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 1. What is referencing?
Referencing is a way of acknowledging all the information sources that you have used while 
researching your essay, report or article. They highlight those parts of your work that are based on 
the work, opinion and material of others. All academic work is part of a greater body of knowledge. 
Showing where your work fits into this is an important part of academic practice.

 2. What should I reference?
You should reference any materials used to construct your text. Academic writing involves using 
sound evidence to support and strengthen your own arguments. You are trying to demonstrate how 
widely you have read but also that you have understood what you have read and can interpret it in 
relation to the argument you are making. Use your references to support your arguments, not to 
replace them.

 3. How should references be presented in your work?
Referencing is a two-step process. First, citations are inserted in the main body of the text, and 
then a detailed reference list is presented at the end of the work.

3.1. The first step - inserting citations within the text

Citations are placed within the main body of the text, immediately after the sentence that you wish 
to acknowledge. There are two ways of making a citation, using either an author/date format (e.g. 
Harvard system) or a numbering system (e.g. Oxford system). Representative examples from 
published scientific articles are described. 



Author/date formats for citing within the text
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disadvantage of using liposomes is the liquid nature of the prepa-
ration. Desirable viscosity and application properties of liposomes
can be achieved by their incorporation into an appropriate vehicle.
It has been confirmed that liposomes are fairly compatible with
viscosity increasing agents such as cellulose derivatives and poly-
mers derived from acrylic acid (Foldvari, 1996; Skalko et al.,
1998). Because of the good mucoadhesive properties of cellulose
derivatives, these hydrogels can be a good vehicle for the incorpo-
ration of liposomes destined for vaginal delivery (Woolfson et al.,
2002; Owen et al., 2000). Freeze-dried forms (rods, tablets, etc.)
of these gels could further offer potential for stable and practical
dosage form.

Previously, we described hydroxyethylcellulose based rheologi-
cally structured gel vehicles (RSVs) and lyophilised solid dosage
formulations (LSDFs) for vaginal delivery of the recombinant
HIV-1 clade-C trimeric gp140 envelope protein CN54gp140
(Curran et al., 2009; Donnelly et al., 2011). Here, we report the
development and in vitro evaluation of HIV-1 envelop protein
(CN54gp140) loaded with neutral, negatively charged and
positively charged liposomes. To further improve the efficacy of
vaccine delivery, these liposomes were incorporated into HEC gel
and subsequently, freeze-dried as rods for the vaginal immuniza-
tion in mice (Fig. 1).

2. Materials and methods

2.1. Materials

Egg phosphatidylcholine (EPC), cholesterol (CH), stearylamine
(SA) and mucin (porcine stomach, Type II) were purchased from
Sigma–Aldrich (Poole, Dorset, UK). Dimyristeroylphosphatidy-
glycerol (DMPG) was a kind gift from Lipoid GmbH, Germany.
Hydroxyethylcellulose (HEC/Natrosol! 250HHX) was kindly
donated by Aqualon (Warrington, UK), International Speciality
Products (Germany Emil Flottman-strasse-1a). Galanthus nivalis
(GNA) was obtained from Vector Laboratories (Peterborough,
England). 3,30,5,50-Tetramethylbenzidine peroxidase substrate
(TMB) was obtained from Millipore UK Ltd. (Watford, England).
Medical grade silicone tubings were purchased from SF Medical,
Hudson, UK. The HIV-1 gp41 specific monoclonal antibody 5F3
utilised for ELISA was obtained from Polymun Scientific (Vienna,
Austria). Reactibind 96-well microplates were obtained from
Perbio Science (Northumberland, England). The recombinant
trimeric glycoprotein CN54gp140 was manufactured to GMP
specification and supplied by Polymun Scientific (Vienna, Austria).
All other chemicals were purchased from Sigma–Aldrich (Poole,
Dorset, UK) and were of AnalaR, or equivalent quality.

2.2. Preparation of liposomes

Liposomes were prepared by dehydration–rehydration method
as described previously (Kirby and Gregoriadis, 1984). Briefly,

lipids (20 mg) for positively charged (EPC:CH:SA; 2:1:1 M ratio),
negatively charged (EPC:CH:DMPG; 2:1:1 M ratio) and neutral
liposomes (EPC:CH; 2:1 M ratio), were taken separately in
chloroform in a round-bottomed flask and dried to a lipid film with
a rotary evaporator (Rotavapor R-210, Buchi, Switzerland) under
vacuum. The lipid film was kept in desiccators to remove traces
of organic solvent and rehydrated with sucrose buffer (2:1 w/w,
sucrose to lipid). The flask was shaken vigorously until the lipid
film was transformed into a milky dispersion. This was then
sonicated (Vibra-Cell™ Jencons Scientific Ltd., USA) for 5 min (cycle
of 30 s run with 30 s pause) and centrifuged (Optima™ TLX
ultracentrifuge; Bechman Coulter, USA) for 2 min at 1700g to
remove titanium fragments. The supernatant was allowed to rest
for 1 h. The vesicles thus formed were mixed with antigen solution
(CN54gp140) followed by lyophilisation. The lyophilised formula-
tion was then subjected to controlled rehydration to obtain antigen
encapsulated liposomes. Finally, formulations were passed
through a polycarbonate membrane filter (200 nm pore size) using
liposome extruder (LiposoFast, Avestin Inc., Canada).

