Arch Clin Infect Dis. 2018 October; 13(5):e80314.

doi: 10.5812/archcid.80314.

Published online 2018 October 3.

Research Article

In Vivo Therapeutic Effects of Four Synthesized Antileishmanial
Nanodrugs in the Treatment of Leishmaniasis

Tahereh Zadeh Mehrizi', Nariman Mosaffa?, Mostafa Haji Molla Hoseini?, Mehdi Shafiee
Ardestani® ", Ali Khamesipour *, Hasan Ebrahimi Shahmabadi®, Mostafa Pirali Hamedani ®, Yasaman

Mardani Dashti’ and Amitis Ramezani®"

'Department of Clinical Research, Pasteur Institute of Iran, Tehran, Iran

2Department of Medical Immunology, School of Medicine, Shahid Beheshti University of Medical Sciences, Tehran, Iran
3Department of Radiopharmacy, Faculty of Pharmacy, Tehran University of Medical Sciences, Tehran, Iran

“Center for Research and Training in Skin Diseases and Leprosy, Tehran University of Medical Sciences, Tehran, Iran
*Department of Microbiology, Faculty of Medicine, Rafsanjan University of Medical Sciences, Rafsanjan, Iran
®Department of Pharmacognosy, Faculty of Pharmacy, Tehran University of Medical Sciences, Tehran, Iran

7Islamic Azad University, Medical Branch, Tehran, Iran

‘Corresponding author: Department of Clinical Research, Pasteur Institute of Iran, Tehran, Iran. Tel: +98-2164112812, E-mail: ametesramezani@gmail.com
Corresponding author: Department of Radiopharmacy, Faculty of Pharmacy, Tehran University of Medical Sciences, Tehran, Iran. Tel: +98-9128267629, E-mail:

shafieeardestani@gmail.com

Received 2018 June 09; Revised 2018 September 01; Accepted 2018 September 09.

Abstract

effects with conventional therapeutics.

asis.

measurement of various blood factors.

had increased the blood factors and they were not toxic.

niasis.

Background: Nowadays, nanocarriers are used for leishmaniasis treatment due to development of drug resistance and several side

Objectives: In this study we aimed to evaluate in vivo effects of four synthesized nanodrugs including amphotericin B-nanochitosan
(AK), betulinic acid-nanochitosan (BK),amphotericin B-dendrimer (AD), and betulinic acid-dendrimer (BD) in the treatment of Leish-
mania major infection (L. major) in mice model by using pathological analyses to choose the most effective nanodrug in leishmani-

Methods: The four nanodrugs efficacy in the improvement of L. major lesion in a mice model was evaluated by using patholog-
ical analyses including measurement of organs size and parasite number. Additionally, the nanodrugs toxicity was evaluated by

Results: The histopathological results of the present study showed that BK, at the dose of 20 mg/kg, and AK, at the dose of 10 mg/kg,
were more effective in decreasing the parasite number in the kidney, liver, and spleen. Moreover, BK20 mg/kg and AK10 mg/kg de-
creased the organs size significantly while AD50 mg/kg and BD40 mg/kg were less effective. However, none of the four nanodrugs

Conclusions: Overall, the pathologic findings of various mice organs treated with different formulations showed that AK10 mg/kg

and BK20 mg/kg were more effective in recovery of L. major’s pathological effects in comparison to AD50 mg/kg and BD40 mg/kg.
Therefore, it seems that AK and BK, in this mentioned dosage, could be considered as a proper candidate for treatment of leishma-

Keywords: Histopathology, L. major, Nanochitosan, Nanodendrimer, Amphotericin B, Betulinic Acid

e

. Background

Leishmania major (L. major) is the most common
species that causes leishmaniasis in Iran (1, 2). However,
leishmaniasis treatment had encountered several chal-
lenges such as limited number of therapeutic agents, side
effects, and development of drug resistance (3). Pentava-
lent antimonials, amphotericin B (A), and pentamidine are
active against L. major, however, with several adverse reac-
tions (2, 3). Moreover, in recent years, antileishmanial ef-

fect of betulinic acid (B) has been shown (4).

