
PROTOZOOLOGY - ORIGINAL PAPER

Liver infusion tryptose (LIT): the best choice for growth, viability,
and infectivity of Leishmania infantum parasites
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Abstract
Leishmania spp. parasites have a complex biological cycle presenting basically two different morphological stages, the
amastigote and promastigote forms. In vitro cultivation allows a more complete study of the biological aspects of these parasites,
indicating better conditions for infection, immunoassay tests, drug evaluations, and vaccines. Thus, we evaluated the three most
used culture media for Leishmania spp., Grace’s insect cell culture medium (Grace’s), liver infusion tryptose (LIT), and
Schneider’s insect medium (Schneider’s), without supplementation or supplemented with fetal calf serum (FCS) and bovine
serum albumin (Albumin) to evaluate the growth, viability, and infectivity of the L. infantum promastigotes. It was observed that
promastigote forms have a better growth in LIT and Schneider’s with or without FCS when compared to that in Grace’s. The
supplementation with albumin promoted greater viability of the parasites independent of the medium. For in vitro infection of
J774.A1 macrophages using light microscopy and flow cytometry analyses, FCS-supplemented LIT and Grace’s promoted
higher percentage of infected macrophages and parasite load compared with Schneider’s media. Taken together, our results
demonstrated that the supplementation of LIT culture medium with FCS is the most suitable strategy to cultivate Leishmania
infantum parasites enabling the maintenance of growth and infective parasites for research uses.

Keywords Leishmania infantum . In vitro cultivation . Liver infusion tryptose . Grace’s insect cell culture medium . Schneider’s
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Introduction

Leishmania spp. parasites have a life cycle involving both a
mammalian host and a vector insect (Lutzomyia and
Phlebotomus genera) with different morphological aspects
adapted to each host (Sunter and Gull 2017). Thus, these para-
sites can present themselves in two main morphological stages:
extracellular promastigotes that sequentially evolve by under-
going several sub-developmental stages (procyclic,
nectomonad, leptomonad, and metacyclic) in the invertebrate
host, and intracellular amastigote forms present in the vertebrate
hosts (Hommel 1999). The culture of Leishmania spp. is essen-
tial for the study of the biology of these parasites, and nowadays
this area has been of great academic interest, playing an impor-
tant role in understanding many aspects of the disease and host-
parasite interaction (Santarem et al. 2014).

The promastigotes are the main form of the parasites iso-
lated and cultivated in laboratory conditions. The main goal of
in vitro cultivation of these protozoa parasites is to obtain an
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adequate number of alive, viable, and infective forms for re-
search purposes. The actual capacity of grown promastigotes
improves studies on antigens for diagnostic and vaccines pro-
duction, in vitro and in vivo studies, and allows the determi-
nation of biological characteristics of the parasites and their
sensitivity to leishmanicidal drugs (Rodrigues Ide et al. 2010;
Visvesvara and Garcia 2002).

For Leishmania spp. promastigotes in vitro cultivation,
NNN (McNeal, Novy & Nicolle) is the first medium used to
isolate the parasites (Nicolle 1908). On the other hand, when
the purpose is the maintenance and growth, a liquid-type me-
dium is routinely used including liver infusion tryptose (LIT),
a classic medium for trypanosomatids. LIT was first used for
Trypanosoma cruzi cultivation and Leishmania spp. have
adapted very well to this medium. LIT is a serum- and
blood-free medium containing a base of liver infusion broth,
tryptose, and glucose (Sadigursky and Brodskyn 1986).
Nowadays, many other axenic culture media are used for cul-
tivation of Leishmania spp. parasites but two are more com-
mon in laboratory routine, Schneider’s insect medium
(Schneider’s) and Grace’s insect cell culture medium
(Grace’s). Both of them are defined media and are indicated
for the continuous in vitro cultivation of promastigote forms
of Leishmania (Merlen et al. 1999). However, all of them have
in common the need for supplementation to ensure optimal
parasite nutrition.