2.3. Characterisation of the liposomes

2.3.1. Average vesicle diameter, polydispersity, zeta potential and
morphology

Average vesicle diameter and polydispersity of the liposomes
were determined by using Zetasizer (Malvern Instrument
3000HSA, UK). Liposomal dispersion was suitably diluted and
measured at 25 "C. The zeta potential of various formulations
was measured following appropriate dilution in buffer using the
same instrument. Samples for transmission electron microscopy
(TEM) were prepared on a Copper grid (S162 Formvar/Carbon
200 mesh Cu; Agar Scientific) at room temperature by conven-
tional negative staining method using 0.2% phosphotungstic acid.
Samples were viewed under transmission electron microscope
(TEM, Philip CM100).

2.3.2. Entrapment efficiency
Liposomes were centrifuged (Optima™ TLX ultracentrifuge;

Bechman Coulter, USA) at 75,000 rpm for 60 min at 4 "C to separate
the free antigen from liposomes. The antigen content was deter-
mined in supernatants by ELISA. An indirect sandwich ELISA was
used to detect and quantify CN54gp140. Wells were incubated
with 50 ll/well of GNA at 10 lg/ml in deionised water overnight
at 37 "C. The wells were washed five times with PBST and blocked
for 1 h at ambient temperature with PBST–serum (PBST with 5%
sterile-filtered porcine serum). Standards, samples and controls
were diluted in PBST–serum and incubated for 2 h at ambient
temperature. The wells were again washed and incubated with
50 ll/well HuMab 5F3 for 1 h at ambient temperature. These were
further washed and bound antibody was detected using goat anti-
human immunoglobulin (IgG) peroxidase conjugate diluted at
1:5K in PBST–serum and incubated for 1 h at ambient temperature.
After washing, the wells were incubated with 100 ll TMB/peroxide.
The reaction was terminated by the addition of 50 ll of 2.5 M
H2SO4. The corrected mean of the quadruple absorbance (A450)
measurements of each sample was recorded and the entrapment
efficiency of the liposomes was calculated from the observed value
and initial antigen concentration.

2.4. Development of liposome–HEC-based freeze-dried rods

HEC (Natrosol! 250HHX; 6% w/w) was dispersed in liposomal
dispersion using Speed mixer™ (DAC150, FVZ-K, FlackTek Inc.) at
3000 rpm for 5 min. It was then stored overnight at 4 "C and the
obtained liposome gel was filled in the silicone tube (OD 2.41 mm,
ID 1.57 mm) and centrifuged (Sigma 3-16P centrifuge) at
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Fig. 1. Scheme for the development of lyophilised dosage form for vaginal vaccine
administration.
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3000 rpm for 5 min to remove any air bubbles. Finally, liposome–HEC
gel filled tube was cut into 5 mm size and lyophilised (Advantage
freeze dryer, VirTis, Gardiner, NY, USA) using optimised protocol
(Table 1).

2.5. Morphology and moisture content of liposome–HEC-based
freeze-dried rods

Morphology of the freeze-dried liposome–HEC rods was
investigated using sectioning microscope (Pyser-SGI XE series).
Moisture content of the freeze-dried liposomes and liposome–HEC-
based freeze dried rods was determined by thermo-gravimetric
analysis (TGA) using TGA Q500 instrument (TA Instruments, USA).
These formulations were investigated at a scan rate of 10 !C/min
and heated up to 140 !C.

2.6. Evaluation of redispersibility of liposome–HEC-based freeze-dried
rods

The redispersibility of liposome–HEC-based freeze-dried rods
was evaluated in the simulated vaginal fluid which was prepared
using previously described method (Owen and Katz, 1999). In brief,
NaCl (3.51 g), KOH (1.40 g), Ca(OH)2 (0.222 g), bovine serum albu-
min (0.018 g), lactic acid (2 g), acetic acid (1 g), glycerol (0.16 g),
urea (0.4 g), and glucose (5 g) were dissolved in 1 L of deionised
water, followed by adjustment to pH 4.2 with HCl. The redispersi-
bility of freeze-dried rods was evaluated by placing them in 2 ml
simulated vaginal fluid and incubated at 37 !C in a shaker for about
24 h. The dispersion was then analysed for size by Zetasizer
(Malvern Instrument 3000HSA, UK).

