western thought that it may even be considered doxa – that is, outside of discourse, “selfevident” (Bourdieu, 1994, p. 160) – that legitimate state power is practiced in accordance with
law. The notion that all territory should be subject to the sovereignty of some state is also
largely taken for granted. These ideas – that state power operates everywhere and that the
legitimate mode in which it should do so is sovereignty, defined and distributed by law – seem
to have shaped Chagossian resistance to their forced expulsion and exile. This means that
Chagossian strategies have consistently focussed on the legal system as a means to delegitimise
the exercises of state power which have been violent to them, effectively participating in the
sovereignty legitimation discourse, as will be shown. This is a practicable approach that offers
real gains, but when held accountable to and impeded by discourses of sovereignty, British
state power repeatedly transcended it and subverted Chagossian successes in another mode.
That mode can be understood through Foucault’s concept of governmentality.
Governmentality
Governmentality’s enactment logic contrasts with that of sovereignty because “it is a question
not of imposing law on men, but of disposing things: that is to say, of employing tactics rather
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than laws, and even of using laws themselves as tactics – to arrange things in such a way that,
through a certain number of means, such and such ends may be achieved” (Foucault, 2009, p.
137). In effect, sovereignty means that state power is enacted through the formulation of laws
over territory, the enforcement of obedience to laws and the protection of territorial integrity,
and is expanded by increasing the effectiveness of law enforcement and incorporating new
territories. By comparison, governmentality indicates that state power is enacted through
rational manipulation and management of the world and the things in it – including people and
populations, laws and even sovereignty itself – to produce particular desired results and is
expanded by manipulating the world in such a way that the state’s capacity for manipulation is
increased. In the Chagossian case, the desired result has been the establishment and
maintenance of an American military base on Diego Garcia, itself a rational means by which
to produce the desired result of influence in the Middle East and Indian Ocean, a result for
which handling the expulsion and exile of the Chagossians has been seen as an acceptable cost
(Harris, 2013, p. 725). Governmentality can be seen in this case to promote the building of
state power in layers, where things are manipulated to produce tools that will enable further
management and manipulation later in time.
Crucially, because laws can be used as tactics for achieving the ends of governmentality,
the enactment of sovereignty may serve as a tool for the enactment of governmentality. Indeed,
in this paper I will argue that the Chagossian case reveals governmentality to be dominant over
sovereignty in terms of the enactment of Anglo-American state power internationally, to the
point that the latter has been treated as either a means or an impediment to governmental ends,
rather than as a means to achieve its own ends. In either case, sovereignty has been manipulated
tactically. Where sovereignty has presented the most substantial problems for the British state
and its governments has been concerning the legitimation of their practices, because
governmentality’s legitimation discourse appears to be subordinate to that of sovereignty.
Governmentality’s legitimation discourse centres on rationality. Phrases such as ‘reasons
of state’ or ‘the national interest’ may be familiar to anyone who has studied Anglo-American
foreign manipulations in the Cold War era and beyond, and such phrases exemplify the
discourse. It means that if the state is a self-interested individual, then legitimate enactments
of state power by governments are those in which they do so rationally according to that
premise. However, the manipulation of law and its application that governmentality may entail
flies in the face of the robust legitimation discourse for state power that associated with
sovereignty – a discourse that I have argued is taken for granted. After all, legal systems do
protect many Western citizens from at least some part of the state power that might be
leveraged against them, so manipulative handling of them by their governments is a serious
cause for concern and complaint. In light of this, and as will be argued in this paper, British
and American governments have consistently attempted to keep their governmental enactments
of state power secret, despite the fact that they are entirely justifiable according their own
legitimation logic – the rational propagation of the state’s power.
If secrecy fails, then governmentality’s legitimation may require an injection of potency from
a supporting discourse. Such a discourse may refer to a security threat such as ‘communism’
during the Cold War or ‘terrorism’ during the War on Terror, or to a planetary crisis such as
global ecosystem collapse in an increasingly environmentally-conscious period. Nationalism,
which promotes the identification of a national population’s interests with that of its state, also
provides an additional means for legitimising governmentality, which truly only serves the
population in so far as doing so is a product of serving the state. As we will see, such discourses
have been utilised tactically by Anglo-American governments in pursuing state interests in the
Chagossian case. As stated, I argue here that while governmentality has been dominant in terms
of the enactment of British and American state power, its legitimation discourse has remained
subordinate to that of sovereignty, leading to secrecy and to the deployment of supporting
discourses.
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Planning: 1957-1965
Historical Context: Self-Determination and Decolonisation
In the aftermath of World War II, the British Empire had decisively slipped from its position
as the world’s dominant state and the United States – with contest from the Soviet Union – had
begun to take its place. In “various geographic theatres” – including the Indian Ocean, through
decolonisation in Australia and Southwest, South, and Southeast Asia – British governments
“actively worked to facilitate” a smooth transfer of power to the USA to keep things within the
Anglo-American family, so to speak (Harris, 2013, p. 721). The United States’ governments,
however, were taking a different approach to state power with a global reach. They shunned
the “direct control of territories” that had been such a central component of European
imperialism – “instead, the United States came to exert its power through more subtle means:
most importantly through economic markets, international agreements, and foreign military
bases” (Vine, 2004, pp. 125-126). What this means is that this was a period in history in which
imperial sovereignty was receding, while imperial governmentality was coming further to the
fore. In fact, the opening moments of the Chagossian case are particularly characteristic of this
process, and of the United States’ highly governmental approach. Around 1956, a bureaucrat
working for the U.S. Navy began to compile a list of Indian Ocean islands that might be suitable
for acquisition by the United States and for use as a site for a military base – one such island
was Diego Garcia, in the Chagos Archipelago (Vine & Jeffery, 2009, p. 185). The purpose of
the acquisition was not to be the exercise of sovereignty over the island territories, but their use
as tactical locations through which to exert power over the wider region – in a word,
governmentality. While governmentality was surely vital to the endeavours of European
empires like the British as they attempted to redirect capital to their domestic territories, the
disinterest in sovereignty over foreign territories by the United States at this point in history
deserves exploration.
The nationalist principle of ‘self-determination’ first developed in the eighteenth and
nineteenth centuries in Europe and its colonies, and by the aftermath of World War I was being
advocated by US president Woodrow Wilson in order to call for the dismantling of the great
empires of the day (Hannum, 1993, pp. 2-4). In effect, the principle meant that ethno-linguistic
groups – nations in the discourse – should be governed by consent rather than by overt imperial
domination. By 1960, however, a shift in the both the meaning and the strength of application
of the term had taken place, and the principle was enshrined as a right in the UN’s Declaration
on the Granting of Independence to Colonial Countries and Peoples (‘Declaration on Colonial
Independence’) that year. Specifically targeting colonial countries, the Declaration laid out “the
sovereign rights of all peoples and their territorial integrity” (Hannum, 1993, p. 12). The
message is this: that the territory on which a state’s sovereignty is enacted should correspond
to that of an ethno-linguistic ‘national’ group, and that the legitimate wielders of that
sovereignty are members of that group, not an imperial other. This discourse and its legalistic
enshrinement by the UN drove the American and British governments to secrecy in their plans
to supplant British imperial sovereignty with the imperial governmentality of the United States,
rather than with the sovereignty of self-determining post-colonial nations. It also goes a long
way towards explaining why governmentality was their new mode of choice for far-reaching
state power. Sovereignty is an inherently public exercise of power, so the delegitimation of its
imperial form made it truly untenable, especially for the state that had most explicitly promoted
the discourse of self-determination. Governmentality, on the other hand, can be enacted in
secret far more feasibly due to its manipulative nature and can operate in spaces where another
state has sovereignty (though less easily).
Negotiations
We may now turn to a detailed examination of the case’s history and the relationships between
sovereignty and governmentality that it reveals. In 1960 – the year of the Declaration on
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Colonial Independence – the US Navy clandestinely contacted the British government. The
subject of the discussions was the construction of an American base on Diego Garcia, and the
detachment of the Chagos archipelago from the colonial territory of Mauritius. This would
directly contradict the Declaration, which condemned “any attempt aimed at the partial or total
disruption of the national unity and the territorial integrity of a country” (Vine & Jeffery, 2009,
pp. 186-187). The potential for UN condemnation is a direct manifestation of the threat of
delegitimation faced by the Anglo-American governments as they attempted to manipulate
Mauritian sovereignty. Seeing this action as a necessary tactic in achieving their desired ends,
however, the governments proceeded with secrecy, concealing their plans from the UN. As we
will see, the discourse of self-determination would be one of their biggest obstacles moving
forward. What is especially worth noting here is that from the earliest stages of this case’s
history, sovereignty was treated as secondary in desirability to governmentality by AngloAmerican governments. In fact, “from the outset, the intention was to create a territory under
British administration where there would be few or no permanent inhabitants, thereby giving
the US military maximum security of tenure and freedom from political pressure” (Gifford &
Dunne, 2014, p. 38). This effectively means that US governments desired a space in which
their state power could be exercised to the greatest extent possible according to
governmentality, with minimal threat of impediment by sovereignty, whether in terms of
enactment or legitimation. Both that desired end and the means being formulated to achieve it
illustrate the dominance of governmentality and exemplify governmental logic – the aim here
being the further propagation of governmental power and the means involving the manipulation
of sovereignty.
Formal negotiations between the British, American and prospective Mauritian
governments over the status of the Chagos Archipelago began in 1962. The United States
government stated a requirement for “exclusive control (without inhabitants)” (Vine & Jeffery,
2009, p. 186), so the expulsion of the population was part of these negotiations from an early
stage. A deal was eventually struck and $14 million were secretly discounted from an arms sale
by the American government to the British in return for the tenancy for the base and the
handling of the expulsion. £3 million of that sum was paid on to the prospective Mauritian
government, which took the deal with the British under the threat of the cancellation of
independence. On the 8th of November 1965, the British government formed the British Indian
Ocean Territory (BIOT) and detached it from Mauritius (a few of the included islands were
detached from Seychelles as well) (Snoxell, 2009, p. 130; Vine & Jeffery, 2009, p. 187). In
order to avoid congressional, parliamentary, and public oversight and awareness, no treaty was
made between the US and UK (Vine, 2004, p. 121), and the British government carried out the
detachment using the obscure executive powers called Orders in Council (Poole, 2010, p. 149).
Also known as, and previously mentioned as, the royal prerogative, this was the first but not
the last time this tactic was employed by British governments in the Chagossian case. While
the power itself is effectively legislative and therefore may be considered a manifestation of
sovereignty, its transcendence of the legislature means it avoids many of the limitations usually
associated with that mode. Its employment here to manipulate and rearrange sovereignty as a
rational means to an end indicates that, in fact, it was being utilised as a tactic by the dominant
governmentality.
Hiding the Chagossians
The ‘British Indian Ocean Territory’ is about as euphemistically neutral a name for the Chagos
Archipelago under British sovereignty as can be imagined due to a careful avoidance of any
ethnic connotation. The neutrality of the new name was part of a long and deliberate effort to
present Chagos as having no permanent population – Chagossians were defined as itinerant
seasonal workers (Vine, 2004, p. 123) and their numbers were suppressed by the use of
restrictive definitions on a series of surveys carried out by the British state bureaucracy (Gifford
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& Dunne, 2014, p. 44). Such techniques are characteristic of the second component of the
“triangle, sovereignty-discipline-government, which has as its primary target the population”
(Foucault, 2009, p. 142) and which Foucault identifies as characteristic of modern state power:
discipline, which for the sake of brevity is not examined here. As well as to supress their
numbers, the surveys were used to justify denying the Chagossians the British citizenship they
would otherwise be legally entitled to (Gifford & Dunne, 2014, p. 43). Citizenship affords
people the rights associated with the legal system, so the techniques of discipline were here
also utilised as tactics in the manipulation of sovereignty according to governmentality. If
sovereignty were the dominant mode of state power in this instance, the Chagossians would
have received citizenship in accordance with the law. The suppression of their citizenship
through various tactical means in order to facilitate the goal of their expulsion and exile
therefore illustrates the dominance of governmentality.
We might be tempted to suppose that the reason for the suppression of Chagossian
numbers and of their status as permanent inhabitants of the territory was the discourse of selfdetermination, which otherwise might well generate demands for an independent Chagossian
state. However, Snoxell (2009) argues that “self-determination was probably not a real
concern” for the British government, because “the Ilois [i.e. Chagossians] were just too few”
(Snoxell, 2009, p. 134). While it surely will not have hurt that case to make it seem as though
there were fewer Chagossians than there actually were, a more important factor is that if the
denial of their generational attachment to the archipelago undermined Chagossian claims to
national territory, then it also undermined potential Mauritian claims made on the basis of
territorial integrity when those Chagossians were depicted as Mauritians, or indeed when they
became Mauritian citizens after independence. This logic ultimately demanded that the
Chagossians be ‘sent back’ from the territory that they were not ‘from’, lest their habitation
prompt the use of self-determination discourse in such a way that Anglo-American goals would
be interfered with.
Another factor surely contributing to the decision to deny and expel the Chagossians was
that if they had remained in the territory, then they would clearly be British sovereign subjects.
Functional British sovereignty, which would impede American governmentality, could be
avoided if there were no subjects in the territory to whom it would apply. If the Chagossian
removal had been made public, however, and the UN had taken notice, the threat of
condemnation and de-legitimation would have also posed a serious impediment to the project
– far better to deny that there were Chagossians at all. The rationality of the state therefore
demanded the suppression of Chagossian existence and the people’s expulsion and exile to
Mauritius – eliminating the possibilities of Mauritian, Chagossian, and even functioning British
sovereignty in the territory in a single manoeuvre – as well as the maintenance of that state of
affairs. As discussed, such manipulations seem at this stage to have necessitated secrecy due
to the insufficiency of governmentality’s legitimation discourse in the face of violations or
manipulations of sovereignty.
Expelling: 1965-1973
Slow to move in the wake of their deal and the formation of the BIOT, only in 1971 did the US
government order the depopulation of Diego Garcia. Up to that point, the British government
had been utilising a range of tactics to reduce the resident population, including the suppression
of employment on the archipelago’s plantations and the blocking of boats returning from
Mauritius – due to the lack of healthcare access at home and the presence of friends and
relatives on the island, Chagossians were known to frequently visit Mauritius (Gifford &
Dunne, 2014, p. 42). The father of Olivier Bancoult – the prominent Chagossian legal activist
– died from a seizure when informed that he would not be allowed to return to Peros Banhos
after taking his daughter on a medical trip to Mauritius in 1968. He was not alone – by the time
of the forced removals in 1971 and 1973, there was already a sizeable Chagossian population
stranded in Mauritius, suffering “loss of cultural identity, property and self-esteem leading to
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impoverishment, drug addiction, prostitution and increased morbidity and mortality”, all issues
that would come to blight the whole community over their decades of exile (Gifford & Dunne,
2014, p. 42). One terrorist tactic the colonial authorities employed was the rounding up of
Chagossians’ beloved pet dogs, which were then trapped in a shed and burned alive in front of
their owners (Vine & Jeffery, 2009, p. 189). By November of 1971, following the American
request for depopulation, British agents had forcibly transported every remaining Chagossian
on Diego Garcia to two other islands in the archipelago – Peros Banhos and Salomon – and
construction of the military base had begun (Vine, 2004, p. 123).
In 1973, despite there being no evidence that the government or military of the US had
requested it (Snoxell, 2009), British agents forced everyone on Peros Banhos and Salomon
onto cargo ships, which, after a long trip in dangerous and distressing conditions, dumped them
on the dock in Mauritius (Vine, 2004, p. 124). The British government had paid a pitiful
£650,000 resettlement fund to the Mauritian government in 1972, fully aware that this would
have no substantial positive impact on Chagossian people’s lives (Vine & Jeffery, 2009, p.
191). Including those denied re-entry to Chagos before the 1971 and 1973 deportations,
somewhere between 1,560 and 1,754 people had been deliberately stranded in destitution,
poverty, and exile by British governments (Gifford & Dunne, 2014). The violence of this action
has continued until the present day.
Maintaining and Resisting: 1968Ever since the completion of their plans for the depopulation of the Chagos Archipelago in
1973, successive governments of the UK – of both major political parties – have actively
maintained the exile of the Chagossians through the enactment of state power according to
governmentality, drawing on a wide range of tactics. Chagossian people have been actively
resisting their deportation and continued exile for even longer – as protest started among those
stranded in Mauritius in 1968 and the final boat-load of people from Peros Banhos refused to
leave the ship they were transported on for a week in 1973 (Vine & Jeffery, 2009, pp. 191192). This section of my paper will analyse the opposing processes of the maintaining of, and
the resistance to, the exile in parallel and search for their underlying logics. I will take the 2000
British High Court ruling declaring the illegality of the expulsion and Miliband’s 2010
declaration of the BIOT Marine Protected Area (MPA) as turning points in the history of the
case.
1975-1996: Protests and Frustrations
“Our ancestors were slaves on those islands, but we know that we are the heirs of those islands”
– so read the declaration on a 1975 petition to the British government, the first by Chagossian
people (Vine & Jeffery, 2009, p. 192). It appeals to the concept of nationhood through its
reference to an ancestral, deep, and unique relationship with the territory of Chagos, and
therefore directly resists British governments’ efforts to deny them just that thing. Chagossians
also organised protests in Mauritius and petitioned the state there, which did not have the same
capacity to conceal them due to sheer proximity if nothing else. As a result of these actions, in
1978 the Mauritian government distributed a portion of the £650,000 the British government
had paid them in 1972. The results were “hopelessly inadequate” (Vine & Jeffery, 2009, p.
192). In response, further protest and a hunger strike were organised (Vine & Jeffery, 2009, p.
193), perhaps in an appeal to the humanitarian discourse in Britain. In 1979, Thatcher’s
government concocted a permanent solution to such irritations, offering a total compensation
package of £1.25 million for the renunciation of any and all claims on Chagos. Many
Chagossians had not learned to read and were prompted to unknowingly ‘sign’ away their right
to return by way of a thumb print. Fortunately for the cause, a support group in Mauritius
intervened and the process was halted without any payments being made (Vine & Jeffery, 2009,
pp. 193-194).
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The deceitful use of legal documents against members of the population as a tactic in the
pursuit of state interests suggests, once again, the manipulation of sovereignty according to
governmentality. In this case, it was initially unsuccessful, but would still provide the basis for
a future tactic asserting that compensation had already been offered and rejected. Real progress
finally seemed to be on the cards for the Chagossians when 1980 and 1981 protests resulted in
a three-way negotiation between representatives of the British government, the Mauritian
