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Abstract

Many parasitic protozoan diseases continue to rank among the world’s greatest global health
problems, which are also common among poor populations. Currently available drugs for
treatment present drawbacks, urging the need for more effective, safer, and cheaper drugs.
Artemisinin (ART) and its derivatives are some of the most important classes of antimalarial
agents originally derived from Artemisia annua L. However, besides the outstanding antimalarial
and antischistosomal activities, ART and its derivatives also possess activities against other
parasitic protozoa. In this paper, we reviewed the activities of ART and its derivatives against
protozoan parasites in /n vitroand in vivo, including Leishmaniaspp., Trypanosoma spp.,
Toxoplasma gondii, Neospora caninum, Eimeria tenella, Acanthamoeba castellanii, Naegleria
fowleri, Cryptosporidium parvum, Giardia lamblia, and Babesia spp. We concluded that ART and
its derivatives may be good alternatives for treating other non-malarial protozoan infections in
developing countries, although more studies are necessary before they can be applied clinically.
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1. Introduction

The World Health Organization recognizes 17 major parasitic and related infections as
neglected tropical diseases (NTDs) that affect many countries in Africa, Asia, and Latin
America. However, the lack of commercial interest in developing new pharmaceutical
compounds for combating these diseases has impaired efforts to eliminate these diseases
[1,2]. Therefore, discovery of new, safe, effective, and affordable active drugs is urgently
needed. Artemisinin (ART) and its derivatives is one of the most important classes of
antimalarial drugs. Like many other natural sesquiterpenes, ART displays a range of
different biological and pharmacological properties. Except for its antimalarial and
antischistosomal activities, ART has also been shown to have antimicrobial [3] and antiviral
activities [4]. In addition, the antiparasitic function of ART against non-malarial parasites
cannot be ignored. Here we screened the literature through extensive searches of PubMed,
ResearchGate, Elsevier ScienceDirect, Wiley Online Library, and the Springer-Link Journals
database using the search term “artemisinin” for publications in English with no date limits
as well as manual review of some related journals. We outline the use of ART and its
derivatives in treating parasitc diseases or parasitic infections caused by protozoan parasites
including Leishmania spp., Trypanosomaspp., Toxoplasma gondii, Neospora caninum,
Eimeria tenella, Acanthamoeba castellanii, Naegleria fowleri, Cryptosporidium parvum,
Giardia lamblia, and Babesia spp.; only drugs with activities against these protozoan
parasites are reported. Studies have demonstrated good efficacies of ART and its derivatives
in vivo and in vitro towards some of the parasitic protozoan infections. Clinical trials using
different semisynthetic and synthetic ART derivatives should be undertaken to develoop
treatments for these parasitic diseases.
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2. Chemical characteristics of ART and its derivatives

In 1967, under the instructions of Chairman Mao and Premier Zhou, a secret project called
“Project 523" was launched to develop a new drug to combat drug-resistant malarial
parasites [5,6]. In 1971, Youyou Tu and her team isolated a new anti-malarial drug, called
ginghaosu (or ART), from Artemisia annua L. (Qinghao), which was shown to inhibit
proliferation of Plasmodium parasites [6].

ART and its derivatives share a common structural feature called endoperoxide linkage [7].
In general, ART has poor solubility in water or oil. However, by reducing the C-10 carbonyl
group of ART, a more water-soluble derivative dihydroartemisinin (DHA) can be obtained
[5,8]. Artesunate is the water-soluble hemisuccinate ester of DHA [9]. According to
Chaturvedi et al., by adding a methyl or ethyl ethers at the same carbonyl group, higher oil
soluble compounds like artemether and arteether were obtained [7]. Artemisone was
obtained by replacing the same carbonyl with amines in the ART molecule, which showed
improved water solubility, better toxicity profile, and a longer half-life [8]. Due to the short
in vivo half-lives and low bioavailability of ART derivatives, arterolane and artefenomel (1,
2, 4-trioxolane analogues) were created to achieve more favourable pharmacokinetics. They
were synthesised by coupling symmetrical O-methyl 2-adamantanone oxime with
cyclohexanones by the Griesbaum co-ozonolysis [10]. Arterolane and artefenomel have
superior half-lives compared to DHA, higher bioavailability than artemether, and are
comparable to artesunate [11]. However, trioxolane-like arterolane has relatively low /n vivo
stability [8]; that is why 1, 2, 4, 5-tetraoxanes with similar peroxide bridges, better stability
and more potent anti-malarial activity such as RKA 216 and RKA182 were developed [12].
These compounds are currently under development [8]. The structures of artemisinin and its
derivatives are shown in Fig 1.

3. ART and its derivatives on Leishmania spp

Leishmaniasis affects approximately 350 million people in 98 countries around the world
[13]. The disease manifests primarily as three forms, namely cutaneous leishmaniasis,
mucocutaneous leishmaniasis, and visceral leishmaniasis, with the last being fatal if left
untreated [14]. Current anti-leishmanial drugs include pentavalent antimony, amphotericin
B, paromomycin, pentamidine, and miltefosine, with toxic effects to the liver, heart, and
kidney, as well as anaemia, fever, and hypokalaemia. Therefore, usage is limited by their
toxicity and adverse reactions [15, 16]. Miltefosine and paromomycin are two drugs that
have been introduced more recently for the treatment of leishmaniasis [16]. However, long-
term therapy with miltefosine’s long half-life (about 152 h) can promote early onset of drug
resistance, and potential teratogenic and abortifacient effects limit its prescription during
pregnhancy [17,18]. Paromomycin is an aminoglycoside antibiotic that has shown promising
results in the treatment of leishmaniasis, mainly for treating cutaneous leishmaniasis [16].
However, /in vitrotests have led to the emergence of paromomycin-resistant [19],
miltefosine-resistant [19], meglumine antimoniate-resistant [20], and pentamidine-resistant
[21] parasites; therefore the therapy of visceral leishmaniasis is limited by resistance,
toxicity, and decreased bioavailability of the existing anti-leishmanial agents [22]. The
effects of ART and its derivatives on Lefishmania parasites have been studied in mice and /n
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vitro. They are efficient in inhibiting the parasite metabolism, while showing limited adverse
effects on the host, indicating a higher safety index of the drugs [23,24]. A large number of
in vitroor in vivo studies have shown that ART and its derivatives have activities in
controlling the parasites, and the drugs shown effective against the protozoan are selected
and summarized in Table 1.

In vitro studies

ART works by impairing the activation of host macrophages, preventing the production of
lethal nitric oxide (NO) and restoring normal NO production in L. major-infected
macrophages [25]. Similar effects have been observed for the treatment of L. major, L.
infantum, L. tropica, L. braziliensis, L. mexicana, and L. amazonensis [17,26]. In addition,
ART also enables externalization of phosphatidylserine and leads to the loss of
mitochondrial membrane potential, cell-cycle arrest at the sub-G0/G1 phase, and
programmed cell death of L. donovani promastigotes [23]. Iron in excess binds to
haemoglobin and activates ART by aiding the formation of intra-parasitic heme-iron, which
catalyses the cleavage of the endoperoxide ring and enables the transfer of an oxygen atom
from the peroxide group to a chelated iron ion, generating a Fe(1V)O species. The resultant
free radical intermediate or iron-ART adduct then effectively kill the promastigotes of
Leishmania parasites by alkylation [27]. ART showed high toxicity and apoptotic effect on
promastigotes and low toxicity on BALB/c macrophages [28]. Artemisinin-derived trioxanes
and synthetic trioxolanes were tested against promastigotes and intramacrophage
amastigotes of L. infantum, in which trioxolanes LC50 and LC95 had the best activity and
safety profiles, showing potential for leishmanial therapy [29]. Fluoro-artemisinin
derivatives (BB200, BB201, BB241, and BB242) are proven to have higher efficacy than
DHA and sitamaquine, especially BB201 was shown to have higher efficacy than
miltefosine, DHA, and sitamaquine against the parasite [30]. ART [23,28], artemether, and
deoxydihydroartemisinin (Deoxy-DHA) [31] had anti-leishmanial effects in infected host
cells. In another study, fluorophenyl-artemisinin was shown to have higher efficacy in
inhibiting L. donovani in vitro growt than artemisinin, artemison, and comparable efficacy to
amphotericin B [32].

In vivo studies

Studies have shown that the leaves and seeds of A. annua caused increased production of
Th1 cytokines [interferon-gamma (IFN-y)] and decreased Th2 cytokines [interleukin (IL)-4
and IL-10] in L. donovani-infected BALB/c mice [33]. The anti-leishmanial activity of ART
was mediated by increased IL-4 and IFN-vy levels in the host cells, inducing apoptotic effects
on promastigotes and reducing post-treatment lesion size in L. major-infected BALB/c mice.
In addition, using topical ART ointment as a route of administration, a higher healing effect
compared to other routes of administration was achieved [28]. ART-loaded nanoparticles and
combination therapy of diminazene and ART have a therapeutic effect comparable to that of
the first-line drug amphotericin B, leading to significant reduction in hepatomegaly and
parasite burden in L. donovani-infected BALB/c mice [24,33].

Pharmacol Res. Author manuscript; available in PMC 2018 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Loo et al. Page 5

Human trial

The only clinical study presently available failed to show a significant difference between
the artesunate plus sulfamethoxypyrazine/pyrimethamine treatment and the placebo [34].

ART and its derivatives on Trypanosome spp

There are two distinct species of Trypanosome in humans: Trypanosoma brucei causes
African trypanosomiasis or African sleeping sickness and 7. cruzi causes American
trypanosomiasis or Chagas’ disease [39]. The only drugs now available for Chagas disease,
nifurtimox and benznidazole, are relatively toxic for adult patients, and require prolonged
administration [40]. The drugs available for African sleeping sickness are pentamidine
isethionate, suramin, melarsoprol, eflornithine, or nifurtimox—eflornithine combination
treatment, the use of which depends on the disease stage and causative pathogen with
toxicity and possible resistance [41]. However, the clinical use of the current medications is
compromised due to emerging strain-specific drug resistance, serious side-effects, high
toxicity levels, and lengthy parental administration [42]. There is a critical need to develop
new drugs for treatment of Chagas disease and sleeping sickness. The studies of ART and its
derivatives on Trypanosome spp. are summarized in Table 2.

In vitro studies

The drugs for in vitro studies include artesunate [43], ART, artemisone, and 4-fluorophenyl-
ART [32]; the cell lines or cells used include African green monkey kidney cell line (\ero)
[44], leukaemia cell line (HL-60) [45], and peripheral blood of infected rat [43]. Artesunate
can inhibit the replication of 7. cruzi epimastigotes, amastigotes, and trypomastigotes in
Vero cells /n vitro [44]. Extracts (methanol extract and dichloromethane extract) from the
leaves and aerial parts of four Artemisia species (Artemisia absinthium, A. abyssinica, A.
afra, and A. annud) growing in Ethiopia have been tested against 7. brucei brucei in vitro.
The dichloromethane extract from A. abyssinica was most active (ICsg = 19.13 pug/mL),
while ART from A. annua also showed anti-trypanosomal and cytotoxic activities (ICgq =
35.91 pg/mL), which may be due to lipophilic sesquiterpene lactones in the extract [45]. One
of the mechanisms of trypanocidal activity is that lipophilic compounds such as lipophilic
sesquiterpene lactones in the extract can increase the fluidity of the membranes leading to
uncontrolled efflux of ions and metabolites resulting in cell death [45-47]. Another
mechanism of trypanocidal activity is the inhibition of ATPase at the presence of calcium,
e.g., the inhibition of sarco/endoplasmic reticulum Ca2*-ATPase (SERCA) by inhibiting
H*/K*-ATPase could be related to the inhibition of trypanosome growth [32]. The
combination of artesunate and diminazene aceturate showed a complete clearance of 7.
bruceion day 5 in comparison of artesunate monotherapy on day 7 [43]. Studies showed that
artesunate inhibits the replication of epimastigotes and intracellular amastigotes of three
strains of 7. cruzioriginated in different regions of Latin America /in vitro [44]. In addition,
artemisinin compounds inhibit 7. cruz/growth /n vitro and inhibit calcium-dependent
ATPase activity in 7. cruzi membranes [32].
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In vivo studies

The animals including mice [43, 44] and rats [48] have been used in the studies. It has been
reported that 2.3 mg/kg and 4.6 mg/kg of artemether are able to suppress and reduce the
number of 7. brucer brucei parasites, and extend the lifespan of rats at the early and late
stage treatment [48]. The lifespan of infected rats was extended to 19 days using a
combination of halofantrine HCI with artemether compared to 14 days with artemether
monotherapy [46]. Halofantrine HCI can form complex with heme-iron [49, 50], which has
lytic properties towards the parasite. The half-life of halofantrine HCI ranged from 1 to 4
days, thereby giving halofantrine HCI a high bioavailability [51], which may be one of the
factors that prolongs the lifespan of 7. brucel-infected rats [48,]. The reduction in
parasitaemia is probably due to the ability of artemether to form complex with heme that is
believed to be toxic to the parasite [52, 53]. The clinical signs of dullness and paleness of
mucous membrane on 7. brucei-infected mice disappeared by both artemether and artesunate
treatment. However, compared with artesunate, artemether is more effective as it clears the
parasite completely from the body after 5 days of post-treatment [43]. In another study,
artesunate alone was not effective in reducing the parasites in 7. cruzi-infected BALB/c mice
and failed to cure the infection, suggesting that artesunate may be unsuitable for /n vivo
treatment of 7. cruziinfection [44].

4. ART and its derivatives on T. gondii

T. gondiiinfects a large number of warm-blooded animals and is estimated to chronically
infect up to one-third of the world’s human population. Toxoplasmic encephalitis in patients
with AIDS is a life-threatening disease mostly due to reactivation of 7. gondii cysts in the
brain [54]. One of the current therapies for toxoplasmic infection is a combination of the
drugs sulfadiazine and pyrimethamine [55], which cause hematological side-effects that can
be controlled by the administration of folinic acid. The other treatment is the combination of
trimethoprim and sulfamethoxazole (cotrimoxazole), which is well tolerated and less toxic
to hematopoiesis. However, this drug can cross the placental barrier, so that its use is
discouraged for pregnant women [56]. Moreover, these medicines have no effect on the
tissue cysts of the parasite located predominantly in a brain and muscles [57]. It has been
reported that medicinal plants can be used for toxoplasmosis as an alternative to standard
drug therapy with reduced side effects. The studies of ART and its derivatives on 7. gondii
are analysed, and summarized in Table 3.

In vitro studies

RH strain of 7. gondiiand human foreskin fibroblast (HFF) cells were used in most of the /n
vitro studies. ART and its derivatives tested for their /n vitro efficacy (ICsq) against 7. gondii
and cytotoxicity (TDsg) were measured to obtain the selectivity (SI) and/or therapeutic index
(T1). Artesunate is proven to have much higher efficacy than current first-line drugs such as
cotrimoxazole, pentamidine, pyrimethamine, and trimethoprim [58]. Intraparasitic heme
activates ART and its derivatives to form reactive oxygen species (ROS) in the cytoplasm of
host cells, which is then delivered across the parasitophorous vacuole membrane (PVM) to
reach the tachyzoites within the PVM. ROS may damage the parasite by alkylating and
poisoning one or more essential proteins and trigger the death of infected cells to control the
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growth of tachyzoites [59]. In addition, ART has the ability to trigger calcium-dependent
secretion of microneme proteins in 7. gondii parasites, affecting calcium homeostasis and
signalling in the parasite, and acts as an inhibitor of SERCA [60]. Perturbation of Ca*
intake levels not only blocks parasite microneme secretion but also prevents motility and cell
invasion of the parasite [61]. Arteether is lipophilic and therefore has activity against the
central nervous system infection. At concentration = 0.5 pg/mL, arteether mediated
reduction in incorporation of radiolabeled uracil into the nucleic acids of 7. gondii
tachyzoites [62] and showed higher efficacy than cycloguanil in inhibiting the parasite. Eight
thiazole derivatives and two carboxamide derivatives of deoxyhydroartemisin (DART)
trioxane derivatives displayed effective growth inhibitory activities of 7. gondii parasites,
comparable to artemether in potency and over 100 times more potent than the front-line drug
trimethoprim. The thiazoles were more effective than the other derivatives in inhibiting the
growth of both the extracellular and intracellular parasites. Unexpectedly, two thiazole
trioxanes (named compounds 5 and 6) were parasiticidal, both inhibited parasite replication
irreversibly when parasites were exposed to 10 uM of the drugs for 24 h, whereas the
standard trioxane drugs (ART and artemether) were not parasiticidal [63].

In vivo studies

CD1, OF1, and Kunming mice have been used in animal studies; extensive studies have
shown that ART, artemether, arteether, artesunate, DHA, artimisone, artimiside, and other
derivaties are active against 7. gondiji. In these studies, after treatment with ART or its
derivatives, the total number of cysts per brain was counted from the research subjects to
evaluate the efficacy of the drugs [64—66]. Using CD1 mice-infected with the PRU-Luc-GFP
type Il strain of 7. gondii, approximately 20% of ART-treated mice survived the infection;
however 60% of the artemiside-treated mice and over 50% of the artemisone-treated mice
survived the infection at 25 days p.i. In addition, compared with ART-treated mice,
artemiside- and artemisone-treated mice developed significantly lower parasite burdens, e.g.
luciferase (Luc) values in the brain at 9 days p.i. and significantly lower cyst numbers in the
brain at 25 days p.i., indicating artemiside and artemisone have better antiparasitic efficacy
on 7. gondiithan that of ART [64].

ART and its derivatives on N. caninum and E. tenella

Neosporaosis, caused by N. caninum is a serious disease of dogs and livestock worldwide.
Although no case of N. caninum infection has been reported in humans so far, the possibility
of human N. caninum infection cannot be excluded due to its close phylogenetic relationship
with 7. gondiiand its wide range of potential hosts [70]. Currently, there is no safe and
effective chemotherapy for bovine neosporosis. Studies available for effective treatment of
N. caninum using ART [71] and its derivatives (artemisone [72—74], artemether [75],
GC007, and GCO012 [74]) are summarized in Table 4.

