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Abstract
Leishmaniasis is a disease caused by Leishmania parasitic protozoans affecting people in both the Eastern and Western Hemispheres. The secreted acid phosphatase 
enzymes (SAPs) are reported to play a critical role in infection by Leishmania. Thus, these enzymes are potential targets for Leishmania therapy. Tryptamines have 
various physiological effects and thus serve different purposes socially. Tryptamines are used in ritualistic ceremonies in countries where Leishmania cases are reported. 
In this work, tryptamine and two other indole derivatives, harmine and harmaline, were investigated. Harmine and harmaline were selected because of their presence 
in the biological materials used in some South American ritualistic ceremonies. We investigated the effects on axenic Leishmania tarentolae cell shape, motility, 
clumping, and viability as well as on the activity of secreted acid phosphatase (SAP) from L. tarentolae.   An overall decrease in cell viability over a seven-day period 
and a small recovery in cell viability, only at lower concentrations of test compounds, were observed. These compounds were, in general, activators of L. tarentolae 
SAP activity. This is the first report of effects of these compounds on Leishmania secreted acid phosphatase activity in vitro. We speculate that those with Leishmania 
infections may be worsening their condition with the exposure to these compounds. 
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Introduction
Epidemiology of Leishmaniasis and Treatment Options 

Leishmaniasis is a disease caused by the parasitic protozoan 
Leishmania [1]. This disease affects people in more than 90 countries 
in the Eastern and Western hemispheres with cases reported on 
every continent except Australia and Antarctica. The exact number 
of leishmaniasis cases is not known but is reported to be between 1.5 
and 2.0 million new cases per year [2] and over 150 million people 
affected worldwide [3].  Leishmaniasis is caused by 20 different species 
of Leishmania and is spread by the bite of some 30 different species 
of phlebotomine sandflies. The species of Leishmania, or sandfly, 
responsible for host infection are different for different hosts. The 
specific species of Leishmania or sandfly are reported as an associative 
relationship defined on the different hosts that are infected [2]. 
Leishmaniasis is presented clinically in three different forms: cutaneous, 
visceral, or mucocutaneous [4]. Cutaneous leishmaniasis presents as 
skin lesions that develop on the time scale of a week to a month. Patients 
with visceral leishmaniasis present with symptoms of fever, weight loss, 
swelling of the liver and spleen, low red blood cell count, and/or low 
white blood cell counts. These symptoms typically develop on the time 
scale of months to years. Mucocutaneous leishmaniasis is less common. 
It is typically seen as the consequence of a cutaneous leishmaniasis 
infection where the parasites have spread from the skin to the mucus 
membranes in the mouth, throat, or most commonly, the nose [4]. 

The treatment of leishmaniasis is not trivial. Treatment depends 
on both the parasite and the host. Some treatments are only effective 
for certain species of Leishmania [5]. Furthermore, data collected 
from clinical trials prove to be difficult to generalize across regions or 

the specific species of Leishmania parasite. Children, the elderly, and 
pregnant or lactating women may need different medication or dosage 
[5]. Walton and Valverde (1979) also reported that there were racial 
differences in resistance to leishmanial infections in South American 
native tribes relative to persons of African ancestry [6]. Regardless, there 
are three main therapy types, depending on the clinical presentation 
and parasite species, including: systemic therapy (parenteral), systemic 
therapy (oral), or local therapy. Systemic parental therapies include 
sodium and liposomal drug formulations of pentavalent antimony 
(Sb+5) compounds. Systemic oral therapy includes ketoconazole, 
itraconazole, and fluconazole. The local therapies include liposomal 
amphotericin B, amphotericin B deoxycholate, pentavalent antimony 
(Sb+5), or miltefosine [5]. These treatments are both expensive and 
result in harsh side effects with reports of drug resistance becoming 
a serious problem [3]. The total direct cost of treatment for an adult 
with visceral leishmaniasis is in the range of several hundred to tens 
of thousands of dollars and depends on both the drug used and the 
duration of the treatment [7]. However, use of local plant materials, in 
various types of ceremonies, in areas where leishmaniasis is endemic 
has not yet been well studied. This should be of interest since various 
plant materials may have positive or negative effects on the severity of 
the parasitic infections. 
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Leishmania Infection Cycle and the Role of Secreted Acid 
Phosphatases