government, and the Chagossian community over compensation and the right to return. The
British government agreed to pay out £4 million and the Mauritian government to distribute
land it valued at £1 million. However, there was little real improvement in living conditions
for Chagossians over the next decade and in many cases the compensation was barely sufficient
to clear debts that had been accumulated since people were made homeless, so, amid
dissatisfaction with Mauritian representatives, the Chagossian Refugees Group (CRG) was
formed to enable Chagossians to organise their own resistance (Vine & Jeffery, 2009, p. 194).
After a full thirty years of struggle, Chagossian strategies reliant on Mauritian support had won
very little by way of real change. The CRG marked the start of a new era.
1997-2009: Legal Action
The CRG and the Chagossian Social Committee (CSC) – the second Chagossian-run activist
organisation to be established – brought real change to the Chagossian cause by pursuing legal
action in addition to the protests that had characterised the first thirty years of resistance. In
1997, the CSC won UN classification of the Chagossians as an indigenous people, important
in the contest to assert or deny attachment to territory, and the CRG began a lawsuit against
the British Crown disputing the legality of the deportations (Vine & Jeffery, 2009, p. 195).
This marked the beginning of a new phase in Chagossian resistance, one with a different set of
frustrations. Legal action, to a certain extent, is a practical and realistic strategy for resisting
governmental power, because it draws on sovereignty’s robust legitimation discourse. It is
effective because of the relationship between governmentality and sovereignty seen in this
case, in which governmentality is dominant in terms of the enactment of state power, but in
which that state power is still primarily accountable to the law for its legitimation rather than
to the rationality of its means and ends. This has meant that legal action has brought great
victories for Chagossians, but we must also address the fact that these victories have turned out
to be incredibly insecure, as we will see. The issue arises from the fact that legal action has the
capacity to revoke the legitimacy of past uses of state power, and even to modify its use moving
forwards, but it presents no challenge to the existence of state power in itself. In fact, legal
action means participating in the sovereignty discourse that legitimises state power through
law by attempting to delegitimate its use through showing it to have been illegal. The best
result that can be hoped for through this strategy is that state power is exercised on us legally
– not an insignificant result in a position like the Chagossians’ – not that it will not be exercised
on us at all. That leaves a campaign dependent on legal action vulnerable to extra- or superlegal tactics such as the royal prerogative, which has been used violently against Chagossians
in multiple crucial moments in their history.
Chagossian legal action has so far inconvenienced British governments, but the desired
ends for the Anglo- American states – the military base on, and depopulation of, Diego Garcia
– are being as successfully achieved now as they were in the 1970s. The inconveniences
themselves, however, provide insight into the depopulation of Diego Garcia and the lengths
that British governments have gone to in preventing its repopulation. I have argued that the
deportation of the Chagossians was done specifically to produce a space in which US
governmentality can operate with a minimal possibility of challenges to its enactment or
legitimation being made on the basis of sovereignty, whether that sovereignty is American,
British, Mauritian, or even Chagossian. This is, in fact, exactly what the UK has done with
the creation of the BIOT, which “has blurred the lines of responsibility for human rights, arms
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control, and a variety of environmental abuses, essentially constructing a legal arrangement
that saddles the US military with a minimum of legal constraints” (Harris, 2013, p. 725). The
British state exerts minimal sovereignty over the base because there are no subjects (i.e.
Chagossians) in the territory to whom that sovereignty applies, while the sovereignty of the
United States does not apply because the base is not in its territory. The potential
inconveniences posed to governmentality by sovereignty, both in terms of enactment and of
legitimation, are therefore also minimalised on Diego Garcia.
One of the greatest of the sovereignty-related inconveniences faced by the British state in
this case came in November 2000, when the British High Court adjudicating the CRG lawsuit
ruled in the Chagossians’ favour, declaring their deportation and the denial of their citizenship
to have been illegal. BIOT law was subsequently altered to permit Chagossians to go to and
inhabit any of the islands of the archipelago except Diego Garcia. No financial compensation
was issued to enable a move to Chagos or reconstruction work, so a second suit was launched
with that in mind (Vine & Jeffery, 2009, p. 195). As a result of the High Court ruling, in 2002
the British Overseas Territories Act (BOTA) retroactively recognised the status of Chagossian
people as British sovereign subjects. Anyone born in Chagos whose parents were also born in
Chagos could now claim British citizenship and a passport; after protests, those born in exile
to Chagossian parents were included as well (Jeffery, 2011, p. 37). There were, however, two
key restrictions: first, British citizenship is only passed on by men to children born in wedlock
– which excluded many Chagossians, whose post-slavery society featured characteristic low
marriage rates and female-headed households (Jeffery, 2011, p. 37); second, according to the
Act, Chagossians could only have been born in exile after the 26th of April 1969. As we have
seen, Chagossians had been prevented from returning from Mauritius through various tactics
before that date and it was common to be born in Mauritius anyway because of the lack of
healthcare in Chagos (Jeffery, 2011, p. 38). Together, these restrictions therefore meant that
many Chagossians, especially those who were born before 1969, were ineligible for
citizenship.
The citizenship restrictions of BOTA effectively split the Chagossian community between
those with British citizenship and those without. Because British citizenship enabled some
Chagossians to move to the UK while its lack gave others no choice but to remain in Mauritius,
BOTA also made the community geographically multipolar and has eroded political unity that
existed before the Act. This has shifted the focus of much of Chagossian resistance toward
negotiations over habitation in the UK and away from demands for repatriation to Chagos
(Jeffery, 2010). Finally, the Chagossians’ new status as British citizens has meant that
sovereign power can legitimately be wielded against their cause through laws preventing access
to parts, or all, of the BIOT. They are denied ‘special treatment’ as a group on the basis of
universalist discourses that treat them as on an equal playing field with other British citizens
(Jeffery, 'Unusual Immigrants', or, Chagos Islanders and Their Confrontations with British
Citizenship, 2011, p. 42). The granting of citizenship in 2002 could therefore actually be seen
as an effective tactic of the British state in combatting Chagossian return efforts. The
implications of this tactic were put into effect against the 2000 High Court success by the use
of Orders in Council – the powers that originally created the BIOT – by the Blair government
in June 2004 to issue a law preventing access to BIOT islands by British citizens. The effect
was to overturn the ruling and maintain the Chagossian exile (Vine, 2004, p. 26), in a cruel and
instantaneous reversal of the results of decades of struggle. Blair’s government was able to do
such things because of its little-exercised sovereign power over BIOT, which could now be
legitimately applied to the subject Chagossians – sovereignty, as we have seen, can be used by
governmental power as a convenience, at the same time as being repressed as an inconvenience.
This capacity reveals the danger of challenging governmentality’s legitimacy, rather than its
capacity to function – when the legality of its use is challenged, even successfully, new laws
can be created to undo victories won.
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2010-: The MPA and the Future of Chagos
Indigenous Environmentalism
In 2010, shortly before a General Election for which the Labour Party wished to boost its
‘environmental legacy’, the British government ordered the Commissioner of the BIOT to
declare a vast Marine Protected Area (MPA) over the territory. Wikileaks published cables
from a May 2009 meeting in which the BIOT Commissioner “asserted that establishing a
marine park would, in effect, put paid to resettlement claims of the archipelago’s former
residents” (Jeffery, 2014, pp. 9-10). This was a utilisation of sovereignty according to
governmentality, which incorporated environmentalism as a supporting discourse to bolster
legitimation. The response from the CRG and others has been, in part, to assert that “we as
Chagossians were the real guardians of the environment” (Jeffery, 2013, p. 303), in accordance
with contemporary discourses on indigenous conservation. For my part, I see this as potentially
counter-productive. The depiction of indigenous people as being closer to nature, and of having
some semi-mystical understanding of their environment, could be taken as an instance of
symbolic violence in which the West is constructed as more technologically adept, more
rational, in effect more culture – superior and masculine – where the indigenous are more
nature – inferior and feminine. By appealing to this discourse, I believe that indigenous people
may implicitly endorse a subordinate position in the Western world-view. In the case of
Chagos, the debate also distracts attention from the key issue, which is the exile – the
Chagossian Conservation Trust (CCT) even published a response to Jeffery (2013) debating
the indigenous conservation claims from a scientific perspective (Hughes, 2013). That
discussion seems unlikely to win Chagossians their home territory back, so if Chagossian
resistance can be re-oriented toward it, that could be a very effective tactic indeed on the part
of the British state. Challenging the legitimacy of the MPA on purely legal grounds, however,
is also a daunting task, especially as the British government has been pursuing a strategy of
“neither confirm nor deny” in regard to the leaked cables (Jeffery, 2014, p. 10).
Mauritian Sovereignty Claims
A sovereignty-related inconvenience did arise in March 2015, when an international tribunal
declared that the establishment of the MPA without consultation with the Mauritian
government was illegal, as it violated Mauritian sovereignty in terms of fishing rights and so
on (British Indian Ocean Territory, 2015). Amidst protests by the British government, the UN
General Assembly in 2017 voted to refer the dispute over Chagossian sovereignty – since the
1980s the Mauritian government has been attempting to reclaim Chagos – to the International
Court of Justice (ICJ) (BBC, 2017). The response of British government spokespeople – that
BIOT “plays an important role in regional and global security, helping to keep the UK, US and
other allies, including Mauritius, safe” (BBC, 2017) – marks the use of governmentality’s
legitimation logic with the supporting discourse of security. Based on the history of the case,
this seems unlikely to be sufficient to override sovereignty’s legitimation discourse, though the
use of security discourse may make a difference. The future of Chagos is, therefore, currently
unclear, which makes the future of Chagossians equally unclear. It is significant, however, that
after so many decades of its manipulation, claims made on the basis of sovereignty’s
legitimation discourse still have the capacity to seriously undermine the enactment and
propagation of Anglo-American governmental power – surely the most substantial
demonstration of the motive for the depopulation of, and therefore for the effective stripping
of sovereignty from, Chagos.
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Reflections and Conclusions
Reflections
There are a number of ways in which the breadth of my analysis may have negatively impacted
its depth. Foucault’s concepts of sovereignty, governmentality, and discipline should really be
understood together and, while I believe that I handled the first two of those concepts well, I
gave discipline little more than a passing remark. The role of discipline in this case is certainly
worthy of further research, as the British government has persistently used techniques of
discipline as tactics – surveying, defining, and organising people and incorporating them into
value systems such as universalism – and the impact on the Chagossian population is something
that I have not scrutinised here. My attempt to incorporate the narrative and analysis as one
body of text, may also have impeded the depth and clarity of my analysis. In the future, I would
like to go into greater detail in examining the interplay of governmentality and sovereignty in
the enactment and legitimation of Anglo-American imperial state power in this case.
Conclusions
The primary finding of this paper is that, in this case and in relation to Chagos, Anglo-American
states have enacted power primarily according to governmentality, utilising and manipulating
sovereignty when convenient, but ultimately trying to minimise its relevance in Chagos itself,
especially on Diego Garcia. This end itself serves the purpose of enabling and propagating
governmentality, as does the very building and maintaining of the US base. However, despite
the de facto dominance of governmentality, the attempts to minimalise sovereignty also reflect
the challenges it can pose to governmentality, primarily in terms of its legitimation. Acting
illegally to further state interests is seen as an illegitimate use of power even when done
rationally, though discourses such as nationalism, the Cold War, and the War on Terror provide
support to the justification of ‘reasons of state’, the first through its identification of the state
with the ethno-linguistic group and the others through the presentation of a threat to that
group’s security.
The dynamic in which state power is enacted largely according to governmentality but
legitimated largely according to sovereignty can be seen in the successes and frustrations of
the Chagossian resistance movement. By conducting resistance through the legal system,
Chagossians have posed a significant threat to the historical legitimacy of British state power.
Their victories, however, have not harmed the state’s power in itself and have been consistently
undone by the manipulations of governmentality. The military base on Diego Garcia is still
operational and there are still no Chagossians on Chagos, so the evidence so far suggests that
while sovereignty presents significant inconveniences to governmentality, it has the capacity
to overcome those inconveniences. I have even argued that the entire Chagossian removal has
been a tactic to avoid those inconveniences. If Chagossians lived in Chagos, they could do so
under one of three scenarios: Chagossians as an autonomous nation, entitled to their own
sovereignty and territorial integrity according to self-determination discourse; Chagossians as
Mauritian nationals, entitling Mauritius to sovereignty over Chagos according to the same
discourse; or Chagossians as British subjects, tying British governments to their own
sovereignty over the archipelago. Each of these scenarios would have meant that US
governmentality on the base would have been inconvenienced by sovereignty, motivating the
expulsion of the population. Developments in self-determination discourse after World War II
were therefore also important in securing the ascendancy of governmental imperialism over
the old sovereign imperialism.
The future of Chagos is now unclear, with litigation over the MPA and Mauritian
sovereignty meaning that British tenure over the archipelago is not secure. My own
perspective, after conducting this research, is somewhat sceptical of the prospects for the
closure of the Diego Garcia base. This is due to the consistent capacity and tendency for Anglo-
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American state power to maintain its interest governmentally and adapt to the dynamic
challenges posed to them by the use of sovereignty in resistance. Sovereignty’s legitimation
discourse may be the best tool that we have for resisting the violence of governmental state
power, but it is highly limited and has achieved little substantial impact on the enactment of
that power over the course of this case. Even the achievement of British citizenship for
Chagossians – one of their resistance’s greatest victories – is in truth a retroactive and restricted
recognition of rights that the British state had previously worked to suppress and may in fact
have enabled the deployment of new tactics against their cause.
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Enceladus:
the search for life on Saturn’s moon
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This paper reviews and synthesizes various studies into the geologically active
moon Enceladus in Saturn’s diverse satellite system. Data from the Cassini
mission are the main source for these studies as they provide the chemical
composition of Enceladus’ famous plumes or jets which can indicate the extent
of Enceladus’ habitability. The hydrothermal vents responsible for Enceladus’
jets are possibly analogous to early Earth as well as current examples of Earth
ecosystems. Along with providing models for origins of life on Earth, the
habitability of Enceladus is one of the many ways astrobiologists are exploring
extra-terrestrial life. Along with that, the possibility of the survival of Earthly
life, including humans, on other planets and moons in our celestial
neighbourhood is one of the implications of this investigation.
Background
Astrobiology is the field of science concerned with the search for extra-terrestrial life. In its
quest, it also embraces “the origin, evolution, distribution and future of life in the universe.”
(Dunbar, 2017). One exciting development in this field is learning about the habitability of
planets and moons in our own Solar system. Saturn’s moon Enceladus has revealed itself to be
one of the hotspots for the search for extra-terrestrial life. The discovery of the chemical and
geological diversity of Enceladus was an unforeseen consequence of the Cassini mission,
which had the aim of examining Saturn and its system of moons. This surprise brought a vast
amount of solid data for astrobiologists to analyse in their quest to find extra-terrestrial life.
The excitement around Enceladus and the potential for life on our own solar system echoes
after the end of the Cassini mission on September 2017 as research spurs on various topics
regarding the moon. The
analysis of data collected from the Cassini mission quickly grouped Enceladus with Europa,
Jupiter’s moon, in the category of hotspots for extra-terrestrial life.
The Cassini-Huygens’s spacecraft began its journey in 1997, when it was launched from
Florida on a twenty-year trip. It finally arrived at Saturn on June 2004 after making flybys of
Venus and Jupiter and taking beautiful images on the way. It went on to eject its probe
component ‘Huygens’ at another one of Saturn’s moons, Titan (Matson et al., 2003). The
smaller moon Enceladus, with its icy surface, comes into focus after close flyby images of its
south pole reveal a complex geological surface, with deep crevasses known as tiger stripes and
jets which eject water vapour into space.
These jets, referred to as geysers or plumes were analysed by taking direct samples of the
ejected material, highlighting a composition of volatile gases and organic material. It was later
concluded that plumes originated from hydrothermal vents in Enceladus’ global ocean. (Beutel,
2017). Enceladus possesses strong indicators for life within its ocean, which is trapped between
its silicone core and icy crust (JPL, 2017). These indicators include the presence of organic
material, liquid water and warm temperatures emanating from a heat source. If life were to
exist on Enceladus, what kind of life would it be? The importance of searching for a second
Author email: n.nourabdallaabdinbashirkhairi.students.uu.nl. The author wrote the original version of this paper
for an undergraduate course taught by Dr. R. J. Winters.
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genesis provides us with insight on how life on Earth could have emerged, even further, could
certain ecological systems present on Earth tell us anything about what we might find on
Enceladus in future missions? Attempting to answer all these questions is a vast undertaking
as a plethora of data is still being analysed from Cassini’s instruments. However, research
conducted by various scientists can help answer the following question: To what extent can
life emerge on Enceladus under the currently known conditions?
Conditions on Enceladus
This section will discuss the requirements for life to evolve as well as the conditions on
Enceladus that make this a possibility. In short, life requires energy (chemical or light energy)
for metabolic processes, liquid water and essential elements such as carbon, hydrogen, nitrogen
and sulphur. These criteria will be explored further with regards to Enceladus using data
gathered from Cassini instruments.
Among the various indicators of life on Enceladus, the presence of a heat source is vital.
It was discovered as scientists saw discrepancies in surface temperature of the south pole. The
cracks or ‘tiger stripes’ are significantly warmer than the rest of the surface. The Composite
Infrared Spectrometer (CIRS) measured the cracks temperature to be up to 190 K (Goddard,
2010). Secondly, Enceladus was too small to retain an atmosphere; its atmosphere must exist
through an ongoing process. Finally, molecular hydrogen was detected in the plumes, which is
observed in similar volcanic processes on Earth (Waite et al., 2017). These discoveries
contributed to the conclusion that hydrothermal vents were behind Enceladus’ plumes.
The existence of water vapour, amongst gases and organic material is certainly
compelling. The chemical composition of the plumes provides a foundation for what processes
are occurring in Enceladus’, as the ejected material is the by-product of these processes. To
gather this data, the Cassini Ultraviolet Imaging Spectrograph (UVIS) was used to detect the
wavelengths of light emitted by the plume material, with the help of rays from the star Bellatrix
as it passed by in the behind the moon, allowing light to reflect off the plumes. The Ion and
Neutral Mass Spectrometer (INMS) helped in determining the chemical composition by
detecting positive ions and neutral particles. (Cassini Legacy: 1997-2017, n.d.) The following
table shows the results of these analyses in relation to the molecules relevant for potential life.
Table 1: Chemical composition of plumes and ice surface in the South Pole of Enceladus.
(Parkinson et al., 2006)
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To put this data in perspective, we can compare it to the requirements for life summarised in
the following table. This can be used as a reference point of where Enceladus can be placed in
terms of habitability.
Table 2: Requirements for life in our Solar System and their occurrence in our Solar System.
(McKay, 2014)

