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Abstract

Background: Initial studies have confirmed the efficacy of protease inhibitors in the treatment of Trypanosoma
cruzi, Plasmodium falciparum, and Leishmania major. However, studies on efficacy and specific protease inhibition
of HIV-1 protease inhibitors on Trypanosoma brucei cells remained untouched. The objective of the current study
was to determine the efficacy of two HIV-1 protease inhibitors, ritonavir, and saquinavir, in Trypanosoma brucei
proliferation and to determine if these HIV-1 protease inhibitors target the activity of the Trypanosoma brucei major
proteases.

Methods: Time dependency test at variable increasing concentrations, motile cell counts, alamarBlue® cell
proliferation/viability assay and zymography were among the methods applied.

Results: Both ritonavir (IC50=12.23 ± 0.33 µM) and saquinavir (IC50=11.49 ± 0.31 µM) effectively inhibited
Trypanosoma brucei cells proliferation. The major proteases identified in these cells were the cysteine (~29 kDa Mr)
and metallo- (~66 kDa Mr) proteases. Protein band densitometry results showed a statistically significant (P-
value<0.05) inhibition in metallo-and cysteine-proteases’ activity in Trypanosoma brucei cells.

Conclusion: The results suggest that RTV and SQV showed an anti-proliferative effect in Trypanosoma brucei
cells possibly due to the non-specific targeting of the cysteine- and metallo-protease activities of the parasite.
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Introduction
Human African Trypanosomiasis (HAT), also known as sleeping

sickness, is a life-threatening neglected tropical parasitic disease
affecting the blood, lymphatics and the central nervous system. The
disease is caused by two sub-species of the Kinetoplastid protozoan
parasite, Trypanosoma brucei: T. b. gambiense and T. b. rhodensiense.
A third sub-species, T. b. brucei, is only infectious to animals and is
commonly used as an experimental model for the first two parasite
sub-species [1,2]. The two human infective subspecies of the parasite
have their own distinct distribution within the African continent. T. b.
gambiense is distributed in the west and central parts of Africa causing
the chronic form of the disease and T. b. rhodesiense is distributed in
the east and southern parts of Africa resulting in the acute form of the

disease [3,4]. Sixty million people in 36 sub-Sahara African countries,
mainly living in poverty-stricken, remote rural areas, are at risk of the
disease. Annually the disease causes an estimate of 50,000-70,000
cases, 48,000 deaths and 1,525,000 Disability Adjusted Life Years
(DALYs) [3,5]. In 2012, however, the annual number of cases reported
had substantially declined to just below 10,000 and the current
estimate is 20,000 [6,7]. The progress towards disease control has
continued to effectively reduce the number of reported cases to 3,796
with less than 15,000 estimated cases in 2014. The recent WHO Fact
sheet report also showed the number of new cases has continued to
decline to 2,804, the estimate being lower than 10,000 [8,9]. Compared
to other tropical diseases, these figures might seem relatively small and
it can also consider that disease control or eradication is no more a far-
reaching possibility. However, besides its fatal nature, HAT, without
intervention, has the capacity to result in epidemics and is, therefore, a
major public health problem.

Since the development of preventive vaccines remains a challenge
due to the high degree of antigenic variability expressed by the parasite
surface coat glycoprotein, chemotherapy and vector control became
the only viable solutions to control HAT. In addition, almost all of the
registered drugs in the list were developed over 60 years ago. During
treatment, all of these drugs have a number of shortcomings. This
includes parasite resistance, allergic reactions, undesirable effects in the
urinary tract and reactive encephalopathy (with 3-10% fatality due to

Jo
ur

na
l o

f T
ro

pic
al Diseases & Public Health

ISSN: 2329-891X

Journal of Tropical Diseases Worku and Birkenmeier, J Trop Dis 2019, 7:3
DOI: 10.4172/2329-891X.1000305

Open Access

J Trop Dis, an open access journal
ISSN:2329-891X

Volume 7 • Issue 3 • 1000305

Research Article



melarsoprol specific therapy). Some regimens also need highly trained
personnel and hospitalization of patients for drug administration
[3,10]. Searching for new, safe and effective drugs for both the
heamolymphatic and cerebral stages of the disease is, therefore, in an
urgent need.

