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Abstract
Antiretroviral therapy (ΑRT) has successfully decreased AIDS morbidity and mortality and increased the lifespan
of HIV patients to several decades. However, numerous factors contribute with unknown mechanisms to chronic
immune activation and inflammation leading to severe “non-AIDS morbidities’’. Platelet Activating Factor (PAF) is a
potent lipid inflammatory mediator with important role in the ‘’non-AIDS morbidities’’. The purpose of this study was
to investigate whether tenofovir-DF/emtricitabine and abacavir/lamivudine with atazanavir boosted ritonavir (ART_A
and ART_B, respectively) affect in vitro PAF activity and in vivo PAF levels and metabolism.
In this intent, the two ART regimens were examined in vitro against platelet aggregation induced by PAF. In
addition, PAF levels and PAF metabolic enzymes were determined in HIV-1 infected volunteers before and after the
initiation of antiretroviral therapy for a 12-month period.
The in vitro results showed that ritonavir was the most potent inhibitor against PAF induced platelet aggregation
while abacavir presented the less potent action. The in vivo results showed that tenofovir-DF/emtricitabine with
atazanavir-r seems not to affect PAF levels and metabolism while abacavir/lamivudine with atazanavir-r increased
bound and total PAF blood levels, PAF biosynthesis in platelets and also decreased Lp-PLA2 activity. In addition,
ART_B revealed higher lyso-PAF-AT specific activity at 3rd, 6th and 9th month (p3=0.04, p6=0.04 and p9=0.03)
compared to ART_A.
In conclusion, there is a direct relation between in vitro and in vivo effect of antiretrovirals on PAF and abacavircontaining regimen activates PAF biosynthesis leading to elevated PAF levels.

Keywords: Platelet activating factor; Inflammation; Human
immunodeficiency virus; non-AIDS morbidities; Tenofovir-DF;
Emtricitabine; Abacavir; Lamivudine; Atazanavir; Ritonavir
Abbreviations: PAF: Platelet Activating Factor; HIV: Human
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Lyso-PAF AT: Lyso-PAF Acetyltransferase; PAF-AH: PAFAcetylhydrolases; Lp-PLA2: Lipoprotein-Phospholipase; HLs: Human
Leukocytes; HPs: Human Platelets; ERCs: Erythrocytes; BSA: Bovine
Serum Albumin

Background
According to WHO, there were approximately 36.9 million people
living with HIV at the end of 2015 [1]. The effectiveness of highly
active antiretroviral therapy in suppressing viral replication and
reducing HIV-related morbidity and mortality has been consistently
demonstrated [2,3]. However, low-level HIV replication, high levels of
other copathogens, persistent immune dysfunction, bacterial
translocation and antiretroviral drug toxicity increase several
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inflammatory mediators leading to chronic immune activation and
inflammation which are correlated to severe “non-AIDS morbidities’’
[4,5] including cardiovascular disease (CVD) [6].
Platelet Activating Factor is a potent lipid inflammatory mediator,
originally identified as 1-O-alkyl-2-acetyl-sn-glycero-3phosphocholine [7,8]. In humans, PAF is mainly synthesized in the
inflammation-implicated cells such as neutrophils, basophils,
eosinophils, monocytes, macrophages, platelets and endothelial cells
and also in the cells of many organs (e.g. kidney) [9-11]. PAF exerts its
autocrine and paracrine actions through binding to a G-protein
coupled receptor located on the plasma membrane and nuclear
membrane of a wide variety of mammalian cells. Under physiological
conditions, PAF levels are under strict enzymatic control [12,13].
Referring to PAF metabolism, there are three key metabolic enzymes,
two biosynthetic ones namely PAF-cholinephosphotransferase (PAFCPT) and lyso-PAF-acetyltransferase (lyso-PAF-AT) as well as two
different isoforms of PAF-acetylhydrolases, PAF-AH and Lipoproteinphospholipase A2 (Lp-PLA2) in plasma [7].
Limited evidence suggests that PAF may be a crucial link between
systemic inflammation, immune activation and HIV infection and
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thus contributing to the ‘’non-AIDS morbidities’’ [14]. Our research
team has shown that specific antiretroviral drugs exert in vitro
antagonistic effect against PAF action [15] and they also affect PAF
metabolism in vivo [16].
A number of studies also suggest that treatment with tenofovir-DF/
emtricitabine with atazanavir-r decreases inflammatory and
hypercoagulation markers [17-19] but tenofovir-DF has been
associated with renal impairment especially when combined with PIs
such as atazanavir-r [20-23]. On the other hand, conflicting results
occur concerning the effect of abacavir/lamivudine/atazanavir-r
regimen on markers of systemic and/or chronic inflammation
[17,18,24,25].
The objective of the present work was to investigate whether
tenofovir-DF/emtricitabine and abacavir/lamivudine with atazanavir
boosted ritonavir may exert in vitro antagonistic effect against PAF
action and also affect in vivo its levels and metabolic enzymes in HIV
naive patients.

Methods
Study design
Study patients (n=20) were recruited from the 3rd Internal
Medicine Department Infectious Diseases Unit, Red Cross General
Hospital, Athens, Greece. Informed consent was obtained before the
study enrollment as well as approval from the Red Cross General
Hospital ethics committee according to the Declaration of Helsinki. All
participants were male, treatment naïve and asymptomatic HIVinfected individuals at CDC A2 clinical stage fulfilling the criteria for
ART initiation according to the European [26] and International
guidelines [27]. Patients were randomly assigned in 2 groups. ART_A
group was consisted of 10 patients who received co-formulated
tenofovir-DF/emtricitabine with atazanavir boosted ritonavir and
ART_B group was also consisted of 10 patients who received
coformulated abacavir/lamivudine with atazanavir boosted ritonavir.
The mean age in ART_A group was 34 ± 8 years (75% smokers) while
in ART_B group the mean age was 35 ± 10 years (40% smokers).
Exclusion criteria were the presence of inflammatory or other diseases
(renal disorders, periodontal or autoimmune disease, diabetes, and
hypertension), allergies or any medication other than ART. In ART_A
group, 2 patients were excluded from the analysis due to a concurrent
disease during the study period. The study lasted for 12 months and
blood samples were collected before (baseline, defined as 0 months)
and after 1, 3, 6, 9 and 12 months of ART initiation.

