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ABSTRACT: The hemoglobin uptake and transport by the malaria parasite,
Plasmodium falciparum are preferable targets for antimalarial drug
development. There is a need for alternative approaches to investigate the
endocytic process of live and intact cells under non-disruptive conditions as
previous findings were mostly based on morphological analysis of thin-section
electron micrographs. In the present study, resealed erythrocytes containing
TMR-dextran, the host cell cytoplasm marker, were prepared and characterized.
Fresh erythrocytes were collected in EDTA anticoagulant vacutainer tubes,
which proved to maintain a normal biconcave disk shape of the cells. Using a
modified hypotonic dilution method, washed erythrocytes were lysed in 3
volumes of hemolysis buffer, which permitted the retention of 33.56 ± 7.84% of
the original hemoglobin content of the cells. Resealed erythrocytes containing
TMR-dextran were invaded by the parasites with similar efficiency to unlabeled
cells, and able to support the parasite growth and development. Live cell
fluorescence imaging of the endocytic process revealed the appearance of TMRdextran-containing small endocytic vesicles with intense signals at early ring
stage. These compartments coalesced in the early trophozoite stage to form a
central digestive vacuole. A larger spherical structure within TMR-dextran
labelled ring and trophozoite stage parasites was often observed, which is likely
to resemble the previously described “Big Gulp”. It is therefore concluded that
resealed erythrocytes incorporated with TMR-dextran, which were proved their
biological applicability, can be a model for the endocytic study of P. falciparum.

INTRODUCTION: The blood stage malaria
parasite has developed a number of unusual
metabolic and cell biological functions that prepare
it for its life within the erythrocytes of its host 1-2.
The feeding process of the parasite forms one of
the core foundations of malaria disease, which is
responsible for 214 million cases and 438 000
deaths globally each year 3.
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Given the significance of the blood stage of
infection to disease pathology, there has been
intensive interest in understanding the mechanisms
by which the parasite ingests the host cell
cytoplasm using endocytic structures, and transfers
the hemoglobin to the acidic digestive vacuole 4-6
as a route to develop novel strategies that combat
the hemoglobin uptake and transfer, hence, block
the malaria disease 7.
With the revolution of fluorescent probes,
fluorescence imaging has become a useful tool for
studying dynamic cellular events in living cells
under physiological conditions 8-9. Fluorescent
probes can be applied to measure ion
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concentrations
in
cellular
compartments,
monitoring ion fluxes, and visualizing protein
trafficking processes 10-11. Indeed, live cell imaging
has now extensively been employed to study the
biology and pathophysiology of P. falciparum in
infected erythrocytes 12-13. The unique favorable
characteristics of erythrocytes allow attempts at the
encapsulation of fluorescent probes with the
capability of being entrapped within the cells 14.

Blood samples: O+ type peripheral blood samples
(10 mL) were collected using 21-gauge 1.5"
needles from informed consent healthy volunteers
aged from 20 to 30 years that had no known
diseases or blood-related diseases (i.e. HIV,
hepatitis B or C, and malaria), took no medications,
and were healthy by history and physical
examination. Healthy volunteers were recruited at
Blood Transfusion Unit, Hospital Universiti Sains
Malaysia, Malaysia. Specimens were equally
distributed to 3-mL purple-top tubes (K2EDTA;
Becton Dickinson), green-top tubes (heparin;
Becton Dickinson) and blue-top tubes (3.2%
sodium citrate; Becton Dickinson). Specimens were
gently inverted eight times according to the
manufacturer‟s instructions to ensure mixing of
anticoagulant with blood, labeled and prepared for
analysis.