Table 1 analyses the chemical composition of the plumes of Enceladus. It can be inferred that
the plumes arise from the same origin source; Enceladus’ sub-surface ocean. The abundance
of water (H2O) is due to the ocean being mainly composed of pure ice water (Parkinson et al.,
2006). Carbon is an element shared by all lifeforms due to its versatility and ability to form a
large variety of molecules. As seen in Table 1, it is present in the form of carbon dioxide CO2
at very high densities. This could be an indication of active geochemical processes that can act
as a source of energy for life. Table 2 shows an example of this with the chemical reaction in
the third row. This is methanogenesis and is a process likely to be occurring on Enceladus, the
relevance of this will be further explained later.
Nitrogen (N2) is a vital ingredient for life as it is a component of amino acids which make
up proteins in living organisms. There needs to be an abundant amount of N₂ for nitrogen
fixation to occur. Nitrogen fixation is an anaerobic process integral to life as it turns the
relatively inert nitrogen gas to a chemically reactive molecule ammonia (NH3) that can bond
with other elements to form various molecules such as DNA. One study focuses on the
possibility of a nitrogen cycle on Enceladus. This process was relatively more effective in early
Earth’s environment which had lower oxygen levels. Hence, it is likely to occur on Enceladus
given the amounts of NH3 detected by INMS and the anoxic conditions on the icy moon.
(Taubner, 2012). The presence of a nitrogen cycle would greatly increase the likelihood of life
on Enceladus.
The requirement for light energy in Table 2 applies to photosynthetic life. We can deduce
that organisms relying on this metabolic pathway have a low probability of emerging on
Enceladus (Taubner, 2012). This is because a sufficient amount of sunlight is unlikely to reach
the moon’s ocean, which is trapped beneath a thick layer of ice. However, this does not
eliminate the chances for other forms of life to emerge. Microbes can derive energy from
geothermal activity present due to the active seafloor. This is a possible metabolic source for
life on Enceladus’ ocean.
A compelling discovery was the prevalence of methane (CH₄) on Enceladus. The moon’s
plumes are surprisingly methane-rich (Table 1). The exact reason for the abundance of methane
in the plumes is still uncertain, but research points to hydrothermal processes in the ocean floor
as a viable cause. Serpentinisation is a metamorphic geological process occurring in
volcanically active regions which has been shown to result in the production of methane in
deep sea vents. This process produces molecular hydrogen (H2) which then reduces CO2 into
methane (Russell et al., 2010). The chemical equation for this process is as follows:
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The abundance of CO2 indicated in the Table 1 makes it a possibility that this process is
currently oversaturating Enceladus’ ocean with methane that is then ejected along with other
plume material into space. Serpentinisation is thought to be an indicator for early life on Earth
and even on the terranes of Mars (Schulte et al., 2006).
An accompanying explanation for the abundance of methane is the existence of
methanogenic bacteria in Enceladus. Methanogens are a particularly unusual group of
archaebacteria with coenzymes not typically found in other microbes (Woese, 1978).
Methanogens’ metabolic reaction, methanogenesis, involves the reduction of CO2 into methane
and the release of water as a by-product (Zeikus, 1977). This is exactly the process described
by the equation above, but now occurring within a living organism. Despite their difference in
metabolic processes to photosynthetic life, methanogens are not uncommon on Earth as they
are found in various extremely low or high temperature ecological systems as well as deep sea
oceans. A study of the deep glacial ice in Greenland found methanogenic bacteria to be the
source of excess methane trapped beneath about 3 kilometres of ice (Tung et al., 2005).
Hydrothermal vents, similar to those on Enceladus, can be a hotspot for methanogens as
they provide an abundance of H2, which is needed for methanogenesis. The hydrothermal field
known as Lost City is a system of oceanic vents discovered in the mid-Atlantic Ocean on
December 2000 (Kelley, 2005). It presents a great example of a serpentinite-hosted system on
Earth that generates the necessary conditions for large amounts of archaebacteria, including
methanogens, to thrive.
Such geochemical systems have intrigued biologists as they provide substantial models
which enable further study into the ‘Primordial Soup’ theory. This is a possible explanation for
the emergence of life on Earth theorized by scientist A.I Oparin in 1924 (Fry, 2006). It was
later reinforced by Stanley Urey and Harold Miller’s experiment, which demonstrated that
organic compounds can arise from inorganic chemicals (Miller & Urey, 1959). The experiment
involved the simulation of early Earth conditions; an anaerobic atmosphere, inorganic material
such as hydrogen, methane and ammonia. Electrodes were also used to simulate lightning. At
the end of the experiment, various organic compounds such as amino acids were found.
Following on from this framework, the geochemical setting in which the primordial soup
begins to form organic compounds seems to be hydrothermal vents not dissimilar to those
found on Enceladus. The mechanism that allows this to occur can be explained through the
iron-sulphur world theory by Günter Wächtershäuser, which hypothesises that life began to
emerge near hydrothermal vents on iron sulphide surfaces (Wächtershäuser, 2008). Since
Enceladus seems to contain chemically rich fluids from its silicone core, as well as
hydrothermal vents in its ocean floor which supply chemical energy in the form of hydrogen,
the emergence of life would likely be chemotrophic. (Taubner, 2012). If such life is to be found
on Enceladus, it could provide evidence for the aforementioned theories about the origins of
life on Earth.
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Stability
The emergence of life requires stability. While astrobiologists agree that Enceladus
delivers excellent conditions for life to arise, research onto Enceladus’ formation reveals
an unstable past it shares with the rest of Saturn’s midsized moons. Though much of their
history remains uncertain, those moons appear to have formed from a debris disk which
was the product of the disruption of a previous generation of similar midsized moons.
Furthermore, the disk was hypothesized to be short-lived and the study concluded that
Saturn’s midsized satellite system is still very young (Ćuk et al., 2016). The exact
timespan that Enceladus has remained stable is unknown, but this can be further studied
with upcoming missions. Enceladus’ future, however, may not be as unstable as its past.
Another study highlights that the global ocean and seafloor geological activity can be
sustained for “tens of millions to billions of years”, under the condition that a heat power
of greater than 20 billion watts is maintained. Heat power of greater than 10 GW is
hypothesized to be generated in Enceladus and sustained in the future, keeping its ocean
warm enough to host life (Choblet et al., 2017). Hence, even if there was not enough
time for life to evolve, there exists potential for its emergence under the assumption that
extra-terrestrial life will share the same biochemistry, and therefore require the same
amount of time to evolve as life on Earth.
Conclusion and Implications
The conditions on Enceladus seem to be an active geological environment with an abundance
of water and molecules that could indicate at least microbial life, one of which is methane.
Certain organisms such as methanogens could potentially thrive on Enceladus. The subsurface
geological activity is akin to that of early Earth as well as current environments such as Lost
City. If life were to be found on Enceladus, it could provide evidence for the Primordial Soup
theory as well as the iron-sulphur world theory, as Enceladus can be viewed as a model for
early Earth’s subterranean ecosystems. Furthermore, the past instability of Enceladus lowers
the chances of currently finding life. However, geothermal power from volcanic activity is the
main enabler for the ideal warm temperatures within Enceladus’ ocean. This warmth is likely
to be maintained to sustain life in the future if it has not yet emerged.
The compelling data gathered from the Cassini mission has prompted further study into
Enceladus’ atmosphere, surface, ocean and plumes. The Enceladus Life Finder (ELF) is
another Saturn orbiter mission that has been proposed by NASA for the purpose of providing
enough data to conclude whether Enceladus hosts life. The mission aims to determine the
sources of organic material on Enceladus and to further analyse its plumes. The instruments of
the ELF will have higher sensitivity, resolution and mass range than those on Cassini (Lunine
et al., 2015). If NASA confirms the mission, it will launch on either 2020 or 2021 (Wall, 2015).
ELF will fly on a solar-powered journey to provide more substantial evidence for the potential
of life evolving elsewhere in our Solar system.
All analyses of conditions on Enceladus with regards to the emergence of life fall under
the assumption that extra-terrestrial life is predictable and analogous to terrestrial life in
metabolism and biochemistry. If such life is observed on Enceladus, it could hint at ‘Solar
System panspermia’, the theory that life was carried in interstellar dust and incorporated into
the nebula which gave rise to our solar system. (McKay et al., 2008). This would have resulted
in all emergent planets or moons coming to have the potential for a homogenous biochemistry
of life. This infers the scenario of other planets and moons being habitable even for human life.
As reminiscent of science fiction as it seems, this is a possibility being explored by
astrobiologists and other scientists today for future generations of humans on Earth, who may
experience a lack of resources due to climate change, for example.
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The application of gender in Indo-European languages is notoriously arbitrary.
This is particularly typical of the Dutch language. No single rule defines the
way in which gender is determined or structured. Many factors interplay to
create the Dutch grammar we have today, yet even these rules are arbitrary to a
certain extent, with anomalies to the rules being common.
This paper aims to address the grammatical rules behind the structure of
gender in the Dutch language and the way in which this has changed over the
centuries. Other underlying grammatical aspects that may be indirectly related
to this diachrony are discussed. The factors are assessed and combined in order
to explain the phenomena of change. These changes are applied and compared
to the grammar of other languages within the Indo-European language family,
particularly to the reconstructed grammar of Proto-Indo-European.