Materials and Instrumentation
Centrifugations were performed in a Heraeus Multifuge 3L-R, a
Heraeus Labofuge 400R, a Jouan C312 and a refrigerated Micro 22R
Hettich centrifuge. Homogenizations were conducted at 30% of power
of a supersonic Bandelin Sonoplus HD 2070 sonicator (Heinrichstraze
3-4, D-12207 Berlin, Germany). The liquid scintillation counter used
was a 1209 Rackbeta (Pharmacia, Wallac, Finland) coupled to a Facit
B3100 recorder. Platelet aggregation assay was performed on a model
400 VS aggregometer of Chrono-Log (Havertown, PA, USA) coupled
to a Chrono-Log recorder at 37°C with constant stirring at 1200 rpm.
High Performance Liquid Chromatography (HPLC) was conducted on
a Hewlett Packard series 1100, supplied with an 1100 HP UV detector,
connected to a Hewlett Packard model HP-3396A integrator-plotter.
Separation of lipids was carried out on a particil 10 SCX WCS
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Analytical column, 4.6 mm × 250 mm Whatman at room temperature.
The determination of the inflammatory biomarkers was conducted on
an automatic analyzer Siemens Center 60 MacPherson Road Singapore
348615 and a BD FACS Canto II Flow cytometer. CD4+ were
measured by a Tetra One System on the EPICS XL flow cytometer
(Beckman Coulter, Nyon, Switzerland) and viral load was determined
using the Versant HIV-1 RNA 3.0 assay (bDNA).
Reagents were obtained from Sigma (St. Louis, MO, USA), Biomol
International LP (Palatine House, Matford Court, Exeter, UK) and
New England Nuclear (Dupont, Boston, MA, USA). Solvents were
purchased from Merck KGaA (Darmstadt, Germany).

In vitro experiments on washed rabbit platelets
PAF and antiretroviral drugs were dissolved in Bovine Serum
Albumin (BSA) and the induced aggregation was examined with
washed rabbit platelets according to the method of Demopoulos et al.
[8]. The antiretrovirals were added 1 min prior to the addition of PAF
(final concentration 1.13 ×.10-11 mol/L). The PAF induced platelet
aggregation was measured before (considered as 0% inhibition) and
after the addition of various concentrations of the examined
antiretroviral. Consequently, the plot of percentage inhibition (ranging
from 20% to 80%) versus different concentrations of the antiretroviral
was linear. From this curve, the concentration of the antiretroviral that
inhibited 50% PAF induced aggregation was calculated, and this value
was defined as IC50. The experiments were performed in duplicates.

Quantification of PAF
The isolation and purification of PAF was performed as previously
described [16]. Briefly, 10 mL of blood were collected from each
patient and poured into 40 mL of absolute ethanol. Bound and Free
PAF were extracted separately according to the Bligh and Dyer
method. After its extraction, PAF was firstly purified by silicic acid
column chromatography and secondly by HPLC (Hewlett-Packard
series 1100) on a cation-exchange column. The final samples were
dissolved in BSA (1.25% in saline) and PAF levels were determined by
measuring the aggregatory activity towards washed rabbit platelets.
The quantification of PAF was based on a standard curve constructed
with the use of known concentrations of synthetic PAF. Total PAF
levels occur from the sum of Bound and Free PAF and are expressed as
fmol/mL of blood.

Isolation of plasma, platelets, leukocytes and erythrocytes
A total amount of 9 mL blood was obtained from each volunteer in
1 mL of sodium citrate/ citrate acid anticoagulant solution. The sample
was centrifuged at 194 xg for 10 min at 25°C and the isolation of
plasma, leukocytes, platelets and erythrocytes was carried out as
previously described [28].

Enzymatic assays
PAF-CPT activity assay: The assay was performed on the
homogenates of leukocytes and platelets as previously described [16].
Briefly, the reaction was carried out at 37°C for 20 min in a final
volume of 200 μL containing as final concentrations: 100 mM Tris-HCl
(pH 8.0), 15 mM dithiothreitol (DTT), 0.5 mM EDTA, 20 mM MgCl2,
1 mg/mL BSA, 100 μM CDP-Choline, 100 μΜ 1-O-alkyl2-sn-acetylglycerol (AAG, added in the assay mixture in ethanol), and the sample
(0.05 and 0.1 mg/mL final concentration of protein for both leukocytes
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and platelets). The mixture of the buffer solution and the cofactors
were incubated at 37°C for 5 min. Initially, the homogenized sample
was added in the mixture followed after 30s by AAG and 30s later the
reaction was started by the addition of CDP-Choline while the reaction
was stopped by 0.5 mL of methanol.
Lyso-PAF-AT activity assay: The assay was performed on the
homogenates of leukocytes and platelets as previously described [16].
Briefly, the reaction was carried out at 37°C for 30 min in a final
volume of 200 μL containing 50 mM Tris-HCl (pH 7.4), 0.25 mg/mL
BSA, 20 μΜ lyso-PAF and 200 μΜ acetyl-CoA and the sample (0.125
mg/mL final concentration of protein for both leukocytes and
platelets). The reaction was started by the addition of the homogenized
sample and was stopped after 30 min by adding 0.5 mL of methanol.
Determination of enzyme assays derived-PAF: After the assays of
PAF-CPT and lyso-PAF-AT, PAF was extracted according to the Bligh–
Dyer method and was separated by thin-layer chromatography (TLC)
on Silica Gel G coated plates with a development system consisted of
chloroform:methanol:acetic acid:water (100:57:16:8,v/v/v/v). PAF band
was scrapped off, extracted using Bligh-Dyer and finally quantified by
the washed rabbit platelet aggregation assay [8]. Enzymatic activities
for both PAF-CPT and lyso-PAF-AT were expressed as specific
activities in pmol/min/mg of protein.
PAF-acetylhydrolase activity assay: PAF-AH in HLs, HPs, ERCs as
well as Lp-PLA2 in plasma were determined by the trichloroacetic acid
precipitation method using [3H] PAF as a substrate, as previously
described [16]. Briefly, the reaction took place for 30 min at 37°C in a
final volume of 200 μL. Initially 50 mM of Tris/HCl buffer (pH 7.4) was
incubated with 4 nmol of [3H]-PAF (20 Bq per nmol) [3H]-acetyl
PAF/PAF solution in BSA (1% in saline) for 5 min. The reaction started
by the addition of homogenized samples (0.25 mg/mL in the case of
HLs, 0.5 mg/mL in the case of HPs, 2.5 mg/mL in the case of ERCs or 2
μL in the case of plasma). The reaction was terminated by the addition
of BSA solution (0.75 mg/mL) followed by precipitation with
trichloroacetic acid (TCA, 9.6% v/v). The samples were then placed in
an ice bath for 30 min and subsequently centrifuged at 16,000 xg for 5
min. The [3H]-acetate released into the aqueous phase was measured
on a liquid scintillation counter. The enzyme activity was expressed as
pmol of PAF degraded per min per μL of plasma or pmol of PAF
degraded per min per mg of protein.