Recently, nanotechnology was considered as an ap-
propriate alternative due to the fact that we can deliver
current medicines by nanosized carriers and improve
bioavailability and reduce toxicity (5). In this regard, re-
searchers have used two nanocarriers of nanochitosan (K)
and anionic linear globular dendrimer (ALGD) for treat-
ment of leishmaniasis to decrease the side effects of con-
ventional medicines (6-13). Nanochitosan is a nanocarrier
with ability to decrease the drug toxicity and increase the
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drug solubility. It has additionally immunomodulatory
and wound healing effects and was synthesized with var-
ious methods including ionic gelation, phase separation,
etc. (10,14). Some studies applied nanoformulation of am-
photericin B-nanochitosan (AK) synthesized by ionic gela-
tion on leishmaniasis treatment (7-10, 12, 13, 15, 16). Fur-
thermore, dendrimer is a nanocarrier with ability to in-
crease the drug solubility. Studies demonstrated that A
was loaded into positive charge dendrimers that could in-
crease drug solubility and reduce drug adverse effects (6,
11,17). However, both of these nanocarriers had low effects
on leishmaniasis lesions and it seems that all researchers
used low doses of AK and amphotericin B-dendrimer (AD)
for treatment (7-10, 12, 13, 15, 16).

In the present study, for the first time, we used higher
doses of amphotericin B in both nanocarriers for improv-
ing efficacy of our medicines in the mice model. Then,
we evaluated therapeutic effects of four nanodrugs AK,
betulinic acid-nanochitosan (BK), AD, and betulinic acid-
dendrimer (BD) on L. major infection by using pathological
analyses (measurement of organs size and parasite num-
ber) and serum enzymes measurement to choose the most
effective nanodrug in leishmaniasis treatment.

2. Methods

2.1. In Vivo Toxicity of Nanodrugs by Measuring the Blood Fac-
tors

For this purpose, female Balb/c mice were purchased
from the Pasteur Institute of Iran. The animals were kept
in an animal house under a 12 h/12 h light/dark cycle, at
constant temperature of 22°Cand 50% - 60% humidity con-
dition. They had free access to food and water. All ani-
mal experiments were approved by the animal ethics com-
mittee of Pasteur Institute of Iran. Based on the protocol,
one week later, animals were randomly divided into sev-
eral groups and after challenging with different doses of
each nanodrug and selecting an appropriate one as AK10,
BK20, AD50, BD40, GUL200 mg/kg, the toxicity effects were
evaluated by measurement of blood tests and the find-
ings were compared to those results obtained from con-
trol groups including A50, B40 mg/kg groups, vehicle con-
trol, and healthy groups of mice (without receiving any
nanodrug). All nanodrugs were administered intraperi-
toneally. B (B, BD, BK) and A (A, AD, AK) containing for-
mulations were administered every other day for 41and 21
days retrospectively. After that, animals were anesthetized
and the blood samples were obtained. Then, the concen-
trations of blood factors including blood urea nitrogen
(BUN), creatinine (CR), aspartate aminotransferase (AST),
alanine aminotransferase (ALT), and alkaline phosphatase
(ALP) were measured spectrophotometrically.

2.2. The Organs Size Measurement in Mice Treated with the Nan-
odrugs

At first, the L. major infected Balb/c mice were devel-
oped (18) and after developing lesion, the treatment pro-
cess was initiated. The mice were randomly divided into 10
groups including A (A50, AK10, AD50), B (B40, BK20, BD40),
K35.5, D12.5, GUL200 mg/kg and negative control. A (A, AK,
AD)and B (B, BK, BD) containing formulations were admin-
istered intraperitoneally every other day for 21 days and 41
days retrospectively. Additionally, the animals received K,
D, and GUL as B containing formulations administration
protocol. All formulations were administered intraperi-
toneally and in the volume of 50 pL. After that, the animals
were sacrificed and liver, kidney, footpad, and spleen were
harvested and immersed into10% formalin as fixator. Next,
the organs size was measured by using pathological ruler.