Leishmaniasis is transmitted from the bite of the infected female 
phlebotomine sandfly vector. There are eight steps and two general 
stages of the leishmaniasis infection cycle (Figure 1). This cycle is 
characterized as anthroponotic; thus, humans are needed to continue the 
human-sandfly-human cycle of transmission [8]. During the infection 
cycle, the Leishmania parasites exist in two major forms at different 
times. These two forms are the promastigote form and the amastigote 
form [9]. Leishmania secrete acid phosphatases, and these secreted 
acid phosphatases (SAP) are reported to have roles in the Leishmania 
infection cycle [10]. There are two Leishmania secreted acid phosphatase 
genes reported, LmSAP1 and LmSAP2 [11]. These genes are reported 
to be similar in amino acid sequence, with the largest differences being 
observed in the size of the serine/threonine rich domain that becomes 
heavily glycosylated during post translational modifications [12]. The 
SAP enzymes are critical virulence factors and are reported to play 
roles in the in-host transformation of the Leishmania promastigote 
form to the amastigote form [11]. These enzymes are also thought to 
play a significant role in the infection cycle due to their not yet well-
defined interaction with host macrophages [10,13]. Furthermore, when 
the gene loci for these SAPs were deleted in the L. Mexicana species, 
the virulence of the resulting parasites was abolished [11]. Thus, these 
enzymes and their response to potential inhibitors or activators are of 
interest as potential targets for leishmaniasis therapy especially at early 
stages of infection by the promastigotes. 

The Chemistry, Biochemistry, and Importance of Tryptamines  

Tryptamines are a class of monamine indole alkaloids with biological 
activity [14]. Pharmacologically, tryptamine compounds are known 
to be serotonergic agonists of the 5-hydroxytryptamine receptor (5-
HTR) having profound biological effects on human thought and mood 
[15]. Because of this, biological materials containing tryptamines are 
often used in ritualistic ceremonies in South America, a geographical 
location where cases of leishmaniasis are reported [15]. Ayahuasca 
is a psychotropic beverage rich in psychedelic indole derivates long 
used in the amazon basin regions [16,17]. Tryptamine itself also acts 

indirectly as a vasoconstrictor via the discharge of noradrenaline 
from the sympathetic nervous system [18]. The tryptamine analogue 
5-carboxamidotryptamine is a powerful vasodilator in vivo through 
its action on smooth muscle [19]. Furthermore, there are tryptamine 
derivatives with known anti-microbial or anti-fungal activity. These 
compounds are tryptamine-based sulfonamide-compounds, such as 
N-(2-(1H-Indole-3-yl) ethyl)-4-fluorobenzenesulfonamide [20,21]. 
Other molecules in the tryptamine family have effects on or serve as 
diurnal rhythm modulators, migraine treatments, anti-depressants, 
stimulants, psychedelics, monoamine oxidase inhibitors, nausea 
suppressive agents, anti-oxidants, or cytoprotective agents [21]. Thus, 
there are many direct and indirect physiological effects caused by 
exposure to the tryptamine class of indole derivatives that have been 
reported. In this work, we focus on investigating the effects on axenic 
Leishmania of tryptamine (Figure 2a), and the two tryptamine indole 
pyridyl-derivatives: harmine (Figure 2b) and harmaline (Figure 2c). 
We selected tryptamine, harmine, and harmaline due to their presence 
in biological materials used in ritualistic ceremonies for their reported 
psychedelic effects, in areas endemic for leishmaniasis diseases. This 
work extends the studies of Evans and Croft (1987) who evaluated 
antileishmanial activity, using L. mexicana, of harmaline and other 
tryptamine derivatives [22]. In vitro, harmaline was the most potent 
compound tested with an ED50 of 99 µM. They speculated that the target 
enzyme is an enzyme involved in aromatic amino acid catabolism. In 
our studies, we have selected to extend these early studies but using the 
promastigote form of the non-human species, L. tarentolae which has 
been validated as a model system to screen drug candidates with lower 
costs and more safely [23]. In addition, effects of these compounds to cell 
free supernatant, containing secreted acid phosphatases (SAPs) can be 
easily evaluated. Both the cell viability and SAP enzyme measurements 
can be made at various points in the growth curve to assess if there are 
culture age dependent effects. 