Although prior studies had been performed on the
encapsulation of a variety of biopharmaceuticals in
erythrocytes as cellular carriers 14-15, the application
of resealed erythrocytes containing high molecular
weight dextran-linked fluorescent markers to track
and dissect the parasite‟s metabolic processes has
exposed new paradigms 16. This has evoked plenty
of research projects with the goal of using the
potential capabilities of these resealed erythrocytes
in different experimental situations such as in the
study of pH regulation of the parasite‟s digestive
vacuole 17-18, the mechanisms of action and
resistance of antimalarial drugs 19, the cell
attachment and invasion by the parasite 16 and the
hemoglobin uptake and transport within parasiteinfected erythrocytes 4, 20.
While observing these processes in parasiteinfected erythrocytes by time-lapse based imaging
is important, this technique was until recently not
fully addressed for blood stages of P. falciparum,
the causative agent of the most severe form of
human malaria. Here, we provide a detailed
description of the procedure for live cell imaging in
blood stages of this important pathogen to study the
uptake of host cell‟s cytoplasm and transport to the
digestive vacuole, which is regarded as the terminal
compartment of the endocytic process. The advent
of live cell fluorescence imaging technology
coupled with the ability to introduce fluorescent
probes to erythrocytes provides new tools to study
the dynamic endocytic process as it is thought to be
essential for parasite survival and might represent a
vulnerable target for chemotherapeutic efforts.
MATERIALS AND METHODS:
Materials: Tetramethylrhodamine-dextran (TMRdextran, 25 mg, Life Technologies, No. D-1816)
was purchased locally. Other chemicals and
solvents were from chemical lab or HPLC purity
grades, as needed, and purchased locally.

Wet mounts and Giemsa-stained thin blood
smears:
The
morphological
changes
of
erythrocytes were observed before and after
washing by centrifugation (121 × g, 5 minutes)
with red cell wash (10 mM sodium phosphate, 160
mM NaCl, pH 7.4) as well as after 12-hour storage
at 4°C in their initial vacutainer tubes. One volume
(10 µL) of the samples was diluted into 50 volumes
(500 µL) of red cell wash before preparing wet
mounts or thin blood smears stained with Giemsa
stain. Slides from EDTA, heparin and sodium
citrate samples were observed using 100x
magnification and oil immersion with constant light
intensity. Areas that are well-populated with
erythrocytes were selected (200-300 cells/field). A
total of 1000 erythrocytes was evaluated and
categorized according to the morphology of the
cells as normal or altered. Normal erythrocytes are
defined as having a round and biconcave disc
shape, while altered erythrocytes (echinocytes)
have regular broader-based short blunt projections
of the cell membrane and lacking of central pallor.
Preparation of resealed erythrocytes: A modified
hypotonic dilution method described by Dluzewski
et al. 21 was used for loading human erythrocytes
with TMR-dextran. In order to obtain resealed
erythrocytes that retain minimal hemoglobin
contents for parasite growth while allowing
fluorescent probe entrapment into erythrocytes, the
optimum ratio of packed erythrocytes to hemolysis
buffer volume was determined.
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For this purpose, 300 µL of washed packed
erythrocytes were hemolyzed in ice-cold hemolysis
buffer (5 mM sodium phosphate, pH 7.5,
supplemented with 1 mM adenosine 5‟triphosphate magnesium salt, Mg-ATP) at different
ratios (1:2, 1:3 and 1:4). Cell suspensions were
mixed gently by 10 times inversion to ensure even
hemolysis of the erythrocytes. After 10 minutes,
cell suspensions were removed from the ice and
cells were resealed by rapid addition of NaCl to a
final concentration of 0.15 M (from a stock
concentration of 5 M) followed by gentle mixing of
the suspensions by several inversions. Resulting
mixtures were incubated for 45 minutes at 37oC on
orbital shaker to ensure even resealing of the
erythrocytes. At this point, the total amount of
hemoglobin in the samples was measured by
transferring a 40 µL aliquot of the cell suspensions
into a respective well containing 110 µL hemolysis
buffer and two-fold diluted across 96-well
microtiter plates.

pellets (~5% parasitemia, mainly ring stage) were
suspended with 10 cell pellet volumes of 5% Dsorbital (Sigma) 23. After incubation at room
temperature for 10 minutes to lyse mature stage
parasites, samples were centrifuged (270 × g, 5
minutes) and pellets were resuspended in complete
culture medium and incubated at 37˚C under
normal culture conditions (in a humidified
atmosphere of 98% N2, 1% CO2 and 1% O2).
Parasites were allowed to mature for 24 hours.