2.7. In vitro evaluation of mucoadhesion

The mucoadhesive strength of empty HEC gels (blank) and
those containing liposome was determined using a TA-XT2 Texture
Analyzer (Stable Microsystems, Surrey, England) and a previously
described mucin disc test by our research group (Jones et al.,
1997). In summary, porcine mucin discs (250 mg, 13 mm
diameter), prepared by direct compression (10 tonnes for 30 s),
were horizontally attached (using both side adhesive tape) onto
the lower face of an inert horizontal polycarbonate probe and
immersed in a mucin solution (5% w/w) for 30 s. The disc was
brought into contact with the formulation under examination
and a force of 0.1 N was then applied for 30 s to ensure intimate
contact between the disc and formulation. The probe was then
elevated at a speed of 1.0 mm/s and the mucoadhesive strength
was determined from the force of detachment.

2.8. Examination of the mechanical (compressional flow) properties

The compressional flow (hardness and compressibility) proper-
ties of gel formulations were determined using a TA-XT2 Texture

Analyzer in compression mode. In brief, samples (approx. 25 g)
were placed in identical bottles. An analytical probe (P/10;
10 mm diameter) was compressed twice into each formulation at
a defined rate (2 mm/s) to a defined depth (15 mm), allowing a
15 s delay period between the end of the first and the beginning
of the second compression. From the resultant force–time plot
the mechanical parameters including hardness and compressibility
were derived, as follows.

(a) Hardness: the maximum resistance to probe compression
(defined as the peak value in the force–distance plot).

(b) Compressibility: the work done in compressing the probe
(defined as the area under the force–distance plot).

2.9. Flow analysis under continuous shear

Flow properties of the HEC gels with incorporated liposomes
were determined at 25 ± 0.1 !C using an AR 2000 rotational rheo-
meter operating in a continuous flow mode using a parallel plate
and a constant gap of 1000 lm. Sample geometry (4 cm plate)
was selected according to formulation consistency. Flow rheology
was conducted using a loop test wherein the shearing rate was
increased gradually from a minimum of 0.001 s!1 to a predetermined
maximum of 2 s!1 within 60 s and then returned to the starting
shear rate under the same conditions. Maintaining the same condi-
tions, flow properties of liposome-free HEC gels in buffer were
determined. Modelling of the flow properties of various formula-
tions was performed using the Power Law equation as follows.

r ¼ kc n

where r is the shearing stress, c is the rate of shear, k is the consis-
tency, and n is the pseudoplastic index (Andrews and Jones, 2006).

2.10. Statistical analysis

The results are expressed as mean ± standard deviation. The
effect of formulation composition on various characteristics (mean
vesicle diameter, polydispersity and encapsulation efficiency for
liposomal formulations and mucoadhesive, compressibility,
hardness and rheological properties of HEC gel incorporated
liposomes) was statistically compared using one-way ANOVA with
Tukey–Kramer multiple comparisons post test using GraphPad
InStat™ software (GraphPad Software Inc., San Diego, California).
A significance level of p < 0.05 was accepted to denote significance
in all cases.

3. Results and discussion

3.1. Characterisation of liposomes

Antigen encapsulated liposomes were prepared by dehydration–
rehydration method. Different lipid compositions were used to
formulate neutral, positively charged and negatively charged
liposomes. Spherical shaped liposomes were observed under trans-
mission electron microscope (Fig. 2). The mean vesicle diameter,
polydispersity index, zeta potential and antigen encapsulation of
the neutral, positively charged and negatively charged liposomes
are shown in Table 2. The mean vesicle diameter of positively
charged liposomes was found to be higher as compared with that
of other formulations. All formulations exhibited good polydisper-
sity index. The zeta potential data varied depending on the proper-
ties of the lipid used.

Positively charged liposomes exhibited higher encapsulation
efficiency as compared to negatively charged and neutral
liposomes. This could be attributed to the fact that the shape of

Table 1
Operational parameters for the production of liposome–HEC-based freeze-dried rods.

Temp. (!C) Time (min) Vacuum (mTorr) Condition

Freezing !50 60 – Ramp
!50 800 – Hold

Drying !40 60 100 Ramp
!40 120 100 Hold
!30 60 100 Ramp
!30 120 100 Hold
!10 120 100 Ramp
!10 120 100 Hold