An in vitro study showed that at a concentration of 10 or 20 ug/mL, ART was able to reduce
N. caninum and completely eliminated all microscopic foci of A. caninum in \ero cells by
11 days (third subculture) and at 1 pg/mL, ART reduced N. caninum and completely
eliminated all microscopic foci of . caninum by 14 days (fourth subculture). The
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morphology and growth rate of the uninfected Vero cells treated with 20 pg/mL of ART
were normal, suggesting that the toxicity of ART is low. However, pretreatment of host cells
or N. caninum tachyzoites with ART had no effect on intracellular replication of N. caninum
tachyzoites [71]. An /n vitro study showed that the parasites undergo apoptosis rather than
uncontrolled cell death by long-term treatments using artemisinin derivatives including
artemisone, GC007, and GC012, which further proves the activity of ART derivatives in
controlling A. caninum parasites [74]. However, artemiside and artemisone did not affect the
cerebral parasite burden when assessed in a chronic infection model of N. caninum-infected
BALB/c mice [74]. In another /n vitro study, parasite growth inhibition can be as high as
92.1% when the artemether concentration was 100 pug/mL [75].

In vivo studies

In an animal trial using gerbils (Meriones tristrami), only one out of 9 treated gerbils
exhibited characteristic cerebral clinical signs and died 10 days after infection, indicating
that artemisone plays a role in increasing the survivability of the infected hosts [72]. In
another /in vivo experiment, parasite burden in the brains of male BALB/c mice after
treatment by artemisone is lower than that by placebo, mefloquine, or artemiside treatment,
suggesting possible efficacy of this drug; however the parasite burden in the lungs after
artemisone treatment is higher than those of the above-mentioned drugs [73]. Thus, further
in vivo investigations are needed for these drugs.

Avian coccidiosis is the most significant parasitic disease in the poultry industry [76].
Chickens are affected by seven different £imeria spp. that infect the gut and are transmitted
between birds via ingestion of infective oocysts. Several drugs such as nicarbazin,
amprolium, quinolone, and ionophores, alone or in combination have proven to be an
effective alternative against avian coccidiosis [77]. However, the emergence of drug-resistant
strains, especially after a prolonged use of a drug, is a real problem. Based on the study on
ART by del Cacho et al. (2010), there are significant reduction in oocyst output, mortality,
and sporulation rate with an ART dose of 17 ppm compared to 10 ppm in £. tenella-infected
white leghorn chicken [78]. By using immunofluorescence technique, SERCA in
macrogametes was found to be inhibited by ART. Because SERCA plays a role in Ca2*
homeostasis [79], the inhibition of SERCA by ART impairs Ca2*-dependent ATPase and
causes altered secretion of the wall-forming bodies in macrogametes [78]. These findings
suggested that ART can be used as an alternative anti-coccidial drug for avian coccidiosis,
due to its anti-£. fenella activity on reducing intestinal lesions, oocyst output, and oocyst
sporulation. The results from selected studies of ART and its derivatives on E. tenellaare
also summarized in Table 4.

7. ART and its derivatives on A. castellanii and N. fowleri

Acanthamoeba spp. are the causative agents of Acanthamoeba keratitis, fatal granulomatous
amoebic encephalitis, and cutaneous infections [80]. Currently, no methods or single drug
exists that can eliminate both cystic and trophozoite forms of Acanthamoeba. To treat the
cyst form of Acanthamoeba that is highly resistant to therapy, a combination of agents is
generally used [81]. An /n vitro study shows that using 200 pug/mL of artemether for 24 h

Pharmacol Res. Author manuscript; available in PMC 2018 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Loo et al.

Page 9

against A. castellaniitrophozoites causes a reduction in the number of trophozoites [82]. The
effect toward trophozoites was minimal with slight changes of structure at 100 pg/mL of
artemether; there were a decreased number of trophozoites after 6 days of cultivation with
150 pg/mL of artemether and there were no viable trophozoites after 5 days of cultivation
with 200 ug/mL of artemether. Based on the results, the amoebicidal activities of artemether
against A. castelaniitrophozoites were found to be time and dose-dependent. Among ART,
artesunate, and DHA, DHA had the strongest amoebicidal activity against Acanthamoeba,
followed by artemether [82]. The inhibition of Acanthamoeba trophozoites by artemether
may be due to its ability to downregulate phosphoglycerate dehydrogenase (PGDH) and
phosphoserine aminotransferase (PSAT) in trophozoites. Based on the isobaric tags for
relative and absolute quantitation (iTRAQ) analysis on Acanthomoeba treated with 200
pg/mL of artemether, it was shown that the levels of PGDH and PSAT were decreased
through inhibition of the L-serine biosynthesis pathway [82]. Further studies are needed to
verify the efficacy and mechanisms of ART and its derivatives against Acanthamoeba
infection.

N. fowleri causes a fulminating and rapidly fatal primary amoebic meningoencephalitis
(PAME) in humans [83]. The major problem of curing infections involving the pathogenic
free-living amoebae is the lack of effective therapeutics [84]. ART, arteether, and artesunate
have been tested against experimental PAME, and the efficacy of these compounds has been
compared with amphotericin B, a standard drug for this pathogen. Compared to ART and its
derivatives, 2.5 mg/kg of amphotericin B is effective in treating PAME of N. fowlerr-
infected Swiss mice. ART and artesunate showed only slight protection at 120 mg/kg by
increasing the mean survival time to 1.9 and 2.6 days, respectively. Beta-arteether showed
slightly better results at 120 mg/kg with an increase of the mean survival time to 5.3 days.
However, all of the mice treated with the maximum tolerated dose (180 mg/kg) of ART and
its derivatives suffered from PAME. This indicates that ART can increase the mean survival
time but is unable to cure PAME caused by N. fowl/eriin Swiss mice [85]. Therefore, more
studies are needed to confirm the effect of ART towards N. fow/eri. The studies of ART and
its derivatives on A. castellaniiand N. fowleri are summarized in Table 5

8. ART and its derivatives on C. parvum and G. lamblia

Human cryptosporidiosis is mainly caused by C. hominisand C. parvum, which are
responsible for most of the outbreaks of Cryptosporidium described so far [86]. However,
treatment faces challenges because of the limited options of using macrolides, paramomycin,
nitazoxanide, and mirazid that have partial efficacy in reducing disease severity in
immunocompromised individuals [87]. The use of ART towards C. parvum infection is not
effective compared to macrolides antibiotics, and ART only caused a minor decrease in the
mean number of oocyts at the highest concentration (2 mg/L). Thus, the inhibitory effects of
ART against C. parvum showed limited effectiveness [88]. So far there are few reports on
ART and its derivatives in the treatment of Cryptosporidium spp.; further studies are needed
to explore their potential in treating this disease.

Giardia lamblia (syn. G. intestinalis, G. duodenalis) is one of the most frequent human
intestinal protozoa causing giardiasis and infects hundreds of millions of people every year
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[89]. Metronidazole, tinidazole, mebendazole, albendazole, and furazolidone are effective
anti- G/ardia drugs, but have severe side effects and potential toxicity. Developing more
effective and less toxic drugs against this protozoan parasite is necessary. The effects of
DHA (LDsp = 200 pg/mL) at different time intervals on G. famblia in vitro were investigated
by using microscopy and cytometry techniques, and it was shown that DHA induced the
changes in morphology and cell cycle state in G. famblia [90]. The studies of ART and its
derivatives on C. parvumand G. /amblia are summarized in Table 6.

9. ART and its derivatives on Babesia spp

Human babesiosis is a zoonotic disease caused by protozoan parasites of the Babesia genus.
In humans, the most prevalent are infections caused by Babesia microti and less frequently,
B. divergens, B. duncani, or B. venatorum [91]. Babesiosis shares many clinical features
with malaria and can be fatal, particularly in the elderly and in immunocompromised
individuals. Anti-malaria drugs and some antibiotics have been used in chemotherapy of
babesiosis, including atovaquone, azithromycin, clindamycin, and quinine [92]. However,
atovaquone-resistant genotype of cytochrome b gene has been detected in three cases of B.
gibsoni infections in Japan [93]. The investigations of ART and its derivatives on Babesia
spp. are summarized in Table 7.

In vitro studies

Different Babesia species (B. bovis, B. bigemina, B. caballi, B. equi, and B. gibsoni) have
been tested with ART and its derivatives (DHA, artemisone, artesunate, and arteether).
Artemisone induced dose-dependent growth inhibition of both B. bovisand B. bigemina, of
which B. bigemina appeared to be more sensitive to artemisone than B. bovis, as reflected
by the different corresponding 1Csq [94]. A dose- and time-dependent inhibitory effect for
artesunate was also reported against B. bovis. The study showed that artesunate was less
effective than atovaquone and diminazene aceturate in inhibiting the growth of B. bovis[95].
Artesunate and pamaquine were more effective in suppressing parasitemia of B. equithan
that of B. cablli, but pyrimethamine was more resistant to B. equi than that of B. caballi by
comparing their ICsq [96]. For B. gibsoni, artesunate was more effective in inhibiting the
parasitemia than those of artemether, ART, and DHA but not atovaquone and diminazene
[95, 96, 97]. In another study, it was reported that the single use of ART derivatives may
only have low effectiveness, but the addition of lumefantrine to artemether may be effective
for B. gibsoniinfection [98]. Babesia parasites do not produce hemozoin nor contain food
vacuoles [99]. The absence of these organelles in Barbesia spp. may reduce the action of
ART and its derivatives compared with Plasmodium spp. The possible mechanism of ART
and its derivatives against Barbesia spp. may be related to the activation of the mitochondrial
electron transport system resulting in ROS production [100]. The mechanism of action is
still not yet fully understood.

In vivo studies

Various Babesia species (B. bovis, B. bigemina, B. microti, and B. equi) have been tested in
different experimental animal models (calves, mice, and donkeys) for the anti-babesial
effects of artemisone, artesunate, and arteether. The routes of administration are mostly
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intramuscular [95, 101] but also intraperitoneal [94]. Calves infected with B. bigemina and
B bovis were treated by artemisone (5 mg/kg) intraperitoneally and resulted in recovery of
all animals, except for one B. bovis-infected calf. B. bigemina appeared to be more sensitive
to artemisone than B. bovis as reflected by the differences of their I1Csq, although the
treatment did not completely eliminate Babesia parasites. B. microti-infected BALB/c mice
were intramuscularly treated by artesunate, which was not only inhibited the growth of the
parasite but also delayed the increase of parasitemia, indicating that it can be a potential anti-
B. microti agent [94]. Efficacy can be improved by combination with other babesiacide. It
has been reported that splenectomised donkeys infected with B. equiwere treated by
intramuscular artesunate, arteether, or intramuscular arteether plus intravenous
buparvaquone. In the artesunate-treated group, initial decrease in parasitaemia was observed,
but the mean maximum parasitaemia increased dramatically between 16-19 days post-
treatment; no recovery was observed in either the arteether- or buparvaquone-treated group.
However, in the arteether-buparvaquone combination group, recovery was observed as
parasites were cleared after 4-day treatment. Arteether and buparvaquone combination
regimen also seemed to be safer than imidocarb alone in this study [101].

10. Conclusion

NTDs are an extremely important issue facing global health care, which mostly affect people
living in extreme poverty. ART was discovered by Youyou Tu and her colleaques in China
more than 40 years ago, which contributed greatly to treatment and control of malaria, and
has led to Tu’s sharing the 2015 Nobel Prize in Physiology or Medicine. Except for its well-
known anti-malarial effect, ART and its derivatives also have anti-parasitic activities against
many other parasitic infections, including protozoan parasites that infect humans such as
Leishmania spp., Trypanosomaspp., Acanthamoeba castellanii, Naegleria fowleri, and G.
lamblia. In addition, these compounds are also active against protozoan parasites of both
humans and domestic animals/livestocks such as 7. gondii, C. parvum, and Babesia spp., and
domestic animal/livestock protozoan parasites such as N. caninum (causing a serious disease
of dogs and livestock, with the potential to infect humans) and E/meria spp. (causing avian
coccidiosis). The current first-line anti-protozoal drugs have limitions, including serious
side-effects, toxicity, drug resistance, and even lack of effective or no chemotherapy. Thus,
new drugs for the treatment of these protozoan infections are urgently needed. Greater
emphasis should be placed on research and development of combination chemotherapies.
ART or its derivatives are relaively low cost and low toxicity, and are promising anti-
protozoal drugs alone or in combination with the current anti-protozoal drugs, which open
new windows for combination therapies of parasitic protozoans. Arteether is a lipophilic
compound that has good potential for therapies against protozoan infections involving the
central nervous system such as 7. gondlii, Acanthamoeba, N. fowleri, and Trypanosoma spp.
The emergence of drug-resistant strains of Leishmaniaand Trypanosoma make the current
treatment face new challenges. So far there are no safe and effective chemotherapy for
giardiasis and bovine neosporosis. Therefore, further efforts should focus on evaluation of
the effectiveness of the compounds on these protozoan infections. Finally, the therapeutic
mechanisms both in animals and in humans require more investigations. Therefore,
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understanding of structure-activity relationship of ART and its derivatives might lead to the
development of effective drugs against parasitic protozoans.

Acknowledgments

Research reported in this publication was supported in part by the Natural Science Foundation of China (nos.
81471973 and 81273643); the Division of Intramural Research at the National Institute of Allergy and Infectious
Diseases, National Institutes of Health; the Science and Technology Planning Project of Guangdong Province,

China (no. 2014A020212108), and the Project 111 of the State Bureau of Foreign Experts and Ministry of

Education of China (B06016); the Project on Brand Professional Construction of Sun Yat-sen University, and Three
Major Construction (big team, big platform, and big project) of Sun Yat-sen University. The authors thank Cindy
Clark, NIH Library Writing Center, for manuscript editing assistance.

List of abbreviations
ART

b.i.d
CH2CL2
Cl

DART
Deoxy-DHA
DHA
DMSO
HFF
IC50
1C90

i.g

i.m

i.p
iTRAQ
i.v

Luc value
MeOH
NO

PCV

PGDH

Artemisinin

two times per day

dichloromethane

cell index

dehydroartemisinin

deoxydihydroartemisinin

dihydroartemisinin

dimethyl sulphoxide

human foreskin fibroblast

concentration that causes 50% inhibition of growth
concentration that causes 90% inhibition of growth
intragastric administration

intramuscular injection

intraperitoneal injection

isobaric tags for relative and absolute quantitation
intravenous injection

luciferase value

methanol

nitric oxide

packed cell volume

phosphoglycerate dehydrogenase

Pharmacol Res. Author manuscript; available in PMC 2018 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Loo et al.

References

1.

Page 13

p.i post-infection

PI staining propidium iodide staining

p.o oral administration

PSAT phosphoserine aminotransferase
qd one time per day

q.i.d four times per day

RBC red blood cell

s.C subcutaneous injection

SEM scanning electron micrograph
SERCA sarco/endoplasmic reticulum Ca2+-ATPase
SI selectivity index

TD50 median cytotoxic dose

TI therapeutic index

TEM transmission electron micrograph
ti.d three times per day

tp topical administration

World Health Organization. Working to overcome the global impact of neglected tropical diseases:
First WHO report on neglected tropical diseases. Geneva: 2010. p. 172

. Trouiller P, Olliaro P, Torreele E, Orbinski J, Laing R, Ford N. Drug development for neglected

diseases: a deficient market and a public-health policy failure. The Lancet. 2002; 359(9324):2188—
2194. doi:1fr;0.1016/S0140-6736(02)09096-7.

. Appalasamy S, Lo KY, Ch’ng SJ, Nornadia K, Othman AS, Chan L-K. Antimicrobial activity of

artemisinin and precursor derived from /n vitro plantlets of Artemisia annua L. BioMed research
international. 2014; 2014doi: 10.1155/2014/215872

.Roy S, He R, Kapoor A, Forman M, Mazzone JR, Posner GH, Arav-Boger R. Inhibition of human

cytomegalovirus replication by artemisinins: effects mediated through cell cycle modulation.
Antimicrobial agents and chemotherapy. 2015; 59(7):3870-3879. DOI: 10.1128/AAC.00262-15
[PubMed: 25870074]

. Miller LH, Su X. Artemisinin: discovery from the Chinese herbal garden. Cell. 2011; 146(6):855—

858. DOI: 10.1016/j.cell.2011.08.024 [PubMed: 21907397]

. Su XZ, Miller LH. The discovery of artemisinin and the Nobel Prize in Physiology or Medicine.

Science China Life Sciences. 2015; 58(11):1175-1179. DOI: 10.1007/s11427-015-4948-7
[PubMed: 26481135]

. Chaturvedi D, Goswami A, Saikia PP, Barua NC, Rao PG. Artemisinin and its derivatives: a novel

class of anti-malarial and anti-cancer agents. Chemical Society Reviews. 2010; 39(2):435-454.
DOI: 10.1039/b816679j [PubMed: 20111769]

Pharmacol Res. Author manuscript; available in PMC 2018 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Loo et al.