In this sense, fetal calf serum (FCS) is considered a key
component of protein supplementation, mixture of purine ba-
ses and vitamins, which is used with success on axenic culture
medium (Merlen et al. 1999). However, the careful control is
necessary to obtain pathogen-free FCS as a requirement to
prevent the spread of important zoonoses, such as brucellosis,
mycoplasma infection, and “mad cow disease” (prion dis-
ease). In this way, bovine albumin fraction has been used as
substitution of FCS and a supplement source to in vitro culti-
vation of Leishmania spp. parasites (Berens and Marr 1978;
Sunter and Gull 2017). The most dangerous oversimplifica-
tion problem working with alterations in the medium compo-
sition is to assume that all developed media will enable bio-
logically identical promastigotes (Santarem et al. 2014). As a
consequence, it is crucial to evaluate if media and supplemen-
tation could influence and modify promastigotes’ biology.

For many years, studies have shown that parasite infectiv-
ity and virulence may vary according to the medium used for
its cultivation (Moreira et al. 2012a; Smejkal et al. 1988).
These studies were only possible due to the development of
culture media that promoted the maintenance and growth of
these parasites, which is fundamental for the use in infection
studies and experimental challenge for drug and vaccine test-
ing in vitro and in vivo models. However, great variability is
observed in experimental assays, directly dependent on the
culture medium and supplementation often impeding the re-
producibility of studies in different laboratories (Rodrigues

Ide et al. 2010). Moreover, there are no studies in the literature
that further evaluate Leishmania infantum parasites. Thus, the
aim of this study was to compare the influence in the growth,
morphology, viability, and in vitro infectivity of L. infantum
promastigotes cultivated in different axenic media (Grace’s,
LIT, and Schneider’s) with different supplements (FCS or
bovine albumin), or without supplementation. This study will
indicate the best medium composition to use in a laboratory
routine to obtain rich and infectious cultures of Leishmania
infantum parasites for research uses.

Materials and methods

Parasites and axenic culture media

The Leishmania infantum strain (MCAN/BR/2008/OP46)
used in this work was isolated from a symptomatic dog from
an endemic area of canine visceral leishmaniasis (Governador
Valadares, Minas Gerais, Brazil). Restriction fragment length
polymorphism-PCR analysis confirmed the species as L.
infantum (Moreira et al. 2012b). The promastigote parasites
were maintained at 23–24 °C in different culture media. The
liver infusion tryptose (LIT) axenic medium was prepared
according to Camargo (1964) with modifications. Briefly, a
4-salt solution (NaCl, 40 g L−1; KCl, 4 g L−1; Na2HPO4,
80 g L−1; tryptose, 50 g L−1 all from Sigma) was prepared
supplemented with bovine hemin (0.25 g L−1—Sigma). After
that, 50 mL L−1 of a 10% liver infusion broth (LIB—Gibco)
solution and 10 mL L−1 of a 40% glucose solution (Sigma-
Aldrich) were added. Grace’s (Gibco) and Schneider’s
(Sigma-Aldrich) were prepared according to the manufac-
turer’s instructions. Finally, 200 units mL−1 penicillin, 200
units mL−1 streptomycin, and 200 units mL−1 neomycin were
added and these solutions were stirred and filtered at 0.22 μm.
To evaluate how the culture media supplementation could
influence growth, viability, and infectivity of L. infantum
promastigotes, Grace’s, LIT, and Schneider’s were used with-
out supplementation, supplemented with 10% fraction V bo-
vine albumin (Albumin), or supplemented with 10% fetal calf
serum (FCS). The compositions of each media are represented
in supplementary Table 1.

Cultivation conditions and growth curve of L.
infantum

The cryopreserved L. infantum promastigotes were thawed
directly in the axenic culture media (Grace’s, LIT, and/or
Schneider’s) in the presence of NNN. Before starting the
experiments, parasites were maintained in each medium with
the different supplementation (not supplemented, supple-
mented with FCS, and supplemented with albumin) for a
minimal of three passages. For the in vitro evaluation of
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parasite growth, promastigotes at the logarithmic phase were
seeded at the density of 1 × 107 cells mL−1 to three different
studied media (Grace’s, LIT, and/or Schneider’s) with dif-
ferent supplementations (10% fetal calf serum and 10% frac-
tion V bovine albumin) or non-supplemented. The cultiva-
tion of promastigotes was carried out in 25 cm2 plastic cell
culture flasks containing 10 mL of each medium at 23–
24 °C. The parasite count for growth curve was performed
daily for 10 consecutive days. To do so, aliquots from dif-
ferent cultures were removed and diluted 1:20 in 5% form-
aldehyde solution for parasite counting in a Neubauer cham-
ber at × 400 magnification under a light microscope (Zeiss
AxioImager.Z2—Carl Zeiss, Germany). The experiments
were performed in triplicate.