1. Introduction and Background
Languages are in a constant process of developing and changing. A natural language is never
in a state of complete stasis. Thus, language change is inevitable within the confines of social
interaction and time, with the degree of change increasing and decreasing according to various
social factors 2 . These changes can provide further insight and understanding as to how a
language’s grammar functions and changes, and how much the active use of it in day to day
life affects the way it changes. The focal research question for this paper is: how far has gender
representation changed between middle and modern Dutch and what factors are implicit in this
change? And, furthermore, can these changes be seen within other languages belonging to the
same language family?
Gender is a major grammatical component of language in the Dutch language, which
makes the changes in the use and representation of gender in Dutch all the more prominent.
The concept that gender changes are occurring is highly interesting and brings questions as to
why these changes are occurring. It highlights the interesting process of language change and
tells us that the grammar of a language is not indefinitely concrete.
Diachrony is the process of change occurring over time through history and the term being
using to describe the gender changes in the Dutch language within the context of this paper.
Gender is manifested in Dutch through the assumed genders of the nouns themselves, but also
through their determiners or antecedents3. This paper will be focusing on the way in which the
gender of referents affects these determiners/antecedents, and what grammatical rules apply to
how the gender influences them and under what circumstances.
One of the key points regarding the diachrony of gender in the Dutch language that should
be taken into consideration is that the changes do not necessarily develop nor are made concrete
Author email: a.s.lambert@students.uu.nl. The author wrote the original version of this paper for an
undergraduate course taught by Dr. Gaetano Fiorin.
2 Nettle, D (1999) Is the Rate of Linguistic Change Constant? p.120
3 De Vogelaer, G. Changing Pronominal Gender in Dutch: Transmission or Diffusion? p.71
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over the same span of time 4 . More specifically, concerning Dutch, these specific gender
changes - the shift from three nominal genders to two nominal genders - occurred at different
rates. These changes developed much faster in spontaneous spoken Dutch than in written
Dutch5. This is due to the Dutch government actively trying to resist this shift in the nominal
genders through stressing the importance of using all three of the genders used in middle Dutch.
This was done through including them in public documents and publishing and releasing
dictionaries that further reinforced the perceived importance of retaining the three-gender
system6. However, this was ineffective in preventing the inevitable changing process of the
spoken language; yet managed to slow down the process in written language.
The research question will be answered through addressing the relationship between
lexical gender agreement and semantic gender agreement. Semantic gender agreement is a
form of agreement that is based upon particular properties of a referent. Two of the most
prominent properties are animacy/sex (of the referent's biological state). Lexical gender
agreement is a form of agreement based upon the inherent lexically stored gender of the noun7.
Semantic gender agreement tends to take precedence over lexical gender agreement in
situations where the lexical gender agreement of the noun is ambiguous or under dispute.
Each section in this paper will address a grammatical element involved and/or affected by
the gender changes within the Dutch language.
1. Dutch Gender in the Context of the Germanic Family
There are quite stark contrasts in the ways that semantic gender agreement and lexical gender
agreement manifest themselves in West Germanic Languages, despite the fact that they are all
so closely related in linguistic terms. English completely lacks lexical gender agreement; all
agreements are done semantically8. German, on the other hand, makes much more consistent
use of lexical gender agreement and so it employs semantic gender agreement much less
frequently. Dutch falls somewhere in the middle of these two extremes as each Dutch noun has
a lexically stored gender but semantic gender agreement still occurs, particularly in situation
where the referent is a human being9. In addition, it appears as though Dutch has undergone a
change from middle Dutch resembling modern German, to modern Dutch resembling modern
English10.
Information regarding other languages from the same linguistic family as Dutch is useful
in terms of understanding the different ways in which linguistically similar languages are
changing over time. Grammatical gender changes within other languages from the same family
as Dutch will be discussed later on.
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2. Data from the Dutch Language
2.1.