Page 14

8. Barnett DS, Guy RK. Antimalarials in Development in 2014. Chemical reviews. 2014; 114(22):
11221-11241. DOI: 10.1021/cr500543f [PubMed: 25340626]

9. Cui L, Su X-z. Discovery mechanisms of action and combination therapy of artemisinin. Expert
review of anti-infective therapy. 2009; 7(8):999-1013. DOI: 10.1586/eri.09.68 [PubMed: 19803708]

10. Griesbaum K, Liu X, Kassiaris A, Scherer M. Ozonolyses of O - Alkylated Ketoximes in the
Presence of Carbonyl Groups: A Facile Access to Ozonides. Liebigs Annalen. 1997; 1997(7):
1381-1390. DOI: 10.1002/jlac.199719970715

11. Vennerstrom JL, Arbe-Barnes S, Brun R, Charman SA, Chiu FC, Chollet J, Dong Y, Dorn A,
Hunziker D, Matile H. Identification of an antimalarial synthetic trioxolane drug development
candidate. Nature. 2004; 430(7002):900-904. DOI: 10.1038/nature02779 [PubMed: 15318224]

12. Opsenica I, Opsenica D, Smith KS, Milhous WK, Solaja BA. Chemical Stability of the Peroxide
Bond Enables Diversified Synthesis of Potent Tetraoxane Antimalarials (1). Journal of medicinal
chemistry. 2008; 51(7):2261-2266. DOI: 10.1021/jm701417a [PubMed: 18330976]

13. Gutiérrez V, Seabra AB, Reguera RM, Khandare J, Calderén M. New approaches from
nanomedicine for treating leishmaniasis. Chemical Society Reviews. 2016; 45(1):152-168. DOI:
10.1039/c5¢s00674k [PubMed: 26487097]

14. Sharma U, Singh S. Immunobiology of leishmaniasis. Indian journal of experimental biology.
2009; 47(6):412. [PubMed: 19634705]

15. Lachaud L, Bourgeois N, Plourd M, Leproho P, Bastien P, Ouellette M. Parasite susceptibility to
amphotericin B in failures of treatment for visceral leishmaniasis in patients coinfected with HIV
type 1 and Leishmania infantum. Clinical Infectious Diseases. 2009; 48(2):e16—22. DOI:
10.1086/595710 [PubMed: 19093811]

16. Den Boer M, Davidson RN. Treatment options for visceral leishmaniasis. Expert review of anti-
infective therapy. 2006; 4(2):187-197. DOI: 10.1586/14787210.4.2.187 [PubMed: 16597201]

17. Rodrigues IA, Mazotto AM, Cardoso V, Alves RL, Amaral ACF, Silva JRdA, Pinheiro AS,
Vermelho AB. Natural products: insights into leishmaniasis inflammatory response. Mediators of
inflammation. 2015; 501:835910.doi: 10.1155/2015/835910

18. Singh N, Kumar M, Singh RK. Leishmaniasis: current status of available drugs and new potential
drug targets. Asian Pacific Journal of Tropical Medicine. 2012; 5(6):485-497. DOI: 10.1016/
$1995-7645(12)60084-4 [PubMed: 22575984]

19. Hendrickx S, Boulet G, Mondelaers A, Dujardin JC, Rijal S, Lachaud L, Cos P, Delputte P, Maes
L. Experimental selection of paromomycin and miltefosine resistance in intracellular amastigotes
of Leishmania donovaniand L. infantum. Parasitology Research. 2014; 113(5):1875-81. DOI:
10.1007/s00436-014-3835-7 [PubMed: 24615359]

20. Faraut-Gambarelli F, Piarroux R, Deniau M, Giusiano B, Marty P, Michel G, Faugére B, Dumon H.
In vitro and in vivoresistance of Leishmania infantum to meglumine antimoniate: a study of 37
strains collected from patients with visceral leishmaniasis. Antimicrobial Agents and
Chemotherapy. 1997; 41(4):827-830. [PubMed: 9087498]

21. Coelho AC, Gentil LG, da Silveira JF, Cotrim PC. Characterization of Leishmania (Leishmania)
amazonensis promastigotes resistant to pentamidine. Experimental Parasitology. 2008; 120(1):98—
102. DOI: 10.1016/j.exppara.2008.03.018 [PubMed: 18511047]

22. Islamuddin M, Chouhan G, Want MY, Ozbak HA, Hemeg HA, Afrin F. Immunotherapeutic
Potential of Eugenol Emulsion in Experimental Visceral Leishmaniasis. PLoS Neglected Tropical
Diseases. 2016; 24(10):e0005011.doi: 10.1371/journal.pntd.0005011

23. Sen R, Bandyopadhyay S, Dutta A, Mandal G, Ganguly S, Saha P, Chatterjee M. Artemisinin
triggers induction of cell-cycle arrest and apoptosis in Leishmania donovani promastigotes. Journal
of medical microbiology. 2007; 56(9):1213-1218. DOI: 10.1099/jmm.0.47364-0 [PubMed:
17761485]

24. Want MY, Islamuddin M, Chouhan G, Ozbak HA, Hemeg HA, Dasgupta AK, Chattopadhyay AP,
Afrin F. Therapeutic efficacy of artemisinin-loaded nanoparticles in experimental visceral
leishmaniasis. Colloids and Surfaces B: Biointerfaces. 2015; 130:215-221. DOI: 10.1016/
j.colsurfb.2015.04.013 [PubMed: 25936561]

Pharmacol Res. Author manuscript; available in PMC 2018 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Loo et al.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Page 15

Nemati S, Nahrevanian H, Haniloo A, Farahmand M. Investigation on nitric oxide and C-reactive
protein involvement in antileishmanial effects of artemisinin and glucantim on cutaneous
leishmaniasis. Advanced Studies in Biology. 2013; 5:27-36.

Ebrahimisadr P, Ghaffarifar F, Hassan ZM. /n-vitro evaluation of antileishmanial activity and
toxicity of artemether with focus on its apoptotic effect. Iranian Journal of Pharmaceutical
Research. 2013; 12(4):903-909. [PubMed: 24523770]

Sen R, Ganguly S, Saha P, Chatterjee M. Efficacy of artemisinin in experimental visceral
leishmaniasis. International Journal of Antimicrobial Agents. 2010; 36(1):43-49. DOI: 10.1016/
j.ijantimicag.2010.03.008 [PubMed: 20403680]

Ghaffarifar F, Heydari FE, Dalimi A, Hassan ZM, Delavari M, Mikaeiloo H. Evaluation of
Apoptotic and Antileishmanial Activities of Artemisinin on Promastigotes and BALB/C Mice
Infected with Lefishmania major. Iranian journal of parasitology. 2015; 10(2):258. [PubMed:
26246824]

Cortes S, Albuquerque A, Cabral LI, Lopes L, Campino L, Cristiano ML. /n vitro susceptibility of
Lefshmania infantum to Artemisinin derivatives and selected trioxolanes. Antimicrobial agents and
chemotherapy. 2015; 59(8):5032-5035. DOI: 10.1128/AAC.00298-15 [PubMed: 26014947]

Chollet C, Crousse B, Bories C, Bonnet-Delpon D, Loiseau PM. /n vitro antileishmanial activity of
fluoro-artemisinin derivatives against Leishmania donovani. Biomedicine & Pharmacotherapy.
2008; 62(7):462-465. DOI: 10.1016/j.biopha.2008.04.003 [PubMed: 18538529]

Islamuddin M, Chouhan G, Farooque A, Dwarakanath BS, Sahal D, Afrin F. Th1-biased
immunomodulation and therapeutic potential of Artemisia annua in murine visceral leishmaniasis.
PLoS neglected tropical diseases. 2015; 9(1):e3321.doi: 10.1371/journal.pntd.0003321 [PubMed:
25568967]

Mishina YV, Krishna S, Haynes RK, Meade JC. Artemisinins inhibit 7rypanosoma cruzi and
Trypanosoma brucei rhodesiense in vitro growth. Antimicrobial agents and chemotherapy. 2007;
51(5):1852-1854. DOI: 10.1128/AAC.01544-06 [PubMed: 17339374]

Mutiso JM, Macharia JC, Barasa M, Taracha E, Bourdichon AJ, Gicheru MM. /n vitroand in vivo
antileishmanial efficacy of a combination therapy of diminazene and artesunate against
Lefshmania donovaniin BALB/c mice. Revista do Instituto de Medicina Tropical de Sdo Paulo.
2011; 53(3):129-132. DOI: 10.1590/S0036-46652011000300003 [PubMed: 21755234]

Adam |, Hagelnur AA. Artesunate plus sulfamethoxypyrazine/pyrimethamine for the treatment of
cutaneous leishmaniasis: a double-blind, placebo-controlled clinical trial. International journal of
antimicrobial agents. 2009; 34(4):380-381. DOI: 10.1016/j.ijantimicag.2009.03.013 [PubMed:
19409761]

Heydari FE, Ghaffarifar F, Soflaei S, Dalimi A. Comparison between in vitro effects of aqueous
extract of Artemisia seiberiand artemisinin on Lefshmania major. Jundishapur Journal of Natural
Pharmaceutical Products. 2013; 8(2):70. [PubMed: 24624191]

Yang D, Liew F. Effects of ginghaosu (artemisinin) and its derivatives on experimental cutaneous
leishmaniasis. Parasitology. 1993; 106(01):7-11. [PubMed: 8479804]

Islamuddin M, Farooque A, Dwarakanath B, Sahal D, Afrin F. Extracts of Artemisia annualeaves
and seeds mediate programmed cell death in Leishmania donovani. Journal of medical
microbiology. 2012; 61(12):1709-1718. DOI: 10.1099/jmm.0.049387-0 [PubMed: 22956747]
Sen R, Saha P, Sarkar A, Ganguly S, Chatterjee M. Iron enhances generation of free radicals by
Artemisinin causing a caspase-independent. apoptotic death in Leishmania donovani
promastigotes. Free Radical Research. 2010; 44(11):1289-95. DOI:
10.3109/10715762.2010.498475 [PubMed: 20815780]

Steverding D. The history of Chagas disease. Parasites & vectors. 2014; 7(1):1.doi:
10.1186/1756-3305-7-317 [PubMed: 24411014]

Bermudez J, Davies C, Simonazzi A, Real JP, Palma S. Current drug therapy and pharmaceutical
challenges for Chagas disease. Acta tropica. 2016; 156:1-16. DOI: 10.1016/j.actatropica.
2015.12.017 [PubMed: 26747009]

Babokhov P, Sanyaolu AO, Oyibo WA, Fagbenro-Beyioku AF, Iriemenam NC. A current analysis
of chemotherapy strategies for the treatment of human African trypanosomiasis. Pathogens and

Pharmacol Res. Author manuscript; available in PMC 2018 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Loo et al.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Page 16

global health. 2013; 107(5):242-252. DOI: 10.1179/2047773213Y.0000000105 [PubMed:
23916333]

Sesti-Costa R, Carneiro ZA, Silva MC, Santos M, Silva GK, Milanezi C, da Silva RS, Silva JS.
Ruthenium complex with benznidazole and nitric oxide as a new candidate for the treatment of
chagas disease. PL0oS Neglected Tropical Disease. 2014; 8(10):e3207.doi: 10.1371/journal.pntd.
0003207

Akande F, Fagbemi B. /n vivo and in vitro effects of artemisinin group of drugs on trypanosomosis
in mice. Journal of Natural Sciences Engineering and Technology. 2011; 10(1):73-80.

Olivera GC, Postan M, Gonzélez MN. Effects of artesunate against 7rypanosma cruzi.
Experimental parasitology. 2015; 156:26-31. DOI: 10.1016/j.exppara.2015.05.014 [PubMed:
26024969]

Nibret E, Wink M. Volatile components of four Ethiopian Artemisia species extracts and their in
vitro antitrypanosomal and cytotoxic activities. Phytomedicine. 2010; 17(5):369-374. DOI:
10.1016/j.phymed.2009.07.016 [PubMed: 19683909]

Bhakuni R, Jain D, Sharma R, Kumar S. Secondary metabolites of Artemisia annua and their
biological activity. Current science. 2001; 80:35-48.

Wink M. Evolutionary advantage and molecular modes of action of multi-component mixtures
used in phytomedicine. Current Drug Metabolism. 2008; 9(10):996-1009. DOI:
10.2174/138920008786927794 [PubMed: 19075616]

Oluyomi SA, Justine TE, Faoziyat S. Depletion of parasitaemia by halofantrine hydrochloride and
artemether in rats infected with African trypanosomes. African Journal of Pharmacy and
Pharmacology. 2009; 3(9):432-438.

Blauer G. Interaction of ferriprotoporphyrin IX with the antimalarials amodiaquine and
halofantrine. Biochemistry international. 1988; 17(4):729-734. [PubMed: 3240320]

de Villiers KA, Marques HM, Egan TJ. The crystal structure of halofantrine—ferriprotoporphyrin
IX and the mechanism of action of arylmethanol antimalarials. Journal of inorganic biochemistry.
2008; 102(8):1660-1667. DOI: 10.1016/j.jinorgbio.2008.04.001 [PubMed: 18508124]

Milton K, Edwards G, Ward S, Orme M, Breckenridge A. Pharmacokinetics of halofantrine in
man: effects of food and dose size. British journal of clinical pharmacology. 1989; 28(1):71-77.
DOI: 10.1111/j.1365-2125.1989.tb03507.x [PubMed: 2775616]

Pandey AV, Tekwani BL, Singh RL, Chauhan VS. Artemisinin, an endoperoxide antimalarial,
disrupts the hemoglobin catabolism and heme detoxification systems in malarial parasite. Journal
of biological chemistry. 1999; 274(27):19383-19388. DOI: 10.1074/jbc.274.27.19383 [PubMed:
10383451]

Meshnick SR. Artemisinin and Its Derivatives. Antimalarial Chemotherapy. 2001; (2):191-201.
DOI: 10.1007/978-1-59259-111-4_10

Abgrall S, Rabaud C, Costagliola D. Incidence and risk factors for toxoplasmic encephalitis in
human immunodeficiency virus-infected patients before and during the highly active antiretroviral
therapy era. Clinical Infectious Disease. 2001; 33(10):1747-1755. DOI: 10.1086/322622

David HMJ, Tim GW. Toxoplasmosis: a comprehensive clinical guide, Cambridge University Press
Cambridge University Press. Antitoxoplasma chemotherapy. 2001:319-359.

Masters PA, O’Bryan TA, Zurlo J, Miller DQ, Joshi N. Trimethoprim-sulfamethoxazole revisited.
Archives of Internal Medicine. 2003; 163(4):402-410. [PubMed: 12588198]

Antczak M, Dzitko K, Dtugonska H. Human toxoplasmosis-Searching for novel
chemotherapeutics. Biomedicine and Pharmacotherapy. 2016; 82:677-84. DOI: 10.1016/j.biopha.
2016.05.041 [PubMed: 27470411]

Gomes TC, Andrade HFd Janior, Lescano SAZ, Amato-Neto V. /nn vitro action of antiparasitic
drugs, especially artesunate, against 7oxoplasma gondii. Revista da Sociedade Brasileira de
Medicina Tropical. 2012; 45(4):485-490. [PubMed: 22930046]

Son E-S, Song K-J, Shin J-C, Nam H-W. Molecular cloning and characterization of peroxiredoxin
from Toxoplasma gondii. The Korean journal of parasitology. 2001; 39(2):133-141. DOI:
10.3347/kjp.2001.39.2.133 [PubMed: 11441500]

Pharmacol Res. Author manuscript; available in PMC 2018 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Loo et al.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

Page 17

Nagamune K, Beatty WL, Sibley LD. Artemisinin induces calcium-dependent protein secretion in
the protozoan parasite 7oxoplasma gondii. Eukaryotic cell. 2007; 6(11):2147-2156. DOI:
10.1128/EC.00262-07 [PubMed: 17766463]

Lovett JL, Sibley LD. Intracellular calcium stores in Toxoplasma gondii govern invasion of host
cells. Journal of Cell Science. 2003; 116(14):3009-3016. DOI: 10.1242/jcs.00596 [PubMed:
12783987]

Holfels E, McAuley J, Mack D, Milhous WK, McLeod R. /n vitro effects of artemisinin ether,
cycloguanil hydrochloride (alone and in combination with sulfadiazine), quinine sulfate,
mefloquine, primaquine phosphate, trifluoperazine hydrochloride, and verapamil on Toxoplasma
gondii. Antimicrobial agents and chemotherapy. 1994; 38(6):1392-1396. DOI: 10.1128/AAC.
38.6.1392 [PubMed: 8092843]

Hencken CP, Jones-Brando L, Borddn C, Stohler R, Mott BT, Yolken R, Posner GH, Woodard LE.
Thiazole, oxadiazole, and carboxamide derivatives of artemisinin are highly selective and potent
inhibitors of 7oxgplasma gondii. Journal of medicinal chemistry. 2010; 53(9):3594-3601. DOI:
10.1021/jm901857d [PubMed: 20373807]

Dunay IR, Chan WC, Haynes RK, Sibley LD. Artemisone and artemiside control acute and
reactivated toxoplasmosis in a murine model. Antimicrobial agents and chemotherapy. 2009;
53(10):4450-4456. DOI: 10.1128/AAC.00502-09 [PubMed: 19635951]

Sarciron ME, Saccharin C, Petavy AF, Peyron F. Effects of artesunate, dihydroartemisinin, and an
artesunate-dihydroartemisinin combination against 7oxoplasma gondii. The American journal of
tropical medicine and hygiene. 2000; 62(1):73-76.

Liang Z, Xu L. Studies on the enzyme cytochemistry of 7oxoplasma gondii and the influence of
artemether. Zhongguo ji sheng chong xue yu ji sheng chong bing za zhi= Chinese journal of
parasitology & parasitic diseases. 1994; 13(3):182-184.