In response to this research gap, identification of specific parasite
molecules that are essential to the parasite’s life cycle or the
pathogenesis of the disease they produce is an ideal strategy for
successful drug development. Accordingly, many studies and reviews
are done on the classification, biological function, and
chemotherapeutic role of proteases in different life forms [11-16].
Hence it is known that proteases are ubiquitous in all forms of life and
catalyze the enzymatic degradation of proteins. In trypanosomatids,
the study of proteases attracted considerable attention because these
enzymes are known to get involved in various activities fostering
disease pathogenesis including modulation of the host immune
system, invasion, and destruction of host cells or tissues, and parasite
migration. They also support cell growth, development, and
proliferation by taking part in the acquisition of essential nutrients for
survival. Besides, they are considered to be parasite virulence factors
[17,18]. Therefore, the parasite-derived proteases are also promising
targets for the design of antimicrobials against trypanosomatids [17].

Accordingly, initial in vitro and in vivo studies have confirmed the
efficacy of protease inhibitors against the proliferation of protozoan
parasites such as Trypanosoma cruzi, Plasmodium falciparum,
Cryptosporidium parvum and Leishmania major [19-23]. Recently, it
was also demonstrated that HIV-1 protease inhibitors like nelfinavir,
lopinavir, indinavir, and saquinavir have a direct effect on the causative
agents of leishmaniasis including Leishmania amazonensis,
Leishmania infantum, and Leishmania major promastigotes in vitro
[24,25]. The effectiveness of these HIV-1 protease inhibitors in
inhibiting parasitic multiplication may probably be associated with
their capacity to modulate or block the parasite-specific proteases
[26,27]. For instance, it has been indicated that the antiretroviral drugs
like saquinavir, ritonavir, and lopinavir were observed to target the
plasmepsins II and IV in P. falciparum protozoa [28] even though it
was not possible to prove this result by Parikh et al. [29]. Similarly, the
HIV protease inhibitors are also known to target the Ddi1 protein,
which is an ortholog of the yeast Ddi1 protein and the only known
member of aspartate protease in L. major parasites [30]. However,
according to our current knowledge, there is no previous work done in
the application of these antiretroviral protease inhibitors in T. brucei.
Hence we hypothesise that they may also exhibit anti-proliferative
effect against trypanosomes by inhibiting the activity of one or a group
of major proteases essential for the survival of these parasites. The
objective of this study project was, therefore, to determine the effect of
HIV-1 protease inhibitors Ritonavir (RTV) and Saquinavir (SQV), in
T. brucei cell lines and to identify if these protease inhibitors also
inhibit the activity of the major proteases expressed in T. brucei cell
extracts.

Materials and Methods

In vitro cultures of T. brucei cells
Laboratory-adapted T. b. brucei cells (strain TC-221) were obtained

from Prof. A. Stich, Würzburg, Germany [31]. Cells were cultured in
complete Baltz medium which was composed of 82% Baltz basic
solution, 0.8% ß-mercaptoethanol, 0.8% penicillin/streptomycin
(10,000 U/ml), and 16.4% heat-inactivated Fetal Calf Serum (FCS).

Cells were cultured using 50 ml sterile cell culture flasks (Greiner Bio-
One, Frickenhausen, Germany) at 37°C and 5% CO2 in 100%
humidified environment. The medium was changed every 2-3 days.

Cell proliferation/viability assay and its principle
The AlamarBlue® cell proliferation assay was employed to measure

the metabolically active cells. The principle behind this assay relates to
the fact that metabolically active cells create a reducing environment
that promotes the conversion of resazurin (non-fluorescent) to
resorufin (highly fluorescent). The absorbance was measured using an
ELISA reader/96-well multi-scanner (Tecan, Crailsheim, Germany) at
ex550/em630 nm.