10 120 100 Ramp
10 120 100 Hold
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The CAPRISA 004 trial assessed effectiveness and safety 
of a 1% vaginal gel formulation of tenofovir, a nucleotide 
reverse transcriptase inhibitor, for the prevention of HIV 
acquisition in women. A double-blind, randomized 
controlled trial was conducted comparing tenofovir gel (n 
= 445) with placebo gel (n = 444) in sexually active, HIV-
uninfected 18 to 40 year-old women in urban and rural 
KwaZulu-Natal, South Africa HIV serostatus, safety, 
sexual behavior and gel and condom use were assessed at 
monthly follow-up visits for 30 months. HIV incidence in 
the tenofovir gel arm was 5.6 per 100 women-years, i.e. 
person time of study observation, (38/680.6 women-years) 
compared to 9.1 per 100 women-years (60/660.7 women-
years) in the placebo gel arm (incidence rate ratio = 0.61; 
P = 0.017). In high adherers (gel adherence > 80%), HIV 
incidence was 54% lower (P = 0.025) in the tenofovir gel 
arm. In intermediate adherers (gel adherence 50 to 80%) 
and low adherers (gel adherence < 50%) the HIV 
incidence reduction was 38% and 28% respectively. 
Tenofovir gel reduced HIV acquisition by an estimated 
39% overall, and by 54% in women with high gel 
adherence. No increase in the overall adverse event rates 
was observed. There were no changes in viral load and no 
tenofovir resistance in HIV seroconvertors. Tenofovir gel 
could potentially fill an important HIV prevention gap, 
especially for women unable to successfully negotiate 
mutual monogamy or condom use. 

Women are disproportionately affected by the Acquired 
Immunodeficiency Syndrome (AIDS) epidemic in Africa, the 

region which accounts for 70% of global burden of Human 
Immunodeficiency Virus (HIV) infection (1). Current HIV 
prevention behavioral messages on abstinence, faithfulness 
and condom promotion have had limited impact on HIV 
incidence rates in women, especially in sub-Saharan Africa, 
where young women bear the greatest HIV burden (2). The 
search for new technologies to prevent sexually transmitted 
HIV infection over the past three decades has had limited 
success. Only five of 37 randomized controlled trials, which 
tested 39 HIV prevention strategies, have demonstrated 
protection against sexual transmission of HIV infection (3). 
The successful trials tested medical male circumcision in 
South Africa (4), Kenya (5) and Uganda (6) (combined 
effectiveness in reducing HIV acquisition = 57%), sexually 
transmitted infection (STI) treatment in Tanzania 
(effectiveness in reducing HIV acquisition = 42%) (7) and a 
HIV vaccine combination in Thailand (effectiveness in 
reducing HIV acquisition = 31%) (8). Hence, HIV prevention 
technologies that women can use and control remain a 
pressing priority (9). 

Microbicides are products that can be applied to the vagina 
or rectum with the intention of reducing the acquisition of 
STIs including HIV. An effective microbicide has the 
potential to alter the trajectory of the global HIV pandemic 
(10). Over the last 20 years of microbicide research, none of 
the 11 effectiveness trials of six candidate products have 
demonstrated meaningful protection against HIV infection 
(11). 

Tenofovir, an adenosine nucleotide analog with potent 
activity against retroviruses (12), was initially developed and 
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At enrolment and monthly follow-up visits, participants 
were provided with comprehensive HIV prevention services 
(HIV pre- and post-test counseling, HIV risk reduction 
counseling, condoms, and STI treatment), reproductive health 
services, and assigned study gel. 

Participants were requested to return their used (from 
October 2007 onwards) and unused applicators at every visit. 
Each month the applicators returned by women as used and 
unused were counted, reconciled against number dispensed, 
and thereafter discarded, in accordance with standard 
requirements for medical waste. 

A comprehensive adherence support program assisted 
participants with the mechanics of applicator use, timing and 
dosing, avoidance of gel sharing, and incorporation of gel use 
into their daily routines. From October 2008, individualized, 
motivational interviewing (25–26) was introduced to assist 
participants to overcome obstacles to gel use and set goals for 
optimal adherence in the upcoming month. This included 
individualized adherence support and counseling, customized 
on the previous month’s experience of gel use, which was 
provided throughout the study. The women in this study were 
specifically and repeatedly counseled to only use the gel 
vaginally and the lack of safety with rectal use was 
highlighted. 

Each participant had monthly HIV and urine pregnancy 
testing (QuickVue One-Step hCG Urine Test Quidel 
Corporation, San Diego, USA) performed before gel was 
dispensed. Due to a lack of pregnancy safety data, gel use 
was temporarily discontinued after a positive pregnancy test 
and resumed when the pregnancy test returned to negative. 
Self-reported data on gel use and sexual frequency during the 
last 30 days were collected at monthly visits, together with 
gel and condom use on the day of the last sex act, by means 
of a brief interviewer-administered questionnaire. Two 
months after study exit, participants attended a post-trial visit 
to assess HIV status and safety after product withdrawal. 