Ke O, Krug E, Marr J, Berens R. Inhibition of growth of Toxop/lasma gondiiby ginghaosu and
derivatives. Antimicrobial agents and chemotherapy. 1990; 34(10):1961-1965. DOI: 10.1128/
AAC.34.10.1961 [PubMed: 2291661]

Jones-Brando L, D’Angelo J, Posner GH, Yolken R. /n vitroinhibition of Toxoplasma gondiiby
four new derivatives of artemisinin. Antimicrobial agents and chemotherapy. 2006; 50(12):4206—
4208. DOI: 10.1128/AAC.00793-06 [PubMed: 17060514]

D’Angelo JG, Bordon C, Posner GH, Yolken R, Jones-Brando L. Artemisinin derivatives inhibit
Toxoplasma gondii in vitro at multiple steps in the lytic cycle. Journal of antimicrobial
chemotherapy. 2009; 63(1):146-150. DOI: 10.1093/jac/dkn451 [PubMed: 18988681]

Petersen E, Lebech M, Jensen L, Lind P, Rask M, Bagger P, Bjorkman C, Uggla A. Neospora
caninum infection and repeated abortions in humans. Emerging Infectious Diseases. 1999; 5(2):
278.doi: 10.3201/eid0502.990215 [PubMed: 10221883]

Kim J-T, Park J-Y, Seo H-S, Oh H-G, Noh J-W, Kim J-H, Kim D-Y, Youn H-J. /n vitro
antiprotozoal effects of artemisinin on Neospora caninum. \eterinary parasitology. 2002; 103(1):
53-63. DOI: 10.1016/S0304-4017(01)00580-5 [PubMed: 11751000]

Mazuz ML, Haynes R, Shkap V, Fish L, Wollkomirsky R, Leibovich B, Molad T, Savitsky I,
Golenser J. Neospora caninum: in vivo and in vitro treatment with artemisone. Veterinary
parasitology. 2012; 187(1):99-104. DOI: 10.1016/j.vetpar.2011.12.020 [PubMed: 22260899]
Muller J, Aguado-Martinez A, Manser V, Wong HN, Haynes RK, Hemphill A. Repurposing of
antiparasitic drugs: the hydroxy-naphthoquinone buparvaquone inhibits vertical transmission in the
pregnant neosporosis mouse model. Veterinary research. 2016; 47(1):1.doi: 10.1186/
$13567-016-0317-1 [PubMed: 26738942]

Miiller J, Balmer V, Winzer P, Rahman M, Manser V, Haynes RK, Hemphill A. /n vitro effects of
new artemisinin derivatives in Neospora caninum-infected human fibroblasts. International journal
of antimicrobial agents. 2015; 46(1):88-93. DOI: 10.1016/j.ijantimicag.2015.02.020 [PubMed:
25934265]

Qian W, Wang H, Shan D, Li B, Liu J, Liu Q. Activity of several kinds of drugs against Neospora
caninum. Parasitology international. 2015; 64(6):597-602. DOI: 10.1016/j.parint.2015.08.002
[PubMed: 26264260]

Pharmacol Res. Author manuscript; available in PMC 2018 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Loo et al.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

Page 18

Blake DP, Clark EL, Macdonald SE, Thenmozhi V, Kundu K, Garg R, Jatau ID, Ayoade S,
Kawahara F, Moftah A. Population, genetic, and antigenic diversity of the apicomplexan Eimeria
tenella and their relevance to vaccine development. Proceedings of the National Academy of
Sciences. 2015; 112(38):E5343-E5350. DOI: 10.1073/pnas.1506468112

Quiroz-Castafieda RE, Dantan-Gonzalez E. Control of avian coccidiosis: future and present natural
alternatives. BioMed research international. 2015; 2015doi: 10.1155/2015/430610

del Cacho E, Gallego M, Francesch M, Quilez J, Sdnchez-Acedo C. Effect of artemisinin on oocyst
wall formation and sporulation during Eimeria tenella infection. Parasitology international. 2010;
59(4):506-511. DOI: 10.1016/j.parint.2010.04.001 [PubMed: 20416397]

Eckstein-Ludwig U, Webb R, Van Goethem I, East J, Lee A, Kimura M, O’Neill P, Bray P, Ward S,
Krishna S. Artemisinins target the SERCA of Plasmodium falciparum. Nature. 2003; 424(6951):
957-961. DOI: 10.1038/nature01813 [PubMed: 12931192]

Zamora A, Henderson H, Swiatlo E. Acanthamoeba encephalitis: a case report and review of
therapy. Surgical neurology international. 2014; 5:68.doi: 10.4103/2152-7806.132239 [PubMed:
24991471]

Lorenzo-Morales J, Khan NA, Walochnik J. An update on Acanthamoeba keratitis: diagnosis,
pathogenesis and treatment. Parasite. 2015; 22:10.doi: 10.1051/parasite/2015010 [PubMed:
25687209]

Deng Y, Ran W, Man S, Li X, Gao H, Tang W, Tachibana H, Cheng X. Artemether exhibits
amoebicidal activity against Acanthamoeba castellanii through inhibition of the serine biosynthesis
pathway. Antimicrobial agents and chemotherapy. 2015; 59(8):4680-4688. DOI: 10.1128/AAC.
04758-14 [PubMed: 26014935]

Ramanan D, Nalaganta R, Yadav Ram KS, Ramani R. Amoebic meningo-encephalitis. Indian
journal of pathology & microbiology. 2010; 53(1):183-4. DOI: 10.4103/0377-4929.59230
[PubMed: 20090269]

Rice CA, Colon BL, Alp M, Goker H, Boykin DW, Kyle DE. Bis-Benzimidazole Hits against
Naegleria fowleri Discovered with New High-Throughput Screens. Antimicrobial agents and
chemotherapy. 2015; 59(4):2037-2044. DOI: 10.1128/AAC.05122-14 [PubMed: 25605363]
Gupta S, Ghosh PK, Dutta G, Vishwakarma R. /n vivo study of artemisinin and its derivatives
against primary amebic meningoencephalitis caused by Naegleria fowleri. The Journal of
parasitology. 1995; 81(6):1012-1013. [PubMed: 8544041]

Ryan U, Hijjawi N. New developments in Cryptosporidium research. International journal for
parasitology. 2015; 45(6):367-373. DOI: 10.1016/j.ijpara.2015.01.009 [PubMed: 25769247]
Abd-Ella OH. Diagnosis and treatment of cryptosporidiosis: an update review. Journal of the
Egyptian Society of Parasitology. 2014; 44(2):455-466. [PubMed: 25597160]

Giacometti A, Cirioni O, Scalise G. /n-vitro activity of macrolides alone and in combination with
artemisin, atovaquone, dapsone, minocycline or pyrimethamine against Cryptosporidium parvum.
Journal of Antimicrobial Chemotherapy. 1996; 38(3):399-408. DOI: 10.1093/jac/38.3.399
[PubMed: 8889715]

Centers for Disease Control and Prevention. [Last time accessed: June 27th] Parasites—Giardia.
2016. https://www.cdc.gov/parasites/giardia/

Tian XF, Shen HE, Li J, Chen Y, Yang ZH, Lu SQ. The effects of dihydroartemisinin on Giardia
lamblia morphology and cell cycle in vitro. Parasitology Research. 2010; 107(2):369-75. DOI:
10.1007/s00436-010-1872-4 [PubMed: 20422219]

Leiby DA. Transfusion-transmitted Babesia spp.: bull’s-eye on Babesia microti. Clinical
microbiology reviews. 2011; 24(1):14-28. DOI: 10.1128/CMR.00022-10 [PubMed: 21233506]
Rozej-Bielicka W, Stypulkowska-Misiurewicz H, Golab E. Human babesiosis. Przeglad
epidemiologiczny. 2015; 69(3):489-94. 605-8. [PubMed: 26519845]

Sakuma M, Fukuda K, Takayama K, Kobayashi Y, Miyama TS, Setoguchi A, Endo Y. Molecular
epidemiological survey of the Babesia gibsoni cytochrome b gene in western Japan. Journal of
Veterinary Medical Science. 2012; 74(10):1341-1344. DOI: 10.1292/jvms.12-0140 [PubMed:
22672842]

Pharmacol Res. Author manuscript; available in PMC 2018 March 01.


https://www.cdc.gov/parasites/giardia/

1duosnue Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Loo et al.

94.

95.

96.

97.

98.

99.

Page 19

Mazuz ML, Golenser J, Fish L, Haynes RK, Wollkomirsky R, Leibovich B, Shkap V. Artemisone
inhibits /n vitroand in vivo propagation of Babesia bovisand B. bigemina parasites. Experimental
parasitology. 2013; 135(4):690-694. DOI: 10.1016/j.exppara.2013.10.006 [PubMed: 24184077]

Goo Y-K, Terkawi MA, Jia H, Aboge GO, Ooka H, Nelson B, Kim S, Sunaga F, Namikawa K,
Igarashi I. Artesunate, a potential drug for treatment of Babesia infection. Parasitology
international. 2010; 59(3):481-486. DOI: 10.1016/j.parint.2010.06.004 [PubMed: 20541037]

Nagai A, Yokoyama N, Matsuo T, Bork S, Hirata H, Xuan X, Zhu Y, Claveria FG, Fujisaki K,
Igarashi I. Growth-inhibitory effects of artesunate, pyrimethamine, and pamaquine against Babesia
equiand Babesia caballiin in vitro cultures. Antimicrobial agents and chemotherapy. 2003; 47(2):
800-803. DOI: 10.1128/AAC.47.2.800-803.2003 [PubMed: 12543697]

Matsuu A, Yamasaki M, Xuan X, Ikadai H, Hikasa Y. /n vitro evaluation of the growth inhibitory
activities of 15 drugs against Babesia gibsoni (Aomori strain). Veterinary parasitology. 2008;
157(1):1-8. DOI: 10.1016/j.vetpar.2008.07.023 [PubMed: 18771856]

Iguchi A, Matsuu A, Matsuyama K, Hikasa Y. The efficacy of artemisinin, artemether, and
lumefantrine against Babesia gibsoni in vitro. Parasitology international. 2015; 64(2):190-193.
DOI: 10.1016/j.parint.2014.12.006 [PubMed: 25523292]

Kawai S, Igarashi I, Abgaandorjiin A, Miyazawa K, Ikadai H, Nagasawa H, Fujisaki K, Mikami T,
Suzuki N, Matsuda H. Ultrastructural characteristics of Babesia caballiin equine erythrocytes /n
vitro. Parasitology research. 1999; 85(10):794-799. [PubMed: 10494804]

100. Meshnick SR, Taylor TE, Kamchonwongpaisan S. Artemisinin and the antimalarial

endoperoxides: from herbal remedy to targeted chemotherapy. Microbiology Review. 1996;
60(2):301-315.

101. Kumar S, Gupta AK, Pal Y, Dwivedi SK. /n-vivo therapeutic efficacy trial with artemisinin

derivative, buparvaquone and imidocarb dipropionate against Babesia equi infection in donkeys.
Journal of veterinary medical science. 2003; 65(11):1171-1177. [PubMed: 14665744]

Pharmacol Res. Author manuscript; available in PMC 2018 March 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuely Joyiny

Loo et al. Page 20

o
Artemisinin Artemether
(ART) (DHA)
o -
HO R
\n/\)l\oo
S
O o
Artesunate Artemisone
NH,
O~ O, /—f
@o o><:>_—>_n<:>—u N ?-%O}NH
4 o
RKA 182 0OZ277 (Arterolane)
Q
o< 0-Q (__)
o-d N_ o X O~ )% N
fe) p, Y 4
RKA 216 0Z439 (Artefenomel)

Fig. 1. Chemical structures of ART and its derivatives
ART (parent drug), DHA (active metabolite), arteether (oil-soluble derivative), artemether

(oil-soluble derivative), artesunate (water soluble derivative), arterolane and artefenomel
(trioxolane), and RKA 216 and 182 (tetraoxanes).

Pharmacol Res. Author manuscript; available in PMC 2018 March 01.



Page 21

Loo et al.

99T PUB ‘068'T ‘% JO SeIM|IGe!

1190 59U} Yl ‘UapINg s10BnseLLre

. wm& ay Buiseaoap pue sabeydosoew
239 LepAsH wouy saj0B1sewE JO UoIEBUILI
aAoaYe “Jw/brl g = %50

%9°0
Sem Jey} [043U09 Jo uostiedwod

[gz] e ul ‘AjoAnoadsas ‘%6E 6 PUe ‘%96'T

19 Jejiieyeyo ‘%EY'T ‘%Y9'0 1M JusLWIeal
10 Y gy Jaye sabeydotoew

onoydody Jw/br Gz = 59|

ycL

Je UofjeInp pue UOI1esjusduod awes

3y} Je UIUISIWSLE YIIM Juawileal)

10 9%z€E~ "SA sajobnsewold uo

[gel 108448 Alonqiyul yamolb auseled

‘e 18 LepAsH J8ybBiy pey yoiym ‘Ajaanoadsal
‘08T~ PUB ‘00~ ‘%S~ dIoM

saj0bnsewold Jo sanijIgeIA ay)

“wy/Br 00T yum Juswieal Jo y g/

pue ‘g ‘vz Jouv w/brl Gz = 0501

loz] e A1anoadsal ‘96 G6'TL PUB ‘%8Z 2
o) mm_E_wm: I ‘%Pz 91am sarobnsewold
10 peStnEa3 onoydody JuBrl Gz = %50

Jaylawialie |\ 4_0T 40 uluISIwaLe
Nl -0T < Bulurejuoa saunyno y

8 Ul PaAIasqo atam sajobnsewold
Buinians oN N 0T

x G/ = 05D] "Ajaanoadsal ‘c_0T

x Wdd 6 pue '8y 'Sy 'v'E ‘7T

‘T~ Sem juawieail-isod saliseled
40 Aj1geIA 8y ‘BuIPIWAYI-Hg 4O
uolresodiodul ayy Ag parewinns3

[9€] "|e 10 Buex

/bl 00T yum Juswiyean Jo y g/
[ge] pue ‘g7 ‘v¢ Jale %9~ PUe ‘%01~

U ZLPpue 'sy ‘v
10} payegnaui ‘b
00T pue ‘0S ‘SZ ‘0T ‘G

U gL pue ‘gy ‘vz
10} payegnaul ‘w6
00T Pue ‘0§ ‘SZ ‘0T ‘G

Uzl pue gy ‘ve
10} payegnaui “Jwy/br
00T Pue ‘0S ‘S ‘0T 'S

yzL
104 payegnaul ‘w6

00T PUe ‘0§ 'SZ ‘0T ‘'S

U 8y 104 paregnoul
N1 2°0 pue ‘5.0
'1°2'9'6 ‘S'€€ ‘00T

U ZLPpue 'sy ‘v
10} payegnaui ‘b
00T Pue ‘0S ‘SZ ‘0T ‘G

UZLpue sy ‘v
10} payegnaui “Jwy/br
00T PUe ‘0§ ‘Sz ‘0T

201W
9/97vd 40
sabeydoioew
ui sajobnsewy

uruIsIwsuY

20IW
9/g7vd Jo
sabeydooew
ul sajobnsewy

UIUISIWaLY

uluIsiwaLe se jusuodwod fefiwis sey

118G3IS BISIWALY 10 19e11X8 snoanby saj0bnsewoid

JENENTEI\YS sajobisewold

JuaN|IP OS%AIN Ul UIUISIWBLY sajobsewold

uluisiwaly  sejobnsewold

uluisiwaly - sejobnsewold

(43/S2/41/OHYN) Jofew -7

(43/SL/91/OHYN) Jofew -7

(43/52/91/OHYN) sofew -7

(43/SL/41/OHYN) Jofew -7

(d/6S/NS/OHYN ‘6ENT) 10few 7

(43/SL/41/OHYN) sofew -7

(43/S2/91/OHYN) Jofew -7

onjin uf

‘e 18 LiepAsH ‘068~ 81am aj0bnsewold Jo
sanyigeIA ay L wy/Brl og = %)

%200

. SeM Jey} [03U02 JO uosiedwod ul

[82] e g annoadsal ‘069789 pUe ‘%S 0Y

19 JejlieyRYO '0506'GZ ‘% T d4am sajobnsewold
onoydody Jw/br Gz = %59

CRIVEIET )] 108)43

(swn pue ‘aynod
‘asop) JusLYeal |

Bnug aul| |139/30H

(ures3s) sa1oads  syuswiaadx3gy

Author Manuscript

Author Manuscript

‘dds sruewiysia7 1surebe saalleALIap S pue UIUISIWSLIR JO JusWileal |

T alqeL

Author Manuscript

Author Manuscript

Pharmacol Res. Author manuscript; available in PMC 2018 March 01.



Page 22

Loo et al.