Morphology and viability assessment

During growth curves, on alternate days (odd days), the
promastigote morphology analysis was performed.
Aliquots of 50 μL of each promastigote parasite culture
were spread on glass slides. After drying at room tempera-
ture, the samples were fixed in methanol and stained by
Giemsa. Morphological qualitative analyses of the
promastigote forms were performed using a light micro-
scope (Zeiss AxioImager.Z2—Carl Zeiss, Germany) at ×
400 magnification.

Moreover, L. infantum promastigote viability analysis was
determined on the odd days of the growth curves using
propidium iodide (PI—Thermo Fisher Scientific) labeling.
For that, promastigote culture was washed and resuspended
in a FACS tube (BD Biosciences) at a density of 106 mL−1 in
final volume of 200 μL of PBS and 1 μL of PI (1 mg mL−1)
was added to mark dead cells. The samples were then incu-
bated at room temperature for 15 min. Parasite cultures sub-
jected to 10% DMSO solution were used as a positive control
of death. Data were collected in a BD FACSCalibur flow
cytometer (50,000 gated events) and analyzed by FlowJo®
software (Becton Dickinson). This experiment was performed
in triplicate.

Promastigote staining using CFSE

L. infantum promastigotes were prepared after Neubauer
count in the respective stationary phase day. After that,
the parasites were washed twice with PBS and 1 ×
107 promastigotes mL−1 were labeled with 5 μM of carbo-
xyfluorescein succinimidyl ester (CFSE, Invitrogen) for
10 min at 37 °C, shaken every 2 min. Then, 9 mL of
complete RPMI 1640 medium supplemented with 10%
FCS was added and incubated for 10 min at room temper-
ature. Then, tubes were centrifuged twice for 10 min at
1200g, the supernatant discarded, and the pellet homoge-
nized. After the final centrifugation, the promastigotes were

resuspended in complete RPMI 1640 medium before pro-
ceeding to macrophage infections, at final concentration of
1 × 107 parasites mL−1. The CFSE-stained parasites were
used for all flow cytometry experiments.

Macrophage culture and in vitro infection

J774.A1 murine macrophages were maintained in culture
flasks containing RPMI 1640 medium (pH 7.2–7.4) supple-
mented with 10% FCS, 2 mM L-glutamine, and
200 units mL−1 penicillin, 200 units mL−1 streptomycin, and
200 units mL−1 neomycin (Sigma-Aldrich) in a humidified
5% CO2 atmosphere at 37 °C. The macrophages were scraped
using a cell scraper and the contents of the bottle were trans-
ferred to a falcon tube, which was centrifuged for 10 min at
1200g at 4 °C. After counting, cells were resuspended in
RPMI with volume adjusted to 1 × 106 macrophages mL−1.

In vitro infection was performed in two different strategies.
For light microscopy analyses, 105 macrophages were added
into chamber slide wells. After that, 5 × 105 L. infantum
promastigote forms in stationary growth phase of the respec-
tive culture media (1:5 ratio) were added. In flow cytometry
evaluation, 105 macrophages were added into polypropylene
tubes. Similarly, 5 × 105 CFSE staining L. infantum
promastigote forms in stationary growth phase (1:5 ratio) were
added. After 4 h, non-internalized parasites were removed,
and the cells were incubated for 48 h at 5% CO2 and 37 °C.
In all macrophage infection experiments, we selected the sta-
tionary phase day of L. infantum promastigotes (Table 1).

In vitro infectivity evaluation by light microscopy and
flow cytometry

After 48 h, the supernatant from each chamber slide well was
discarded and the top of the plate removed. Then, each slide
was fixed in methanol and stained by Giemsa. For infectivity
evaluation, the slides were analyzed under an optical micro-
scope (Olympus Optical, Japan) × 1000 enlargement using
immersion oil. A total count of 500 J774.A1 macrophages
per well was performed, discriminating the number of infected
and uninfected macrophages, as well as the number of

Table 1 Stationary phase day of L. infantum promastigotes in different
axenic culture media (Grace’s, LIT, and Schneider’s) with different
supplementations (Albumin or FCS) or non-supplemented

Supplementation Grace’s LIT Schneider’s

No supplementation (NS) 4th day 4th day 3rd day

Albumin 3rd day 5th day 5th day

Fetal calf serum (FCS) 6th day 4th day 3rd day
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amastigotes found within each infected macrophage. The re-
sults were expressed as follows:

& Percentage of infected macrophages = No. of infected
macrophages / total number of counted macrophages (in-
fected and uninfected) × 100;

& Average number of amastigotes = ratio of the number of
amastigotes per infected macrophage.