Biochemical markers and immunological analysis
Clinical biochemical markers were measured by a Siemens
Dimension RxL automatic analyzer. CD4+ cell counts were defined
using Tetra One System on the EPICS XL flow cytometer, while viral
load was determined using the Versant HIV-1 RNA 3.0 assay.

Statistical analysis
Normal distribution was tested with the Shapiro-Wilk criterion. The
results are expressed as median values and interquartile range (25-75)
for non-parametric values and as mean and standard deviation using
% change from the baseline value for parametric values. Difference
among antiretrovirals’ in vitro activity was tested with one-way
ANOVA for each chemical substance with post hoc analysis for
multiple comparisons and t-test was used to compare the two ART
combinations. Mann Whitney test was used for the baseline differences
between the two groups. Differences within each group during the 12month treatment were determined by one-way ANOVA with post hoc
analysis for multiple comparisons compared to baseline value. The
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comparison of the two groups was made using repeated measure
ANOVA (ptime, ptrial, ptime*trial). Viral load changes are reported in a
logarithmic scale. Statistical significance was considered as p<0.05. The
analysis was performed using IBM SPSS Statistics 20.

Results
Anthropometric and biochemical characteristics
Baseline values of anthropometric and biochemical characteristics
of patients are shown in Table 1 and are expressed as medians and
interquartile range (25-75). There are baseline differences in VL, total
cholesterol, HDL, LDL and glucose between the 2 groups.
For this reason, the biochemical characteristics of ART_A and
ART_B groups after ART administration are shown as % change from
baseline in Table 2 and are expressed as means and standard deviation.
In both groups, the viral load was progressively reduced during the
study period (ps<0.001), while CD4+ cell counts were gradually
increased (p s<0.001) even from the 1st month of treatment. In ART_A
group, γGT, ALP and PLT were significantly increased, while glucose
was decreased. In ART_B group total cholesterol, HDL, triglycerides,
ALP and WBC were significantly increased, while RBC, hemoglobin
and hematocrit were decreased.

In vitro effect of antiretrovirals against PAF aggregation
The in vitro effects of antiretrovirals and their combinations against
PAF induced aggregation on washed rabbit platelets are shown in Table
3. Concerning the IC50 of each chemical substance, ritonavir displayed
the most potent inhibition against PAF action with a significant lower
IC50 value compared to all other antiretrovirals except from atazanavir
(pc=0.03, pd=0.004, pe=0.001 and pf<0.001). Atazanavir was
significantly more effective against PAF action compared to
lamivudine and tenofovir (pe=0.01 and pf<0.001). Emtricitabine,
tenofovir and lamivudine were significantly more effective than
abacavir (psf<0.001/0.003/0.02, respectively) which demonstrated the
less potent inhibition against PAF action. Regarding ART regimen, the
IC50 of the ART combinations were at the same order (p=0.18).

PAF levels and specific activity of metabolic enzymes
Baseline values of PAF levels and specific activity of metabolic
enzymes of patients are shown in Table 4 and are expressed as medians
and interquartile range (25-75). There are baseline differences in
Bound PAF, Total PAF, lyso-PAF-AT in leukocytes and platelets as well
as in Lp-PLA2. For this reason, the PAF levels as well as the specific
activity of its metabolic enzymes in ART_A and ART_B groups after
ART administration are shown as % change from baseline in Table 5.
and are expressed as means and standard deviation.

PAF levels
A significant time effect was observed in the levels of Bound PAF
(ptime=0.002) and Total PAF (ptime=0.003) without significant
difference between the two ART regimens (ptrial=0.84, ptrial=0.33).
Within the same group, no change on PAF levels (Bound, Free and
Total) in ART_A group was observed throughout the study period.
Concerning ART_B group, Bound and Total PAF levels were gradually
increased (pbound=0.004 and ptotal=0.005) throughout the study period,
while Free PAF levels remained stable. Bound and Total PAF levels
reached their maximum value at the 12th month (ps0-12=0.005).
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Specific activity of PAF biosynthetic enzymes
The specific activity of lyso-PAF-AT in leukocytes and platelets was
increased compared to baseline values (ptime=0.02 and ptime=0.05
respectively) presenting a significant time effect. Most important in the
case of leukocytes’ lyso-PAF-AT specific activity, a significant trial
effect was also observed (ptrial=0.04) with the ART_B group revealing
higher lyso-PAF-AT specific activity at 3rd, 6th and 9th month
(p3=0.04, p6=0.04 and p9=0.03) compared to the ART_A group. Within
the same ART group, there was no significant change in any
biosynthetic enzyme in leukocytes or platelets in ART_A group. On
the contrary, in ART_B group lyso-PAF-AT specific activity in platelets
was increased (ptime=0.006) and displayed its maximum value at the
12th month (p0-12=0.011). In addition, a marginally increase in PAFCPT specific activity in platelets in the same group was also observed
(ptime=0.051).

Specific activity of PAF catabolic enzymes
A significant time effect was only observed in the specific activity of
Lp-PLA2 (ptime=0.02). No change was depicted in PAF catabolic
enzymes during the study period in both groups with the exception of
Lp-PLA2 activity in ART_B group which was decreased during the
12month treatment (ptime=0.007).