[eZ] ‘le1e uss

[22] ‘e 18 uss

[sel
‘e 18 LepAsH

[9€] "|e 10 Buex

[9z] ‘e
18 Jpesiwiyelq

[9g] “|e 18 Buex

90U82saJoN|} Uesw aul|aseq e woly
[pasealoul sem Y {7¢ 10J Juswiyeal)
Jaye Bulpuig O LI4-d1NP

ay) se uoneiuswbel) NG JesjonN
'S|0J1U0D JO 9429°S UM pasedwiod
0598°0T 01 pasealoul aseyd
T9/09-gns Ui $]|39 J0 uonodold

ayisesed

a3 sareuIWI|d 0} AMfIge S} $8101Sa4
yarym ‘sabeydoioew pajosuiun
Aq pajelauab reyr 03 ajqesedwiod
91aM PanaIyde S[aAd] ON

UL "IAM (€70 F 82°9) 0} 19A3] ON
pasealoul AjjuediyIubIs uluIsiwaLe
I Gz pue ‘A (G7°0 F 26°G)

0} [9A8] ON PaseaJaul uluIsiwaye
M 0T ‘sebeydo.ioew paydsjul uj

Kjannoadsal 'y z/ pue ‘g ‘vz

1o} payegnout “Jw/Brl 00T 18 %t 0
pue ‘%68'0 ‘%2"T JO SAN|IGEIA

1199 83U} Yum ‘uap.ng ar0bnsewe
pasea.dsp pue sabeydoioew

woJy sajobnsewe pajeuiw|d
A]2A1198J3 "uluISIWaLIe 0}
pasedwod sabieydoioew uo s18ya
21X0101A2 Jamo| ‘“Ju/br ooT = %99

‘saj061IsewWe Jejnjjaoeliul

1113 01 Yeyy uey) sajobnsewoid
111 01 UOIRIIUIUO JayBIYy

sawn 0T Buisn AjaAnoadsal

IN 5-0T x € pue ‘¢ 0T x wdd 6 ‘g
'Sy V'€ ‘v'C ‘T~ Sem Juswiess)
-150d sayisesed ay) Jo ANjIgeIA
]0JIU0D Ul 9T "SA pue
‘(1ay1owanie Buippe a1042q) 960
'SA ‘AjaAnoadsal ‘Tz°0 pue ‘0g’0
'6¥7°0 '79°0 '8L°0 SEM Jaylawialie
Buippe Jaye abeydosoew Jad
sa10013SeWE JO JAQWINU UBSW By L

sajobnsewe Jejnjjaoesiul

111 01 Yey} uey sajobnsewoid

111 0} UoIRIIUBIU0D JayBiy

sawn 0T Buisn *IN 5-0T x € = %90
"e-0Tx Wdd G’/ pue ‘1°9 ‘9 ‘g'¢ ‘e~
SeM Juswieal-1sod sayiseled syl
30 Aujigeln sy ‘sulpiwAyl-Hg J0
uonelodiodul ayy Aq parewns3y

‘Ajoanoadsal 'y g/ pue ‘gy
‘¥/¢ 10} payeqnout “Juwy/Brl oot 18

uve
1oy paregnout ‘M 09T

y 8t 1o} paregnoul
‘A Gz pue 01

U z.L pue ‘gy ‘vz
10} payegnaui ‘w6
00T Pue ‘0§ ‘SZ ‘0T ‘G

usy
Joy paregnout ‘M G'T
pue ‘¥ ‘€T ‘¥ ‘€21

yzL
104 payegnaul ‘w6
00T PUe ‘0S ‘S ‘0T ‘G

usy
Joy paregnout ‘AN G'T
pue ‘¥ ‘€T ‘Ty ‘€21

UIuISIWaLY

UIUISIWaLY

118q3IS BISIUALY

Jay1awany

JEMENTEN\

UIUISIWaLY

sajobnsewold

sajobsewold

01W
9/g7vd Jo
safeydosoew
ul sajobnsewy

sajobnsewy

201w
9/d7vd 40
sabeydosoew
ul sajobnsewy

sajobnsewy

(€8DV/E8/NI/WOH) sugrouop -7

(€8DV/EB/INI/WOHIN) 1uenouop 7

(43/52/91/OHYN) Jofew -7

(d/6S/NS/OHYN ‘6ENT) 10w 7

(43/5L/41/OHYN) Jofew -7

(d/6S/NS/OHYN ‘6ENT) 10w 7

9duaJajay

1343

(awi3 pue ‘aanou
‘3s0p) JusWIRAL |

Bnag

aul [199/1s0H

(ureass) sa10ads

sjuswitadx3

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

PMC 2018 March 01.

in

available

Pharmacol Res. Author manuscript;



Page 23

Loo et al.

[og]
‘e 1919]104D

[o€]
e 121911040

[o€]
[e 1921911042

[og]
‘e 19 19]104D

[og]
‘e 19 19]104D

[o€]
[e 1921911042

[e€]
‘e 18 oSN

[eel
‘[e 38 BUIYSIN

[e€]
‘e 18 0SNN

[e2] ‘e 18 uss

auinbeweys ueyy Aoeoaye
Jaybry pue ‘M (80 ¥ 2°8) = %01

auinbewreyis ueys Aoealys
1aybry pue ‘M (6'T ¥ 2°02) = %01

auinbeweys
pue \YHQ ueyy Aaedlye
Jaybiy pue ‘A (9'0 ¥ §°5) = %01

auinbewreys
pue YHQ ueyr Aoealya
Jaybiy pue ‘A (8'0 ¥ 52'9) = %I

auinbeweys pue

‘WHQ ‘aulsoyal|iw uey) Aedyye
Jaybiy pue ayseted ay 1surebe
annoe Jsow (AT (2°0 ¥ §'T) = %901

auinbeweyis pue
‘WHQ ‘aulsoyay|iw ueyy Aoediys

Jayby pue ‘i (€0 ¥ §°2) = %901

g upusoydwe
uey) A9ed1Ya Jamo| Ing
uluisiwale ueyl Aoeaiys Jaybiy

pue “Ju/br (y2'0 ¥ 82°2) = %501
WM (7T ¥ 8°0€) = %01

w/brl (ze'0 ¥ 91°0) 9
uiousloyduwre ueyy Aoediyys Jamo|

pue Wbl (87°0 T v9'%) = %01

y 8v7 18 %59'6¢

'SA %EOD'CT PUB Y 72 18 %ED TV
‘SA %G° /.2 O SaN[eA ‘S|0Jju0d
yum patedwod aseyd /29

3y} Ul S]199 40 JaquINU Pasealdsp
’ Y)M paluedwodde ‘s||ad

]0JJUOD Ul %E0°E UNM paledwod
%TT'EE 0} pasealoul aseyd 19/09
-gns ay} Ul s|j89 Jo uoruodoid

LZ'0TT 038192
palea.un Ul 96'GE JO Ausuaul

sAep ¢ 10} paregnaul
‘OSING U1 PaA|ossIp

UOAN|OS 203S JO
1l 2 :suonnyip feuiss

sAep ¢ 1o} pajegnaul
‘OSINQ Ut panjossip

uolN|os %201s Jo
r g :suonnyip feuss

sAep ¢ Jo} pajegnaul
‘OSINQ Ul paAjossip

UoIIN|O0S %2018 JO
7t Z :suonnyip [euss

m>mU € 10} pajyegnaul
‘OSIAIQ Ut PaA|ossIp

UoIN|OS X201S JO
1l 2 :suonnpip [enas

sAep € Joj paregnaul
‘OSIAQ Ul paAjossIp

UONN|OS %201S JO
i z :suonn|ip [euss

sAep ¢ 1o} pajegnaul
‘OSINQ Ul paAjossip

UoIIN|OS %201S JO
i z :suonnyip [euss

U g/ 4o} paregnaul
“wybrt 670°0
—00T :suonn|Ip |euss

ainsodxa
Bnup Jo y z. ‘s1qe|rene
10U UoITRWIOJUI 3S0Q

y g/ 10} paregnoul
“Jw/br 6400
—00T :Suonn|Ip [eHas

usy
1oy paregnout ‘I 09T

(an1reALIap UIUISIWSLIROIONY) 00Z9D

VYHa

(8nneALIBp UlUISIWBLIROIONY) ZFZad

(an1reALIap UlUISIWSLROIONY) THZad

(utuisiwayreolonyy
10 uonisod OT-D ayl I paIniisans
dnoub auijiue-Axoylswesed) Tozag

(uruisiwayeosonyy Jo uonisod 0T-0
1e paimsgns dnoif HOO) 00zdd

UIUISIWALIE + dudzZeulwiq

UIUISIWaUY

UIuISIWaLY

sajobnsewold

sajobsewold

sajobisewold

sajobnsewold

sajobnsewold

sajobisewold

sajobsewold

sajobisewold

sajobnsewold

sajobsewold

(aui) uBIsisal
-8UISO4B)[1W “Y-Dd8H) /uerouop 7

(LM A7) fuenouop -7

(LM 6A) Juenouop -7

(LM 6A1) Juenouop -7

(LM 6A) 1uenouop 7

(LM /1) Juenouop -7

(590-97IN) ruenouop 7

(payess 10U urens) sueAouop 7

(590-G7IN) suenouop 7

(¥89V/E8/NI/WOHWN) 1uenouop -7

9duaJajay

1343

(awi3 pue ‘aanou
‘3s0p) JusWIRAL |

Bnag

aul [199/1s0H

(ureass) sa10ads

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Pharmacol Res. Author manuscript; available in PMC 2018 March 01.



Page 24

Loo et al.

[2€] e
18 uppnuels|

[2€] 1e
19 UIppnwe|s|

[og]
e 181911040

[o€]
[e 191911042

[og]
‘e 19 19]104D

[og]
e 181911040

[o€]
[e 191911042

[og]
‘e 19 19]104D

[og]
e 191911040

[o€]
[e 191911042

[og]
‘e 1919]104D

Sy br
00T Yam uorreqnaul Aep-G o ‘-¢
‘-2 181Je PanIasqo alam sauseled

ajgelA ou “Jw/brl 9T = 0501

vy ol
00T ynm uoregnout Aep-G 4o ‘-¢
‘-z Jalye panIasqo alam saliseled

8|qe1A ou Jw/brl T = 097

auinbewreyis ueys Aoealya
Jaybry pue ‘AN (20 ¥ 0°9) = %01

auinbewreyis ueyy Aoeolya
1aybry pue ‘W (v'T F v'eT) = %01

auinbeweys pue
‘WHQ ‘auisoye)|iw uey) Aoeoiys

Jaybiy pue ‘W (z'0 ¥ 9°T) = %501

auinbewes pue ‘vYHA
‘auIsogaljiw ueyy Aoeaiye Jaybiy
pue ‘AT (50°0 ¥ 8€°0) = %901

auinbeuwreyis ueyy Aoeolya
1aybry pue ‘Wl (€'T ¥ G'¢T) = %01

auinbeweys
pue BUISOa}IW UeY) A9eDIYd

Jaybiy pue ‘W (€0 F T%) = %501

auinbewreyis ueys Aoealys
Jaybry pue ‘AN (L0 F €°9) = %0

auinbeweyis pue
‘WYHQ ‘auisoyayjiw ueyl Aoedaiys
Jaybiy pue ‘M (€0 ¥ 8°2) = %901

auinbeweys pue
‘WHQ ‘auisoye)|iw uey) Aoeoiys

Jaybiy pue ‘Wi (T0F T'T) = %01

U 96 10} pajegnaul
‘uluisiwaye brl

9g€'T = SYV bl 00T
“Jw/Bri 0 —00T woy
pauess suonn|Ip [elss

U 96 404 paregnoul
‘utuisiwaye br

Lyy'T =1V 6 00T
“Jwy/bri 0-ooTWO
palIels suonnjIp [eLss

sAep ¢ 1o} palegnaul
‘OSINQ Ut panjossip

uolN|os %201s Jo
ri Z :suonnyip feuss

sAep ¢ 1o} pajegnaul
‘OSINQ Ul panjossIp

uoIIN|OS %203S JO
ri Z suonnyip [euss

sAep ¢ 1o} paregnoul
‘OSING U1 PaAjossIp

Uo1IN|0S %2015 JO
i 2 :suonnyip [euiss

sAep ¢ 1o} palegnaul
‘OSINQ Ut panjossip

uolN|os %201s Jo
ri g :suonnyip [euss

sAep ¢ 1o} pajegnaul
‘OSINQ Ul panjossIp

uoIIN|OS %203S JO
1 Z :suonnyip feuss

sAep ¢ 1o} paregnoul
‘OSING U1 PaAjossIp

Uo1IN|0S %2015 JO
i 2 :suonnyip feuiss

sAep ¢ 1oy paregnoul
‘OSINQ Ul PAAOSSIP

uo1N|0s %2018 J0
ri 2 :suonnyip feuiss

sAep ¢ 1o} pajegnaul
‘OSINQ Ul panjossIp

uoIIN|OS %203S JO
1 Z :suonnyip feuss

sAep ¢ 1o} paregnoul
‘OSING U1 PaAjossIp

Uo1IN|0S %2015 JO
i 2 :suonnyip feuiss

(spaas
enuue “y J0 UoNJRIY UBXaY-U) SV

(sanes)
BnuuE 7 J0 UOIJEIY dUBXaY-U) VY

VYHa

(anneALIBD UIUISIWALIROION]Y) ZhZad

(an1reALIap UlUISIWSLROIONY) TH2ad

(anneALIBp UlUISIWALIEOION])) TOZEE

(anreALlap uluisiwayeolonyy) 00zad

VHa

(anneALIBp UIUISIWALIEOION])) ZY2dd

(annreALlsp uluisiwayeolonyy) Tyzad

(an1reALIap UlUISIWSLROIONY) T0ZAD

sajobisewold

sajobnsewold

sajobnsewold

sajobijsewold

sajobnsewold

sajobsewold

sajobijsewold

sajobnsewold

sajobnsewold

sajobisewold

sajobnsewold

(€89V) suenouop 7

(e89V) 1uenouop 7

(4-V.LIS) luenouop 7

(9-V.LIS) ruenouop 7

(4-VLIS) ruenouop 7

(4-V.LIS) luenouop 7

(8uIy eSSl
-3 uinbewels ‘Y-Vv.11S) /uenouop 7

(4-0doH) ruenouop 7

(4-0d8H) fuenouop -7

(4-0d@H) fuenouop -7

(4-0doH) ruenouop 7

9duaJajay

1343

(awi3 pue ‘aanou
‘3s0p) JusWIRAL |

Bnag

aul [199/1s0H

(ureass) sa10ads

sjuswitadx3

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Pharmacol Res. Author manuscript; available in PMC 2018 March 01.



Page 25

Loo et al.

U 8v 104 pajeqnaul

[62] . . ‘(WM 90'9TL'C ’ .
[ 18 581100 82T = IS pue M €'/, = %90 —2'T2) SUONeNUSOU0D ajeunsape-Axosq a1061sewold (TSTLINI/S8/Ld/NOHIN) whuggur -7
JusIBlIp 91V
621 ( 1: 8 10}
6¢ o e paregnout ‘(M 62°092 .
219 59100 2L =1SPUB NN 8907 =01 " _cqoy onenuaouos oleunssuy  sjobusewold  (TSTLINI/BS/LA/WOHIN) wueul -7
WBJI3HIP 9 IV
y 8% 10} pareqnaul
[6e] . . _ ‘(NN 86'82.'€-€T1°62) ) .
ejessuon  LOT=ISpue M €g°6v2T = %901 SUOITRUAIU0D VHQa-Ax0eQ ajobnsewold (TSTLINI/88/LA/WOHN) wmugput 7
JUsIBHIp 91V
y 8% 10} payegnaul
[62] ) . ‘(WM yT°6TS'€-61'L2) .
B 10 S31100) 02 = IS pue M 90'€eT = %90 SUOIEAUBOU vHa  oobnsewoid  (TSTLINI/GS/LA/NOHIN) wie -7
JusIBlIp 91V
3U1IS018|IW pue
aulpiwejuad ueyy Aoeaiys Jaybiy y g7 1o}
‘g upusloydwe pue ‘auIsolay|iw a1egnaul ‘(AN sy
‘el mwummm 8 .m:_u_&Scm%%E a“_>_6w__.mm mow.ﬂv m:o_mw_ucw%:wm G627 duejoXOUL ajobnsewold  (TSTLINI/BS/L/NOHW) whugur 7
J8ybBiH “AuAnoa|as 1saybiy ayy JUBIBKIP 91V
‘v, '¥89T = IS pue M TG°€ = 0501
y 8¢ 10} pareqnoul
‘ n . Q0"
e mgmmm v2'82 = 1S pue Wi 86'5yT = %601 W mmommﬂcwwww 1907 8uejoxouL  ajobnsewold  (TSTLNI/BS/Ld/WOHIN) whugss 7
WBJIBHIP 9 IV
621 au1sola|iw pue aulpiweiuad areqnoul ﬂwv .E%
. 6e ueyy Annoajes JayBry PN LAIM €658 0gOTeuejoXoUL  ol0Bnsewold  (TSTLINI/GS/LA/WOHI) wruesur 7
|e 18 S8l0D o _ ue Tl g6 = 050 06°0) SUOIRIIUAIUOD
v7'89L =15 P = 1USI3LIP 9 1
3UOJe UlUISIWaLEe YIM
00T 'SA |[auueyd aJ3uadsalon|j uesw
0L13Wo3b OOz uluIsiwaLe-, ;8- y g7 Jo} (2e60) aull
[ge] ‘ferouss  Buisn painseall ‘o4 UM S| (INW Z'0) 42 LM uon + unsiweyy 1% #UPEHTEL (€89V/E8/NI/IWOHIN) /w210u0p 7
paleaJl-uluIsSIwWalIe JO uolregnaul pareqnaul ‘INW G0 Ut sa106nseWY
Buimoj|oy sardads uabAxo ; :
3193l JO uononpoud pasealou|
(wybrt
ze] T'0 ¥ 8'2 = %501) g upusjoydwe aInsodxa
- mN_m 01 9)qesedwiod ‘auosiwale pue  Bnip Jo Y g/ ‘a|qejrene uluisiwale-jAusydoson|4- sajobsewold (paress 10u urens) juenouop 7
[BIBUILSIN. - yyuisiware o) paredwion Aoeoyys 10U UONEWIOUI 350
1s3uBiH M (T'T % 0°€) = %901
[ze] ainsodxa
‘e 18 eul wN_m W (€9 F62T) =D Brnup Jo y g, ‘s|gejrene auOSIWALY saj0bnsewold (payess 10U urens) /ueAouop 7
1813 BUIYSIA 10U uolewloUI 8s0d
EREIEIEN 100443 (swny pue ‘snos fnig aul| |]99/1S0H (ureass) se1oads  syuswiiadx3gy

'350p) JUBWIRaI |

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Pharmacol Res. Author manuscript; available in PMC 2018 March 01.



Page 26

Loo et al.