Cell extract preparation and determination of protein
concentration

To prepare cell extracts the cell pellet was first re-suspended at 1:4
ratio in a lysis buffer containing (25 mM Tris, 2 mM PMSF, 10%
Glycerol, 1% Tritonx100, 2 mM EDTA and freshly added 0.3% protease
inhibitor cocktail) at pH 8.03. The suspension was repeatedly vortexed
every 1-2 minutes within 15 min duration. The cell sediment was
always kept on ice. Then the mix was centrifuged for 15 min at x13000
g in 5°C. The supernatant was carefully pipetted into a new Eppendorf
tube and the sediment was discarded. The protein content of samples
was determined by means of the Bradford method [32].

Concentration-Time-dependency of the effect of drugs on T.
brucei cell count

Concentration-Time-dependency of effect of drugs on cell count
was done in 24-well plates where 1 ml of cell suspension (2 × 105 cells/
well) plus 100 µl of ritonavir (Cat.4622; Lot. 110018) or saquinavir
(Cat. 4658; Lot. 01989) at increasing concentrations (5 to 100 µM
range) or Pentamidine (Pentacarinat® 300, Sanofi Aventis, Gouda,
Netherlands) (12.8 to 128 nM) or 100 µl of fresh medium containing
1% DMSO (control). The mixtures were incubated at 37°C in a
humidified environment containing 5% CO2 for 24 hrs. Prior to cell
counting the plate was slowly shaken in a slow circular motion to
homogenize cell distribution within the growing medium in each well.
After a certain time (1, 3, 6 and 24 hrs) of incubation, a volume of 10 µl
of the cell suspension was taken for microscopic counting of actively
motile cells using a Neubauer hemacytometer (Marienfeld, Germany).
All tests were done in triplicate and the mean values were calculated.

Concentration-response test on T. brucie cells proliferation
The cell proliferation/viability assay was performed in 96-well cell

culture plates to which 100 µl of cell suspension (2 × 104 cells) in
medium containing 1% DMSO, 100 µl of RTV or SQV at variable
concentrations ranging from 5 µM to 100 µM and 20 µl of
AlamarBlue® was added. As a control 100 µl of Pentamidine-
isethionate (Pentacarinat® 300, Sanofi Aventis, Gouda, Netherlands) at
variable concentrations ranging from 0.5 nM to 128 nM has been
employed. In all cases, control wells contained 200 µl of an equal
number of cells in fresh medium containing 1% DMSO without drugs.
The change in absorbance was recorded at the 48th hr of incubation.
Tests were done in triplicate and the IC50 and standard deviation were
calculated using GraphPad Prism 5.0 (GraphPad Software Inc., San
Diego, USA).
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Zymography
A non-reduced 12% SDS polyacrylamide gel copolymerized with

1% gelatin substrate (SDS PAGE) was used for detection of protease
activity in T. brucei cell extracts. Prior to running the SDS PAGE, the
cell extract was mixed with an equal volume of SDS sample buffer in a
non-reducing condition. Then 40 µl (18.3 µg protein) of cell extract-
sample buffer mix was added to each lane. Protein marker (each 6 µg
per lane) was used as a molecular standard. The electrophoresis was
run at 125 V for 1.5 hrs. The gel was then slowly removed from the gel
chamber and incubated at 22°C for 30 min with an aqueous solution of
2.5% Triton X-100 for renaturation and removal of SDS from the gel.
The gel was then incubated again at 22°C in developing buffer
containing 8 mM CaCl2 in 50 mM Tris, pH 6.8 for another 30 min. The
developing buffer was changed and the zymogram was incubated
overnight with fresh developing buffer at 37°C. The gel was then
stained with 0.05% Coomassie Brilliant Blue R250 for 3 hrs. Distaining
was achieved by incubation with a mixture of water/methanol/acetic
acid (50:40:10 v/v) for 30 min. The presence of active proteases was
indicated by white bands when contrasted with the blue background of
the stained gel.

Application of zymography for identification of proteases in
T. brucei cells

To detect different species of proteases in the cell extract by
zymography, the gels were separately incubated with either 20 mM
EDTA (pH 8.0), 5 mM PMSF, 5 mM iodoacetamide or 1 mM Pepstatin
A for inhibition of metalloproteinases, serine proteases, cysteine or
aspartyl proteases, respectively. Finally, the gels were scanned and the
protein bands showing active substrate digestion in the control gels
were white colored but those inhibited by the respective specific
protease inhibitors were blue colored bands.