Discussion
PAF is a potent lipid inflammatory mediator implicated in the
pathogenesis of HIV infection and “non-AIDS comorbidities’’,
especially those with an inflammatory background. Our research team
has previously proposed that PAF may be implicated in increased
cardiovascular risk associated with abacavir use [16]. In the present
study, we investigated whether tenofovir-DF/emtricitabine and
abacavir/lamivudine with atazanavir boosted ritonavir affect in vitro
the activity of PAF on platelets and in vivo its levels and metabolic
enzymes in HIV naïve patients.

LDL (mg/dL)

Triglycerides (mg/dL)

Glucose (mg/dL)

Blood
Urea
(mg/dL)

Baseline
Anthropometric
Biochemical
characteristics

and

CD4+ (cells/μL)

Viral
Load
copies/mL)

(log

BMI (Kg/cm2)

Total Cholesterol (mg/dL)

HDL (mg/dL)

ART_A

ART_B

305.5

268.0

(254.8-381.0)

(241.0-380.5)

2.8 (4.5-5.5)

4.3
(3.8-5.0)

24.7

23.8

(22.5-26.9)

(22.3-26.3)

147.0

182.0

(125.0-168.0)

(155.5-203.0)

26.5

43.0

(25.3 - 35.5)

(33.5-55.0)
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p

0.74

0.03

0.74

0.04

0.002

118.0

(76.8-106.8)

(100.0-127.0)

131.5

62.0

(88.5 - 177.0)

(50.0-132.0)

90.5

82.0

(88.3-92.8)

(72.0-90.5)

Nitrogen 13.5
(12.3-17.0)

Creatinine (mg/dL)

13.0
(12.0-18.0)

0.85

0.90

(0.80-0.90)

(0.80-1.00)

Serum
Glutamic 21.5
Oxaloacetic
(17.8-33.3)
Transaminase (U/L)

28.0

Serum Glutamic Pyruvic 19.5
Transaminase(U/L)
(17.5-51.3)

25.0

γ- Glutamyl Transferase 22.0
(U/L)
(14.5-42.8)

21.0

Phosphatase 65.5
(56.8-70.8)

58.0

White Blood Cells Count 6.30
(103/μL)
(5.13-7.13)

5.20

Alkaline
(U/L)

Platelet Count (103/μL)

Hemoglobin (g/dL)

Hematocrit (%)

(19.5-32.5)

(16.5-33.5)

(16.0-25.5)

(50.0-77.5)

(4.95-7.00)

197.0

172.0

(167.8-224.8)

(153.5-214.0)

Red Blood Cells Count 5.04
(106/μL)
(4.66-5.26)

CD4+

In both groups, raise in
cell counts and decline in viral load
was observed as it was expected after ART initiation [29]. An increase
in ALP within the normal range, has been detected in both groups and
this is in accordance with previous reports on atazanavir containing
regimens [30]. In addition, previous studies have shown that abacavir
use in combination with atazanavir-r may result in abnormal fasting
lipid profile as was the case with ART_B group [31-33].

88.5

4.80
(4.71-5.28)

14.25

14.30

(13.43-15.08)

(13.90-15.40)

43.0

42.5

(40.4-45.0)

(41.1-46.3)

0.03

0.11

0.05

0.96

0.74

0.54

0.67

0.67

0.67

0.42

0.48

0.74

0.67

0.74

Results are expressed as median values and interquartile range (25th -75th).
Non-parametric Mann Whitney test was used for the baseline differences
between the two groups

Table 1: Baseline anthropometric and biochemical characteristics of
ART_A and ART_B groups.
The in vitro results showed that ritonavir and, to a lesser extent,
atazanavir were the most potent inhibitors against PAF induced
platelet aggregation among the chemical substances tested.
Emtricitabine and tenofovir-DF were following whereas lamivudine
and abacavir were the least potent PAF inhibitors. It should be noted
that the antiretrovirals with intermediate inhibitory activity
(emtricitabine and tenofovir) are part of the ART_A regimen while the
less potent inhibitors (lamivudine and abacavir) are part of the ART_B
regimen. In addition, the two most potent agents (ritonavir and
atazanavir) are included in both combinations and this may explain a
modest inhibitory effect of both ART regimens.
The in vivo study showed that treatment with tenofovir-DF/
emtricitabine with atazanavir boosted ritonavir does not significantly
affect PAF metabolism according to published data suggesting that this
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combination decreases inflammatory and coagulation markers [17-19].
On the contrary, abacavir/lamivudine with atazanavir boosted
ritonavir exhibited a gradual increase in bound and total PAF levels
with a pronounced effect at the end of the study. This effect can be
attributed to the stimulation of the biosynthetic enzymes and also to
the decrease in plasma catabolic enzyme activity, both observed in our
study. The persistent excess of PAF signaling may lead to disorders
associated with chronic inflammation. The decline of Lp-PLA2 is in
accordance with previous studies in subjects treated with ATV or
ATV-r [25]. Additionally, our previous results have shown that
administration of tenofovir-DF/emtricitabine with efavirenz downregulates PAF levels and metabolism while abacavir/lamivudine with
efavirenz [16] has the opposite effect. Studies investigating the effect of
abacavir containing regimens on inflammation resulted in conflicting
results. Some of those have demonstrated that plasma levels of
inflammatory markers significantly fell while others have reported no
Anthropometric
biochemical
characteristics

significant change. In most cases, hsCRP remains unchanged or even
increases [17,18,25]. Mechanism by which abacavir containing
regimens affects inflammatory pathways is not clear. It has already
been reported that abacavir containing regimens can induce a lowlevel hypercoagulable state by increasing platelet aggregation which is
in accordance with our findings, since PAF is a potent inducer of
platelet aggregation [34]. Our data reveal the action of ART in PAF
metabolic pathways and also indicate the stimulating effect of
abacavir/lamivudine in PAF levels and metabolism that demands
further investigation. Although statistically significant differences were
demonstrated, the small sample size is a limitation of this study.
Herein, since the available data regarding the effects of ART on the
PAF pathway are limited in retrospective and in vitro studies, future
prospective studies are needed in order to explore optimal therapeutic
interventions that might improve long term prognosis of HIV
infection.