[s2]
‘[e 19 fewsN

[82] ‘e
19 Jejiieyeyo

[sz] e
19 JejLieyRYD

[82] ‘e
19 Jejlieygeyo

[62]
‘[e 18 S8H0D

[62]
‘le 18 SeuU0)

[62]
‘e 19 S9l0D

[62]
‘[e 18 S8H0D

[62]
‘le 18 Seul0)D

[62]
‘e 18 S9l0D

[62]
‘e 18 S9l0D

“qui/INT €T~ :aA1RU) Pal0ISal
Anybits sem uononposd ON

940 Sem QST Aep e ajel
[EAIAINS pUR 8ZIS UOIS3| Pasealdsd

0599~ SeM OGT Aep 1e alel [eAIAINS
'sjans] A-Nd| pue {-| paseaoul
pue 9ZIS UOIS3| pasealoap 1sabie]

%€~ SeM 0GT Aep 1e ales [eAIAINS
'sjans] A-Nd| pue -] paseasoul
pue 8ZIS UOIS3| Pasealdsd

3UIS0}3)|IW pue aulpiwejusd
ueyl A1Ang|es JaybiH
'S6'TT = 1S pue N £2°08 = 9501

auIsOla|IW ueyl ANAnda|eS JaybiH
"€v'C = IS pue M 2G'geT = %501

auIsolBy|IW eyl ANIADBIaS JaybiH
'16'Z = IS pue NM 9g° /Gy = 95D

aulsolay|IW ueyl ANADBIaS JaybiH
“T¥'Z = 1S pue N 90 0T = %901

3UIS013)|IW pue aulpiwejuad
ueyy A1ANRo9|eS JaybiH
‘287G = IS pue W £8'20T = %501

auIsolBy|IW eyl ANIADBIaS JaybiH
"€7'€ = IS pue AN 18°202T = %901

g uid1Isloydwe pue ‘auIsolay|Iw
auipiweuad ueyl AIIAIDBI8S
JaybiH “Anaos|as 1saybiy ayy
‘80°06 = IS pue M 926, = 99|

SY9aM ¢
Joy -d'1 ‘Rep/Bx/Bw 0T

sAep 0GT 404 'p'b

“dy “1eyem pajnsip
%0S PUE [oURYI® %605
Ul panjossip sem B T

sAep 05T Joj 'pI'g “d?
‘asnow/(w/b gz)
JUBWAUIO JO JW T°0

sKep 0GT 404 'pb

“d'1 “ayem paj|nsip
%05 PUe [oUBYI® %0
Ul pan|ossip sem B T

U 8t 1o} paregnoul
‘(A 20°'629-22'T2)
suoljesjusduod
WaIelIp €1V

U 8t 10} pajegnaul
‘(AN ¥2°059-v€°02)
SUOIIeJIUBIUOD

WaJBIp € 1Y

U 8y 104 paregnoul
‘(AN ¥2°286-€T°62)
SuoIjeljusdu0d
WaIYIp €IV

U 8t 1o} paregnoul
‘(A g6°'6TZ—61"22)
Suoljeslusduod
WaselIp €1V

Yy 81 10}

paregnout ‘(N 00'601
—/0°T) SUOITe1USIUOD
JUBIB|IP €1V

4 8v 104 paregnoul
‘(M 26°995'¢~18"12)
SuOoIjesjusdu0d
WaIYIp €IV

4 8v 104 paregnoul
‘(M 28°2.0'T-89'TT)
SuOoIjesjusdu0d
WaIYIp €IV

UIuISIWaLY

UIuISIWaUY

UIUISIWaLY

aleunsale-Ax0aQ

9leunssuy

VHQ@-Ax08Q

VHAd

G627 9UE|OXOLL

L9071 aUB|OXOLL

05077 due|oXOLL

901w 9/gTvd

901w 9/gTvd

91W 9/gTve

NIWd/gIvd

BuIll 199 TdHL
u1 ajobnsewy

aull 199 TdHL
aj0bnsewy
aull 189 TdHL

u1 aj0bnsewy

Bull 199 TdHL
u1 ajobnsewy

aull 199 TdHL
u1 ajobnsewy

aull 1189 TdHL
a10bnsewy

(zoz-g1L
20LV)
T-dH.L aul|
1192 BIWBYN3|
anAsouow
anae

uewiny ay)

u1 ajobnsewy

(43/52/41/OHY) Lofew

(43/52/41/OHY) Lofew

(43/SL/91/OHYIN) Jofew

(43/S2/41/OHYIN) Jofew

(TSTLINI/88/Ld/INOHIN) whiugjur

(TSTLINI/88/Ld/WOHIN) wmugjur

(TSTLINI/88/Ld/INOHIN) whugjur

(TSTLINI/88/Ld/INOHIN) whugjur

(TSTLINI/88/Ld/WOHN) wmugsur

(TSTLINI/88/Ld/NOHIN) whugjur

(TSTLINI/88/Ld/NOHIN) whugjur

7

7

7

7

7

7

7

7

7

7

7

S3IPMIS 0AIA Uf

9duaJajay

1343

(awi3 pue ‘aanou
‘3s0p) JusWIRAL |

Bnag

aul [199/1s0H

(ureass) sa10ads

sjuswitadx3

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Pharmacol Res. Author manuscript; available in PMC 2018 March 01.



Page 27

Loo et al.

[2] 1e 18 wem

[rz] 1e 1o Juem

[22] ‘e 1o uss

[22] ‘e 18 uss

[2] 1e 18 wem

[rz] 1e 10 Juem

[9g] “|e 18 Buex

[9€ "1e 18 Buex

[9g] “|e 18 Buex

[9€] ‘e 10 Buex

'SA uaalds ut 9(y'2 ¥ 0'28)

pue JOAI| Ul 9%(1'S F ¥'58) aJam
uonigeyui auseled Jo sabejuadiad
ay ‘Ajefawousjdsoreday

J0 uononpal uesyubis

auo|e uluISIWae
'SA udads Ul 9%(y'2 F £'99)

pUE JaAl| Ul 9(8'C F T'89) 4oM
uonigeyui auseled Jo sabejuadiad
ay ‘Ajefawousjdsoreday

J0 uononpal uesyubis

(Aoeaiya 1aybiy)

90°98 JO |eAowal a)isesed [euly
‘pua aup e [Bw (0'9¢ F 0°0¢2)]
pue ButuuiBaq ayy ul [bw ('8 F
0'20T)] 1013u02 'sA Bw (L' F
0°0TT) 01 pasealoap 1ybiam dlus|ds

959°Z8 10 [eAowal ayisered [euly
‘pua aup 1e [Bw (0°9z ¥ 0°022)]
pue Buiuuibag ayy ul [Bw ('8
0'20T)] 103u00 "sA B (272 F
0'¥76) 01 pasealdap ybiam olus|ds

[1013u09 "sA uss|ds ul 95(2°€ F
1£'29) Pue JaAI| Ut %(9°0 F €'0L)]
Aebawousjdsoreday ui uonanpsy

[101u02 "sn Jani| Ul 9%(0'2 F 0°€5)]
Ajebawous|dsoleday ui uononpay

$]043u09 0} pasedwod Jajfews
Apueaiiubis sem az1s UoIsaT]

$]0U02 0 patedwod

J9MO| 819M suaping asesed

3} SA3MOY S]0JIUO0D BY} WOLY
31qeysINBUNSIPUI SEM 8ZIS UOISET

Jayawale Jo asop
ayy Buisealour Aqg Jayuny paonpal
10U SBM 8ZIS UOIS3| ‘1anamoy
!S]043u09 0} pasedwod UoIss|
Jajrews Apueayiubis padojanag

(wdod pzsog sn wdd

00Gt) uap.ng auseted {(ww Og

'SA Wiw g Ajerewixoidde) sjosjuod
3y} 031 pasedwod suoisa| pediooy
Ja|1ews Apuearyiubis padojensg

(Qw/INT 6~ :uluIsiwale
pue “qui/NH g~ uBWILal) INOYIM

skep
0T 404 "d'1 ‘Bx/Bw 02

sAep
0T Jo4 "d'1 'B/Bw 0T

SY9am
Z 1oy "o°d ‘Bx/bw Gz

EE
Z Joy od ‘By/Bw QT

skep
0T 404 "d'1 ‘Bx/Bw 02

sAep
0T Jo4 "d'1 'B/Bw 0T

sAep GT 10}
‘0'd ‘Aep/Bx/6w 002

sAep 6T
J04 "0°d ‘Aep/By/Bw 05

sAep 6T

Joy w1 “Aep/Bxy/Buw 0g

sAep GT Joj UoIs3|
-enui ‘Aep/Bx/bw 05

sajo1edoueu papeo|-uluISIWBLY

sajoredoueu papeo|-UluISIWaUY

UIUISIWaUY

UIUISIWaUY

JENENTE NN

JENENTE NN

JENENTE NN

Jaylewsly

NIWd/g1vd

201w /g Tve

NIW /ga1ve

901w 9/gTvd

NIWd/g1vd

201w /g Tve

NIW d/g1vd

NIW d/g1vd

NIW d/g1vd

NIWd/g1vd

(€8DV/E86T/NI/INOHIN) fUEA0LOp *

(£8DV/E86T/NI/WOHWN) /uenouop -

(€8DV/E8/NI/WOHIN) JugA0uop

(€89V/E8/NI/WOHIN) /uenouop

(£8DV/E86T/NI/INOHIN) /UEA0L0p

(€89V/£86T/NI/INOHWN) /uEA0UOP

(d/6S/NS/OHYIN ‘6ENT) L0l

(d/6S/NS/OHYIN ‘6ENT) L0l

(d/6S/NS/OHYIN ‘6ENT) L0l

(d/6S/NS/OHYUN ‘6ENT) 0few

7

7

7

7

7

7

7

7

9duaJajay

1343

(awi3 pue ‘aanou
‘3s0p) JusWIRAL |

Bnag

aul [199/1s0H

(ureass) sa10ads

sjuswitadx3

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Pharmacol Res. Author manuscript; available in PMC 2018 March 01.



Page 28

‘siaded euibuio ayy ui se M 1o Jwy/Br ur Jayus s1 0G| ByL
¥
uonensiuiwpe eaidoy :'d1
xapul AIIANIBI8S (IS
Aep Jad awn auo :'p'b
uolyensiulwpe felo :'o°d
uonoafur jeauoyadenur d
uonoalul Jejnasnwenur *w'l

UIM0JB JO UOIIGIYUI 950G SBSNED Jey) UoIe.IuadU0d 0S|

apixoydins [Ayswid :0SING

UIUISIWSLROIPAYIP :YHA

Aep 1ad sawn omy :'prrq

Loo et al.

(1319nu pog/sa100nSRWE

[e€] 0T~) g utdLRIoydwe 'sA (1919nu

‘e 38 oSNy 1192 21ua|ds Qog/a1061sRWE 0E~)
JuawWieall-1sod Jo usping ayiseled

sAep aAIIN23SU0D
8z 1o} 'pb ‘Byy/Bw sa|nueJf ayeunsale + suszeulwiq ?0IW 9/g91vg (590-g7IN) 1uer0UOp T
G'eT + By/Bw G'2T

(paess Jou sem 1o

(1319nu pog/sar0bnsewe AKianijap ‘paubisap
[e€] 0T~) g udusloydwre 'sa (191onu 3J9M Se|nwIoy . ,
‘[e 18 oSN 1182 21ua|ds pog/a106nseWE OTT~) |eJajuaied pue |eio) Speunssy Sl o/gIve (590-87IN) suenouop 7
1awiean-1sod Jo usping aliseled sAep aA1IN23SU0 82

104 'p'b *Bxy/6w 62T

:mw_am Ul 9506~ pue JaAl|
ul 9%(z'0 ¥ 9'86) g UtoL0ydie

(awi3 pue ‘aanou

9duaJajay 10943 ‘as0p) JUBWIERIL

Bnuqg aul| 1199/1S0H (uresys) se1vads  syuswiaadx3y

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Pharmacol Res. Author manuscript; available in PMC 2018 March 01.



Page 29

Loo et al.

(++) ayesspow
0] paonpai eiwayisesed

pue ‘a1noJ ‘asop) JuaLuyeal |

[ev] . ulw Qg 10} el .
‘e 18 apueyY " h%mw__mwchwmw_%m%w pategnaul ‘ajnodwe Jw/Bw 08 ispewspy paloagul 4o poojq |esaydiiad (urens eye) s2onsq 21
“UBWILaI] JO UIW 09
elwaeysesed
10 9oUeJe3|d 8)91dwod
“JUBLLIeal} JO UlW 08T
-~ %CW_@ o um%%ﬂv_ H%_www& — _m_:ogew_._eswmm_ _%m_ ajeunsapy Eﬁwmom_ww%%%%sww_&ww% (urens ewe) seomiq
pue ‘awosouedAi : pajdajul Jo poojq |elaydiiad
3y} Jo Ayjnow paonpal
“JUsWIeal} O ulw 0ZT
[ov] y g7 40} paregnoui ‘Bu/brl
€1919 Em_ﬂ_ Jwy/Brl T6'ge = 99D T6°S—0SGZ :SUOI1LIIU3I0U0I uluISIwaUY 09-TTH ‘sa10bnsewodAl] (T2zoL) 190n.4q 189n4q “|
’ UBI3Ip L ojul uonn|ip euss
“(*10%HD) |w/Br y g Joy pareqnour ‘Buy/bri .
. L5v] 126z = %501 pue (HOdIN) T6'€-0G¢ :SUOI1eIIUSBI0UO0D ama&v Enmm 7 40 SIO8IXS 09-1H ‘sajobnsewodhil  (TezDL)190n4q 1904G 'L
€19 13.GIN Wb pg2s = 055 Walap 2 owi uonnpip jeueg  °P™M2 “1O°HO PUB HOS
(¢719%H2)
wybr €167 = %91 Jo .
7] il >_“om\ _mcm%wmwmg \cw__hm Y 8¥ 104 paregnoul ‘Bui/br (1ed [euae)
e 18 J9IGIN v e ; ) T6°€—0G¢ :SUOIeIIU3I0U0D 2IUISSAQE "V 3O S10RIIXD 09-1H ‘sa106nsewodAl] (T22oL) 199n.4q 189049 |
: mmmuwxmwo&%%m m:uo_m__\wv 1UBJaIP / OIUI UOIIN|IP [eLIBS 3pnId Z102HO pue HOBIN
1w/Brl 92Ty = 0991
(¢19°HD) Jw/brl U 8 Jo1 pareqnour ‘Bu/brl (wed [euse) wnnyuisqe )
21018 _m_m 50°22 = %01 pue (HOBIN) 16°€-05Z :SUOIIEIUBI0UOD BISILUBLIY JO SIORIIXD Aommyﬂw_mm{%wmﬁw%w_ (T2zoL) seoniq 18oniq 1
’ |wybrli pg'2g =05y IUBISHIP L OJUl UORN]IP [eLIdS 8pnId ¢19°HD pue HOBIN ’
aInsodxs
[ee] W (0'T F 9°6%) = 01 Brup 40 4 22 .mrm_awa VHa selhoouow /g6-N (payels Jou urens)
‘[ 18 BUIYSIA pue A (72 F 9'72) = %591 10U UOEWI0JUI 350 uewny ‘sajobnsewodAl] aSUISIPOUY 189n1q |
ainsodxa
[eel AT (9°0 ¥ 6'9v) = %601 . . i sa1ko0uow /£6-N (parels 10U uress)
‘[ 18 BUIYSIA pue A (9°G F 2°ST) = %59 mﬂ% nw_%mmwowﬁﬂ_mw\m uuisjuispe-JAuaydosony)-y uewny ‘sajobnsewodAl] aSUISIPOY 189n1q “|
ainsodxa
[eel AT (8°0 ¥ 8'%%) = %601 . sajkoouowl L€6-N (payels Jou ureds)
‘[ 18 BUIYSIA pue A (0°€ F §'22) = %591 mﬂ% nw_%mmwowﬁﬂ_mw\m suosiwsUY uewny ‘sajobnsewodAl] aSUISIPOY 189n1q “|
ainsodxa
43| AN (€T T'6%) = %601 6 . sa1ko0uow /£6-N (parels 10U uress)
. nip Jo a|qe|rene UIUISIWSY 1 o
|e 18 BUIYSIIA pue A (€70 F #°02) = %91 6% no_%mmwe_cg_ m“.won_ SR v uewny ‘sajobnsewodAl] aSUISIPOY 189n1q “| o uy
ERIIETETENS| 109143 (aun Bnug aul| |189/3S0H (ureu3s) se10ads syuswiadx3

Author Manuscript

‘dds awosouodAy 1surebe SaAIlRALIBP S1I PUB UIUISILUBLIR JO Juswieal]

¢ 9lqeL

Author Manuscript

Author Manuscript

Author Manuscript

Pharmacol Res. Author manuscript; available in PMC 2018 March 01.



Page 30

Loo et al.