The total amount of hemoglobin was measured on a
microplate reader (Bio-Rad, USA) by reading the
absorbance at 415 nm and calculated using the ε of
125 mM-1cm-1. After 45 minutes, cell suspensions
were spun down (3000 × g, 5 minutes) and
supernatants were collected at this point and
processed as mentioned above to measure the
amount of hemoglobin loss after resealing. The
cells were further washed three times until a clear
supernatant was obtained. To measure hemoglobin
retained in resealed erythrocytes, a 40 µL aliquot of
the cell pellets was processed and analyzed as
mentioned above. Pellets containing resealed
erythrocytes were collected, resuspended in red cell
wash or RPMI 1640 medium, wrapped in foil, and
kept at 4oC for later use.
Culturing of malaria parasites: Parasites (3D7
and D10 strains of P. falciparum) were cultured
using O+ type human erythrocytes and pooled
serum (Blood Transfusion Unit, Hospital Universiti
Sains Malaysia, Malaysia) as described previously
22
. Parasite-infected erythrocytes were maintained
in complete culture medium containing RPMI 1640
medium (GIBCO BRL, Invitrogen) supplemented
with GlutaMAX I, 0.25% Albumax, hypoxanthine
(0.21 mM, Sigma), 45% glucose (Sigma, G-8270),
50 mg/mL gentamicin (Duopharma, 42491-M) and
40 mL human serum. For synchronization, parasite

Culturing of P. falciparum in resealed
erythrocytes: To initiate infection of resealed
erythrocytes, synchronized mature stage parasites
were harvested on a Percoll gradient 24 at 24-28
hours post-synchronization. Harvested parasites
were adjusted to 3% parasitemia (2% hematocrit)
with complete culture medium and added to
resealed erythrocytes with (T-RBC) or without
TMR-dextran (R-RBC). Normal erythrocytes (NRBC) were used as controls. Parasites were
cultured in 6-well plates under normal culture
conditions. Medium was changed twice each day.
Susceptibility of resealed cells to invasion was
determined and expressed as an invasion index.
The invasion index is defined as the ratio of ring
stage parasites present after incubation (24 hours
after the addition of harvested parasites to resealed
erythrocytes) to the original parasitemia (3%) (t=0).
Giemsa-stained smears were examined by light
microscopy and 500 cells were counted to
determine the efficiency of invasion. The growth of
the parasites was monitored throughout the 48-hour
life cycle.
Imaging of parasite endocytic processes: Live
cell imaging of parasite-infected erythrocytes
containing TMR-dextran, a fluorescent marker of
the endocytic process, was performed at 37°C using
a 100x oil immersion objective (1.4 NA) on an
inverted confocal microscope (Zeiss LSM 510).
The confocal microscope was equipped with an
incubation chamber and a heated stage maintained
under an atmosphere of 5% CO2 in air. Round glass
coverslips (Fisherbrand) were cleaned before being
mounted in culture chambers (Warner Instruments).
The coverslips were then coated with concanavalin
A (0.05 mg/mL, Sigma-Aldrich) for 5 minutes and
rinsed twice with water and once with complete
culture medium.
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Cell suspensions (0.05% hematocrit) were placed
onto the culture chambers and left for ~5 minutes to
settle down. Parasite endocytic structures were
visualized in 150 cells and analyzed using NIH
Image J software. Similar analysis of parasite
endocytic processes was also performed using an
epifluorescence microscope (Olympus BX41) by
using pre-coated slides with concanavalin a prior
observation.

mean percentage of normal (gray) and altered
(black) erythrocytes measured before and after
washing procedures as well as after cells were kept
for 12 hours in their original tubes containing
heparin, EDTA and sodium citrate, respectively.
The mean percentages of all parameters determined
from heparin samples compare well with those
from EDTA and sodium citrate samples (marked
with an asterisk).

Statistical analysis: All experiments were carried
out in triplicate (n=3) on three independent
occasions and analyzed using SPSS version 20
(SPSS Inc., Chicago, Illinois, USA). All values
used in analysis are presented as mean ± SD
(standard deviation). Comparisons among different
groups were performed by one-way analysis of
variance (ANOVA) and differences were
considered significant when p<0.05.

Majority of the erythrocytes collected in heparinand EDTA-containing tubes maintained their
normal morphology and showed relatively low
percentages of altered erythrocytes (echinocytes).
Meanwhile, significant changes are evident on the
morphology of erythrocytes collected in sodium
citrate tubes (p<0.05). Effects were more noticeable
for erythrocytes kept for 12 hours in the same
sodium citrate tubes in comparison to those
obtained from heparin and EDTA samples
(p<0.05).