‘De’ and ‘Het’

Articles within the Dutch language contribute to the determining of the gender of a noun.
Understanding the role of the articles is important in comprehending grammatical gender in
the Dutch language.
'De' and 'het' are the two definite articles in Dutch, both meaning 'the'. The two determiners
distinguish nouns into two genders, the common gender and neuter gender11.
The common gender is the name of the gender that is now considered as being a
combination of the masculine and feminine gender following their conflation. However, the
common gender is most often manifested as masculine in terms of its representative gender.
The feminine gender specifically is only used in situations where the referent is explicitly
feminine and its default lexical gender is not neuter.
The common gender is also always used for the plural version of nouns. For example:
‘de hond’ (the dog)

‘het hondje’ (the little dog)

‘de honden’ (the dogs)

It must also be noted that 'common gender nouns always take the pronoun whose gender
corresponds to the natural, that is, biological gender of their referents' 12 (except in a few
anomalous circumstances which will be outlined later on).
'Het' is the determiner used for the neuter gender class. It is also used alongside every noun
in its diminutive form (as seen with ‘het hondje’)13. 'Het' nouns only account for approximately
one quarter of all Dutch nouns, however, this statistic is under dispute14. Some examples of its
use in the diminutive are as follows:
bier ‘beer’ – bier-tje ‘glass/unit of beer’
snoep ‘candy’– snoep-je ‘piece of candy’
krijt ‘chalk (mass)’ – krijt-je ‘chalk (writing utensil)’
vilt ‘felt’– vilt-je ‘coaster’
vuil ‘dirt’– vuil-tje ‘speck of dust’
This data shows that in every instance the meaning of the noun changes slightly in the
diminutive form, by focusing the subject matter in terms of specificity.
There are other instances in which gender is presented as being particularly arbitrary. In
Dutch, there are double gender nouns15. These are nouns that can be preceded by either of the
two definite articles and thus can take on either the common gender or the neuter gender.

11
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de/het aanrecht ‘sink’
de/het schort ‘apron’
de/het omslag ‘envelope’
de/het kaneel ‘cinnamon’
These examples16 show just how arbitrary gender assignment is in Dutch.
Double noun compounds are another variant in the way in which gender is structured in Dutch.
All noun-noun compounds take on the gender of the second noun in the compound, which is
the head of the compound.
De veldslag v Het slagveld
De landwijn v Het wijnland
De toneelwereld v Het wereldtoneel
We find that Dutch has no general rule for the assignment of common or neuter gender to
nouns. Lexical gender agreement is very arbitrary in modern Dutch17 as it appears as though
there is no general rule specifically applicable to this grammatical element of Dutch.
The assignment of lexical gender to nouns in Dutch is extremely arbitrary. A key
example18 of this is with the Dutch noun 'meisje' which means 'girl' in English.
Dat

DEM.N

meisje dat
Girl(N)

REL.N

daar staat
there

stands

ken

know

ik.
I

Ze

3SG.F

zit

Sits

bij

With

mij
Me

op
In

school.
School.

‘I know that girl standing over there. She is in my school.’
In this example, both the determiner and the relative pronoun to the noun are neuter. This agrees
with the noun because the gender of the noun 'meisje' is neuter, as opposed to feminine which
many would assume as being the semantic gender. However, the personal pronoun remains
feminine, agreeing with the biological sex of the referent. With such nouns - like ‘meisje’ there is conflict between the semantic gender of the referent and the lexicaly stored gender of
the noun. In these cases, semantic gender is able to override lexical gender in the personal
pronoun19, implying its grammatical superiority.
This agreement variation can often be seen cross-linguistically: it is often possible for
personal pronouns to agree semantically while other agreement targets agree with the lexical
gender of the noun20.
16
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2.2.

Individuation: The Hierarchy and its Importance

The grammatical category of the noun can help determine whether its gender agreement is
more likely to occur semantically or lexically. Individuation is the way in which a noun can be
identified or differentiated. Different degrees of individuation fall within a hierarchy: the
individuation hierarchy. This hierarchy consists of 5 categories of nouns. These are human,
animal, object/bounded abstract, specific mass, unbounded abstract/unspecified mass. This is
more easily presented on a scale21:
Human > Animal > Object/Bounded Abstract > Specific Mass > Unbounded > Abstract/Unspecified Mass

High Individuation

<---------------------------- >

Low Individuation

Parallel to this hierarchy, there is another scale that determines the degree of individuation for
the subject depending on whether it has a high or low degree of individuation. More
specifically, ‘semantic agreement occurs significantly more often with referents at the extreme
ends of the hierarchy than with those towards the middle.’22 Referents at the far ends of the
scale are subjected to more discussion in regard to their gender agreement than those in the
center of the hierarchy.
Often in Dutch, the gender of a noun is ambiguous and so it is unclear whether the
agreement should be semantic or lexical. The coherent grammatical rule that stems from the
hierarchy is that 'pronouns display a semantic agreement pattern along the lines of
individuation when they do not agree with the lexical gender of the noun.’23 This rule helps to
eliminate the ambiguity of a noun’s gender agreement.
Lexical gender is arbitrary and semantic gender is influenced by the degree of
individuation and the sex of the referent24. The hierarchy is necessary because the degree of
individuation helps determine the gender of a noun in situations where the gender of the
referent is ambiguous (so as to differentiate between common and neuter) due to the
arbitrariness of gender assignment in Dutch.
3. The Diachrony of Dutch Gender: Semantic Gender Agreement versus Lexical
Gender Agreement
Much research has previously been conducted in regard to the relationship between semantic
gender agreement and lexical gender agreement. As we have already seen, semantic gender
agreement and lexical gender agreement have a large amount of influence in Dutch gender and
there are many rules determining the way in which these principles must be applied to the
language in practice. Some data will follow regarding the way in which the balance between
the use of lexical gender agreement and semantic gender agreement has shifted between middle
Dutch and modern Dutch. This shift appears to be a direct result of the conflation of the
masculine and feminine gender into the common gender.

21
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Table 1: This is a table showing the ratio of semantic to lexical agreement in middle Dutch and
present-day Dutch25
Mass (Conflict)

Middle Dutch Texts
(masculine and feminine
antecedents)

Present-Day Dutch
(common antecedents)

Non-Lexical

27%

50%

Lexical

73%

50%

Total

100%

100%

Table 1 is useful in recognising the diachrony of these two types of gender agreement between
middle Dutch and Modern Dutch. Interestingly, it shows that semantic gender agreement
(marked on the table as ‘non-lexical’) occurs almost twice as much nowadays compared to
when middle Dutch was spoken, whereas the use of lexical gender agreement has reduced by
almost 25%.
The following table of data shows the way in which adnominal gender marking has also
changed in the period between middle Dutch and modern Dutch, and more specifically shows
which markers have remained the same, those that have been lost and those that have changed
over the years. Adnominal gender markers tend to indicate lexical gender agreement. The data
shown in table 2 suggests that the loss of some of these markers has resulted in a corresponding
decrease in the use of lexical gender agreement in favour of semantic gender agreement. This
is supported by the data presented in the previous table showing the frequency with which
semantic gender agreement and lexical gender agreement are used.