Harmine and harmaline are found in the Peganum harmala 
plant, also known as Syrian Rue, as well as Banistreriopsis caapi vine, 
which is the key ingredient in Ayahuasca. Ayahuasca is a drink that 
is traditionally used for ritual, medical, and recreational uses. The 
beverage is prepared by boiling the Banistreriopsis stems, and an 

Figure 1. The Leishmania life cycle (modified from www.cdc.gov/parasites/leishmaniasis/index.html [8])

http://www.cdc.gov/parasites/leishmaniasis/index.html %5b8


Wickline J (2019) The in vitro Effects of Tryptamine, Harmine, and Harmaline on Leishmania tarentolae and the possible implications for Leishmaniasis

 Volume 3: 3-6Health Prim Car, 2019          doi: 10.15761/HPC.1000171

average dose contains about 460 mg of harmine and 41 mg of harmaline 
[24]. Harmine and harmaline are abundant in the roots and seeds of 
both Peganum harmala and Banistreriopsis caapi, but the root has the 
highest concentration of both compounds. Both compounds have a 
dose dependency degree of toxicity. A case report has shown that a 100-
150 g oral dose of the harmala seeds can result in severe adverse effects, 
including vomiting of blood and convulsions [24].

Methods
Culturing of L. tarentolae Parasites with and without 
the Addition of Tryptamine or beta-Carboline Alkaloid 
Derivatives and Viability Assays

Axenic Leishmania tarentolae (ATCC 30143) promastigote cells 
were cultured under sterile conditions in brain heart infusion (BHI; 
37.0 g/L; Sigma Aldrich) medium supplemented with hemin (10 
µM,), penicillin (10,000 U/mL) with streptomycin (10 mg/mL; Sigma 
Aldrich) at room temperature (21-23 °C) for three days following 
the methods of Morganthaler, et al. [25] in 60 mL stock cultures. On 
the third day, the cells were divided into 10 mL aliquots and grown 
in canted culture flasks (25 cm2, Corning, Inc.) with addition of either 
DMSO, tryptamine, harmine, or harmaline (purchased from Sigma 
Aldrich and used as received) at  concentrations from 0 to 250 µM. As 
shown in the time course of cell growth, the early lag phase is from days 
1-3, the exponential phase is from days 3-6, and the stationary phase 
involves days 6-7 with some cultures entering senescence phase by day 
7. The range of concentrations (especially the lower levels) used were 
selected relative to the general in vivo estimates of Ayahuasca levels of 
harmaline measured in volunteers 2 hours after consuming ayahuasca 
[17]. In all cases, compounds were added on day 3 of culture. 

All compounds were made at the stock concentration of 25 mM 
in dimethylsulfoxide (DMSO). When diluted appropriately, the 
final concentration of DMSO in cell cultures was always equal to 1 
% (v/v). These L. tarentolae cell cultures with compound additions 
were allowed to grow at room temperature (21-23 °C) before samples 
were taken for assessment by the [3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT; Sigma Aldrich) viability assay 
[26]. For each sample type, a representative cell sample and MTT reagent 
were incubated for 60 minutes in a flat well 96 well polypropylene plate 
(Fisher). The absorbance of samples was measured at 595 nm using an 
iMark microplate reader (BioRad Laboratories, Hercules, CA). BHI 
medium alone served as a blank with its value subtracted from sample 
(BHI + Cells) absorbance values. The sample results are reported as 
corrected mean ± standard deviation (n=3).  These MTT assays were 
conducted on days 3-7 of culture and before addition of compounds, all 
flasks yielded the same MTT value indicating same general cell number 
and cell viability so that MTT values after addition of compounds can 
be compared for any change in the MTT value. Also, on culture days 

5, 6, and 7, additional aliquots were taken and prepared for assessment 
for the secreted acid phosphatase enzyme assay using the general 
procedure of Mendez, et al. [27].

L. tarentolae Secreted Acid Phosphatase (SAP) Enzyme Assay

Representative samples of each of the L. tarentolae experimental 
flasks were taken on days 5, 6, and 7 for assessment by the secreted 
acid phosphatase enzyme assay. Samples (2 mL, n=3) were taken from 
the corresponding L. tarentolae cell culture flask representing each 
experimental condition, and centrifuged (2000 xg, 10 °C, 8 min). The 
cell free supernatants were collected and rested on ice until their use in 
the enzyme assay. SAP assays were performed in 1.5 mL polypropylene 
tubes. For days 5 and 6, aliquots (450 µL) from each of the harvested 
enzyme samples were combined with sodium acetate buffer (450 µL, 
pH 4.5, 0.5 M). The assay was initiated by the addition of the artificial 
substrate para-nitrophenyl phosphate (pNPP; 100 µL of 5mg pNPP/mL 
buffer, Sigma Aldrich). Assays were incubated at room temperature for 
24 hours which has been previously determined as apparent first order 
conditions [27]. For day 7, aliquots (100 µL) from each of the harvested 
enzyme pools were combined with sodium acetate buffer (800 µL, pH 
4.5, 0.5 M). All enzyme reactions were stopped with sodium hydroxide 
(100 µL, 10 M). The samples were then vortexed and product formation 
was measured by UV Vis Spectroscopy at 405 nm. In all cases, BHI 
medium with the appropriate concentration of the corresponding test 
compound was used as a spectrophotometric blank. Data are reported 
as percent change relative to same age control cells. Sample replicates 
were performed as n=3.  