Reverse zymography using ritonavir and saquinavir
The same protocol as the zymography was applied except that 100

µM RTV and 100 µM SQV are applied. Briefly, the respective sample
gels were incubated in 100 µM RTV and 100 µM SQV in a 50 ml fresh
developing buffer (50 mM Tris, pH 8.0 containing 8 mM CaCl2)
overnight at 37°C. The control gel was incubated in a developing buffer
containing 1% DMSO without either of the HIV-1 protease inhibitors.
Finally, the gels were scanned in a computer scanner.

Statistical data analysis
The graphs were drawn using GraphPad Prism software version 5.0

(GraphPad Software Inc., San Diego, USA). Statistical comparison of
the difference between means has been done using two-tailed t-test in
SPSS version 15.0. Results were considered statistically significant
when the p-value was less than 0.05. The log value of the inhibitor has
been applied to calculate SD and IC50 values using nonlinear
regression analysis in GraphPad prism. ImageJ software was also
applied to analyze the protein band density measurements [33] to
determine the anti-Metallo-and anti-cysteine-protease activity of RTV
and SQV. All the experiments were done in triplicates unless otherwise
indicated.

Results

Effect of HIV-1 protease inhibitors on the proliferation of T.
brucei cells

Our results demonstrated that RTV at concentrations above or
equal to 50 µM was most effective, killing more than 70% of the cells in
24 hrs of exposure (Figure 1A). SQV resulted in similar growth
inhibition starting from the 20 µM concentration (Figure 1B and 1C).

Figure 1: Response of T. brucei cells exposed to (A) ritonavir (B)
saquinavir and (C) pentamidine. 1 ml of 2 × 10 5  cells per  well  in a
24-well plate is applied at the beginning of the experiment. Cell were
exposed t o  drugs  at  variable  increasing  concentrations  and  cell 
was done at variable time points within 24 hrs  (for test drug)  or  48
hrs  (for pentamidine)  of  incubation  time. The  experiments  were  
done in the triplex and the mean values were taken.
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Figure 2: The anti-proliferative effect of (A) ritonavir (B) saquinavir
and (C) pentamidine in T. brucei cells. 100 µl of 2 × 104 cells per
well in a 96-well plate were incubated with 100 µl of each inhibitor
at increasing variable concentrations within 5 to 100 µM range. The
control wells contained cells in 200 µl medium containing 1%
DMSO without drugs. AlamarBlue® proliferation assay was
employed and absorbance was measured at ex550/em620 nm
wavelength. The experiments were done in a triplex and the mean
and standard deviation values were calculated.



Identification of the major proteases in T. brucei cell extracts
To determine targets of these two drugs it was first important to

identify the major proteases available in T. brucei cells. As indicated in
Figure 3, we were able to identify the activity of two major proteases
that can clearly be seen as white bands in the lanes of the control gel
(n=3) with molecular masses of ~66 kDa and ~29 kDa. The next
question was to identify the type or class of these proteases using
Metallo-, serine-, cysteine- and aspartyl-specific protease inhibitors.
The second gel (n=3) in Figure 3 indicates activity inhibition of
proteases by Ethylenediaminetetraacetic Acid (EDTA) at the ~66 kDa
position confirming it is a metalloprotease. The third gel indicated
inhibition of the ~29 kDa protease activity by the iodoacetamide,
showing that it is a cysteine protease. Supporting this result PMSF also
inhibited the ~29 kDa protease, only partially, affirming it is a papain
family cysteine protease type. Pepstatin A, however, showed no activity
inhibition of the two identified protease bands indicating either of
these proteases may not be from aspartate protease family members.
Those bands at the ~29 kDa are thicker than the band size of the ~66
kDa proteases showing the cysteine proteases are also proportionally
more abundant or showed better gelatinolytic activity than the
metalloproteases in T. brucei cells. This zymographic data, therefore,
indicates that the two major proteases, that are clearly expressed using
gelatin as a substrate, are papain-like-cysteine proteases and
metalloproteases (Figure 3).