25

Kraaikamp, M. (2017). Semantic versus Lexical Gender: Synchronic and Diachronic Variation in
Germanic Gender Agreement. p.113
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Table 2: Table showing the Adnominal Gender Marking Comparison26
Adnominal element

Middle Dutch

Present-Day Dutch

Definite article

yes

yes

Indefinite article

yes

no

Demonstrative determiners

yes

yes

Possessive determiners

yes

Only 1SG.PL

Attributive adjectives

yes

Only indefinite NPs

4. Analysis and Discussion
The conflation of the masculine and feminine genders into the common gender most likely play
a role in the shifts that have occurred in semantic and lexical gender agreement. Indeed, any
uncertainty in regard to the gender of a referent with common gender nouns may result in a
heavy reliance on semantic gender agreement, which would not have been an issue back before
the conflation of masculine and feminine into the common gender.
Furthermore, these changes to semantic and lexical gender agreement have been affected
by how frequently lexical gender is marked (as shown in the previous table of data27). This
would have been influenced by conflation but is not directly caused by it, rather the changes
have occurred as an extension of the reduction in the use of lexical gender agreement, thus
meaning the demand for a wider variety of adnominal gender markers is no longer as relevant.
In addition, given that the number of nominal genders has reduced from 3 to 2, it would be
expected that we would also see a reduction in the elements that mark gender.
Semantic gender agreement is not a new development that coincided with the conflation
of the Dutch genders. Indeed, semantic gender agreement existed before the change from 3
nominal gender to 2 nominal genders28. The frequency with which semantic gender agreement
is used is what changed as a result of the conflation of masculine and feminine into the common
gender.
The concept that semantic interpretation has been enabled by individuation can possibly
be attributed to being an old West Germanic feature. Indeed, 'it seems that, at least in the West
Germanic languages, semantic agreement with animate referents has long existed alongside
lexical agreement' 29 . This feature could also possibly even be traced back to Proto-IndoEuropean.
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5. The Broader Perspective: Indo-European Languages
The Indo-European languages are predominantly spoken and native to the European continent
and some areas of Asia and India. Indeed, 'more than 95 per cent of Europeans now speak an
Indo-European language' 30 . The Indo-European language family stems from one original
language referred to as Proto-Indo-European, which will be furthermore referred to as PIE. In
present times, the language most similar to PIE in terms of grammar and lexicon is Lithuanian.
There is much frustration to be had for the learner of a new Indo-European language
concerning mastering the gender systems. Each language has such drastically different ways
of expressing gender and more often than not, these methods are mostly arbitrary. Indeed, 'the
gender categories of most Indo-European languages[...]do not agree with anything in the
practical world[...]There seems to be no practical criterion by which the gender of a noun in
German, French, or Latin could be determined.'31
West Germanic semantic gender agreement has long existed alongside lexical gender
agreement, as outlined in the previous section. However, this is no longer the case in English,
which now only retains its semantic gender agreement, having completely lost any lexical
gender agreement back around the middle ages.
In Romance varieties of the Indo-European language family referents of low individuation
are classified as being neuter as per the pattern followed in the individuation hierarchy. This is
a fairly new development within the linguistic structure of this language family and is an
example of how many languages are starting to follow similar grammatical rules that they
didn’t previously.
In addition, regarding the similarities in the use of the individuation hierarchy, semantic
gender agreement with low individuation in neuter nouns can also be found in Danish,
Norwegian and Swedish32.
As to the quantity of genders across language within the Indo-European family: German,
Icelandic, Serbo-Croat and Russian have three genders. However Dutch, Italian and French
have reduced their gender systems from 3 genders to 2 genders in various ways33 and German
is beginning to show signs of the relaxation of more grammatical elements of its own. The fact
that these changes have occurred in more languages than just in Dutch implies that many
languages are evolving in ways that almost appear as if to mimic one another in terms of the
simplification of grammatical gender.
A point that is particularly interesting as to these widespread changes is that recent research
has shown that the PIE gender system was originally constructed with only 2 genders as
opposed to 3 34 . This could be supported by the fact that Lithuanian - the language that is
currently the closest to PIE in terms of lexicon and grammar these days35 - also only have two
genders: masculine and feminine. If PIE did indeed have only 2 genders then the main inserting
point here is that all Indo-European languages stemmed from PIE and it appears as though
many are currently going through the process of reverting back to the original language form
of their common mother language. However, these conclusions regarding the gender structure
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of PIE are still under discussion and so this conclusion is purely hypothetical as this issue is
still being contested36.
6. Conclusion
Many elements in Dutch grammar have contributed to the drastic changes in terms of the
diachrony of gender in the Dutch language.
The diachrony of gender has occurred as a natural process of language change; all of the
components discussed in this paper have changed due to the conflation of masculine and
feminine into the common gender, whether directly or indirectly. Semantic gender agreement
and lexical gender agreement have both been affected by the diachrony of gender, particularly
in regard to the frequency with which they are used and the balance of their use thereof. In
addition, the use of adnominal gender markers has changed drastically between middle and
modern Dutch as a result of both the reduction in the number of nominal genders and the
reduced use of lexical gender agreement.
Furthermore, the reduction in genders in other languages and the way in which semantic
gender is applied using the same principles from the individuation hierarchy and the scale of
low to high individuation shows that some of these changes are also applicable to other
languages within the Indo-European region.
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Proto-Indo-European is a language that has been reconstructed by historical linguists in an attempt
to trace modern languages back to their common ancestor. This fact should be taken into
consideration when applying theories such as these to the grammatical rules that apply to PIE.
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Liraglutide forms an effective treatment
for high blood glucose levels in
type 2 diabetes mellitus
A comparison of GLP-1 agonists liraglutide and albiglutide in terms of
pharmacodynamics, pharmacokinetics, and clinical relevance.
Aashika Ravi, Isha Mol, Marnix van de Sande and Matthew Tan*
University College Utrecht
This drug review compares two glucagon-like peptide 1 (GLP-1) agonists
liraglutide and albiglutide. GLP-1 agonists are a common second-line treatment
for type 2 diabetes mellitus. Drugs in this class of GLP-1 agonists make use of
the incretin effect to stimulate a feedforward response for insulin secretion from
the ß-cells of the pancreas. This review intends to delineate key
pharmacokinetic and pharmacodynamic differences between the two drugs in
order to gain a comprehensive understanding of the benefits of one treatment
type over the other. Through analysis of these properties, in addition to their
effectiveness in lowering plasma glucose concentration, and potential side
effects, it was determined that liraglutide forms the more effective treatment for
type 2 diabetes mellitus.

Introduction
A 25% relative reduction in the overall mortality from noncommunicable diseases such as
diabetes was the top priority outlined by the WHO in their 2014 Global Status Report (WHO,
2014). To stress the urgency of achieving this goal, type 2 diabetes mellitus (T2DM) which
comprises 90% of all diabetic cases (Jacobsen et al., 2016) is already a growing international
epidemic with a prevalence of 380 million cases projected by 2025 (Piya et al., 2008). The
main etiological factor in the onset of T2DM is insulin resistance which leads to the
manifestation of hyperglycemia - the most common cause of which in humans is owed to
obesity (Olefsky, 2016).
In terms of pharmacological treatment, the recommended first line is to prescribe
metformin, an oral anti-hyperglycemic agent. In the event that glycemic control in not
accomplished through metformin monotherapy, individualized treatment with two drug
combination therapy involving glucagon-like peptide 1 (GLP-1) receptor agonists is a common
second-line option (Marín-Peñalver et al., 2016). As a general overview, this class of drugs
targets the incretin system to reduce hyperglycemia via promoting glucose-dependent insulin
secretion while inhibiting glucagon release. An advantage of GLP-1 receptor agonists is that
they have a lower risk of causing hypoglycemia in comparison with older insulin
secretagogues, such as sulfonylureas or meglitinides (American Diabetes Association, 2012).
Since the introduction of the first GLP-1 receptor agonist, exenatide, several other GLP-1
Author email: aashika.ravi@gmail.com. The authors wrote the original version of this paper for an
undergraduate course taught by Dr. Anneke van Houwelingen.
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receptor agonists have been approved for pharmaceutical use. Each of these agonists vary in
terms efficacy and tolerability, dosing frequency, administration requirements and cost.
This review discusses the mechanism of action of GLP-1 agonists, and critically compares two
GLP-1 agonists, liraglutide and albiglutide, in terms of pharmacokinetics, pharmacodynamics,
safety and clinical significance.
Pathophysiology of Type 2 Diabetes Mellitus
Glucose Homeostasis
Maintaining glucose homeostasis is a crucial regulatory process of the body. Imbalances in
plasma glucose, such as that seen in T2DM can cause organ damage, with serious
manifestations such as blindness, renal disease, and non traumatic limb amputation (Saltiel,
2001). This imbalance is caused by the failure of the hormone insulin to properly regulate
carbohydrate and lipid metabolism (Saltiel, 2001). The physiological set point for glucose
concentration of around 5 nm (Saltiel, 2001) is maintained by the opposing actions of the
hormones insulin and glucagon.