Microscopy

On days 3,4, and 5 of culture, cells were assessed for motility, cell 
shape, and clumping using a Jenco International, Inc. (Portland OR) 
inverted compound microscope Model CP-2A1 at 100x and 400 x. 
Images were captured daily using a Google Pixeled cellular phone 
(model G-2PW4100).

Results
Effect of Tryptamine, Harmine or Harmaline Compounds on 
L. tarentolae Cell Motility, Cell Shape, and Cell Clumping

There were no apparent changes in cell motility or shape in treated 
cells relative to control cells in these trials. However, cells of day 3, 4, 
and 5 cultures exposed to either harmine, harmaline, or tryptamine 
exhibit clumping differences relative to control cells. Relative to control 
cells, exposure to harmine, harmaline, or tryptamine resulted in about 
a 33 %, 25% or 60% increase, respectively, in number of cell clumps 
on day 5 (data not shown). This is of interest as the cell clumping is 
reflective of cell stress [28]. Also, the apparent clump size (reflective of 
the number of cells per clump) and clump shape were not consistent in 
the test flasks relative to the control cell flasks. 

2a. Tryptamine                               2b. Harmine    2c. Harmaline 

 Figure 2. Structures of test compounds
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Effect of Test Compounds on L. tarentolae Cell Viability

In the presence of harmine (from 12.50 to 250.0 µM final 
concentration), the cell viability was negatively affected at and above 
62.50 µM on days 4, 5, and 6 of days in culture. The cultures exposed 
to 62.50 µM did appear to recover on day 7 whereas above that 
concentration, cell viability remained very low as shown in Figure 3. 
As shown in Figure 4, the same trend is shown with tryptamine. The 
cells exposed to 12.50 µM did exhibit an apparent recovery effect not 
observed for any other concentration of tryptamine.  For cells exposed 
to the various concentrations of harmaline, the cell viability, shown in 
Figure 5, appears less inhibited by addition of this compound relative to 
the other two test compounds. 

Effect of Tryptamine Compounds on L. tarentolae Secreted 
Acid Phosphatase Activity (SAP)

The effects of the indole derivatives on the amount of detectable 
secreted acid phosphatase activity in cell free supernatants are shown 
in Figures 6-8 for harmine, tryptamine, and harmaline, respectively. In 
the cases of harmine and tryptamine, low levels of these compounds 
appeared to result in more detectable SAP activity relative to control 
cell supernatant enzyme activity whereas the highest compound levels 
results in less detectable enzyme activity. In contrast, low levels of 
harmaline resulted in less detectable activity (but at comparable levels 
found from control cells) than at higher levels of the compound that 
resulted in substantially higher amounts of detectable enzyme activity 
especially on day 6. 

Discussion
Effect of Tryptamine Compounds on L. tarentolae Cell 
Viability, Motility, Cell Shape, and Cell Clumping

While addition of these compounds did not appear to affect cell 
motility or general shape, by Day 5 there was a noticeable effect of cell 

clumping relative to control (DMSO) cells with the most noticeable 
change being seem with the addition of tryptamine. Relative to control 
cells, Day 5 cells with tryptamine had some 60 % more clumps. However, 
the clump size and shape appeared to be varied relative to the control 
cells. Cells with DMSO addition appeared to reach the stationary phase 
in the growth curve by day 6 (as indicated by the MTT values), whereas, 
depending on the concentration and type of compound, this stationary 
phase was reached at different times and to different extents. The results 
of the MTT assays clearly indicate that the three test compounds 
investigated here are active against axenic L. tarentolae and cause 

 

Figure 3.  Corrected MTT absorbance values (absorbance at 595 nm per 1 hour of 
incubation with the MTT reagent) as a function of days in culture is shown as mean and 
SD for n = 3 replicates. The arrow indicated the time of addition of DMSO only or harmine 
dissolved in DMSO