[ev]
‘|e 19 spuedy

[sv]

‘e 18 1WoAn|O

[sv]

‘[e 18 1WOoAN|O

[wv]
‘[e 18 BIBAIIO

[v¥]
‘[e 18 BIBAIIO

[v]
‘[e 19 BIBAIIO

[pv]
‘[e 18 BIBAIIO

[wv]
‘[e 18 BIBAIIO

[¥¥]
‘e 18 BIBAIIO

[wv]
‘218 BIBAIIO

[v]
‘[e 18 BIBAIIO

[ze]
‘12 19 _UIUSIA

[ze]

‘239 BUIYSIIN

[ze]

‘239 BUIYSIIN

43|

"2 39 BUIUSIA

-150d sAep g ‘awosouedAs
ay1 J0 AJIAIOE Ul UOIONPaL
‘Juswiean-isod sAep g

skep
T 01 papualxa uedsayl] pue
‘elwaeysesed ul uononpay

skep

YT—€T 0} TT WoOJ} pspusixa
uedsayl] pue ‘elwaelisesed
10 uonenioen|4

/bl 26°T€ = 0501

w/Br 695 = 0501
/bl ygg =
069 pue /bl 9°z = %501

qwbroL0=

0691 pue w/Br Go'0 = %501
w/brl GZ'6T =

0691 pue w/Br €9'9 = 050
/bl i =

069 pue /bl #8°g = 0501

w/br yevT =
0691 pue w/Br Ge'z = 9501

Twy/br 0z'69 = %601
pue Jw/br zz'6T = %501

AN (ST F Z'67) = %01
pue M (€70 ¥ 8°2T) = %501

AT (6'0 ¥ 805) = %01
pue AWM (6'€ ¥ 6°LT) = %501

AT (8'0 ¥ G°05) = %601
pue AWM (2'Z F £€2) = %501

AN (2T ¥ 59p) = %0
pue AN (g2 F ¥'€T) = %501

sAep 7 1xau
ayy 1o "wrt Aep/Bx/bw 9'T pue

Kep ;T ay1 uo “wr

‘By/Bwi zg “ph “d1 By/Bw
97 pue gz :(rd Aep 01
paLels) Juawieal) abeys-ae]

“ph d'1 'Byy/Bw 9y pue
€2 :(uonoayul aio4eq shep €
pauess) Juawieal) abels-Ajleg

U g 40} paregnout “w;/brl
00T~T°0 :SUOHN|IP [BLIdS

U ¢ oy pareqnout wy/Bri
00T-T°0 -suonnjip [eliss

y g/ Jo} paregnaui ‘b
00T-T00°0 -suonnjip [elss

U ¢/ 104 paregnour “Jwy/br
00T=T00°0 :suonn|Ip [eLas

U ¢/ 4oy payegnour “u/bnl
00T—T00"0 ‘SUoHN|IP [elas

y z/ 10} payeqnaul “Jui/br
00T-TO'0 ‘suonnjip [euss

Y g, oy pajeqgnaur ‘Juwy/bri
00T—T0°0 ‘suonnjip [euss

U ¢/ 4oy payegnout “u/brl
00T-T0°0 :SUOHN|IP [BLISS

ainsodxa
Brnip yo y g/ ‘s|qerene
10U UoITeWIOJUI 350Q

ainsodxa
Brnip yo y g/ ‘s|qerene
10U UoITeWIOjUI 350Q

ainsodxa
Brnip yo y g/ ‘s|qe|rene
10U UoITeWIOjUI 350Q

(suonesuasuod bnip

9 YHM Saw} G-z pawoyiad
alam sAesse) ainsodxa

Bnip Jo y z. ‘s1qejrene

10U UOITeWIOUI 8500

Jaylswally

JEMETEN

PEIVIEVIEINL VA

dleunssuy

aleunssly

aleunssly

aleUNSaLY

dleunssuy

a1eUNSALY

dleunssuy

dleunssuy

VHA

uluisiwawre-jAuaydolonyy-i

QUOSIWRUY

UIUISIWaLY

(pauonuaw jou saidads) 821N

snaibianou sney 1ey

snaibianou snjpey yey

weans
poojq wouy ‘sajobinsewodAl]

1189 048 ‘sajobnsewodAl]

1189 043/ ‘sar06nsRWY

1189 0JBA ‘se10Bnsewy

1139 0J3A ‘sa106nsewy

1189 0JaA ‘sajobnsewindy

1189 0JaA ‘sajobnsewidy

(Asupry
Aaxuow usalb uedlyy)
1189 0JaA ‘sajobnsewidy

el pa3osjul Jo poolq
Jedayduiad ui sajobnsewids

el pa3osjul Jo poolq
Jedayduiad ui sajobnsewids

el pa3osjul Jo poolq
Jedayduiad ui sajobnsewid3

(pauonuauw jou sa10ads
Jeu) yel pajodul Jo poolq
Jedayduiad ui sajobnsewid3

(urens ewe) 180n1q ‘|

(urens
') /894G 199149 |

(urens
elye) 189n4q 189n4q |

(urens |izeiag) 1znio 4

(urens |1zeig) 1znio 4

(urens 1zeig) 1znio -4

(urens enbesediN) 1znso :f

(0£Z3S-uV) 1210

(urens |1zeig) 1znio 4

(urens enbeJediIN) 1znso -/

(0gz3S-uV) 1210 |

(payels 10u urens) /znio ;4

(payels 10u urens) /znio ;4

(payels 10u urens) /znio ;4

(pa1els 10u urens) 1znio f

S3IPMIS 0AIA Uf

ERIVENETEN]

108y

(ewn
pue ‘a3noJ ‘asop) Juswieal ]

Bnag

aul] |139/s0H

(ureas) se10ads

sjuswitadx3

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

PMC 2018 March 01.

in

available

Pharmacol Res. Author manuscript;



Page 31

Loo et al.

uonoaui-isod :ird
JoueylaW :HOBN
uonoafur jeauoiuadenur :d'i

uonoalul Jejnasnwienul : -l

YImoaB Jo uonIgIyul 9506 SISNeI ey uoieusduod :069|

UIM0JB JO UOIIGIYUI 950G SBSNED Jey) UoNR.UadU0D 0S|

uluIsIWaMeoIpAYIp 'YHA

BUBYIBWOIOYIIP C1D°HD

[¥v]
‘[e 18 BIBAIIO

[wv]
‘[e 18 BIBAIIO

[ev]
‘|e 18 spuedy

[8v]
‘[e 18 lWoAN|O

[8v]
‘[e 18 1WoAN|O

[ev]
‘[e 18 apueyy

a[osnwW [e19]9Xs
u1 Ayisuap ayseted paonpal
pue sajisesed Buire|nalio
10 Jaguinu Jamo

ajosnw
[e18]9XS Ul UoITewWwWwejul
pue Ausuap aysesed
paonpaJ Ajpueaiyiubis
pue ‘saysesed Buienaio
10 Jaguinu Jamo

aysesed sy Jo aouesed|d
919|dwo9 ‘Juswieal

10 sAep / 1o g ‘awosouedAn
3y 40 AJIAIOE Ul UOIONPaI
‘Juswieal Jo sAep € JaNvY

1011U02 Ul SABD TT "SA
sAep BT 01 sjed Jo uedsayl]
papus)xa pue Ajjesnselp
paul|osp elWwaelISeIed

JoJiu0d
u1 sAep TT "SA Juswieas)
anoejAydoud Joy sAep
9T—GT 01 SleJ Jo uedsayl|
papuaixa pue elwaensesed
MO] paurelureiy

aysesed
3y} Jo aoueIed|d 819]dwod
‘Juswieas-isod sAep /.

auseted ay Jo souRIR3|D
8181dwoo :Juswes)

m>mv 9AIINJ9SU0I 9 10) ‘o'd
“(p/B>i/Bw 0g) ajozepiuzuaq
+ (p/B>y/Bw G7) areunsaly

sAep aA1INdasu0d 9 1oy "0°d
‘(p/Bx/Bw 00T) 8jozepiuzusq
+ (p/Bx/Bw GZT) sreunsaly

‘Wl ‘ajeniade

auazeulwip Bx/Bw g'¢ ‘uo
Jare] By/Bw G2 ' pue ‘shep
1XeU 1oy Bx/Bw Gz ‘Aep 1T aup
uo By/Bw og "o°d ‘ayeunsauy

d1

yB1am 1el [OH suliueoley
By/Bw z'HT pue Jaylswape
/6w 9y :(1°d Aep ;0T
paLels) Juawieal) abeis-ae]

‘d'I ‘|OH 8uLiuejoley

B/6w T°2 pue Jaylewaye
Byy/6w €'z :(poojq ayy

u1 paybis 1sa1y sem ayseled
Aep ayy) Juswiealy abels-Alleg

sAep g Jo} 'p'b “"o°d ‘Bx/6w 0g
pue Aep ,T aup uo Bx/Bu 00T

9]0ZePIUZUA] + S1RUNSIUY

9]0ZEPIUZUB( + S1RUNSILY

aleiniade
auazeulwlip + sjeunssuy

1OH
3ULIUBJO[RY + JBIWISUY

IOH
3ULIUEBJORY + JBIBWALY

a1eUNSaLY

W d/gaT1vd

901 9/g v

(pauonuaw jou saioads) 821N

snaiBianou sney 1ey

snaibianou sniey 1ey

(pauonuaw jou saivads) 821N

(urens |1zeig) 1znio 4

(urens |1zeag) 1znio 4

(urens eye) 8on4q -4

(urens
elye) /89n4q 190n4q |

(urens
eiye) /8on4q 199n1q ’f

(urens eye) /eon4q |

Adesayr uonreuiquio

ERIVENETEN]

108y

(ewn
pue ‘a3noJ ‘asop) Juswieal ]

Bnag

aul] |139/s0H

(ureas) se10ads

sjuswitadx3

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

PMC 2018 March 01.

in

available

Pharmacol Res. Author manuscript;



Page 32

Loo et al.

‘staded Jeuibiio ayy ui se AT 1o Jwybr ur Jayua st 051 BYL
*

Aep Jad awn auo :'p'b

uonensiuIwpe [eso o'd

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Pharmacol Res. Author manuscript; available in PMC 2018 March 01.



Page 33

Loo et al.

[29] ‘le18 8y

[so] e
19 Opueig-sauor

[29] ‘e 10 oy

[e9]
‘[e 18 uadusH

[29] le18 8y

[29] ‘e18 8

[65] 'e 18 uos

[89] ‘e
19 opuelg-sauor

Jwybr

T°0 1 ymolb ansesed paugiyur Ajg1e1dwod
pue azis anbejd paonpaJ (qwy/brl 700 e 8zIs
anbed paysiurwip rey punodwod Ajuo ay L

sayiseded payensuad Jo
Jaquinu 8y} u1 suoianpas JuedIubIS "00T'T

=1L pue ‘AN 0zg = %@L ‘M 2'0 = %901
Twy/Br 7°0 Je YImoJB ansesed e pauqiyul

]0J3U0D B|OIYSA BY SB BLUES B} ‘6 Sem
JUBWIESI] Ja1Je Of1e) 3|0NJBA/SaNISEIEd YT8T

=1L pue ‘AN 0ze 2 %5aL ‘M T€°0 = %01

(wybri o1

1e JusWleal) aulweylswAd o) ajqesedwod)
¥T Aep 1e pareulwi|a Ajg1e|dwod

alam saiseded ay) “Jw/Brl o'y 1e ‘quswiean
-150d gz Aep 1e pareuiwi|s A|219|dwiod sem
Uo11934ul 8Y1 pue 4T Aep Je panIasqo sem
az1s anbe|d /jpuob 1 paonpas “Jwy/br €T v

/Bl T e yimoB ansesed e pangiyul
pue “quwybr 1°0 18 8z1s anbejd ur uononpay

ayisesed ay Jo sisoidode saealpul yarym
‘afe1s JeIn|j90BAUI BYY Ul JUBWIRaL) U}

Aq y T ui neajeld ay) 0] payoeal pue uiw Og
se A|Jea se pasealoul sem uoissaidxa Xidh/

s8110zAyoe)
paleauad Jo UOIIONPaI 940G< pue
‘erZ 2 1L NN 0ET'T < %@L ‘M 0'8 = %501

u

9T Joy paregnout “Jui/brl Jayrewsuy $119 44H ‘sanozAyoel (urens HY) 1puob 1
0T PUe ‘T ‘T°0 ‘100
u

6 104 paregnout “Jw/brl Jaypewsuy $1189 44H ‘sanozAyoel (urens HY) /1puob 1
02€—0 :suonn|Ip [e1ds
skep

G 10y pajeqnaul “wy/brl Jayrawialy S[199 44H ‘sanozAyoe (urens HY) /puob 1
0T pue ‘170 '10°0

4 omlw_m_mowﬁumﬁgmﬁ_ JBUBWEMY  SII20 44H ‘'seN0zZAYdRL  (urens HY) #puob 1

m_>rmwmﬂﬂm%m,%ﬂwﬁ UUISIWeLY  S|[89 44H ‘senozAyoRL  (Urens Hy) 1puob 1
u

9T Joy payegnout “Ju/brl uluIsIweuY $1190 44H ‘sanozAyoeL (urens HY) #puob L

0T Pue ‘T ‘T°0 '10°0

yoct
104 payegnoul ‘“Jwy/br T

(8T€9 140)

S]180 0JBA ‘SN0ZAYIEL (urens Hy) zjpuob 1

Yy
6 10} paregnaul “Juwy/brl
02€—0 -suonnjip [eLiss

S[199 44H ‘sanozAyoe] (urens HY) /1puob 1

skep
[29] ‘Te10 @ uwybr T 1e yimoub onisered pajusnaid G 10} pareqnoul “wy/brl UluIsIwaLy S[199 44H ‘sanozAyoe] (urens HY) /puob ;
0T pue ‘T °'T°0 'T0°0
0] [EAIAINS Je[N|[22AUI 10} [BIIIID SBM ey} ulw 0Z-ST
21 mc:Emmw@ WO¥3S 40 Jo)gIyul ue se syoe ‘ayisesed ayy 1oy paregnaul ‘AT 0S-0T UIUISIWBUY S|199 44H ‘san0zAyoe] (urens HY) 1puob |
ey N ur BurjeuBis pue siselsoswoy ,;ed SV uluisiwaye aind %86
[go] 10J3U09 BJ21Y3A 8U} SE BWIES 3Y} ‘g SeM > 101 DATEANIUI 1199 (diH) 15eI901q)
W cmv_o:mmﬂ JUBWIEAJ} Jaje Ol3ed B|ONJeA/SAMISEIRd "6/8 4oe w_\m_: w%uw%,m T UluISIWsUY _F_mcsu__.n__ﬂmw_ ON_Msowm (urens HY) 1puob |
=11 pue ‘AN oze 2 %@L ' #9'0 = %91 : omn uy
ERIIEIETENS| 1093 (aun pue bnag aul] 1189/3S0H (ures3s) sa1oads  syuswiaadx3gy

‘31N0J ‘3S0p) JUBLWILAL |

Author Manuscript

1puob euiseldoxa/ 1surebe SaAIRALISP S PUB UIUISILISLIR JO Juswieal ]
€ 3|qelL
Author Manuscript

Author Manuscript Author Manuscript

Pharmacol Res. Author manuscript; available in PMC 2018 March 01.



Page 34

Loo et al.

[29] ‘e18 8

[29] ‘e18 8

[vol
‘[e 18 Aeung

[29] ‘e 10 oy

[59]
‘[e 19 uoldidles

[so]
‘|e 18 uoldioles

[59]
‘|e 18 uoJ1oJes

[vol
‘e 18 Aeung

[8s]
‘[e 18 Sswo9)

[29] ‘1e18 8y

[29] ‘1e18 8y

[29]
‘[e 13 S|3}I0H

wy/Brl T 18 yimoub auseled (e paliqiyu]

Twy6n T 18 Yymoub anseded |fe panqiyul

pauqiyul sem
$8110zAy2e} Jo ymmoib ay] ‘(Aouazod 1saybiy
a) M 921°0 = 961 pue M 2170 = %901

Twy6n T 1e Yumoub anseded |fe pauqiyul

S]182 Paldadjul Jo ylesp
au paJabbL ‘Y g1 1e Jwybr g0 18 paonpul
SEeM 048/ < UoNIqIYul YImolb allsered

uoniqiyul

yimoub aysesed ayy anodwi Apuedyiubis
10U pIp sBnIp oM3 8} JO UoIRUIqUIOD

"y 2T ¥e wy/Bri g0 pue z°0 Je paonput
SeMm 9528 < uonIqIyul yumolb syisered

Y 96 Je uoniqiyur ui
asealoap Juanbasans ‘y g 1e qw/br 70 sem
%68 10 UoNIqIyul Yimoib anisesed WNWIXeN

I 89€°0 = 9601 pue M €TZ°0 = %501

s|192
pal0a4ul Jo yreap Buronpui pue m&_o;hwﬁ
1surebe wiidoyiawiy pue ‘auipiwelAd
‘auipiweluad ‘a]0Zexow 00 uey)

AKoeonya sayby *202°92 = 1S pue ‘M €00°C
=051 “w/brl 620°0 40 N G20°0 = %501

(anbeyd ajqisin Ajareq) wy/br
T°0 Ye ymoub onisered paqiyul Ajjealo

uw/Brl T°0 12 ymoub anisesed |je
panqiyui pue azis anbeyd /7puob:; padnpay

$8}10ZAy2E] JO SPIJR Jl18|oNU

au ojul [19e1n-H_ Jo uonelodiodul sy}

ur uononpal pue ‘(qwybr o'T 'sA wy/br g0)
J1iuenBojoAa ueyy Aoeaiyys Jaybiy ‘uoniqiyul
ymolb ayisered ayy pamoys Jwi/br g0 <

skep

G 10y pareqnoul “wy/brl
0T pue ‘T°'7°0 'T0°0
skep

G 10y pareqnoul “wy/brl
0T pue ‘T°'7°0 'T0°0

ycLio}
paregnout ‘W1 0°T-0T0°0

shep

G 10y pareqnoul “wy/brl
0T pue ‘T °7°0 ‘700

4 96 pue

‘8¥ ‘¢ ‘¢T J0y paregnoul
“wyBri g0 pue '2°0 ‘T°0

4 96 pue
'8y ‘¥¢ ‘2T 10J paregnaul
“quybri g0 pue ‘z'0 ‘T'0

U 96 pue
‘8¥ ‘¢ ‘¢T J04 paregnoul
“uwybri G0 pue 'z°0 ‘T°0

ycl io}
paregnout ‘W 0'T-T0°0

(a1qe|rene 10u sem
JuBWILaI} JO UoleINp
ay) wy/6r oot pue
‘05 'S¢ ‘52T 'ST'9 ‘T°E
‘9T'80'7'0'20'T0

skep

G 10} pajeqnoul “uwy/brl
0T pue ‘T °'T°0 ‘T0°0

4y

9T Jo} paregnaul “Juy/brl
0T pue ‘T°'T°0 ‘T0°0

U TZ 404 paregnoul
w6l 0z pue
‘0'T 'S0 '52°0 '2°0 '20°0

uruisiwaLe-1ay1e-1AIng-1

uluisiwaye-Iayye-jAdoid-1

aUOSIWaLY

VHA

VHA

VHQ + 81eunsauy

9leunsauy

ajeunsauy

9leunsauy

JENEDIY

JENEDIY

JENEDIY

s]189 44H ‘senozAyoe)

s]189 44H ‘senozAyoe)

S|199 44H ‘san0zAyoe |

s]189 44H ‘senozAyoe)

aul|
1189 T-dH.L ‘senozAyoel

aul|
1199 T-dH.L ‘sanozAyoel

aul|
1180 T-dH.L ‘saozAyoel

s]189 44H ‘sanozAyoe)

sAaupny (exeinw
BORIRIN) A3xuow
SNSaYJ WOJY PaALIBP
‘(2XW-0717) aur 1180
lerjaynda ‘sano0zAyoe)

s]189 44H ‘sanozAyoe)

s]189 44H ‘sanozAyoe)

901W J31SG3M
SSIMS WO} S]|39 91epNnXd
Jeauoliiad ul se)10zAyoe]

(urens HY) #puob L

(urens HY) #puob L

(urens HY) /1puob -1

(urens HY) 1puob L

(urens Ynaq) /1puob L

(urens ¥naq) 11puob 1

(urens ¥NQ) /1puob 1

(urens HY) /puob L

(urens HY) /puob L

(urens HY) 1puob 1

(urens HY) 1puob 1

(urens HY) 1puob 1

ERIVENEIEN]

1843

(awn pue
‘31N0J ‘3S0p) JUBLWIRAL |

B6nuq

aul] ||a9/AsOH

(ureass) sa10ads

sjuswitadx3

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

PMC 2018 March 01.

in

available

Pharmacol Res. Author manuscript;



Page 35

Loo et al.