Months

&

P

Groups
1

3

6

9
± 24.9

*198.2

12
± 56.2

*230.3

± 85.4

<0.001

± 36.6

*163.8

± 21.9

*205.2

± 41.4

<0.001

ART_A

137.3 ± 22.9

161.7 ± 42.5

*175.6

ART_B

*142.3

*153.6

*176.6

ART_A

*0.9

ART_B

*1.9

ART_A

101.8 ± 3.1

103.4 ± 6.2

104.5 ± 10.0

105.1 ± 12.5

105.7 ± 12.2

0.78

ART_B

101.4 ± 1.6

100.8 ± 2.5

101.9 ± 3.3

102.8 ± 2.9

102.8 ± 4.6

0.21

ART_A

106.1 ± 16.5

107.8 ± 24.6

118.6 ± 30.4

113.9 ± 28.0

115.4 ± 26.1

0.63

ART_B

*113.8

*115.0

*115.5

*120.7

*116.8

<0.001

ART_A

112.7 ± 17.8

CD4+ (cells/μL)

Viral
Load
copies/mL)

(log

± 25.8

± 0.7

*0.1

± 1.9

*0.1

± 22.5

± 0.2

*0.0

± 0.2

*0.0

± 0.1

*0.0

± 0.0

*0.0

± 0.0

*0.0

± 0.0

<0.001

± 0.0

*0.0

± 0.0

<0.001

BMI (Kg/cm2)

Total Cholesterol (mg/dL)
± 7.7

± 10.3

± 11.3

± 9.5

± 11.8

115.8 ± 24.2

126.9 ± 26.7

119.4 ± 30.1

128.5 ± 26.8

0.12

*116.8

*117.9

<0.001

HDL (mg/dL)
ART_B

108.3 ± 9.7

109.8 ± 9.9

*117.1

ART_A

101.8 ± 27.9

96.2 ± 20.5

117.0 ± 44.8

111.9 ± 36.3

111.7 ± 40.0

0.75

ART_B

111.3 ± 7.1

106.1 ± 12.9

106.4 ± 10.6

104.1 ± 24.2

106.9 ± 16.0

0.62

156.4 ± 122.2

0.69

± 9.2

± 13.5

± 8.7

LDL (mg/dL)

ART_A

125.0 ± 25.7

147.6 ± 81.6

133.5 ± 54.0

*133.0

ART_B

154.6 ± 50.5

194.1 ± 71.4

169.8 ± 61.5

201.9 ± 89.1

192.6 ± 94.0

0.02

ART_A

98.4 ± 6.3

94.4 ± 6.3

99.0 ± 5.7

101.4 ± 5.5

92.8 ± 7.4

0.03

ART_B

104.8 ± 8.1

106.2 ± 7.4

106.8 ± 12.4

103.9 ± 8.9

106.8 ± 12.2

0.54

ART_A

104.8 ± 25.9

112.5 ± 36.5

98.3 ± 22.2

91.3 ± 25.2

115.6 ± 35.5

0.48

ART_B

105.8 ± 24.2

95.4 ± 13.3

108.8 ± 33.2

104.4 ± 16.4

105.7 ± 26.2

0.77

ART_A

100.2 ± 11.4

96.9 ± 8.3

98.9 ± 11.5

103.2 ± 12.2

101.7 ± 15.4

0.9

ART_B

97.4 ± 15.1

92.4 ± 13.8

95.9 ± 16.3

96.8 ± 12.9

93.2 ± 11.4

0.79

Serum
Glutamic ART_A
Oxaloacetic
Transaminase (U/L)
ART_B

102.4 ± 26.7

87.7 ± 18.2

92.6 ± 24.3

84.7 ± 16.7

85.9 ± 21.9

0.36

86.4 ± 15.9

80.7 ± 21.7

82.3 ± 22.3

85.6 ± 25.3

81.8 ± 26.8

0.33

ART_A

118.6 ± 51.5

94.8 ± 28.1

109.9 ± 50.2

83.0 ± 33.4

82.2 ± 35.6

0.32

ART_B

77.0 ± 27.6

71.81 ± 32.8

74.6 ± 38.4

80.1 ± 39.0

79.8 ± 43.1

0.49

± 71.5

Triglycerides (mg/dL)

Glucose (mg/dL)

Blood Urea
(mg/dL)

Nitrogen

Creatinine (mg/dL)

Serum Glutamic Pyruvic
Transaminase (U/L)
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γ- Glutamyl Transferase
(U/L)

Alkaline
(U/L)

Phosphatase

White Blood Cells Count
(103/μL)

ART_A

95.7 ± 17.5

118.5 ± 25.1

141.2 ± 39.5

114.9 ± 32.3

115.7 ± 27.7

0.02

ART_B

117.1 ± 27.5

107.5 ± 37.5

111.7 ± 39.4

121.6 ± 37.7

125.1 ± 36.1

0.55

ART_A

118.3 ± 6.2

*136.7

*154.0

± 20.4

*158.5

± 26.5

*154.3

± 14.0

<0.001

ART_B

103.8 ± 7.6

116.7 ± 12.2

*127.6

± 13.8

*131.6

± 17.6

*130.2

± 16.4

<0.001

ART_A

107.8 ± 10.3

111.4 ± 20.7

107.5 ± 21.3

111.0 ± 23.0

124.7 ± 29.4

0.27

ART_B

104.8 ± 15.9

114.2 ± 22.4

118.4 ± 21.0

118.3 ± 24.7

*144.4

± 55.8

0.02

ART_A

115.5 ± 10.4

129.1 ± 23.4

120.4 ± 19.2

121.8 ± 24.5

128.8 ± 20.9

0.03

ART_B

113.1 ± 9.5

113.7 ± 18.3

108.7 ± 18.2

106.3 ± 14.2

116.3 ± 19.0

0.17

ART_A

99.5 ± 4.7

98.7 ± 4.6

100.5 ± 4.5

98.3 ± 7.2

99.2 ± 7.6

0.96

ART_B

*95.5

*92.0

*91.4

*91.9

*91.7

<0.001

ART_A

101.0 ± 3.6

102.5 ± 6.2

106.5 ± 4.1

102.9 ± 7.2

105.9 ± 6.2

0.09

ART_B

96.0 ± 3.5

98.0 ± 3.3

99.2 ± 4.0

100.6 ± 4.0

100.4 ± 4.0

0.03

ART_A

100.7 ± 4.4

102.3 ± 4.8

105.8 ± 4.3

103.3 ± 7.1

105.4 ± 7.3

0.16

ART_B

96.4 ± 1.5

97.6 ± 4.1

98.6 ± 3.1

99.5 ± 2.7

99.8 ± 4.0

0.05

± 14.3

Platelet Count (103/μL)