2.3. The Parasite Number Measurement in Liver, Kidney, Spleen
and Footpad

For pathologic examination, all mentioned organs
were then embedded in paraffin and tissue sections (5 ym)
were stained with hematoxylin and eosin (HSE) as the gen-
eral staining and giemsa as the specific staining method.
The number of amastigotes were calculated in four sec-
tions in each organ by using light microscopy with 60X
magnification (19).

3. Results

3.1. The Results of In Vivo Toxicity of the Nanodrugs by Measur-
ing the Blood Factors

No toxicity was found in negative (healthy) and pos-
itive control (GUL200) and also solvent receiver (vehicle)
group of mice. Furthermore, the nanodrugs (AK, BK, AD,
BD) receiving groups did not show any toxicity, whereas at
the same dose, the Aand Bdrugs groups showed significant
increase of BUN, CR, ALT, AST, and ALP blood tests (Figure 1).
The results are expressed as mean =+ SD from three inde-
pendent experiments.

3.2. The Results of Organs Size Measurement in Mice Treated
with Nanodrugs

The results showed that L. major infected Balb/c mice re-
ceived only PBS (negative control) and dendrimer group
had the largest organs (liver, spleen and foot pad except
kidney) size compared to other groups. However, A, B, and
glucantime receiving groups showed slightly smaller size
of infected organs, however, the size of these organs in
AD and BD groups were decreased remarkably. Nonethe-
less, interesting findings were observed in AK and BK re-
ceiver mice, which were recovered completely and organ
size were similar to those of the healthy group (Figure 2).

Arch Clin Infect Dis. 2018; 13(5):e80314.
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Figure 1. The serum concentrations of BUN, CR, ALT, AST, and ALP in various groups of mice were treated with different formulations. The results are expressed as mean =+ SD

from three independent experiments.

Regarding kidney, no enlargement was observed in
study groups’ samples, except color change, which was re-
ported only in PBS and D groups.

Totally, the results of organ size measurement showed
that AK and BK, in dosage of 10 mg/kg and 20 mg/kg ret-
rospectively, were effective in improvement of pathologic
effects of leishmaniasis.

3.3. Histopathological Results of Parasite Number in Mice Re-
ceived Different Formulations

The results of parasite number measurement in differ-
ent organs and groups of mice were as follow:

« Liver, Spleen, and Footpad: The parasite numbers in
different tissues of negative control group were liver: 6 +

Arch Clin Infect Dis. 2018; 13(5):e80314.

2, spleen: 4 £ 1, footpad: 18 &= 6 amastigotes.

« GUL, A, and B groups showed the same parasite num-
ber as liver: 4 & 1, spleen: 3 £ 1, and footpad: 6 £ 3.

« In Kand D groups showed liver: 5 & 2, spleen: 4 £ 1,
and footpad: 7 &= 3 amastigotes while in the groups of AD
and BD, we only detected 1 &= 1 parasite in each organ.

» AK and BK groups were considered as a complete re-
covery group due to the fact that we did not find any para-
site in all organs (Figure 3).

e Kidney: The parasite number of 4 + 1 was seen in L.
major infected control group, while there was no parasite
in the kidney of other treated groups (Figure 3).

Therefore, AK and BK were the most effective formu-
lations for inhibition of amastigotes in various tissues in-
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Figure 2. The size of footpad, spleen, liver, and kidney in mice received different formulations (upper part of the figure). In the lower part of the figure, the graphs of spleen
and liver size (cm) were showed. The results are expressed as mean =+ SD from three independent experiments.

fected with leishmania.

4. Discussion

In this study we evaluated the therapeutic effects of
four nanodrugs on leishmaniasis. Pathologic findings
showed that AK10 mg/kg and BK20 mg/kg were more effec-
tive in recovery of L. major’s pathological effects in compar-
ison to AD50 mg/kg and BD40 mg/kg in the mice model.
Therefore, it seems that AK and BK, in this mentioned
dosage, could be considered as a proper candidate for
treatment of leishmaniasis.

Current therapies used for leishmaniasis encountered
some difficulties due to their high toxicity and low water
solubility (8, 10, 20-23). Nowadays nanocarriers were suc-
cessful in solving these problems (5).