Drug safety was assessed at every study visit by 
evaluating, grading and recording adverse events experienced 
by participants. Participants underwent quarterly pelvic 
examinations and, if needed, colposcopy. Serology was 
performed for hepatitis B virus (Abbott Architect C8200, 
Abbott Laboratories, Detroit, MI) and herpes simplex type 2 
virus (Kalon Enzyme Immunoassay, Kalon Biologicals, 
Ashgate, UK). Hematological, hepatic and renal 
abnormalities were assessed at study months 3, 12 and 24, 
additionally when clinically indicated, and at study exit. 
Adverse events were graded for severity via the Division of 
AIDS Table for Grading Adult and Pediatric Adverse Events, 
2004. Product use was temporarily discontinued for an 
adverse event at the discretion of the study clinician. The trial 
(NCT00441298) was approved by the University of 
KwaZulu-Natal’s Biomedical Research Ethics Committee 

(E111/06), Family Health International’s Protection of 
Human Subjects Committee (#9946) and the South African 
Medicines Control Council (#20060835). 

HIV, viral load and genotypic resistance assays. Two 
HIV rapid tests, Determine HIV 1/2 (Abbott Laboratories, 
Illinois, USA) and Uni-Gold Recombigen® HIV test (Trinity 
Biotech, Wicklow, Ireland) were performed at each study 
visit. Participants with concordantly positive, discordant or 
indeterminate results were assessed for possible 
seroconversion by two separate RNA polymerase chain 
reaction (PCR) (Roche Cobas Amplicor HIV-1 Monitor v1.5, 
Roche Diagnostics, Branchburg, New Jersey, USA) assays, 
about one week apart.. When HIV seroconversion was 
established, product use was discontinued and women were 
referred to local AIDS treatment services, including the 
CAPRISA AIDS Treatment Program which provides free 
antiretroviral therapy. Stored plasma, available from prior 
study visits by each seroconvertor was tested by RNA PCR to 
identify the window period for HIV infection (RNA PCR 
positive but rapid HIV test negative) at prior visits. By 
protocol, only eligibly enrolled women with HIV infection 
during study follow-up, confirmed by two independent RNA 
PCR results, were defined as HIV endpoints. Participants in 
the HIV window period at study exit were included as HIV 
endpoints if seropositivity was confirmed post-study. Thus, 
HIV infections were categorized as follows: (i) HIV 
endpoints; (ii) HIV infections not meeting the protocol 
definition for an HIV endpoint (i.e. did not have that two 
independent RNA PCR tests); iii) window period HIV 
infections at enrolment (infected prior to study entry); iv) 
post-trial HIV infections (infected after study exit), and v) 
HIV infections among women who were enrolled and later 
found to be ineligible (see SOM for more details). 

Tenofovir resistance testing and Western Blot (Genetics 
systems HIV-1 Western Blot kit, BioRad Laboratories 
Hercules CA, USA), were performed at the post-
seroconversion visit. The HIV-1 pol gene was population 
sequenced by means of a certified (27) in-house assay. Viral 
RNA was extracted and a 1.7 kb fragment spanning the pol 
gene was amplified by nested PCR using the Expand Long 
Template PCR System (Roche Diagnostics), as described 
previously (27). PCR products were sequenced (codons 1-99 
of protease and codons 1-350 of reverse transcriptase) using a 
BigDye Terminator v3.1 cycle sequencing kit and an ABI 
3130XL DNA sequencer (Applied Biosystems, Foster City, 
CA, USA). Consensus sequences were aligned and manually 
edited using the Sequencher version 4.5 program 
(GeneCodes, Ann Arbor, MI) and submitted to the Stanford 
University HIV Drug Resistance Database 
(http://hivdb.stanford.edu) to identify mutations. 

Statistical analyses. In this endpoint driven trial, 
participants were followed until 92 HIV infections were 
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It has also been shown that alum absorption increases antigen
uptake by DC in vitro in a process dependent on the size of alum-
antigen aggregates [6]. These findings suggest a role for alum as
an antigen delivery system. A significant amount of data has
accumulated demonstrating that alum also has immunostimula-
tory activities. It is well known that alum injection results in cell
recruitment to the injection site [7, 8]. More recently, it was
reported that alum activates human monocytes and macrophages
in vitro [9–12]. Two independent reports have demonstrated that
alum acts as an immunostimulator also in vivo. In the mouse
model, alum induces myeloid cell migration into the spleen; these
myeloid cells are implicated in the priming and expansion of
antigen-specific B cells [13]. Furthermore, intraperitoneal injec-
tion of alum triggers the local recruitment of monocytes, which
migrate to the draining lymph nodes and differentiate into
inflammatory DC capable of priming T cells [14]. Taken together,
these data suggest that alum has a dual function in promoting
antigen uptake and a local immunostimulatory environment at the
injection site. Several studies have shown that combinations of
alumwith TLR-dependent adjuvants such as CpG oligonucleotides
and LPS result in enhanced humoral and cellular responses
compared to alum or TLR agonists alone [15, 16]. While most TLR
agonists elicit a Th1 response in mouse, alum induces a Th2
response, suggesting differential mechanisms of action. Accord-
ingly, data obtained in MyD88-TRIF double mutant mice have
demonstrated that alum adjuvanticity is independent of functional
TLR pathways [17]; however, none of the studies so far have been
able to nail down the molecular events which promote alum
adjuvanticity.