Figure 3: Identification of proteases in T. brucei cell extracts. T.
brucei cell extract was first mixed with equal volume of sample
buffer without a reducing agent and 40 µl of a sample containing
18.3 µg of protein concentration was loaded in each lane in an SDS-
substate gel before running the electrophoresis. A Roti-protein
marker was used as a standard. Control lanes (n=3) showed the
proteases expressed as white bands at the ~66 kDa and ~29 kDa
level. Application of 20 mM EDTA (n=3 lanes) showed inhibition of
the white band's expression at the ~66 kDa level indicating that this
is a metalloprotease. Application of 5 mM iodoacetamide (n=3
lanes) on the other hand inhibits expression of the ~29 kDa
protease indicating that this is a cysteine protease. The gel (n=3
lanes) where 5 mM PMSF was applied as an inhibitor showed
partial inhibition of the ~29 kDa protease telling that this is a
papain-like-cysteine protease.

The last column gel (n=3) to the right of the figure demonstrates the
application of 1 mM Pepstatin A showed no effect on the activity of the
two visible bands of proteases confirming both may not be Aspartyl
type of proteases. Effect of HIV-1 protease inhibitors on the proteolytic
activity of the major proteases in T. brucei

As can be seen in Figure 4A, the effect of HIV-1 protease inhibitors,
RTV and SQV, on the activity of these two major proteases has been
tested. The results demonstrate that there is a statistically significant
(p<0.05) reduction in the activity of these proteases by RTV and SQV
(Figure 4A and 4B). According to the figures calculated, 72% and 80%
of metalloprotease activity were inhibited due to RTV and SQV,
respectively. Similarly, 24% and 50% of the cysteine protease activity
was inhibited due to RTV and SQV, respectively. Corresponding to the
observed results in the anti-proliferative experiments, SQV has also
shown a better anti-Metallo and anti-cysteine protease effect when
compared to RTV (Figure 4B).
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In the AlamarBlue®cell proliferation assay, the concentration-
dependent effect of these two drugs was observed using 96-well plates.
Both RTV and SQV resulted in statistically significant inhibition
(p<0.05) at 10 µM concentration (Figure 2A and 2B). SQV acts a little
better than RTV resulting equivalent effects with a lower IC50 (Figure
2C). Figures 1 and 2, therefore, confirmed that both RTV (IC50=12.23
± 0.33 µM) and SQV (IC50=11.49 ± 0.31 µM) can effectively inhibit T.
brucei cells proliferation.

Figure 4: A) Inhibition of the identified proteases using ritonavir
and saquinavir: Roti-protein marker (6 µg) is used in the standard
lane. Control lanes (n=2) show the metalloproteases expressed as
white bands at the ~66 kDa and papain-like cysteine proteases at
the ~29 kDa position. Exposure of the proteases with 100 µM RTV
and 100 µM SQV at the last two gels (each n=3 lanes) indicated that
there is a partial inhibition on the expression of both the metallo-
and cysteine-proteases of T. brucei cells. B) Image J Densitometry:
The relative peak density of the ~66 kDa metalloprotease band
(unshaded bars) and the ~29 kDa papain-like cysteine protease
band (shaded bars). The graph shows a statistically significant
inhibition (p<0.05) of Metallo-and cysteine-protease activity due to
RTV and SQV.

Discussion
As a current solution on drug discovery of NTDs, new product

development partnerships such as Medicines Sans Frontiers and the
Geneva-based Drugs for Neglected Diseases Initiative (DNDi) are
established by various research and collaborative institutes including
the institutes like the WHO special programme on Tropical Diseases
Research (WHO/TDR) [34]. As a cost- and time-effective mechanism



of new drugs development against HAT, these initiatives mostly advise
the advantage of applying those drugs (including eflornithine and
nifurtimox, and the most recently approved fexinidazole) [35], which
were under clinical use or trial for other chronic illnesses like cancer
and Chagas disease.