Similarly, the infection rate was evaluated by flow cytometry
after 48 h. The FACS tubes containing the infected macro-
phages were centrifuged for 10 min at 800g at 4 °C. The super-
natant was discarded, and the tubes were washed twice using
PBS under the same condition. Subsequently, the supernatant
was discarded, and the cells were resuspended in 200 μL of
PBS for BD FACSCalibur flow cytometry reading. Data were
obtained by the CellQuest® program, through the acquisition of
50,000 events per tube and analyzed using FlowJo® software
(Becton Dickinson). The infection rate was obtained through
the frequency of fluorescent J774.A1 macrophages. The mean
fluorescence intensity (MFI) of the infected macrophages was
calculated to indirectly measure the “parasitic load.”

Statistical analysis

Statistical analyses were performed using Prism 7.0 software
package (Prism Software, Irvine, CA, USA). The area under
the curve (AUC) was performed to evaluate parasite growth in
different media and supplements. In all analyses, the one-way
ANOVA followed by Bonferroni’s post-test for multiple com-
parisons was used when necessary. Differences were consid-
ered significant with p < 0.05.

Results

LIT supplemented with FCS promotes the best growth
of L. infantum promastigotes

When comparing the different supplements used in each axe-
nic culture medium, we observed that FCS supplementation
promotes the best results in the multiplication and growth rates
of L. infantum promastigotes during the 10 days of evaluation
in LIT and Schneider’s media with higher results of area under
curves (p < 0.05) when compared with the NS or Albumin
supplementation (Fig. 1a).

Evaluating the different culture media in the absence of
supplementation (NS), we observed that there was no differ-
ence in L. infantum promastigote growth during the 10 days of
evaluation. On the other hand, when we used Albumin as
supplement, we observed higher multiplication and growth
rates (p < 0.05) in LIT medium compared with Grace’s and
Schneider’s (Fig. 1b). In the same way, LIT medium showed

higher multiplication and growth of L. infantum promastigotes
(p < 0.05) compared with Grace’s and Schneider’s when FCS
was used as supplement (Fig. 1b). Interestingly, the parasite
growth from LIT and Schneider’s displayed regular growth
curves consisting of latent, exponential, stationary, and death
phases, except those in Grace’s medium (Fig. 1). The best
growth curves were observed when FCS was used as supple-
ment, and the NS and Albumin groups presented similar pro-
files in the growth of L. infantum promastigotes regardless of
the medium used (Fig. 1).

In vitro morphology characterization and viability of
L. infantum promastigotes

Microscopic examination indicated distinct promastigote
forms identified without ambiguity. In general, two main
distinct forms of promastigotes were observed, procyclic in
the early days and metacyclic stages in the late days of
growth (Sup. Fig. 1). Regarding Grace’s medium, it was
observed that the parasites were quite elongated and present-
ed intense motility until the 5th day of evaluation (consistent
with procyclic forms) (Sup. Fig. 1a). After the 5th day, the
promastigotes became oval with gradual reduction of the
parasite movement until the last day of the analysis (9th
day). Morphologically, LIT and Schneider’s presented simi-
lar aspects of promastigotes during the growth curve (Sup.
Fig. 1). The promastigote forms in these two media were
elongated with free flagella and intense movement dominant
during the logarithmic phase. After 4–5 days of growth, it
was observed that mixed forms with procyclic proportion
decrease and increase metacyclic stages with intense motility
and long flagellum with shorter/thinner body of the parasites
(Sup. Fig. 1b and c). Moreover, it was observed that regard-
less of the medium, the use of albumin promoted a persis-
tence of procyclic forms until 5–6 days of the growth curve
(Sup. Fig. 1). After the 6th day, the procyclic forms became
oval with gradual reduction of the movement until the last
day of the analysis (9th day). In NS or FCS-supplemented
media, a similar morphological aspect was observed mainly
in Schneider’s and LIT media. All described morphological
aspects of the promastigotes are represented by arrows (Sup.
Fig. 1). Regarding the viability, all three axenic media
(Grace’s, LIT, and Schneider’s) presented similar results of
viability with a higher number of viable promastigotes on
day 1 and lower number on the 9th day (Fig. 2a).
Evaluating the absence of supplementation (NS), we ob-
served higher (p < 0.05) percentage of viable promastigotes
in Grace’s and LIT compared with Schneider’s (Fig. 2b). In
FCS supplementation, higher (p < 0.05) percentage of viable
promastigotes was observed in Grace’s medium compared
with Schneider’s medium (Fig. 2b). Concerning albumin
supplementation, no differences were observed between the
axenic media (Grace’s, LIT, and Schneider’s) (Fig. 2b).
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Supplementary Table 2 summarizes the percentage of viabil-
ity of promastigote forms throughout the follow-up of the
growth curve in the different media and supplements.