 

Figure 4. Corrected MTT absorbance values (absorbance at 595 nm per1 hour of incubation 
with the MTT reagent) as a function of days in culture is shown as mean and SD for n = 3 
replicates (error bars less than 5% are not shown).   The arrow indicated the time of addition 
of DMSO only or tryptamine dissolved in DMSO

 

Figure 5. Corrected MTT absorbance values (absorbance at 595 nm per1 hour of incubation 
with the MTT reagent) as a function of days in culture is shown as mean and SD for n = 3 
replicates (error bars less than 5% are not shown). The arrow indicated the time of addition 
of DMSO only or harmaline dissolved in DMSO

 

Figure 6. Corrected absorbance values using the supernatant fraction from cells exposed 
to the various concentrations of harmine as percent of control cells, with DMSO only, as 
a function of days in culture is shown as mean and SD for n = 3 replicates.  Error bars are 
shown and in all cases were less than 5% of the mean value

 

Figure 7. Corrected absorbance values using the supernatant fraction from cells exposed 
to the various concentrations of tryptamine as percent of control cells, with DMSO only, as 
a function of days in culture is shown as mean and SD for n = 3 replicates.  Error bars are 
shown and in all cases were less than 5% of the mean value
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measurable decreases in cell MTT values in a dose dependent manner.  
In general, exposure to increasing amounts of any of the three indole 
compounds led to decreases in L. tarentolae cell MTT values by 24 
hours post addition as measured by the MTT viability assay. Harmaline 
exposure led to the smallest negative effect on cell viability and/or cell 
number as assessed by the MTT values both in magnitude of any single 
dose compared to control, and average inhibition.

The largest decrease in MTT values caused by exposure to harmaline 
(250.0 µM) occurred on day 7 of cell culture, and decreased cell viability 
by 27% relative to control cells. Thus, exposure to harmaline had a 
smaller effect on cell viability compared to the largest decreases caused 
by either tryptamine (250.0 µM, day 7, 100% decrease of viability relative 
to control cells) or harmine (250 µM day 92 % decrease of viability of 
control cells). Furthermore, the average inhibition over the entire test 
period of L. tarentolae cell viability caused by each compound, listed 
from greatest inhibition to least inhibition, was tryptamine (74 % 
decrease vs. control), harmine (52 % decrease vs. control), harmaline 
(17 % decrease vs. control). Thus, our data confirm the report by Evans 
and Croft [22] that harmaline decreases cell viability. However, the 
largest decrease (67%) was on day 6 of culture and the culture appears 
to recover on day 7. 

Not all compound doses led to decreases in L. tarentolae cell MTT 
values across the entire cell culturing period. The experimental design 
was such that the compounds were added to the L. tarentolae culturing 
medium only once. The parasites were then exposed to this medium 
continuously over the entire duration of their cell culture (4 more days). 
Doing this led to an apparent recovery effect, in some cases. Even more 
interesting to note, is that the frequency of the parasite recovery to 
compound exposure trends inversely with the compound effectiveness 
as an average inhibitor. The larger the average inhibition on L. 
tarentolae cell viability that a compound had, the less the cell culture 
appeared to recover (Table 1). Furthermore, the better a compound 
was at acting as an average inhibitor on L. tarentolae cell viability, the 
more likely that the recovery effect to that compound was to occur at 
the lowest micromolar exposure (Table 1) implying that the cells that 
were resistant to the compound (mechanism unknown) were able to 
continue growing and dividing. It is interesting to note that the recovery 
from the most toxic compound in this work, tryptamine, exhibited the 
largest effect observed. This suggests the compounds have the ability 
to lead to selection of resistant parasites with frequent low exposures.  

One of the more surprising results from this work was the large 
difference in effect on L. tarentolae cell MTT values that was observed 

after harmine or harmaline exposure. The structures of harmine 
(Figure 2b) and harmaline (Figure 2c) are very similar, but exposure 
to harmine led to both greater magnitude of effect by any single 
dose compared to control cells, and greater average inhibition than 
harmaline. Structurally, both compounds have a double bond between 
carbon 1 and nitrogen 2. These compounds differ in that harmine has 
a double bond between carbon 3 and carbon 4, where harmaline is 
saturated. This additional carbon-carbon double bond in harmine leads 
to a larger aromatic system of electrons than is found in the harmaline 
molecule. This increased stability may prevent or create a reduction in 
the rate of harmine metabolism and may be a contributing factor to 
harmine’s greater inhibitory effect on cell MTT values. Tryptamine was 
the best inhibitor of L. tarentolae cell MTT values. It had the greatest 
inhibitory effect at any single time point compared to control, except 
on day 7 at the lowest concentration tested, and the greatest effect on 
average inhibition. Furthermore, it was consistently the best inhibitor 
tested across all dosages and most exposure times. Hence, we speculate 
that the indole class of molecules may be a rich source of molecular 
inhibitors of Leishmania cell viability. 