We similarly tried to share this experience/strategy through the
application of HIV-1 protease inhibitors against T. brucei in vitro. As a
matter of fact, there is ample evidence on the anti-leishmanial and
anti-malarial effects of HIV protease inhibitors both in vitro and in
clinical isolates [24-30]. However, the effect of these peptidase
inhibitors in human African trypanosomes is not yet reported. Since
trypanosome and mammalian proteases differ in terms of their
substrate specificity [36,] specific and non-toxic protease inhibitors are
the rational choice for further anti-trypanosomal drug development
[37,38].

Thus, in our project, the question for an apparent effect of HIV-1
aspartate protease inhibitors, RTV and SQV, in T. brucei cells in vitro
was addressed. Depending on the microscopic count of motile (actively
moving) cells, our findings showed that SQV and RTV, respectively,
induced up to 85% and 75% cell death at 50 µM concentration. At 20
µM both drugs inhibited survival of more than 50% of cells after 24 hrs
of incubation (Figure 1). The same result was obtained using the
AlamarBlue® cell proliferation assay which indicated a dose-dependent
inhibition of proliferation with IC50s of 12.23 ± 0.33 µM for RTV and
11.49 ± 0.31 µM for SQV (Figure 2). These results, when compared
with the standard drug pentamidine, however, showed a significant
difference. Pentamidine is more effective at a nanomolar level
(IC50=3.59 ± 0.24 nM), unlike RTV and SQV which act in the
micromolar level. During observation of the efficacy of drugs using cell
count, pentamidine took 48 hours to kill all the cells at 128 nM. SQV,
however, brought a comparable result in 24 hrs at 50 and 100 µM
concentrations. This may indicate the fast-acting property of SQV
compared to pentamidine.

A study was done by Santos and colleagues [25], for instance,
indicated a concentration-dependent growth inhibition of Leishmania
cells by HIV-1 protease inhibitors like lopinavir, nelfinavir, amprenavir,
and indinavir. In their findings, lopinavir and nelfinavir resulted in a
statistically significant growth inhibition at 50 µM. Our findings, on
the other hand, showed statistically significant inhibition of T. brucei
cells at 10 µM concentration of RTV and SQV. This indicates T. brucei
are more susceptible to HIV PIs when compared with Leishmania
parasites (L. amazonensis) [39].

Our findings also showed the cysteine- and metalloproteases were
the major proteases identified in T. brucei cells which corresponds to
the study done by [17] who indicated these two proteases together
comprise more than 95% of all the proteases identified. An earlier
study done by [40] using fibrinogen as a substrate in SDS-PAGE
demonstrates proteases with Mr of 28 kDa, 42 kDa, 60 kDa, 90 kDa
and 105 kDa in T. brucei cells. Even though not well expressed as in the
fibrinogen co-polymerized gels, they also identified proteases at the 28
kDa, 31 kDa, 93 kDa and 105 kDa from the same cell extract when
using collagen as a substrate. Therefore, our results concur with the
previous findings at the ~29 kDa and at the ~66 kDa protein zones. In
all studies the 27/28/29 kDa Mr protease was confirmed to be a
cysteine protease which is in agreement with our findings. It should be
noted that more bands may be expressed depending on the substrate
specificity of the various proteases available within the cells. Lonsdale
and Mpimbaza also mentioned that the variation in the relative
amount of higher Mr bands from one preparation to another appears

to be related to the number of steps used in the purification of
trypanosomes, whereby excessive handling results in increased
amounts of lower-Mr enzyme forms with a concomitant reduction in
the higher-Mr forms. The parasite clone differences may also be
another possibility for this difference. The author also mentioned the
variation in the expression of the different protease bands depends on
the freshness of the cell extracts loaded in the gels, whereby fresh
extracts express more bands.