Alum activates Nlrp3 inflammasome: Synergy with
TLR agonists

It has been reported that alum synergizes with TLR agonists in
vitro to stimulate IL-1b production from human PBMC [18]. The

paper by Franchi and Nffl"ez in this issue of the European Journal of
Immunology [19] and the recent paper by Eisenbarth et al. [20]
have clarified the molecular mechanism of alum and TLR agonist
cross-talk in mouse macrophages. Both groups have shown that
alum activates the cytoplasmic NOD-like receptor protein “NOD-
like receptor, pyrin domain containing 3 (Nlrp3)” (also known as
Nalp3 or cryopyrin), which associates with Asc and the caspase-1
protease to form a protein complex called the inflammasome [21].
Interestingly, this process is dependent on alum phagocytosis by
APC [20]. Activation of Nlrp3 ultimately results in the processing
of pro-caspase-1 into its active form, which cleaves several pro-
inflammatory cytokines including IL-1b, IL-18 and IL-33. Most
TLR agonists, like LPS, activate the transcription of pro-IL-1b
through the NF-jB pathway but fail to induce efficient IL-1b
secretion in vitro because they do not target the inflammasome
complex. On the other hand, alum, although directly activating
Nlrp3, does not stimulate IL-1b secretion, just as alum does not
induce IL-1b transcription. Therefore, secretion of mature IL-1b
and all other pro-inflammatory cytokines processed by caspase-1
occurs only when TLR agonists are combined with alum or other
inflammasome inducers (Fig. 2). During the preparation of this
commentary, a third work by Li et al. [22] confirms the model
described above and extended it to the human inflammasome
complex. This study [22] also shows that Nlrp3 is targeted by two
additional adjuvants of unknown function: Chitosan, a poly-
saccharide derived from chitin, and QuilA, a saponin extracted
from the bark of Quillaja saponaria. These findings suggest that
activation of the inflammasome may be a common theme in the
mechanism of action of particulate adjuvants. In line with this
theory, it has been found that the Nlrp3 inflammasome is also
activated by other particulate compounds, such as silica and
asbestos, in a process dependent on release of reactive oxygen
species following phagocytosis [23].

Is the inflammasome required for alum
adjuvanticity?

While these three recent reports [19, 20, 22] agree on the
molecular mechanism of alum–TLR agonists crosstalk in vitro, they
propose conflictingmodels for the contribution of Nlrp3 activation
to alum adjuvanticity. Using knockout mice, Eisenbarth et al. [20]
show that all inflammasome components (Nlrp3, Asc and caspase-
1) are required for alum adjuvanticity following OVA sub-
cutaneous immunization and in an Ovalbumin (OVA) asthma
model. Similar results where obtained by Li et al. [22] using OVA
and diphtheria toxin antigens. These data suggest that direct
activation of Nlrp3 by alum is required for adjuvanticity; however,
since alum is not capable of activating cytokine transcription in
vitro, it is not clear how Nlrp3 activation alone can trigger
adjuvanticity. Data from our laboratory may help address this
issue. By performing microarray analysis of mouse muscle
following adjuvant administration, we have found that alum
injection results in the transcriptional up-regulation of several pro-
inflammatory cytokines including IL-1b through a still unidenti-

Figure 1. The slow process of adjuvant discovery. Alum was the first
adjuvant to be licensed in the 1920s and is still the only adjuvant
approved for human use in the USA. The squalene-based oil-in-water
emulsion MF59 was first licensed in Europe for a flu vaccine (FLUAD) in
1997. The LPS analog monophosphoryl lipid A (MPL) formulated with
alum (AS04)was first approved for anHBV vaccine (Fendrix) in Europe in
2005. The oil-in-water emulsion AS03 was approved for a pandemic flu
vaccine (Prepandrix) in 2008.
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Objective: To compare single- and multiple-dose maraviroc expo-
sures in cervicovaginal fluid (CVF) and vaginal tissue (VT) with
blood plasma (BP) and quantify maraviroc protein binding in CVF.

Design: Open-label pharmacokinetic study.

Methods: In 12 HIV-negative women, 7 paired CVF and BP
samples were collected over 12 hours after 1 maraviroc dose. Subjects
then received maraviroc twice daily for 7 days. After the last dose,
subjects underwent CVF and BP sampling as on day 1, with addi-
tional sampling during terminal elimination. VT biopsies were
obtained at steady state.