Red Blood Cells Count
(106/μL)

± 2.0

± 3.4

± 3.3

± 2.5

± 2.8

Hemoglobin (g/dL)

Hematocrit (%)

The results are expressed as % change from baseline values in mean values ( ± sd). One way ANOVA was used for the difference within each group during the overall
12-month study (p) with post hoc analysis for multiple comparisons compared to baseline value (*p<0.05)

Table 2: % change of anthropometric and biochemical characteristics of ART_A and ART_B groups after ART administration.
Chemical
substances

IC50 ( ± SD) (mol)

ART
Combination

a.
Ritonavir
0.6 10-6 ( ± 0.08 10-6)
c,d,e,f

Truvada®:Reyat
az®:Norvir®

b. Atazanavir e,f

1:01:01

1.8 10-6 ( ± 0.2 10-6)

IC50 ( ± SD)
(mg/mL)

f.
Abacavir
8.1 10-6 ( ± 1.8 10-6)
a,b,c,d,e

2.68 10-3

The results are expressed as mean values (± sd) of three separate experiments.
One way ANOVA was used to compare IC 50 values of chemical substance with
Post hoc analysis for multiple comparisons and t-test was used to compare the
two ART combinations. a-f indicate significance with the corresponding
antiretroviral.

( ± 0.8 10-3)

c. Emtricitabine
3.4 10-6 ( ± 0.3 10-6)
a,f
d. Tenofovir-DF
4.3 10-6 ( ± 0.5 10-6)
a,f

Kivexa®:Reyata
z®:Norvir®

e.
Lamivudine
5.1 10-6 ( ± 1.1 10-6)
a,b,f

1:01:01

Table 3: In vitro effect of antiretrovirals and their combinations against
PAF induced aggregation on washed rabbit platelets.
3.55 10-3( ± 0.1
10-3)

Baseline PAF metabolism

ART_A Group

ART_B Group

p

Bound PAF levels (fmol/mL)

4.5 (2.3-7.7)

37.4 (25.0-54.7)

<0.001

Free PAF levels (fmol/mL)

1.2 (1.0-2.2)

0.2 (0.1-3.8)

0.10

Total PAF levels (fmol/mL)

5.5 (3.5-14.2)

38.0 (25.1-59.5)

<0.001

PAF-CPT in leukocytes (pmol/min/mg)

194.6 (134.7-374.8)

103.0 (69.9-157.8)

0.08

PAF-CPT in platelets (pmol/min/mg)

20.0 (19.2-25.2)

52.7 (22.7-66.1)

0.02

Lyso-PAF-AT in leukocytes (pmol/min/mg)

6.6 (4.2-14.5)

11.0 (7.9-15.4)

0.24

Lyso-PAF-AT in platelets (pmol/min/mg)

5.5 (2.0-12.0)

5.5 (3.54-8.53)

0.08

PAF-AH in leukocytes (pmol/min/mg)

91.0 (65.3-110.2)

66.1 (44.5-93.6)

0.12

PAF-AH in platelets (pmol/min/mg)

385.8 (297.4-468.2)

279.5 (245.8-378.0)

0.08

J Infect Dis Preve Med, an open access journal
ISSN:2329-8731

Volume 5 • Issue 1 • 1000148

Citation:

Papakonstantinou VD, Chini M, Mangafas N, Stamatakis G, Lioni A, et al. (2017) Ιn Vivo Effects of Tenofovir-DF/Emtricitabine and
Abacavir/Lamivudine with Atazanavir-R on Platelet Activating Factor Metabolism in HIV Naive Patients. J Infect Dis Preve Med 5: 148.

doi:10.4172/2329-8731.1000148
Page 7 of 9

PAF-AH in erythrocytes (pmol/min/mg)

8.0 (4.6-9.4)

11.9 (8.4-13.8)

0.03

Lp-PLA2 in plasma (pmol/min/μL)

29.2 (21.6-33.2)

27.3 (23.8-41.0)

1.00

The results are expressed as median values and interquartile range (25th-75th). Non-parametric Mann Whitney test was used for the baseline differences between the
two groups (p).

Table 4: Baseline PAF metabolism of ART_A and ART_B groups.
PAF metabolism

groups

months
1

Bound PAF
(fmol/mL)

Free
PAF
(fmol/mL)

Total PAF
(fmol/mL)

PAF-CPT
leukocytes
(pmol/min/mg)

6

9

12

353.1 ± 253.8

292.3 ± 241.2

261.7 ± 243.6

± 244.5 ± 169.3

322.1 ± 210.2

*468.9 ± 408.4

125.6 ± 121.2

90.8 ± 56.7

levels ART_A

145.8
107.6

± 226. ± 174.1

ART_B

147.9
104.2

± 180.2
153.8

levels ART_A

86.0 ± 33.6

85.1 ± 38.4

ART_B

152.9 ± 87.6

167.2
180.1

± 77.0 ± 55.1

64.2 ± 50.6

149.1 ± 159.9

levels ART_A

123.0 ± 72.9

177.8
121.9

± 263.9 ± 165.9

226.3 ± 179.7

198.1 ± 153.1

105.5 ± 51.2

ART_B

154.2
102.2

± 191.6
149.7

± 243.0 ± 167.1

312.2 ± 204.8

*462.0 ± 403.8

in ART_A

171.4
102.2

± 186.3
145.0

± 200.6 ± 205.7

180.1 ± 187.0

270.9 ± 478.7

173.8
172.0

± 148.2 ± 131.6

173.7 ± 125.2

222.3 ± 294.8

± 156.1
110.4

± 170.1 ± 127.3

212.5 ± 167.0

219.7 ± 148.5

106.1 ± 57.0

187.4 ± 127.3

670.5 ± 674.3

658.8 ± 761.8

171.1 ± 153.7

230.9 ± 166.1

165.5 ± 152.6

149.8 ± 138.4

179.6 ± 130.9

*269.0 ± 189.1

± 132.7 ± 46.4

133.5 ± 50.4

120.7 ± 56.2

ART_B

PAF-CPT in platelets ART_A
(pmol/min/mg)
ART_B
Lyso-PAF-AT
leukocytes
(pmol/min/mg)