Promastigotes grown in LIT medium showed higher
capacity of in vitro infectivities after FCS
supplementation

With the results obtained by the growth curves, we choose
the day of the stationary growth phase of the L. infantum
promastigotes of each medium as the ideal day for use in
macrophage infections (Table 1). The major results of
in vitro infection are shown in Figs. 3 and 4 representing
the results obtained in microscopy and flow cytometry
analysis, respectively.

Figure 3a illustrates the macrophage infection in LIT me-
dium with different supplementations or non-supplemented.
Illustrative image of LIT NS showed few infected macro-
phages with amastigotes (Fig. 3a—left panel). In the LIT
Albumin (Fig. 3a—medium panel), more infected macro-
phages were observed compared with the NS group. In the

LIT FCS group, a higher number of infected macrophages and
higher amastigote count were observed (Fig. 3a—right panel).
Regarding Grace’s medium, an increase (p < 0.05) in the per-
centage of infected macrophages in FCS supplementation
compared with NS and Albumin supplementation (Fig. 3b)
was observed. Similarly, the LIT medium showed an increase
(p < 0.05) in the percentage of infected macrophages in FCS
supplementation compared with the absence of supplementa-
tion (NS). Moreover, LIT supplemented with FCS showed
higher (p < 0.05) percentage of infected macrophages com-
pared with Grace’s with the same supplementation (Fig. 3b).
In Schneider’s medium, an increase (p < 0.05) in the percent-
age of infected macrophages was observed in Albumin and
FCS supplementation compared with NS. Furthermore,
higher (p < 0.05) percentage of infected macrophages was ob-
served in Schneider’s supplemented with Albumin compared
with that of Grace’s with the same supplementation (Fig. 3b).

In addition to assessing the “parasite burden” inside the
infected macrophages, we performed the count of amastigote
forms. In general, it was observed that the supplementation
with FCS, regardless of the culture medium employed, led to

Fig. 1 Comparative analysis of the growth profile of L. infantum
promastigotes (OP46 strain) cultivated in different axenic culture media
for ten consecutive days. a Grace’s, LIT, and Schneider’s media. b Not
supplemented (NS), albumin (Albumin), and fetal calf serum (FCS)
supplementation. The initial inoculum was 1 × 107 promastigotes of L.
infantum parasites. Significant differences (p < 0.05) are represented by
the one-way ANOVA followed by Bonferroni’s post-test of area under

the curve values. The symbols “*” and “&” represent significant
differences (p < 0.05) between FCS compared with NS and Albumin,
respectively. The symbols “@” and “#” represent significant differences
(p < 0.05) between LIT compared with Grace’s and Schneider’s,
respectively. Data are represented as means of three independent
experiments
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higher parasite load values compared with the other supple-
mentation (Fig. 3c). In this sense, an increase (p < 0.05) in the
parasite burden was observed in Grace’s medium when we
used FCS when compared with Albumin supplementation
(Fig. 3c). The LIT medium showed an increase (p < 0.05) on
the parasite load in FCS supplementation when compared
with Albumin and NS. Moreover, NS showed an increase
(p < 0.05) on the parasite burden in relation to Albumin (Fig.
3c). Interestingly, the LIT supplemented with Albumin and
FCS showed higher (p < 0.05) parasite burden compared with
Grace’s medium with the same supplementation (Fig. 3c).
Furthermore, LIT showed an increase (p < 0.05) on the para-
site load in all supplementations when compared with
Schneider’s medium (Fig. 3c). Likewise, Schneider showed
an increase (p < 0.05) on the parasite load compared with
Grace’s when both media were supplemented with Albumin
(Fig. 3c). The Schneider’s medium showed an increase
(p < 0.05) on the parasite load in NS and FCS supplementation
when compared with Albumin (Fig. 3c). Evaluating the per-
centage of infected macrophages using flow cytometry, an
increase (p < 0.05) in Albumin and FCS supplementation
was observed in Grace’s medium compared with NS
(Fig. 4b). Moreover, FCS supplementation demonstrated