RESULTS:
Effects of different anticoagulants on the
morphology of erythrocytes: Fig. 1 shows the
A

B

C

FIG. 1: PERIPHERAL ERYTHROCYTES WERE COLLECTED AND TRANSFERRED EQUALLY INTO HEPARIN-, EDTAAND SODIUM CITRATE-CONTAINING TUBES. ALTERATIONS IN THE MORPHOLOGY OF ERYTHROCYTES WERE
MONITORED (A) BEFORE AND (B) AFTER WASHING STEPS TO REMOVE THE BUFFY COAT AND (C) AFTER CELLS
WERE KEPT FOR 12 HOURS IN THEIR INDIVIDUAL TUBES. THE MEAN PERCENTAGES OF NORMAL (GRAY) AND
ALTERED (BLACK) ERYTHROCYTES WERE STATISTICALLY COMPARED BETWEEN SAMPLES AND PROCEDURES.
VALUES REPRESENT MEAN ± S.D OF 300 CELLS IN EACH GROUP FROM THREE INDEPENDENT EXPERIMENTS
PERFORMED IN TRIPLICATE. A SIGNIFICANT DIFFERENCE (P<0.05) BETWEEN SAMPLES IS INDICATED BY *
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Effects of different ratios of packed erythrocytes
to hemolysis buffer volume on loading
parameters: To evaluate the effects of changes in
hypotonic dilution method variables on the TMRdextran loading efficiency, two indices were
defined as loading parameters in this study:
hemoglobin loss from and retained within resealed
erythrocytes. The mean percentage of hemoglobin
loss and hemoglobin retention within resealed
erythrocytes is shown in Fig. 2. As the volume of
hemolysis buffer used was increased, the loss of
hemoglobin
from
erythrocytes
increased
significantly while the retention of hemoglobin
decreased (p<0.05). These amounts of hemoglobin
loss and retention, being practically feasible,
permitted partial removal of hemoglobin while
introducing the fluorescent probe, TMR-dextran
into erythrocytes.

The morphology of resealed erythrocytes
maintained a round biconcave shape as comparable
to normal erythrocytes, however, a wider surface
area of central pallor (double arrows) was observed
as a result of hemoglobin release. At a 1:4 ratio, an
even distribution of TMR-dextran labelling within
the erythrocytes was observed as judged by
examination with confocal microscopy, however a
significant loss of hemoglobin (41.22 ± 7.74%) was
measured rendering the erythrocytes unsuitable for
parasite growth. At a ratio of 1:2, on the other
hand, the amount of hemoglobin loss (26.29 ±
8.88%) during resealing was significantly less and
the distribution of labelling within the erythrocyte
population was acceptable. As an even distribution
of the label and an optimum level of hemoglobin
content were desired, a 1:3 ratio of packed
erythrocytes to hemolysis buffer volume was used
throughout all experiments.

A

B

FIG. 2: (A) THE MEAN PERCENTAGE OF HEMOGLOBIN LOSS FROM AND (B) HEMOGLOBIN RETENTION WITHIN
RESEALED ERYTHROCYTES WAS MEASURED FROM SAMPLES OF DIFFERENT RATIOS OF PACKED
ERYTHROCYTES: HEMOLYSIS BUFFER VOLUME. A SIGNIFICANT DIFFERENCE (P<0.05) BETWEEN SAMPLES IS
INDICATED BY *. (C) ALTHOUGH THE MORPHOLOGY OF RESEALED ERYTHROCYTES WAS MAINTAINED IN
COMPARISON TO NORMAL ERYTHROCYTES, AN INCREASE IN THE CENTER PALLOR OF THE CELLS (DOUBLE
ARROWS) WAS OBSERVED AS THE HEMOLYSIS BUFFER VOLUME USED WAS INCREASED. THE DATA REPRESENT
THE MEAN ± S.D OF THREE INDEPENDENT EXPERIMENTS. SCALE BAR: 12 µM.
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The growth and development of P. falciparum in
resealed erythrocytes: The ability of the parasites
to invade resealed erythrocytes with TMR-dextran
(50 μM loading concentration) supplemented with
1 mM Mg-ATP was investigated. To initiate
infection, purified mature parasites that were
tightly synchronized were added into resealed
erythrocytes with TMR-dextran using an optimized
ratio of packed cells to hemolysis buffer volume
(1:3). Normal and resealed erythrocytes without
TMR-dextran were used as controls. Results were
expressed as the invasion index, which is the ratio
of the ring stage parasitemia (at 14 hours postinvasion) to the initial schizont stage parasitemia
(3%, at t=0). As shown in Fig. 3A, released
merozoites invaded normal and unlabeled resealed
erythrocytes with invasion efficiencies of 0.93 ±
0.12 and 0.67 ± 0.17, respectively.

of these infected erythrocytes, the parasite was
observed as a dark region in the fluorescence image
with no evidence for endocytic structures (Fig. 3Bii
and 3Cii, second column). The fluorescent marker
was concentrated in small peripheral compartments
of the parasites (Fig. 3Biii-iv, white arrows), and
the fluorescent signal in these endocytic vesicles
was more intense than in the erythrocyte cytoplasm
as the parasites grew to trophozoite stages (Fig.
3Bv-vii, second column).