Effect of Tryptamine Compounds on L. tarentolae Secreted 
Acid Phosphatase Activity (SAP)

The results of the SAP assays testing L. tarentolae enzyme pools 
from days 5, 6, and 7 of cell culture show that these compounds have 
direct effects on SAP activity. The average effect (data not shown) of 
these compounds is to increase detectable SAP activity (either as a 
result of more enzyme secretion from each cell or from having more 
cells): Harmine (131 % of control), Harmaline (211 % of control), and 
Tryptamine (171 % of control).

The minimum and maximum effect of these indole compounds on 
SAP activity are as follows: harmine (Day 5, 250.0 µM, 72 % of control; 
Day 6, 12.5 µM, 236 % of control); harmaline (Day 7, 12.5 µM, 115 
% of control; Day 6, 187.5 µM, 435 % of control); tryptamine (Day 7, 
187.5 µM, 60 % of control; Day 7, 12.5 µM, 533 % of control). Thus, the 
greatest inhibition was observed from harmine exposure. The greatest 
activation was observed from tryptamine exposure. 

Generally, with increasing doses of harmine and tryptamine, the 
detection of SAP activity decreased. Harmine has inhibitory effects on 
Days 5 and 7 at 125.0 µM, 187.5 µM, and 250.0 µM concentrations. 
Tryptamine has inhibitory effects on Day 5 (62.5 µM, 125.0 µM, 
and 250.0 µM) and Day 7 (62.5 µM, 125.0 µM, 187.5 µM, and 250.0 
µM). Harmaline exposure led exclusively to activation. Harmaline 
activation doubles from Day 5 to Day 6, and then decreases by half on 
Day 7. Interestingly, the compounds that are structurally most similar, 
harmine and harmaline, do not affect SAP activity to the same degree. 

 

Figure 8. Corrected absorbance values using supernatant fraction cells exposed to the 
various concentrations of harmaline as percent of control cells, with DMSO only, as a 
function of days in culture is shown as mean and SD for n = 3 replicates.    Error bars are 
shown and in all cases were less than 5% of the mean value

Compound Concentration (µM) Day in Culture
Cell Viability as a 

Percent of the Same 
Day Control

Tryptamine 12.5 7 157

Harmine
12.5 7 113
25.0 7 103

Harmaline

12.5 5 110
25.0 5 112
12.5 7 107
25.0 7 110
62.5 7 116
125.0 7 109

Table 1. The conditions under which L. tarentolae cell viability recovered from exposure 
to compounds
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Harmaline exposure led exclusively to activation of SAP activity, but 
harmine exposure led to activation or inhibition depending on dose. 

Conclusions
The effects of these indole derivatives on Leishmania in the context 

of leishmaniasis are potentially concerning. The effects on L. tarentolae 
cell viability and SAP activity appear dose dependent. Tryptamine 
was the most effective compound at inhibiting L. tarentolae cell MTT 
values, on average, yet at the lowest concentration tested exhibited an 
apparent recovery effect on culture viability and subsequent growth. 
Unfortunately, it also appears to be an excellent activator of SAP activity, 
on average; however, more studies are needed to establish this direct 
effect. Harmine was the next best inhibitor of L. tarentolae cell viability 
on average. Harmine was also the weakest activator of SAP activity on 
average. Harmaline was least effective at inhibiting L. tarentolae cell 
viability on average. Harmaline is also the compound that increased 
SAP activity the most, on average. If the secreted acid phosphatase has 
an important role in parasite infectivity as reported by others [10,12], 
increasing the activity of this enzyme may counteract the apparent 
toxic effect of cell viability that these compounds exhibited. Thus, it 
may be the case that those infected with leishmaniasis are worsening 
their condition by exposure to these compounds used in ceremonies. 
We recommend that more epidemiological studies be done to evaluate 
these potential effects.  
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