higher percentage (p < 0.05) of infected macrophages com-
pared with Albumin (Fig. 4b). In addition, an increase
(p < 0.05) in the percentage of infected macrophages was ob-
served in the LIT supplemented with FCS compared with NS
and Albumin (Fig. 4b). Similarly, an increase (p < 0.05) in the
percentage of infected macrophages was observed in
Schneider’s NS and supplemented with FCS compared with
Albumin. Moreover, FCS supplementation demonstrated
higher percentage (p < 0.05) of infected macrophages com-
pared with NS (Fig. 4b). Comparing the supplementation,
we observed an increase (p < 0.05) in the percentage of infect-
ed macrophages in Schneider’s NS in relation to Grace’s and
LIT NS. Interestingly, the LIT supplemented with FCS
showed higher (p < 0.05) percentage of infected macrophages
compared with Grace’s and Schneider’s media with the same
supplementation (Fig. 4b).

In the same way, we performed a parasite burden evalua-
tion using MFI values of infected macrophages. Grace’s me-
dium showed an increase (p < 0.05) on the parasite burden in
Albumin and FCS supplementation compared with NS.
Moreover, FCS supplementation demonstrated higher
(p < 0.05) parasite burden compared with Albumin (Fig. 4c).
In LIT medium, we observed an increase (p < 0.05) on the
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Fig. 2 Comparative analysis of the viability profile of L. infantum
promastigotes (OP46 strain) cultivated in different axenic culture media
for ten consecutive days. a Grace’s, LIT, and Schneider’s media. b Not
supplemented (NS), albumin (Albumin), and fetal calf serum (FCS)
supplementation. The graphs represent the percentage of living

promastigotes in odd days. Significant differences (p < 0.05) are
represented by the one-way ANOVA followed by Bonferroni’s post-
test of area under the curve values. The symbol “#” represents significant
differences (p < 0.05) between Grace’s and LIT compared with
Schneider’s

4190 Parasitol Res (2020) 119:4185–4195



parasite burden in the FCS compared with NS and Albumin
supplementation (Fig. 4c). In addition, Schneider’s supple-
mented with FCS showed an increase (p < 0.05) on the para-
site burden compared with Albumin (Fig. 4c). Comparing the
supplementation, we observed an increase (p < 0.05) on the
parasite burden in Grace’s FCS supplemented in relation to
LIT and Schneider’s (Fig. 4c). Interestingly, the LIT and
Schneider’s supplemented with Albumin showed higher
(p < 0.05) parasite burden compared with Grace’s on the same
supplementation (Fig. 4c).

Discussion

The maintenance and cultivation of Leishmania promastigote
forms, in general, seem not to be so problematic, as proven by

the ability of these parasites to grow in many media, not to
mention that most of these media were not developed for this
group of pathogens. The related problems go beyond the sim-
ple cultivation, and the difficulties are related to the purpose of
applying available media. The researchers should take into
account the objective of their studies if the parasites are for
laboratory maintenance, diagnosis, vaccine development, or
generation of infective parasites (Jenson 2019).

In this context, different media for Leishmania cultivation
have been proposed. The most described media in the liter-
ature are liver infusion tryptose (LIT) which is the oldest,
classical, and complex undefined medium. On the other
hand, Grace’s and Schneider’s are defined media, easy to
prepare and use. There is a lack of standardization regarding
the use of media for different purposes of parasite cultiva-
tion. In this sense, our study aimed to compare the three most

b

c

a

Fig. 3 Microscopy evaluation of J774.A1 murine macrophages infected
with L. infantum promastigotes grown under different culture media
(Grace’s, LIT, or Schneider’s) and different supplements (supplemented
with albumin or FCS) or not supplemented. a Schematic images of light
microscopic evaluation after 48 h of L. infantum macrophage infection
cultured in LIT medium not supplemented—NS (left image), Albumin
(medium image), and FCS (right image). b The percentage of infected