Although erythrocytes resealed in the presence of
TMR-dextran were invaded with lesser efficiency
(0.56 ± 0.10), the parasites were able to grow to
maturity and completing the intraerythrocytic life
cycle despite the reduced hemoglobin content of
the resealed erythrocytes.

This suggests that the endocytosis of the host cell
cytoplasm is followed by a process that
concentrates the contents of the endocytic vesicles.
Indeed, some hemoglobin-containing endocytic
compartments in late ring stage parasites were
observed to be undergoing the first step of
hemozoin formation (Fig. 3Biv, blue arrows). As
the parasite matures, these small endocytic
structures were observed close to the digestive
vacuole (Fig. 3Bv-vii, yellow arrows). Many of
these structures were seen to be combined into a
central digestive vacuole of the trophozoite stage
parasites (marked by the presence of hemozoin in
DIC images.

Live cell imaging using confocal microscopy (Fig.
3B) as well as epifluorescence microscopy
assessment (Fig. 3C) also revealed the endocytic
process of the parasites developing in TMRdextran-labelled erythrocytes. Early endocytic
structures were first observed at mid ring stage
parasites aged 12 hours post-invasion based on the
estimated time after invasion or inoculation, and
had no visible hemozoin by examining the DIC
image (Fig. 3Biii and 3Ciii, first column). In some

There was evidence of a large TMR-dextranlabelled feature within many ring and trophozoite
stage parasites in the fluorescence images (Fig. 3C,
green arrows). The fluorophore appeared to be at a
similar concentration to the bulk of the erythrocyte
cytoplasm. This structure might represent the
invagination of the host cell cytoplasm into the
region of the parasite and could correspond to a
proposed macropinocytic structure described by
Elliott et al. 5

A
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FIG. 3: (A) EFFICIENCY OF INVASION OF RESEALED ERYTHROCYTES BY P. FALCIPARUM. THE ENDOCYTIC
PROCESS OF THE MALARIA PARASITES IN RESEALED ERYTHROCYTES INCORPORATED WITH TMR-DEXTRAN AS
AN ENDOCYTIC MARKER AS OBSERVED BY (B) LIVE CELL IMAGING USING CONFOCAL MICROSCOPY AND (C)
EPIFLUORESCENCE MICROSCOPY. SCALE BAR: 13 µM.

DISCUSSION: Encapsulation of biochemical
substances into erythrocytes leads to the production
of resealed erythrocytes that are widely used in
biopharmaceutical studies as carriers 14-15. In
malaria research, resealed erythrocytes have been
used to study the physiological functions of the
digestive vacuole pH 17-18, the mechanisms of
antimalarial drug action and resistance 19, the
parasite attachment to and invasion of host cells 16,
25-26
, and the formation of the digestive vacuole 4.
Several research groups have developed methods
for trapping high molecular weight dextran-linked
fluorescent markers in resealed erythrocytes such
as hypotonic hemolysis (hypotonic dilution,
hypotonic pre-swelling, hypotonic dialysis and
isotonic osmotic lysis techniques), chemical
perturbation of the membrane, electro insertion and
entrapment by endocytosis 18-19, 27-28.
In this present study, the entrapment of TMRdextran into erythrocytes was done by using
hypotonic dilution technique, which is based on
reversible swelling of erythrocytes in hemolysis
buffer solution. This technique is the fastest and
simplest method for loading low-to-high molecular
weight compounds 27. An optimum ratio of packed
erythrocytes to hemolysis buffer volume (1:3)
resulted in nearly 40% of hemoglobin loss. The
release of hemoglobin content gives sufficient
space for the encapsulation of TMR-dextran 29.
Despite lacking of hemoglobin, the parasites were
able to grow and develop within the resealed
erythrocytes, which were still retained more than
30% of the original hemoglobin.