Figure 1. Glucose homeostasis between endogenous production and increased glucose levels
in the plasma following a meal (Kowalsky & Bruce, 2014).
After a meal, there is an increase in plasma levels of glucose. This glucose is transported
into the ß cells of the islets of Langerhans in the pancreas by low affinity GLUT2 transporters.
The low affinity of these transporters ensures that they are greatly sensitive to changes in
plasma glucose concentration, allowing an increase or a decrease in the rate of glucose transport
proportional to the glucose concentration in the blood (Saltiel, 2001). Once in the ß cells,
glucose is phosphorylated by glucokinase, an enzyme that also has the ability to adjust its
activity in proportion to a range of glucose concentrations (Saltiel, 2001). Glucose then
undergoes a degradation to pyruvate. Through a series of further metabolic reactions in the
mitochondria of the cell, ATP is formed, affecting the intracellular ATP:ADP ratio. This shift
in the ratio causes activation of the sulphonylurea receptor 1 (SUR1) protein, promoting the
closure of inward rectifying potassium channels. Closure of these channels alters the membrane
potential and causes the opening of calcium channels. The increase in the intracellular calcium
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promotes calcium-mediated exocytosis of insulin-containing granules (Stumvoll, Goldstein, &
Haeften, 2005). This first, acute phase is followed by a second, amplifying phase in which the
glucose-derived second messengers heighten the insulin response seen in the first phase (Muoio
& Newgard, 2008). Insulin then proceeds to stimulate glucose uptake into muscle cells and
adipocytes by increasing the concentration of the transporter GLUT4 at the cell surface. Once
in the muscle cell, glucose is phosphorylated and can either be stored as glycogen or oxidized
to generate ATP. In adipocytes, glucose is stored as a lipid. These processes are illustrated in
a broader fashion in figure 1 above. Thus, the actions of insulin to stimulate glucose uptake
and suppress endogenous glucose production via the liver work to reduce plasma glucose levels
(Saltiel, 2001).
Conversely, when plasma glucose concentrations fall, glucagon is secreted by the α cells
surrounding the ß-cells in the pancreas. Glucagon works to promote the release of stored and
synthesized glucose into the bloodstream (Saltiel, 2001). Therefore, the antagonistic actions of
the hormones insulin and glucagon work to maintain the physiological setpoint for plasma
glucose concentration. When this harmonious interaction is disrupted such that hypo- or
hyperglycemia is present, serious consequences can result for the cells and organs of the body.
T2DM is characterized by defects in insulin secretion (notably, insulin resistance) and marked
failure of the compensation mechanisms of the ß-cells of the pancreas to respond to the
hyperglycemia (Baynest, 2015; Saltiel, 2001).
Insulin Resistance
Insulin resistance is present when the effects of insulin are less than expected for glucose
disposal into muscle cells and the suppression of endogenous glucose production (Stumvoll,
Goldstein, & Haeften, 2005). This increase in plasma glucose (or hyperglycemia) occurs in the
presence of hyperinsulinemia in type 2 diabetics, indicating hepatic insulin resistance. A
number of molecular mechanisms have been explored to explain this phenomenon including
alterations in metabolic function; however, research remains incomplete. Insulin sensitivity is
further thought to be influenced by factors such as age, physical fitness, dietary nutrients, and
obesity (Kahn, 2003).
This resistance to insulin results in an inability of the muscle cells to take up circulating
glucose. In certain fat cells, insulin resistance curbs the effects of the hormone’s antilipolytic
effects, causing increased lipolysis and fatty acid release, which dampen insulin’s actions in
suppressing hepatic glucose production. These effects further the progress of insulin resistance
(Saltiel, 2001).
ß-Cell Deterioration.
ß-Cell dysfunction begins to manifest once hyperglycemia is present (Kahn, 2003). ß-Cell
failure marks the transition from insulin-resistance to pathological presentation of T2DM, and
is characterized by a decrease in ß-cell mass and failure of its functions, including glucosestimulated insulin release (Muoio & Newgard, 2008). A pattern of initial compensatory
expansion of ß-cell mass to cope with increased demand for insulin, followed by progressive
islet degeneration has been noted in rodent models (Saltiel, 2001).
The initial compensatory phase is thought to occur as a result of elevated expression of
certain genes encoding an increase in ß-cell mass (Saltiel, 2001). Other stimulating factors such
as growth factor signaling hormones and glucagon-like peptide 1 (GLP-1) have also been
considered to work in this initial period. GLP-1, for example, stimulates ß-cell proliferation
and acts as a survival factor through several molecular mechanisms (Prentki & Nolan, 2006),
which will be further elucidated in the next section.
The second phase involves the progressive deterioration of ß-cell function, following the
inability of these cells to maintain normoglycemia through compensatory mechanisms. This
deterioration is thought to be a result of multiple pathways, including mitochondrial
dysfunction, ß-cell exhaustion, and stress on the endoplasmic reticulum. In normal metabolism
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of glucose and free fatty acids, there is superoxide production and exposure of the cell to
reactive oxygen species (ROS). To counter this exposure, uncoupling proteins are activated to
uncouple the oxidation from ATP production, and to heat instead, minimizing the toxic effects
of the ROS. However, this comes at the expense of efficiency in ATP synthesis and insulin
secretion. Therefore, when islets attempt to compensate for hyperglycemia, they risk functional
failure (Prentki & Nolan, 2006). Islets in T2DM are also characterized by amyloid deposits,
which have been shown to cause apoptosis in ß-cells (Butler, et al., 2003).
The incretin effect, GLP-1 and the GLP-1 receptor
GLP-1, a hormone secreted by L-cells of the small intestine, has profound effects on glucose
metabolism in the human body. Upon ingestion of lipids, proteins and glucose, the L-cells
release GLP-1 into the bloodstream, which in turn results in the secretion of insulin into the
bloodstream by the pancreatic β-cells. This response is labeled as the incretin effect. The GLP1 hormone activates many tissues containing cells that express the GLP-1 receptor (GLP-1R),
including the brain, kidneys, heart, lungs and major blood vessels (Doyle & Egan, 2007). Most
importantly however, and especially relevant for the scope of this drug review, is the effect of
GLP-1 on pancreatic β-cells.
GLP-1 activation of the β-cells results in both a short-term response, consisting of glucoseinduced insulin secretion, and a long-term response, including increased insulin synthesis and
eventually β-cell proliferation. Additionally, it has been found that prolonged GLP-1 activation
results in an increase of pancreatic mass by inducing protein synthesis (Koehler et al., 2014).
Receptor characteristics
The GLP-1 receptor is a G-protein coupled receptor (GPCR), that excites a response upon
binding of GLP-1. Interaction between GLP-1 (agonist) and the GLP-1 receptor occurs via a
‘two step’ mechanism using multiple extracellular contact points (figure 2).

Figure 2: ‘Two-step’ activation of the GLP-1 receptor by GLP-1 (Willard & Sloop, 2012).
It has been proven that activation of the GLP-1 GPCR receptor results in an increase in calcium
levels, leading to insulin secretion. The exact mechanism by which the GLP-1 receptor exerts
this effect, including the G-protein coupling profile of the receptor, is still not fully
documented. Activation of adenylyl cyclases that increase the levels of cAMP in the ß-cell
most certainly plays a role in this mechanism. In addition, it has been suggested that a subunit
of the GLP-1 receptor receptor directly interacts with β-arrestin to induce mobilization of
intracellular calcium (Willard & Sloop, 2012). Another hypothesis is that GLP-1 is able to
mediate the closure of potassium channels, resulting in depolarisation and subsequent
activation of an inward calcium current (Doyle & Egan, 2007).
Despite the uncertainty about the exact pathway via which GLP-1 boosts intracellular
calcium levels, the increase in the cytosolic calcium concentration eventually induces the
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fusion of insulin-containing vesicles with the plasma membrane, and thus the secretion of
insulin into the bloodstream (Doyle & Egan, 2007).
The incretin response as a possibility for treatment
When discussing the origin and effects of GLP-1, it becomes clear that the incretin effect is a
very important mechanism in glucose homeostasis. The GLP-1 receptor is thus, apart from the
other effects it exerts, an important target for effective treatment of T2DM symptoms.
Pharmacologically inducing the incretin reflex, for example by stimulating the GLP-1 receptor
on pancreatic β-cells, can be considered as a logical way to reduce glucose levels in patients
with this disease.
However, a problem resides in this approach, since administering endogenous GLP-1
hormone is not very practical. Because the half-life (t1/2) of GLP-1 is only about one to two
minutes, this strategy is not suitable for prolonged treatment, which is ultimately necessary to
treat these structural symptoms of T2DM. The short half life of GLP-1 is the result of dipeptidyl
peptidase IV (DPP4) activity, an enzyme that is present in the plasma membrane of endothelial
cells lining blood vessels. Due to the high prevalence of the enzyme, GLP-1 will bind to DPP4
almost immediately after secretion, resulting in cleavage of the polypeptide chain, and hence a
dramatic reduction in the affinity for the GLP-1 receptor (Willard & Sloop, 2012). Eventually,
GLP-1 will be degraded into several smaller metabolites by neutral endopeptidase (Malmerjefält et al., 2010). The possibility of increasing the effect of endogenous GLP-1 using a
DPP4 inhibitor has been suggested (Briere et al., 2017), but this research is in a relatively early
stage and goes beyond the scope of this paper.
The bottom line is that effective use of the incretin effect for treatment of T2DM requires
long lasting substances that mimic the structure, and thus function, of GLP-1, but are not, or to
a lesser extent, affected by DPP4. So far, there has not been a clear success in identifying
nonpeptide molecules that could possibly mimic the binding of GLP-1 to its receptor (Willard
& Sloop, 2012). This means that stimulation of the incretin effect is currently dependent on
complex polypeptide agonists that largely resemble natural GLP-1. Liraglutide and albiglutide
are two examples of such an agonist.
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Pharmacokinetics and Pharmacodynamics of Liraglutide.

Figure 3: The molecular structure of liraglutide in comparison to Human GLP-1 (Malmerjefält et al., 2010).
Unlike the first clinically approved GLP-1 receptor agonist, liraglutide is a long-acting GLP-1
agonist. Its homology is 97% similar to that of the naturally occurring human GLP-1 (Fig. 3)
(Dharmalingam et al., 2011). Native GLP-1 consists of a 30-amino acid long peptide cleaved
from the transcription product of the preproglucagon gene (Russell-Jones, 2009). In
comparison, the peptide chain of liraglutide is characterized by acylation of the lysine residue
at position 26 with a hexadecanoyl-glutamyl side chain, and a single lysine-to-arginine amino
acid substitution at position 34 (Jacobsen et al., 2016). These lipophilic substitutions provide a
molecular conformation which stabilizes liraglutide against metabolic degradation, primarily
by DPP4, and allows for reversible binding to plasma albumin proteins. As such, liraglutide
has decreased clearance resulting in a prolongation of half-life (t1/2). In vitro studies showed
the slower rates by which DPP4 cleaves liraglutide, albeit in the same site where it also cleaves
GLP-1 (Malm-erjefält et al., 2010).
Pharmacokinetics
Liraglutide is suitable for once daily dosing in large part due to its pharmacokinetic profile.
Administration of the drug is conducted by subcutaneous injection of an isotonic solution
containing 6.0 mg/ml of the drug substance via a prefilled, multi-dose pen-injector (RussellJones, 2009). Following subcutaneous administration, liraglutide is slowly absorbed reaching
a maximum concentration (Tmax) after 10 – 14 hours (Vilsbøll, 2007). This can be attributed to
the hydrophobic interactions between the fatty acid side chains of each liraglutide molecule.
Furthermore, the binding of liraglutide to albumin in the subcutis can prolong the absorption
rate (Jacobsen et al., 2016). The prolongation of the absorption via the subcutaneous tissue
results in a longer a half-life (t1/2) when compared to IV bolus injection (Vilsbøll, 2007).
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Figure 4: (a) Mean concentration-time profiles of plasma liraglutide (b) Total radioactivity of
labelled liraglutide in wet and dry samples as measured by LSC (Malm-erjefält et al., 2010).
Tests by Malm-erjefält et al. showed that after liraglutide dosing the mean plasma
concentration-time profile (Fig. 4a) exhibited a maximum concentration at 11.7 hours and
mean Cmax of 10,586 pM. This was followed by a steady reduction toward baseline over the
next 48 hours and indicated a (t1/2) of 15.6 hours (Malm-erjefält et al., 2010). Moreover, after
seven daily doses, the accumulation index, which captures the relationship between the dosing
interval and the elimination rate constant, was 1.4 to 1.5 times higher with a dose-proportional
increase in AUC and Cmax (Piya et al., 2008).
In addition to the plasma liraglutide pharmacokinetic profile, Malm-erjefält et al. also
radioactively labeled liraglutide and tested for plasma radioactivity which garnered similar
results in both wet and dry plasma samples when analysed by liquid scintillation counting
(LSC). The radioactivity detected in plasma (Fig. 4b) was at the highest levels 12 to 16 hours
after dosing with a mean Cmax of 10,930 pmol Eq/l and regressed to baseline levels. The
exposure of radioactivity was still detectable in the plasma 7 days after exposure which was
slightly larger than the exposure of total liraglutide as measured by ELISA. This strongly
implies the presence of circulating metabolites. Furthermore, the exposure of radioactivity in
whole blood was found to have a profile similar to that in plasma, peaking 12 to 16 hours after
dosing and thereafter declining toward baseline. The mean hematocrit of the subjects was 0.44
and the mean whole blood/plasma ratio was approximately 0.6 with a of range 0.57– 0.68
between 2 and 72 hours after dosing (Malm-erjefält et al., 2010). It can be inferred that
liraglutide is mainly distributed within the plasma compartment.
GLP-1 and liraglutide undergo similar metabolic pathway seeing as the cleavage sites of
liraglutide are similar to those reported for GLP-1. It is thus not surprising that DPP4 a widely
distributed endogenous enzyme located in hepatocytes and around bile canaliculi and the bile
duct epithelium (Mentlein, 1999) is involved in its degradation (Jacobsen et al., 2016). That
said, a defining difference is that liraglutide metabolism has consistently been shown to be
much slower. In the study with radioactively labeled liraglutide conducted by Malm-erjefält et
al., the cumulative recovery of total radioactivity in this study was 26.3% of the administered
dose. Moreover, the low levels of liraglutide-related radioactivity in urine and feces (11.5% of
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the administered dose) and the presence of volatile radioactivity as measured in the dry samples
of urine and plasma (presumably representing tritiated water) points toward full degradation of
liraglutide within the body (Fig 5(a) and (b)) (Malm-erjefält et al., 2010).
These observations, taken together with data from previous studies in animals and humans,
suggest that liraglutide is cleared by slow but complete degradation within the body in multiple
organs and tissues; it is not predominantly eliminated by only the liver. Hence, the
pharmacokinetic profile of liraglutide characterized by slow absorption from the injection site
and subsequent protracted activity makes this drug suitable for once-daily administration
(Marín-Peñalver et al., 2016).