3

in ART_A

120.5 ± 70.7

135.3
104.1

102.4 ± 64.0
254.2
284.3

169.0 ± 98.6

± 522.1
547.5

112.1 ± 63.6

± 546.4 ± 524.2

ART_B

123.8 ± 83.5

143.0 ± 85.7

in ART_A

122.0 ± 45.3

160.6
158.6

ART_B

103.2 ± 50.5

144.4 ± 90.4

in ART_A

128.5 ± 47.5

171.1
101.7

ART_B

104.1 ± 52.8

93.7 ± 51.5

113.2 ± 63.1

124.7 ± 75.2

125.4 ± 92.4

PAF-AH in platelets ART_A
(pmol/min/mg)
ART_B

77.6 ± 30.0

79.6 ± 26.2

97.7 ± 37.8

91.5 ± 25.9

77.6 ± 24.8

98.3 ± 30.6

94.6 ± 32.3

97.3 ± 35.3

112.8 ± 65.7

112.0 ± 57.6

PAF-AH
erythrocytes
(pmol/min/mg)

in ART_A

89.1 ± 14.8

102.5 ± 36.4

90.8 ± 32.8

102.1 ± 49.1

102.6 ± 41.2

ART_B

90.0 ± 47.3

77.4 ± 21.6

84.0 ± 24.9

99.6 ± 42.0

96.7 ± 50.9

Lp-PLA2 in plasma ART_A
(pmol/min/μL)
ART_B

92.0 ± 17.8

91.6 ± 22.8

88.4 ± 27.7

91.4 ± 22.2

88.9 ± 22.0

94.8 ± 9.1

100.6 ± 17.0

83.0 ± 15.7

80.5 ± 15.8

84.2 ± 22.3

Lyso-PAF-AT
platelets
(pmol/min/mg)

PAF-AH
leukocytes
(pmol/min/mg)

J Infect Dis Preve Med, an open access journal
ISSN:2329-8731

171.8 ± 163.6

± 149.7 ± 91.3

116.4 ± 59.9

ptime

ptime*trial

ptrial

0.002

0.15

0.84

0.61

0.09

0.46

0.003

0.09

0.33

0.18

0.79

0.68

0.08

0.44

0.13

0.02

0.1

0.04

*(p3,p6,p9)
0.05

0.24

0.73

0.43

0.19

0.29

0.53

0.47

0.17

0.5

0.7

0.55

0.02

0.37

0.79
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The results are expressed as % change from baseline values in mean values ( ± sd). One way ANOVA was used for the difference within each group during the overall
12-month study (p) with post hoc analysis for multiple comparisons compared to baseline value (*p<0.05) ptime displays difference between the two groups against the
12 months of the study, ptrial displays difference between the two groups against different ART and ptime*trial displays their combination.

Table 5: % change of PAF levels and PAF metabolism enzymes specific activity of TDF and ABC groups during ART administration.

Conclusion
This study indicates a relation between in vitro and in vivo action of
antiretrovirals and also displays an activating effect of abacavir/
lamivudine with atazanavir boosted ritonavir in PAF levels and
metabolism.

15.

16.

Funding
The study was partially funded from Gilead Sciences Hellas
pharmaceutical company. The funder has no role in the study design,
data collection and analysis, decision to publish or preparation of the
manuscript.

17.

18.

References
1.
2.
3.
4.

5.
6.
7.
8.

9.
10.
11.

12.
13.
14.

WHO (2015) Fact sheet UNAIDS.
Deeks SG, Lewin SR, Havlir DV (2013) The end of AIDS: HIV infection
as a chronic disease. Lancet 382: 1525-1533.
Hunt PW (2012) HIV and inflammation: mechanisms and consequences.
Curr HIV/AIDS Rep 9: 139-147.
French MA, King MS, Tschampa JM, da Silva BA, Landay AL (2009)
Serum immune activation markers are persistently increased in patients
with HIV infection after 6 years of antiretroviral therapy despite
suppression of viral replication and reconstitution of CD4+ T cells. J
Infect Dis 200: 1212-1215.
Taiwo B, Barcena L, Tressler R (2013) Understanding and controlling
chronic immune activation in the HIV-infected patients suppressed on
combination antiretroviral therapy. Curr HIV/AIDS Rep 10: 21-32.
Guaraldi G, Orlando G, Zona S, Menozzi M, Carli F, et al. (2011)
Premature age-related comorbidities among HIV-infected persons
compared with the general population. Clin Infect Dis 53: 1120-1126.
Antonopoulou S, Nomikos T, Karantonis HC, Fragopoulou E,
Demopoulos CA (2008) PAF, a potent lipid mediator. Transworld
Research Network Kerala, India.
Demopoulos CA, Pinckard RN, Hanahan DJ (1979) Platelet-activating
factor. Evidence for 1-Oalkyl-2-acetyl-sn-glyceryl-3-phosphorylcholine as
the active component (a new class of lipid chemical mediators). J Biol
Chem 254: 9355-9358.
Balestrieri ML, Castaldo D, Balestrieri C, Quagliuolo L, Giovane A, et al.
(2003) Modulation by flavonoids of PAF and related phospholipids in
endothelial cells during oxidative stress. J Lipid Res 44: 380-387.
Elstad MR, Prescott SM, McIntyre TM, Zimmerman GA (1988) Synthesis
and release of plateletactivating factor by stimulated human mononuclear
phagocytes. J Immunol 140: 1618-1624.
Caramelo C, Fernandez-Gallardo S, Marin-Cao D, Inarrea P, Santos JC, et
al. (1984) Presence of platelet-activating factor in blood from humans and
experimental animals. Its absence in anephric individuals. Biochem
Biophys Res Commun 120: 789-796.
Snyder F (1995) Platelet-activating factor and its analogs: metabolic
pathways and related intracellular processes. Biochim Biophys Acta 1254:
231-249.
Snyder F (1995) Platelet-activating factor: the biosynthetic and catabolic
enzymes. Biochem J 305: 689-705.
Kelesidis T, Papakonstantinou V, Detopoulou P, Fragopoulou E, Chini M,
et al (2015) The Role of Platelet-Activating Factor in Chronic

J Infect Dis Preve Med, an open access journal
ISSN:2329-8731

19.