Studies have suggested that resealed erythrocytes
must retain more than 20% of the original
hemoglobin content for efficient growth and
invasion of the malaria parasite 21, 30-31.
Minor alterations of the method allowed the
preparation of resealed erythrocytes, the majority
of which showed morphology closely similar to
that of normal erythrocytes, although an increase in
the surface area of central pallor of the resealed
erythrocytes was observed. This is expected since
the loss of hemoglobin during the method of TMRdextran loading in the erythrocytes resulted in
changes in the cell morphology. Sprandel et al.
have suggested that mechanical force during
sample processing such as vigorous mixing,
excessive centrifugal force, prolonged fixed angle
centrifugation or re-centrifugation of sample tubes
also need to be considered 32.
Furthermore, previous study reported that the type
of storage containers can significantly affect cell
morphology as well as cause hemolysis during
storage 33, therefore, the present study compared
different anticoagulant collection tubes in regard to
the morphological parameters and to evaluate the
latter reliability and effectiveness for use in the
resealing technique.
Our findings showed that blood samples collected
in EDTA tubes maintained normal cell morphology
before and after washing procedures as well as after
12 hours storage in the same tubes at 4°C.
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This observation was in agreement with AntwiBaffour et al., which reported a normocytic and
normochromic profile of erythrocytes collected in
EDTA 33. Considering heparin is expensive and can
interfere with the staining properties of cells,
EDTA tubes were become the anticoagulant of
choice.

compartments formed during the formation of the
digestive vacuole. As the parasite matures, many of
these vesicles were seen adjacent to the digestive
vacuole. A larger structure within ring and
trophozoite stage parasites was often observed and
could represent the recently described “big gulp”
by Elliot et al. 5.

Tiffert et al. have shown that the efficiency of
invasion of resealed erythrocytes by the parasites
was slightly reduced as the cell morphology had
changed 34. The present study revealed that, with
the ATP supplement (1 mM), the resealed
erythrocytes were able to support the merozoites
entry despite the lower invasion index compared to
the normal erythrocytes, and also capable in
supporting of the parasite growth 4, 16, 21. The
addition of ATP into a hemolysis buffer has been
shown to be critical for parasite invasion 16, 26. No
invasion occurred when an analogue of ATP,
adenylyl-imidodiphosphate
(AMP-PNP),
was
substituted for ATP 21. Other evidence suggests that
the ATP supplement is needed to maintain the
cell‟s normal shape and morphology 31, 35.

However,
selective
photobleaching
assays
4
performed by Abu Bakar et al. showed that this
large structure remains connected to the erythrocyte
cytoplasm and temporally co-exists with the
peripheral vesicles in which hemoglobin digestion
is occurring. This suggests the formation of several
small peripheral compartments as the earliest event
in the digestive vacuole formation.

Previous ultrastructural studies of the feeding
mechanism of P. falciparum employed thin-section
electron micrographs 36-37. There is a need for
alternative methods to examine the endocytic
process of live and intact cells under less-disruptive
conditions 38-39. In the present study, the uptake and
transfer of hemoglobin by the parasites was
monitored by using live cell confocal and
epifluorescence microscopies. Both techniques
were able to visualize the parasite endocytic
process although the confocal microscopy provided
much higher contrast and excluded out-of-focus
lights in the images 40. The findings revealed that
the fluorescent marker, TMR-dextran was observed
in small peripheral structures at the mid ring stage.
Similar results were obtained by Abu Bakar et al. 4,
which very early stage parasites developing in
SNARF-1-dextran labelled erythrocytes showed no
endocytic compartments; however, at the mid ring
stage, the fluorescent marker was observed in small
peripheral structures.
They reported the presence of several small
vesicles at the parasite periphery that contained
hemozoin microcrystals, which we observed in late
ring stage parasites that likely to represent the first

CONCLUSION: In conclusion, the erythrocytes
collected using EDTA tubes were loaded
successfully with TMR-dextran with the practically
acceptable loading parameters. The resealed
erythrocytes incorporated with TMR-dextran were
evaluated with respect to their potential as a model
for the endocytic process of blood stage parasites.
The data from this study provide evidence for the
endocytic structures and pathway in both ring and
trophozoite stage parasites. TMR-dextran proved
the ability as an indicator of the endocytic process.
Given its general availability, widespread use and
relatively low cost, a salt of EDTA was become the
anticoagulant of choice, which maintained the
normal morphology of collected erythrocytes for
use in the endocytic study of the parasite.
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