Some researchers used K and D nanocarriers for in-
creasing the drug potency, solubility rate, and decreasing
drugs side effects (6-13, 15-17, 24). In a study, A was loaded

into Polyamidoamine (PAMAM) as a positive charge D and
the results showed that PAMAM (D) increased the solubil-
ity rate of the drug and decreased its toxicity effects. More-
over, they showed that dendrimers with positive charge
(PAMAM and PPI) were not effective in inhibiting parasite
and may be due to using low therapeutic dose of A in vivo
environment (6, 11, 17).

Chitosan is an antileishmanial nanocarrier by itself
and is used as a carrier for these medicine. The studies
of Tripathi et al., Ribeiro et al., and Singh et al., reported
that theloading of A into chitosan could decrease the drug
toxicity and simultaneously increase its solubility rate (9).
Most studies applied nanoformulation of AK synthesized
by ionic gelation method for leishmaniasis treatment (7-
10, 12, 13, 15, 16). The results of in vitro tests (promastigote
and amastigote) showed that AK nanodrug was not very ef-
fective in parasite killing. However, they demonstrated an
only negligible effect on inhibiting parasite in vivo environ-
ment, which is possibly due to a low dose of AK1 mg/kg (7-

Arch Clin Infect Dis. 2018;13(5):e80314.
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Figure 3. The results of HGE staining for measurement of parasite number. The black arrows showed amastigotes of L. major in kidney, liver, spleen, and footpad of mice

treated with D35.5, B40, BD40 mg(kg, and control group. (60 X magnification).

10, 12, 13, 15, 16, 24). In the present study, A was loaded into
K synthesized by phase separation method (different from
previous studies by using ionic gelation) and it was found
that K decreased the toxicity effects of A and increased its
solubility (14, 18). As in previous studies, AK was not ef-
fective in inhibiting parasite in vivo in current dosage (1
mg/kg), then we increased the therapeutic dose of AK to 10
mg/kg by using phase separation method and a novel sol-
vent (14). Our findings revealed that parasites were signif-
icantly inhibited in our mice model. This success was re-
sulted from increasing the effective therapeutic dose of A
to10 mg/kg and K properties including its antileishmanial,
immunomodulatory, and wound healing effects (10, 25).

On the other hand, as B is a new compound with an-
tileishmanial property, for the first time we considered to
load B into a carrier such as K. This formulation increased
solubility and decreased the toxicity, additionally, BK for-
mulation was remarkably and significantly more effective
on parasite inhibition in dosage of 20 mg/kg in compar-
ison to our other formulations in recovery of L. major’s
pathological effects (14).

Dendrimer is the other nanocarrier, which is used fre-

Arch Clin Infect Dis. 2018;13(5):e80314.

quently for its antileishmanial characteristics as positive
charge D (PAMAM). For the first time, we used a different
kind of D, negative charged ALGD dendrimer was synthe-
sized by using divergent method due to lower price and
better availability. We found that ALGD decreased the toxic-
ity effects of Aand B, besides increased its solubility slightly
more than positive charge D (14, 18). Then, in vivo thera-
peutic effects of AD and BD were evaluated for parasite bur-
den. The results showed that AD and BD, in the dosage of 50
mg/kg and 40 mg/kg retrospectively, were more effective in
parasite inhibition compared to the previous studies due
to using a higher therapeutic dose (6, 11, 17).

Pathologic findings are important for confirming the
in vivo results. For instance Cole et al., confirmed the ther-
apeutic effects of nanodisk containing A by pathological
analyses including measurement of parasite number and
organs size (26).

In conclusion, we evaluated the therapeutic effects of
four nanodrugs and compared them by measurement of
organs size (liver, kidney, spleen, and footpad), parasite
number, and blood tests on L. major lesions. Our findings
indicated that the therapeutic dose of AK10 mg/kg and BK
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20 mg/kg were more effective than other formulations in
recovery of L. major’s pathological effects without any toxi-
city. Therefore, overall, it can be concluded that AK and BK,
in this mentioned dosage, were considered as a novel can-
didate for the treatment of leishmaniasis.
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