Results: Day 1 and day 7 median maraviroc CVF AUCt were
1.9- and 2.7-fold higher, respectively, than BP. On day 1, 6 of 12
subjects had detectable maraviroc CVF concentrations within 1 hour;
12 of 12 were detectable within 2 hours, and all exceeded the protein-
free IC90. On day 7, maraviroc CVF protein binding was 7.6% and the
VT AUCt was 1.9-fold higher than BP. Maraviroc CVF concen-
trations 72 hours after dose and BP concentrations 12 hours after dose
were similar.

Conclusions: Higher maraviroc exposure in the female genital tract
provides a pharmacologic basis for further evaluation of chemokine
receptor 5 antagonists in HIV infection prophylaxis. This is the first
study to report antiretroviral VT concentrations, CVF protein
binding, and CVF terminal elimination.

Key Words: CCR5 antagonist, cervicovaginal, genital tract,
maraviroc, pharmacokinetic, tissue, vaginal
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INTRODUCTION
HIV/AIDS continues to be a serious public health

concern that demands attention. Although antiretroviral ther-
apy has drastically reduced HIV-associated mortality and
improved the quality of life of those living with HIV
infection,1–3 for every person treated, 4 new people become
infected.1 Sexual transmission of HIV remains the primary
mode of HIV transmission worldwide.1,4 Without an effective
vaccine, alternative strategies to prevent the sexual trans-
mission of HIV are critical.

There are 3 ways antiretroviral therapy can be used to
prevent HIV transmission: pre-exposure prophylaxis (PrEP)
(both topically and orally), postexposure prophylaxis (PEP)
(orally), and treatment of the infected individual to reduce HIV
replication in genital secretions. As females are especially
vulnerable to the sexual transmission of HIV, understanding
the degree to which antiretrovirals (ARVs) concentrate in the
female genital tract is particularly important in both primary
and secondary prevention.4–7

Discordance in exposure of ARVs between the genital
tract and blood plasma (BP) has both individual and public
health implications. On an individual level, there is a risk for
harboring resistant virus in sanctuary sites such as the genital
tract, which in turn can potentially reseed the systemic
compartment resulting in treatment failure. From a public
health perspective, inadequate penetration of ARVs into the
female genital tract may result in ongoing genital shedding,
even in the presence of suppressed plasma HIV RNA, thereby
increasing the risk of sexual transmission of HIV.8–10

Although the exact mechanism of the sexual trans-
mission of HIV-1 within the female genital tract is not fully
understood, viruses that utilize the CCR5 chemokine receptor
predominate in the early stages of mucosal transmission.5,6,11–14

Modeling of a male-to-female transmission has proposed
a direct correlation between the number of endocervical CCR5
receptors and the probability of HIV-1 infection.14 Therefore,
the CCR5 receptor is an appealing target for HIV prophylaxis.
Proof of concept has been demonstrated in a nonhuman primate
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Methods: In 12 HIV-negative women, 7 paired CVF and BP
samples were collected over 12 hours after 1 maraviroc dose. Subjects
then received maraviroc twice daily for 7 days. After the last dose,
subjects underwent CVF and BP sampling as on day 1, with addi-
tional sampling during terminal elimination. VT biopsies were
obtained at steady state.

Results: Day 1 and day 7 median maraviroc CVF AUCt were
1.9- and 2.7-fold higher, respectively, than BP. On day 1, 6 of 12
subjects had detectable maraviroc CVF concentrations within 1 hour;
12 of 12 were detectable within 2 hours, and all exceeded the protein-
free IC90. On day 7, maraviroc CVF protein binding was 7.6% and the
VT AUCt was 1.9-fold higher than BP. Maraviroc CVF concen-
trations 72 hours after dose and BP concentrations 12 hours after dose
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Conclusions: Higher maraviroc exposure in the female genital tract
provides a pharmacologic basis for further evaluation of chemokine
receptor 5 antagonists in HIV infection prophylaxis. This is the first
study to report antiretroviral VT concentrations, CVF protein
binding, and CVF terminal elimination.
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to treat the parasite in killed vaccines (e.g. freezing, deciliation or
formalin fixation) (Dickerson, 2006). Formalin is routinely used in the
preparation of vaccines to inactivate toxins and pathogens and often
preserves antigenicity; however, some epitopes can be irreversibly
modified (Vani et al., 2006). The results of the present study suggest that
the concentrations of formalin used did not affect any of the variables
tested. Vani et al. (2006) showed that some epitopes are sensitive to
formalin fixation, however, these authors used 10% formalin. We used
formalin concentrations ranging from 0.05 to 0.2%, which can be
considered as “lowconcentrations” andmayexplainwhywedidnotfind
any differences in protection and serum antibody levels.