20.

21.

22.

23.

24.

25.

26.
27.
28.

Inflammation, Immune Activation, and Comorbidities Associated with
HIV Infection. AIDS Rev 17: 191-201.
Tsoupras AB, Chini M, Tsogas N, Fragopoulou E, Nomikos T, et al. (2008)
Anti-plateletactivating factor effects of highly active antiretroviral therapy
(HAART): a new insight in the drug therapy of HIV infection? AIDS Res
Human Retrovirus 24: 1079-1086.
Papakonstantinou VD, Chini M, Mangafas N, Stamatakis GM, Tsogas N,
et al. (2014) In vivo effect of two first-line ART regimens on
inflammatory mediators in male HIV patients. Lipids Health Dis 13: 90.
Hattab S, Guihot A, Guiguet M, Fourati S, Carcelain G, et al. (2014)
Comparative impact of antiretroviral drugs on markers of inflammation
and immune activation during the first two years of effective therapy for
HIV-1 infection: an observational study. BMC Infect Dis 14: 122.
McComsey GA, Kitch D, Daar ES, Tierney C, Jahed NC, et al. (2012)
Inflammation markers after randomization to abacavir/lamivudine or
tenofovir/emtricitabine with efavirenz or atazanavir/ritonavir. AIDS 26:
1371-1385.
Kelesidis T, Tran TT, Stein JH, Brown TT, Moser C, et al. (2015) Changes
in Inflammation and Immune Activation with Atazanavir, Raltegravir,
Darunavir Based Initial Antiviral Therapy: ACTG 5260s. Clin Infect Dis
61: 651-660.
Calza L, Trapani F, Salvadori C, Magistrelli E, Manfredi R, et al. (2013)
Incidence of renal toxicity in HIV-infected, antiretroviral-naive patients
starting tenofovir/emtricitabine associated with efavirenz, atazanavir/
ritonavir, or lopinavir/ritonavir. Scand J Infect Dise 45: 147-154.
Vrouenraets SM, Wit FW, Fernandez Garcia E, Moyle GJ, Jackson AG, et
al. (2011) Randomized comparison of metabolic and renal effects of
saquinavir/r or atazanavir/r plus tenofovir/emtricitabine in treatmentnaive HIV-1-infected patients. HIV Med 12: 620-631.
Wohl DA, Bhatti L, Small CB, Edelstein H, Zhao HH, et al. (2014)
Simplification to abacavir/lamivudine + atazanavir maintains viral
suppression and improves bone and renal biomarkers in ASSURE, a
randomized, open label, non-inferiority trial. PloS One 9: e96187.
Albini L, Cesana BM, Motta D, Foca E, Gotti D, et al. (2012) A
randomized, pilot trial to evaluate glomerular filtration rate by creatinine
or cystatin C in naive HIV-infected patients after tenofovir/emtricitabine
in combination with atazanavir/ritonavir or efavirenz. J Acquir Immune
Defic Syndr 59: 18-30.
Longenecker CT, Kitch D, Sax PE, Daar ES, Tierney C, et al. (2015)
Reductions in Plasma Cystatin C After Initiation of Antiretroviral
Therapy Are Associated With Reductions in Inflammation:ACTG
A5224s. J acquir Immune Defic Syndr 69: 168-177.
Young B, Squires KE, Ross LL, Santiago L, Sloan LM, et al. (2013)
Inflammatory biomarker changes and their correlation with Framingham
cardiovascular risk and lipid changes in antiretroviral-naive HIV-infected
patients treated for 144 weeks with abacavir/lamivudine/atazanavir with
or without ritonavir in ARIES. AIDS Res Hum Retrovirus 29: 350-358.
Guidelines SE (2009) Clinical Management and Treatment Of HIV
Infected Adults In Europe.
DoHaH S (2009) Panel on Antiretroviral Guidelines for Adults and
Adolescents. Guidelines for the use of antiretroviral agents in HIV-1infected adults and adolescents.
Papakonstantinou VD, Chini M, Stamatakis GM, Mangafas N, Tsogas N,
et al. (2015) Levels of Platelet Activating Factor and its metabolic
enzymes in HIV-infected, naive male patients. Hellenic J Atherosclerosis
6: 57-66.

Volume 5 • Issue 1 • 1000148

Citation:

Papakonstantinou VD, Chini M, Mangafas N, Stamatakis G, Lioni A, et al. (2017) Ιn Vivo Effects of Tenofovir-DF/Emtricitabine and
Abacavir/Lamivudine with Atazanavir-R on Platelet Activating Factor Metabolism in HIV Naive Patients. J Infect Dis Preve Med 5: 148.

doi:10.4172/2329-8731.1000148
Page 9 of 9
29.
30.
31.
32.

Achenbach CJ, Darin KM, Murphy RL, Katlama C (2011) Atazanavir/
ritonavir-based combination antiretroviral therapy for treatment of
HIV-1 infection in adults. Future Virol 6: 157-177.
Jacques AC, Giguere P, Zhang G, Touchie C, la Porte CJ (2010)
Atazanavir-associated choledocholithiasis leading to acute hepatitis in an
HIV-infected adult. Annals Pharmacother 44: 202-206.
Feeney ER, Mallon PW (2011) HIV and HAART-Associated
Dyslipidemia. Open cardiovasc Med J 5: 49-63.
Rasmussen TA, Tolstrup M, Melchjorsen J, Frederiksen CA, Nielsen US,
et al. (2011) Evaluation of cardiovascular biomarkers in HIV-infected

J Infect Dis Preve Med, an open access journal
ISSN:2329-8731

33.
34.

patients switching to abacavir or tenofovir based therapy. BMC Infect Dis
11: 267.
Souza SJ, Luzia LA, Santos SS, Rondo PH (2013) Lipid profile of HIVinfected patients in relation to antiretroviral therapy: a review. Rev Assoc
Med Bras 59: 186-198.
Satchell CS, Cotter AG, O'Connor EF, Peace AJ, Tedesco AF, et al. (2010)
Platelet function and HIV: a case-control study. AIDS 24: 649-657.

Volume 5 • Issue 1 • 1000148