macrophages in different Grace’s, LIT, or Schneider’s culture media with
different supplements (NS, albumin, or FCS). c The number of
amastigotes in infected macrophages in Grace’s, LIT, or Schneider’s cul-
ture media with different supplements (NS, albumin, or FCS). The sym-
bols “@” and “#” represent significant differences (p < 0.05) between LIT
compared with Grace’s and Schneider’s. Data are represented as means ±
standard deviation (SD) of three independent experiments (triplicate)
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used media for Leishmania cultivation with different supple-
mentation and to identify the best of them that could promote
better growth, improve the viability, and enhance the infec-
tivity of L. infantum promastigote forms. To do so, we eval-
uated two commercial media, Grace’s and Schneider’s, that
are chemically defined, which means they have in their for-
mulation known and quantified components, e.g., amino
acids, vitamins, and inorganic salts. The main difference be-
tween these media is that Schneider’s has yeast extract. We
also evaluated the LIT medium, which is classically used for
trypanosomatid cultivation (mainly Leishmania spp. and
Trypanosoma cruzi), but the exact composition of this me-
dium is not well established due to the variety of compounds
that are present in its formulation (Camargo 1964; Francis
2010). Furthermore, we evaluated the effect of medium

supplementation adding fetal calf serum (FCS) and bovine
serum albumin (Albumin). FCS is classified as a universal
supplement because it allows the growth of many cell types
(Brunner et al. 2010; Gstraunthaler 2003). Albumin has been
reported to be involved in the preparation of various media
improving the successful cultivation of mammalian cells (re-
search and commercial fields) (Francis 2010).

Regarding parasite growth, we observed that LIT and
Schneider’s, supplemented or not, promoted a similar growth
curve in L. infantum promastigotes, and they are better for
parasite multiplication when compared with Grace’s. This fact
may be due to the composition of the media, since LIT has
hemin, which is the source of heme, an essential compound
for continuous growth and multiplication of promastigotes,
and it also has liver infusion broth (LIB) that provides extra

Fig. 4 Frequency evaluation of J774.A1murinemacrophages infected by
L. infantum promastigotes grown under different culture media (Grace’s,
LIT, or Schneider’s) and different supplements (NS and supplemented
with albumin or FCS) assessed by flow cytometry. a The analysis strategy
used for the evaluation of infection rate of amastigote forms of the L.
infantum parasite in J774.A1 macrophages. b The percentage of
infected macrophages in different Grace’s, LIT, or Schneider’s culture

media and different supplements (NS, albumin, or FCS) by flow
cytometry. c Parasite burden evaluated by the mean fluorescence
intensity (MFI) emitted by macrophages infected with CFSE-labeled
parasites. Significant differences (p < 0.05) are highlighted by the
symbols “@” and “#” referring to Grace’s and Schneider’s, respectively.
Data are represented as means ± standard deviation (SD) of three
independent experiments (triplicate)
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nucleoside sources (Merlen et al. 1999). The performance of
Schneider’s is related to the presence of yeast extract, which is
a major stimulator of growth in axenic cultures, and it can be a
fundamental source of nucleic acids (Barbosa et al. 2018). On
the other hand, Grace’s medium is not an important source of
nucleoside, mainly adenosine; thus, it provided lower parasite
growth (Francis 2010). Mahamoud et al. (2013) observed that
the cultivation of L. donovani in LIT had a quick multiplica-
tion achieving the exponential phase around 10 days. In an-
other study, the same Leishmania species was cultivated in
Schneider’s, and once again, this mediumwas able to promote
rapid parasite growth (Dey et al. 2002). As observed in our
results, a study conducted by Ali et al. (1998) evaluated an
axenic culture medium, AJM-1, which is a Grace’s-like me-
dium and they observed a low yield in the L. major multipli-
cation.We observed that when we added different supplemen-
tation to the Grace’s media, there were no changes in the
parasite morphology until the 5th day, after which we ob-
served some oval forms in the culture except for the media
supplemented with albumin. The morphological alterations
are expected since, as described in the literature, there is glu-
cose consumption which leads to a pH increase affecting the
promastigote walls (Fritsche et al. 2007). In different circum-
stances, using the supplements interferes directly with the vi-
ability of the promastigotes. The presence of FCS in the media
promotes greater viability when compared with non-supple-
mented. This finding could be explained by the features of
FCS which is a complex mixture of various constituents, low-
er and higher weight biomolecules with a balance of pro-
moters and inhibitors of growth (Gstraunthaler 2003).