In the present study, we observed a direct correlation between the
presence of specific serum antibody levels obtained in vaccinated fish
and the survival after challenge. Several studies have shown the
presence of protective antibodies against parasites in vaccinated fish
(Li and Woo, 1995), and it has been suggested that complement-fixing
antibody is an important part of the protective mechanism (Ardelli and
Woo, 1997; Mehta and Woo, 2002). Vaccination against ciliates can
induce production of specific antibodies that elicit protective immune
responses (Clark et al., 1996), and protection is often correlatedwith the
presence of antibodies in serum that immobilize pathogenic ciliates
(Clark et al., 1987; Wang and Dickerson, 2002; Wang et al., 2002;
Alishahi and Buchmann, 2006). In the present study, we also found that
serum containing high antibody titres can immobilize the parasite (data
not shown), which indicates that the immobilizing antibodies may play
a role in the protection of turbot against P. dicentrarchi.

In summary, the results obtained in the present factorial experi-
ment demonstrate that antigenic dose is the factor involved in vaccine
formulation that has the greatest effect on generation of specific
antibodies and on protection of turbot against the scuticociliate
parasite P. dicentrarchi. The application of factorial designs has been
found to be very useful not only in determining the precise role of the
main components of the vaccine on protection, but also in optimizing
the vaccine formulation with a relatively small number of experi-
ments. Finally, we found a direct correlation between the levels of
serum antibodies generated by the vaccination and survival, which
indicates that specific antibodies can be used as markers of protection
to monitor the effectiveness of a vaccine.
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 4. Some final thoughts ...

Which referencing style should I use?

The numbered referencing system is more widely used in science than the the author/date 
system. However, for student coursework, you can adopt any of the conventional 
referencing styles described in this document - the choice is yours. The important thing is 
that you apply the style accurately and consistently throughout your work.

Should I use direct quotations?

No, don’t use direct quotations unless you happen to be quoting Einstein or Shakespeare (which is 
unlikely)! In academic culture, it is poor practice to use a lot of direct quotes from someone else's 
work. Your assignment should be mostly your own arguments in your own words, using evidence 
from your research to support or challenge them. When it is appropriate to use direct quotations, 
they should be sufficiently substantive and important as to warrant quoting. Always interpret the 
quotation and show how it relates to the argument you are making and the essay question.

How should I cite web pages?

Website references are becoming more common, especially as many organizations are moving 
their information material away from traditional, hard copy, print formats to online versions. 
However, the primary scientific reference sources are articles in peer-reviewed journals and 
academic books, and you should prioritize these sources over website references. If you need to 
cite a web reference, the following information should be included in the final reference list. 

• Author(s), surname and initials – if known 
• Year of publication, in brackets (look for an updated date at the foot of the page - if not present, 

use the year you accessed the page instead)
• Title, underlined or in italics 
• URL: http:// internet address/remote path 
• Date visited, in square brackets 

Here are some examples:

Sherman, C. (2000) The invisible web. URL: http://web.freepint.com/go/newsletter/
64#feature [25 November 2007]

Biffa. (2008) Our environmental policy. URL: http://www.biffa.co.uk/files/
ENVIRONMENTAL_POLICY_SEPT_08v2.pdf [9 January 2009]

Farmers Weekly Interactive. URL: http://www.fwi.co.uk [18 August 2009]

Of course, the exact style will vary according to the citation system you are using.



Where can I find abbreviated journal titles?

Many reference sections require use of abbreviated journal titles (e.g. J Control Release instead of 
Journal of Controlled Release). These have the advantage of reducing the overall printed page 
count in a book or journal edition. The link below provides a list of abbreviated titles for all journals.
http://images.webofknowledge.com/WOK46/help/WOS/J_abrvjt.html

Can I use Wikipedia? 

Yes, but with caution. The general consensus in academia is that you may use Wikipedia, but it’s 
best not to cite the articles directly. For further advice, please refer to the following Wikipedia 
article! http://en.wikipedia.org/wiki/Wikipedia:Citing_Wikipedia

Are there software packages that can help me manage references?

Using referencing software (also known as bibliographic software) is a good idea when writing a 
thesis or long document in which you cite the work of others. It helps by organizing your references 
into an easily manageable database. 

Used in conjunction with a word processing package (e.g. Microsoft Word), your referencing 
software can create a reference list formatted to your needs to be included in your document.

There are a number of referencing software package currently available - some are free, others 
require a subscription. Links to some of the most commonly used packages are detailed below. 
The following Wikipedia article provides a good comparison of the features of the various software:
http://en.wikipedia.org/wiki/Comparison_of_reference_management_software

Citeulike (free)
http://www.citeulike.org

Endnote
http://endnote.com

Mendeley (free)
http://www.mendeley.com

Papers
http://www.mekentosj.com/papers/

Reference Manager
http://www.refman.com

Refworks
http://www.refworks.com

Zotero (free)
http://www.zotero.org
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