Our findings, for the first time, revealed the two major proteases,
metallo, and papain-family- cysteine-proteases, of T. brucei were found
to be the target for RTV and SQV. It can be suggested that the anti-
proliferative effect of SQV and RTV might also be caused by incidental
cell death, necrosis or apoptosis [41]. According to the genome of the
T. brucei [42], a hypothetical Caspase protein is identified. This protein
is a cysteine-dependent aspartate-directed protease that mediates
apoptosis in T. brucei cells. Besides to the direct consequences of
inhibition of the major proteases by RTV and SQV, the scientific
justification to our current findings can also be explained in such a way
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that RTV and SQV might be peptidomimetic to T. brucei aspartate,
activating the aspartate-directed hypothetical Caspase protease.
Inhibition of the cysteine proteases (increased intracellular cysteine
concentration) can then support the induction or mediation of
apoptosis. To confirm this, further experiments including
morphological analysis using electron microscopy, cell cycle
progression, sub-cellular alterations, measuring ROS concentration,
determination of DNA degradation, loss of mitochondrial membrane
potential, and phosphatidylserine exposure using FACS analyses and
cell death [43,44] should be done.

In comparison, SQV presented a better inhibition of both proteases
than RTV. This is also in agreement with the concentration-dependent
results and IC50 values in the anti-proliferation results. In nature,
aspartic peptidase genes in trypanosomatids were poorly
characterized. According to Santos et al. (2013) [39], aspartate
proteases constituted only 2% when compared with the major
proteases (serine-, Metallo- and cysteine-ptoteases). This might
probably be why we failed to detect aspartyl proteases in T. brucei.
Otherwise, the enzyme-substrate specificity or the high pH applied
during our zymography experiment can be considered as a factor.

As confirmed by Santos et al. [25] on Leishmania amazonensis,
lopinavir (a drug co-administered with sub-therapeutic doses of RTV
in HIV patients) and nelfinavir effectively inhibited the aspartic
proteolytic hydrolysis of the HIV-1 peptidase substrate by the cells.
Amprenavir, however, had no inhibitory effect at the highest applied
concentration (10 µM). Another study done on Plasmodium
falciparum cells to determine inhibition of activity of plasmepsin II, an
acidic food vacuole aspartate protease that appears to play a role in the
initial hydrolysis of haemoglobin by intra-erythrocytic malaria
parasites, indicated that both lopinavir and ritonavir inhibited its
activity with IC50 of 2.7 µM and 3.1 µM, respectively [26]. These two
findings indirectly indicated that the different HIV-1 protease
inhibitors may target different classes or types of proteases in parasites.

Even though it may not be easy to infer in vitro experimental results
into clinical applications, RTV can be clinically relevant as its IC50 is
below the Cmax (14.8 µM) of the serum concentration achievable
during the standard dosing of patients [45]. The Cmax for SQV (1.4
µM) is lower than the IC50 observed in our experiment. This tells us its
clinical relevance can only be achieved through repeated daily doses
given for longer treatment duration or by giving it in combination with



RTV [45]. The application of RTV and SQV, which are among the first
generation of HIV-1 protease inhibitors, might be considered as the
drawback of our study since this generation of drugs is limited by low
bioavailability and high pill burden to patients [46]. The results can,
however, lay a preliminary background for further research using those
clinically highly relevant HIV-1 protease inhibitors.

Conclusion
The HIV-1 protease inhibitors, RTV and SQV, were relatively

effective against T. brucei cells. The standard drug, pentamidine, was
observed to be slow acting but most effective when compared with
RTV and SQV. Clinically, however, the drug pentamidine, with all its
contraindications, acts only to the 1st stage of the disease. Studies
indicate that brucipain, a cysteine protease of T.b. gambiance, plays an
important role during transendothelial migration of the parasite
through the human blood-brain barrier. Based on our current findings,
the capacity of RTV and SQV to inhibit the cysteine-and
metalloproteases in T. brucei cells brings a bright future in the

prevention and/or treatment of the cerebral/fatal stage of HAT using
these two PIs. Since they are clinically approved and registered drugs,
the possibility of applying these agents in HAT patients can also be
cost-effective and a short cut solution. Even though it may not be easy
to infer in vitro experimental results into clinical applications, RTV,
unlike SQV, can be clinically relevant as its IC50 is below the Cmax
(14.8 µM) of the serum concentration achievable during the standard
dosing of patients. However, these preliminary results should be
supported with additional enzyme kinetics studies, specific enzyme-
substrate analysis, lead optimization, and other molecular
interventions prior to stepping up into further inferences.
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