In general, FCS is universally used to a massive prolifera-
tion of the parasites and differs from purified albumin that
presents a lower ability to stimulate parasite replication as
we observed. On the other hand, our data demonstrated high
parasite viability in the media supplemented with albumin.
This corroborates with various studies that reported the bene-
ficial effect of albumin in mammalian cell viability due to the
antioxidant properties, capability to bind to a wide range of
ligands, stimulation of pinocytosis, late-onset apoptosis, and
nutritional factor (Ellmerer et al. 2000; Erkan et al. 2005;
Francis 2010; Peters 1996; Steiger and Steiger 1977).
Furthermore, the high viability found in Grace’s medium
can be explained by the lower number of promastigotes that
leads to minor nutrient exhaustion, e.g., glucose, fundamental
for parasite growth (Fritsche et al. 2007).

Regarding the in vitro infectivity of the parasite, we found a
higher agreement between the parasite load evaluated by op-
tical microscopy and flow cytometry observing more infective
promastigotes in the FCS-supplemented cultures. This result
was expected taking into account most articles involving
in vitro and in vivo Leishmania infection studies that describe
the use of FCS supplementation (de Brito et al. 2019;
Santarem et al. 2014; Siripattanapipong et al. 2019). The

removal of the FCS leads to the loss of proteins, nucleoside
sources, and hemoglobin, directly affecting the growth and
infectivity of the promastigotes (Carvalho et al. 2009;
Krishnamurthy et al. 2005). Surprisingly, the L. infantum
promastigotes cultivated in Grace’s medium demonstrated a
lower percentage of infected macrophages but high parasite
load (as shown by optical microscopy and flow cytometry
analysis). This can be explained by the nature of the medium
which is largely used in many studies to induce infection in
animal models (da Silva Jr. et al. 2015; Silva et al. 2018;
Siripattanapipong et al. 2019). Based on our data, we can
suggest that Grace’s medium, instead of inducing procyclic
promastigotes, probably induces the formation of metacyclic
promastigotes that explains the high parasite load in the in-
fected macrophages in vitro. The L. infantum promastigotes
cultivated in Schneider’s medium presented a lower in vitro
capacity to infect macrophages confirming the findings of
Santarem’s study that demonstrated an atypical behavior of
L. infantum promastigotes cultivated in this medium
(Santarem et al. 2014). The parasite profile suggested contin-
uous division with the absence of a defined stationary phase
and the presence of procyclic promastigotes. Moreover, there
was a possibility of Schneider’s-grown parasites failing to
originate a large number of metacyclic forms (Santarem
et al. 2014). The L. infantum promastigotes cultivated in LIT
medium showed to be more infective in vitro for macrophages
and exhibited high parasite load in the infected cells. Many
studies have reported the use of this medium to promote
metacyclogenesis in Trypanosoma spp. (Fajardo et al. 2016)
but it seems to be successful for Leishmania species. Reports
of infection of dogs (Roatt et al. 2012), hamsters (Moreira
et al. 2012b), mice (Reis et al. 2017), and sand flies (Agrela
and Feliciangeli 2015) demonstrate the potential use of this
medium concerning in vivo Leishmania infection.

The different growth, viability, and in vitro infection pro-
files of L. infantum cultivated in different supplemented media
presented in this study revealed that the choice of a specific
medium and supplementation depends on the purpose of the
study. For example, Grace’s supplemented with FCS, the me-
dium that provided prolonged cell viability, would be suitable
for long-term cultivation. Regarding parasite mass production,
e.g., aiming for DNA extraction, LIT or Schneider’s supple-
mented with FCS would be an excellent choice. For effective
in vitro infections concerning drug tests, treatment studies,
and vaccine development, LIT and Grace’s with FCS should
be the best choice.

Conclusions

In conclusion, this article is the first study to compare the three
classical media (with different supplementation) for
Leishmania infantum promastigote cultivation according to
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their ability to promote growth, viability, and infectivity of
in vitro macrophages. This study has demonstrated that there
is a high influence between the media and supplementation
promoting specific characteristics of the culture media. It
would benefit various aspects of the next research studies
concerning this key pathogenic parasite. Moreover, we con-
clude that the supplementation of LIT culture medium with
FCS is the most suitable strategy to cultivate these parasites
enabling the maintenance of growth and infective parasites for
research uses.
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