Figure 5: Mean cumulative excretion of radioactivity in urine (a) and feces (b) of all subjects
after a subcutaneous single dose of radioactive liraglutide (0.75 mg/14.2 MBq). (Malm-erjefält
et al., 2010).
Pharmacodynamics
In healthy people, a single dose of 10 μg/kg liraglutide significantly brought down fasting
plasma glucose compared to placebo (6.9±1.0 versus 8.1±1.0 mmol/L) (Wajcberg & Amarah,
2010). This effect has been replicated in several phase II studies. Additionally, phase III studies
have also shown that liraglutide reduces fasting plasma glucose in combination with
glimepiride, metformin, or both (Piya et al., 2008). When used as monotherapy or
individualized therapy in combination with metformin, liraglutide can improve glycemic
control (Tahrani et al., 2016). This is accomplished by means of glucose-dependent
enhancement of insulin secretion and suppression of glucagon secretion coupled with a slowing
of gastric emptying after both single and multiple injections.
In a series of stepwise hypoglycaemic clamps conducted in 11 people with T2DM
following injection of 7.5 μg/kg liraglutide or placebo, it was shown that insulin secretion was
increased by liraglutide relative to placebo. This was true at higher glucose levels (4.3 and
3.7mmol/L) but not at lower glucose levels (3.0 or 2.3mmol/L; Fig. 6). In contrast, the glucagon
response to hypoglycemia was unaffected by liraglutide treatment (Russell-Jones, 2009).
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Figure 6: Insulin secretion rates in 7.5 μg/kg liraglutide dose and placebo treatments (RussellJones, 2008).
Safety and adverse effects
Liraglutide has the capacity to affect absorption of concurrently administered oral drugs, due
to the delay in gastric emptying (Dharmalingam et al., 2011). As a result of this GI effect, 4.5
to 40% of patients can complain of transient nausea as was reported in the LEAD studies.
However, the majority of patients noted that after approximately 4 weeks such symptoms
dissipated (Bode, 2012). LEAD studies noticed slight increases in heart rate of between 2 and
4 beats especially during the night when patients underwent treatment with liraglutide. This is
suggestive of liraglutide decreasing parasympathetic activity which may affect the
sympathovagal balance (Kumarathurai et al., 2017). Nonetheless, no significant changes in the
QT complexes were detected in patients’ ECG recordings during phase I studies of liraglutide
(Bode, 2012).
Pharmacokinetics and Pharmacodynamics of albiglutide
Introduction and Structure of the Drug
The drug, albiglutide, marketed as Tanzeum, is another type of GLP-1 agonist. It was
developed later than liraglutide, with it only being approved by the Food and Drug
Administration, FDA, in 2014 (Tran et al., 2017). Through the HARMONY trials, multiple
aspects of the workings of albiglutide were established. It was established that albiglutide
created a reduction of glycosylated hemoglobin of 0.8 to 1.0% (Brønden et al., 2017), and this
further increased when the drug was combined with diet and exercise. Furthermore, it was
shown that albiglutide caused greater weight loss in patients, compared to those taking other
forms of GLP-1 agonists (Tran et al., 2017). However, the full risk-benefit profile for the drug
albiglutide is not complete, as the HARMONY studies will be concluded in 2019 (Brønden et
al., 2017).
Albiglutide has a similar chemical structure to other GLP-1 agonists, including liraglutide.
It has a molecular weight of 73 kDa (Brønden et al., 2017), showing that albiglutide is a large
protein molecule. The structure of albiglutide is 97% homologous to the amino acid sequence
of the protein GLP-1 (Tran et al., 2017) (see Fig 7). Similar to liraglutide, albiglutide also
substitutes the end chain for albumin to increase resistance against DPP-4, and to increase the
overall half-life of the drug (Rendell 2017).
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Figure 7: Structure of drug albiglutide (Li et al., 2016)
Administration
Albiglutide is not administered as the first line of treatment due to the fact that it is more
commonly used as an adjunct treatment for diabetes type II (Tran et al., 2017), and is therefore
supplementary to other types of treatment. It has a recommended dosage of 30 to 50
micrograms, which is administered once a week. The drug is administered through
subcutaneous injection, indicating that it must be absorbed first (Brønden et al., 2017).
Pharmacokinetics
Albiglutide is absorbed primarily through the lymphatic circulation system through the vena
cava (Brønden et al., 2017). The volume of distribution, relative to the bioavailability is around
11 liters (11.0 to 12.6 L). The peak plasma concentration, Cmax, was measured to by 1.7
microgram per milliliter which is reached after 4 days (Brønden et al., 2017; Seino et al., 2009).
It is important to note that due to the large size of albiglutide, the molecule is likely not to pass
the blood brain barrier, and is thus not distributed to the brain (Brønden et al. 2017). The
molecule is metabolized via degradation into smaller peptides and later into individual amino
acids. Additionally, it has been hypothesized that albiglutide could also follow a similar
metabolic pathway to that of human serum albumin, due to the addition of the albumin group
at the end of albiglutide (Brønden et al., 2017). The mean half-life, T1/2, ranges from five to
eight days, with studies concluding this discrepancy to be due to variables in individual patient
characteristics (Matthews et al., 2008; Bush et al., 2009). The mean apparent clearance is
around 67 mL per hour (67.0 to 68.7 mL per hour) (Brønden et al., 2017; Seino et al., 2009).
According to Brønden et al., albiglutide is eliminated from the body through the kidney and by
renal blood flow. Researchers determined this property through studies showing that patients
who had taken albiglutide with a renal impairment or failure had a higher exposure to
albiglutide, ranging from 30 to 40 percent (Brønden et al., 2017).
Pharmacodynamics
The pharmacodynamics of albiglutide show that fasting plasma levels of glucose are reduced
within 3 days of administering the drug (Seino et al., 2009). Other studies, however, have seen
that the glucose levels decrease within 24 hours of administering albiglutide. Using a clinical
study following Japanese subjects, the fasting plasma glucose (FPG), improved compared to
that of the placebo. Across multiple studies, it was determined that if the dosage of albiglutide
is higher than 100 mg, there is no additional effect, as compared to lower dosages of 50 mg.
(Fig.8).
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Through binding studies and changes from baseline FPG levels, it was discovered that the
optimum dosage for albiglutide was from 30 mg to 50 mg (Seino et al., 2009).

Figure 8: The change from baseline in fasting plasma glucose with varying albiglutide
concentrations (Seino et al., 2009).
Albiglutide and other GLP-1 agonists have similar amounts of adverse effects. In a study
conducted by Rendell, the incidence of drug-related adverse effects was determined to be
10.6%, which was only 0.3% higher than that of other GLP-1 agonists (Rendell, 2017).
Common severe adverse effects of GLP-1 agonists are thyroid tumor, liver enzyme elevations,
hypoglycemic events, and gastrointestinal events. However, it was noted that albiglutide does
lead to more gastrointestinal adverse effects than other GLP-1 agonists. Albiglutide was
compared with liraglutide in a study conducted by Brønden, Knop, and Christensen, and it was
found that albiglutide causes less nausea and vomiting than liraglutide, but this was not
significant (Brønden et al., 2017). In the same study, it was noted that seven patients out of
3340 had severe adverse effects in their pancreas, with two cases resulting in fatalities.
Discussion and Conclusion
Liraglutide and albiglutide both act as long-lasting GLP-1 agonists, and therefore have similar
mechanisms of action. However, the main question that still remains is whether a comparison
of liraglutide and albiglutide can be made in terms of medical significance.
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Figure 9: Mean change from baseline through to week 32 in fasting plasma glucose. Error
bars are standard deviations. (Pratley et al., 2014).
Table 1: Comparison of clinical pharmacological parameters of liraglutide and albiglutide.
Clinical Pharmacology

Liraglutide

Albiglutide

Tmax

8-12 hours

2.3-4 days

Half-life

13 hours

6.0-8.0 days

Cmax(Dose)

9.4 nmol/L (0.6mg)

1.74 mcg/mL (30 mg)

Dosing interval

Once daily

Once a week

Side effects

Transient nausea, slight Nausea, vomiting
increase in heart rate

The most extensive head-to-head comparison of albiglutide and liraglutide was conducted
during HARMONY 7 Phase clinical trials. The study was an open-label, active control, parallel
group study. It was conducted between May 2010 and September 2011. From the study, it was
concluded that after 32 weeks, both albiglutide and liraglutide groups exhibited a decrease in
HBa1C (glycated hemoglobin) of between -0.8 and -1 percent, respectively (Brønden et al.,
2017). Despite liraglutide reflecting a higher decrease in HBa1C, the non-inferiority criteria
were not met; therefore, it cannot be decisively concluded that the liraglutide group worked
better in these patients. Both patient groups showed weight loss over the 32-week trial;
however, patients taking albiglutide displayed lower weight loss (-0.64 kg) than those on
liraglutide (-2.16 kg). Therefore, it can be seen that liraglutide had greater success in correcting
a key comorbidity of T2DM. Fasting blood glucose was less reduced in albiglutide (-1.22
mmol/L) than liraglutide (-1.68 mmol/L), indicating that liraglutide was also superior to
albiglutide with regards to this indicator of disease progression. From figure 8, it is clear to see
that liraglutide at its worse functions better than albiglutide at its best when it came to reducing
fasting plasma glucose levels.
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In terms of side effects, common GLP-1 receptor agonist side effects were observed in
both groups. The liraglutide arm had slightly higher rates of vomiting and nausea; however,
due to its once-weekly formulation, injection-site reactions were statistically higher in the
albiglutide group. Therefore, both treatment groups displayed a range of adverse effects. In
terms of treatment satisfaction scores, as operationalized through the Diabetes Medication
Satisfaction Questionnaire, both drugs showed improved scores from the baseline (4.38 for
liraglutide, and 3.92 for albiglutide). However, this was not statistically significant between the
groups (p>0.207), indicating that both treatment groups reported a similar level of satisfaction.
From these data, it can be concluded that liraglutide treatment showed better results in disease
progression indicators, such as HBa1C levels, weight loss, and fasting blood glucose levels,
than albiglutide treatment. It is also important to note that albiglutide must be used in
conjunction with other medication in order to have an effect on the patient. Additionally, the
price of liraglutide was found to be lower than that of albiglutide.
More broadly, the question of whether GLP-1 agonists really target the disease mechanism
of T2DM should be posed. The major problem in type-II diabetes is usually insulin resistance,
and the mechanism of insulin release is not necessarily defective. Thus, it is remarkable that
treatment mainly focuses on this insulin release mechanism, triggering extra insulin release,
even though insulin resistance counteracts this effect again. Therefore, we think that treatment
of the resistance specifically is very important in diabetes research. And hence, in a successful
diabetes treatment, GLP-1 needs to be combined with other therapies.
Importantly, even though more research needs to be done into GLP-1 receptor agonists,
the development of new drugs should not lead away from the importance of lifestyle changes
and preventative measures in successful targeting Type II diabetes.
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