[e9]
‘[e 18 uaduUsH

[e9]
‘[e 18 uaoUsH

[e9]
‘[e 18 uaduUsH

[ea]
‘[e 19 uaxouaH

[ea]
‘le 18 usxdousH

[ea]
‘[e 18 U ousH

[ea]
‘|e 19 uaxousH

[ea]
‘[e 19 uaxouaH

[ea]
‘e 18 usxdousH

[ea]
‘[e 18 uaxousH

[vol
‘e 18 Aeung

[29] ‘le18 8y

Juswijeal] Jayje oljel sjondeA/saliseled ‘Z9GT
=1L pue ‘A oze = %al ‘Wi 9g'0 = %91

uluisiwale ueyy Aoeayss Jaybiy iz sem
JUsLWIEaI) Ja)Je Ol1e) 3|0NJeA/SalISeled "YSIT
= 1L pue ‘AN 0ze 2 %5aL ‘M €0 = %501

uluIsIwaLe
uey} | L pue Aoeaiys Jaybiy ‘g sem
JUBWILa) J8)Je OI1e B|ONJBA/SO)ISEIRd "BEET
=1L pue ‘A oze = %aL ‘Wi zy'o = %I

uluisiwaue
uey |1 pue Aoeaiys Jaybiy ‘T sem
Juswiieal] Is)je oljel ajondeA/saliseled '90y T
=1L pue ‘W 0z€ 2 %L M 0v°0 = %01
uluisiwaye uey |1 Jaybiy pue ‘Iaylawane
pue uluISIWaLEe Uey) Aoealys Jayby ‘g sem
Juswiieal] Is)je oljel sjondeA/saliseled "L 09T
=1L pue ‘AN 0ze 2 %@L ‘M s€°0 = %01
JaYlawiale pue uluisiwaue

ueyl |1 pue Adeaiys Jaybiy ‘g sem
Juswieal) s)je oljel sjondeA/saliseled "67¢¢
=1L pue ‘AN 0ze 2 %@L ‘M GZ°0 = %501
uluisiwape uey |1 Jaybiy

pue uluisiwale ueyy Aoeays Jaybiy ‘g sem
Juswiieal) Js)e oljel sjondeA/saliseled HG9T
=1L pue ‘Wil 0zg 2 %Al "Wt ve'0 = %01
uluisiwaye ueyl |1 Jaybiy ‘iaylewane

pue uluIsiwaLe ueyy Aoeaiyys Jaybiy ‘g sem
Juswiieal] Is)je oljel ajondeA/saliseled "0¢ST
=1L pue ‘A1 0ze 2 %5aL ‘M 270 = %01
Jaylswale

pue uluISIWaLE Uey) Aoealys Jaybly ‘g sem
Juswieal) Is)je oljel sjondeA/saliseled ‘0v¢
=1L pue ‘AN gg = %@L ‘Wl 9T°0 = %901

Z sem
JUSLWILa.) Ja1JR Ol1e) 3|ONJeA/SalISEIRd TTG

= |1 pue ‘\Ar oze 2 %5QL ‘W T°T = 99D
M £9T°0 = 969 pue T 80T°0 = %901

(anbeyd ajqisin Ajareq) wy/br
T°0 ¥e Yol apsered pangyur Ajrealo

U 92— 10} pareqnaul
‘M 0T pue ‘G ‘T

U 92—+ 10} paregnoul
‘M 0T pue ‘g ‘T

U 92— 10} pareqnaul
‘N 0T pue ‘g ‘T

U 92—+ 10} paregnoul
‘N 0T pue ‘g ‘T

Y 9¢—7¢ 10} pareqnaul
‘T 0T pue ‘g ‘T

Y 9¢—7¢ 10} pareqnaul
‘NN 0T pue ‘G ‘T

Y 9¢—¢ 10} pareqnoul
‘NN 0T pue ‘G 'T

U 92—+ 10} paregnoul
‘N 0T pue ‘g ‘T

Y 9¢—7¢ 10} pareqnaul
‘N 0T pue ‘g ‘T

Y 9¢—7¢ 10} pareqnaul
‘N 0T pue ‘g ‘T

ycL oy

paregnaul ‘IAM 0'T-0T0'0
skep

G 1oy pajegnau ‘Jwy/bri
0T pue ‘T'T°0 'T0°0

(59 panmnsqns uge4-g'e
‘Y painnsgns H ‘apiwexogted
-1¥va) vz punodwod

(%Y panmsans ugé40¢
‘Y painnsgns H ‘apiwexogled
-1¥va) zz punodwo)d

(e

paimnsgns H ‘1Y pamniisgns
Ud(Go)ssN- ‘ajozelyy
-€'T-14va) ZT punodwod

(Y painmsans H ‘7Y
paININSaNs UdSaN-d ‘ajozely
-€'7-14vQ) TT punodwod

(¢4 paimmsans H Ty
paininsans YydosIN-d ‘ajozelys
-€'T-14va) 6 punodwiod

¢y pammnsagns
H ‘7Y paisans ngy ‘sjozelys
-€'T-14va) 9 punodwod

(24 panmsqns
H Ty panmsgns yd ‘ajozeiyy
-€'T-14va) § punodwiod

(%Y pewmmnsgns
8N ‘T paIminsgns H ‘sjozeiyy
-€'T-14va) ¥ punodwio)

(o pammnsans
3N Ty pamnisans s\ ‘8jozelyy
-€'T-14va) € punodwod

(¢4 pawnmsqns
H ‘T pamniisgns H ‘ajozelys
-€'T-1dva) T punodwod

apIsIwapY

uluIsIwaLe-18y1e-1AIng-08s

S|199 44H ‘sanozAyoe]

S[199 44H ‘sanozAyoe]

S|199 44H ‘sanozAyoe]

S[199 44H ‘sanozAyoe]

s]189 44H ‘sano0zAyoe]

s]189 44H ‘sanozAyoe)

s]180 44H ‘sanozAyoe)

S[199 44H ‘sano0zAyoe]

s]189 44H ‘sano0zAyoe]

s]189 44H ‘sano0zAyoe]

s]189 44H ‘sanozAyoe)

S[199 44H ‘sanozAyoe]

(urens HY) #puob 1

(urens HY) /puob 1

(urens HY) #puob |

(urens HY) /1puob -1

(urens HY) /1puob |

(urens HY) 1puob L

(urens HY) 1puob L

(urens HY) /1puob -1

(urens HY) 11puob -1

(urens HY) 1puob L

(urens HY) 1puob L

(urens HY) /1puob |

ERIVENEIEN]

1843

(awn pue
‘31N0J ‘3S0p) JUBLWIRAL |

B6nuq

aul] ||a9/AsOH

(ureass) sa10ads

sjuswitadx3

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

PMC 2018 March 01.

in

available

Pharmacol Res. Author manuscript;



Page 36

Loo et al.

[vol
‘[e 18 Aeung

[so] e
19 Opueig-sauor

[so] e
19 Opueig-sauor

[so] e
19 Opueig-sauor

[so] e
19 Opueig-sauor

[69l
‘[e 18 0j3buy.Q

[69l
‘[e 18 0]3buy.Q

[69]
‘[e18 0j3buy.Q

[69]
‘[e 18 0]3buy.Q

[69l
‘[e 18 0j3buy.Q

[69]
‘[e 19 03buy.a

[69]
‘[e18 03buy.Q

(06~)

ureiq ayl ui Jaquwinu 1sA2 Jaybiy padojansp

‘6 Aep 1e sdnob pajeasl ay 4o || Buowe
(40T x 2T) 158yb1y ay) sem (uaping alisesed
10) anfeA an7 ayl “1°'d sAep Gz 1e uoIoaul
3} PAAIAINS 821W PaJeat}-UIUISIWSLIE JO 9402

06T
= |L pue ‘\AM 09GT = %5l ‘M €8 = %90

€6
Z L pue ‘AN opL < %@L ‘W ¥ T = 95D

€6
Z |L pue ‘AN 0g9 < %@L ‘W 2T = %501

N

0z€
= |L pue ‘A1 09T = %@L ‘N T°T = %50

saliseled
pares1auad JO UORINPaI 905< ‘Z = IL

pue “1/6w oze = %@L /6w 9'08¢ = %01
sajisesed pajesisuad

10 U0119NPaJ 9405 < ‘(Adusyod 1ses| ayl) 09 =
1L pue “1/Bw 0ze < %L “1/Bw G'zT = %))

sayseted payensuad

0 U01INPal 9,05 < ‘(wiidoyiswin

ueyl |1 pue Aousiod Jaybiy) zg

=11 pue /6w g2 < %@L /6w G'T = 5]

sajisesed pajesisuad

0 U01INPal 9405 < ‘(widoyiswin

uey} 1L pue Aouarod Jaybiy) 0Tz

=11 pue /6w £/T = %L 1/6w 60 = %501
sajisesed pajesjauad

10 U0119NPal 9406 < ‘(widoylawiy ueyy

1L pue Aduajod Jaybiy ‘1L 1saybiy ayy) 626
=11 pue “7/6w ogg < %9qL /6w 90 = %501
sayseted payensuad

10 UoONANPaJ %06 < (Wwudoyswily

uey |1 pue Aousrod Jaybiy) gz

=11 pue /6w 6 = %@L 1/Bw ¥0 = %901
saysesed payesauad Jo Jaguunu syl ul
uononpal Jueayiubis {(wudoyrawiy ueyl |1
pue Aoudjod Jaybiy) g6 = 1L pue /6w 9z =
05q] (Aousjod 1saybiy ayy) /6w €70 = 05

skep
810} ‘p'b 9's ‘Byy/6w 0T

4y
6 10} paregnaul “Ju/brl
0¢€—0 :suonn|ip [elss

4y
6 10} paregnaul “Ju/brl
0¢€—0 :suonn|ip [elss

4y
6 10} paregnaul “Juy/Brl
0¢€—0 :suonn|ip [elss

4y
6 10} paregnaul “Juy/Brl
0¢€—0 :suonn|ip [elss

sAep g 1o}
pareqnaul /6w Z€0'0
—0Z¢€ :suonnjIp [euss

sAep G 1o}
paregnout /6w zeo'0
—0Z¢€ :suonn|Ip [elss

sAep g 1o}
payegnaul /6w Z€0'0
—0c€ suonnjip [euss

sAep G 1o}
payegnaul /6w z€0'0
—02€ ‘suonnjip [elas

sAep G 1o}
payeqnaul /6w Z€0'0
—0Z¢€ :suonnjIp [euss

sAep G Jo}
pajegnaul /6w Z€0'0
—0g¢ :suonn|Ip [elss

sAep g 1o}
payegnaul /6w Z€0'0
—0c€ suonnjip [euss

uuISIWapY

(joyoaye Arewnd
0T-D 8uexoll]) ez punodwo)d

(19158 B1ROZUAQ
0T-D auexol]) gz punodwo)

(49158 81ROZUBGOWOIG-Z
0T-D 8uexoll]) 9z punodwo)d

[CEMERTIETITE]
0T-D auexol]) pz punodwo)

(0T-0 12 peIINISqNS
8]0Ze1y)-z) eg punodwoa-Axoaq

(0T-0 18 pawISgns
p1oe 211Ax0qJed) pg punodwod

(0T-D e pansans
apiwe |Ay1s) J€ punodwiod

(0T-2 T8 paIMnSqns
18189 [Ayrsw) ag punoduio)

(0T-D e paynmnsans
8]0Ze1y}-z) eg punodwod

(0T-D 12 paynnsans
3|0Ze1y10zuaq) gg punodwo)

(0T-D e paInsans
apAyaple) 2g punodwiod

20IW TAD

s]180 44H ‘sanozAyoe)

s]189 44H ‘sanozAyoe)

s]189 44H ‘sanozAyoe)

s]180 44H ‘sanozAyoe)

s]189 44H ‘sano0zAyoe]

$1189 44H ‘sanozAyoel

s]180 44H ‘sanozAyoe)

S[199 44H ‘sano0zAyoe]

s]189 44H ‘sano0zAyoe]

s]189 44H ‘sanozAyoe)

s]189 44H ‘senozAyoe)

(urens NYd) 1puob 4

(urens HY) 1puob 1

(urens HY) 1puob 1

(urens HY) 1puob 1

(urens HY) 1puob L

(urens HY) 11puob -1

(urens HY) /1puob -1

(urens HY) 1puob L

(urens HY) /1puob -1

(urens HY) 11puob -1

(urens HY) 1puob L

(urens HY) 1puob L

S3IPMIS oA Uf

ERIVENEIEN]

1843

(awn pue
‘31N0J ‘3S0p) JUBLWIRAL |

B6nuq

aul] ||a9/AsOH

(ureass) sa10ads

sjuswitadx3

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

PMC 2018 March 01.

in

available

Pharmacol Res. Author manuscript;



Page 37

Loo et al.

‘s1aded [euibuio ayy ui se M 1o JwyBr ur Jayus s1 0G| BYL
¥
Aep Jad sawiny saiy) :'p°1y
xapul onnadesayy ;1L
3sop 21x0]014A9 uelpaw :0SQL
Xapul AIAID3Y8S :|S
9sed 1V~ 780 WnInanal o1wse|dopusyoares :¥DY3S
uondalur snosueINIgNS :'9°s
Aep Jad awn auo :'p'b
‘uolrensiuiwpe feto :'o°d
uonoajui-isod :'1'd
uonensiulwpe sulsebenul 61
YIMoaB JO UonIgIYUl 950G SasNeI ey uoiesuaduod :05)|
uluIsIWaLRoIPAYIp YHA

uluIsIWaLRoIPAYap 1 14va

[99] 1e 30 Buer

saysesed [013U0d

paleal)-uou Yum pasedwod pasesalosp
sem ayseled ay) Jo AjAnoe asereydsoyd
-9-8509n|6 J0 AlISuaIUl By} ‘JUBWIEaI} JalY

pabewep aiam sal10zApeiq
a1 J0 %Gz Ajgrewixoidde pue ‘auljino

skep
g 404 'p*b ‘B3/6w 00z

PEINEIIIEIN) V4

201w Butwunyy (urens HY) 1puob ‘|

JeinBalli ue Y paJsije saueiquusW [eulaiul sAep G 1o} P11 (uewom jueubaid
[g9] ayisesed ay | "JuswIeal] Jaye S|0JJU0D ‘3WNJOA TJW-Z'Q B Ul ® JO pINn|} onoIuWe
‘[e18 UOJIDJES Byl WOJ) JuaIalIp Jeadde Jou pip S1sAd 8yl JO ‘0°d Aep/bw 00T ‘sBnip VHQ + eunssuy RNUWTH0 a1 WoJy pare|os!
9%GL (L2’ LE ¥ 059) 103u02 'SA (TE'0T ¥ £9Z)  OMI 83U} JO T:T Olel UM ‘urens YNQ) /puob 1
901 Payeal] JO sulelq ayp Ul SISAD /1puob ‘|
1ama4 JuswiLiadxa ayy Buunp paip ao1w oN
(0g~) ureiq ays ui $1sAd
[#9]  J1amay padojanap ‘6 Aep 1e anjea on paonpal skep ,
‘[e 18 Aeung “1'd sAep Gz 1e Uondajul Yyl paAIAINS g oy 'prb “os ‘By/Bw ot suosisUY SWITAd  (urens NYd) #puob 1
901l PaYeaI]-auOSIWBLE JO 040G JOAO
(0T~) ureiq ay} ui s1aquinu
15A2 159M0] 8y} padojanap ‘6 Aep 1e sdnoib
[val paleal) ay Jo |Je Buowe (40T x g) 15amo] 8y} shep apISIWaLY oW Tad  (urens NYd)Hpuob 4
‘[e 18 Aeung Y 810} 'pb 9's ‘Byy/Bw 0T > ; : -
Sem anjeA anT ayl “1I'd sAep Gz 1e uonoayul
3} PAAIAINS 821W PaYea.-apISIWBLE JO %09
ERIIEIEIEN| 1083 (oun pue bnag aul| 1189/3S0H (ures3s) se1ads  syuswiaadxgy

‘31N0. '850p) JUBWIIR |

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

PMC 2018 March 01.

in

available

Pharmacol Res. Author manuscript;



Page 38

Loo et al.

pareUIWI|d 31aM SaN0ZAUIE)

sAep ot Jo poriad
© Joj 8s1mda)s pasealoul
uays st AU 00§ [eniul

[v2] [l ‘auosiwale Jo AT G yum lim 8uo ay| "pappe S|180 .
2 1 AU JUSWIEaI SNONUNUOD JO SAep sem Brup au 4o T aUOSIWaUY 013 PUE 1 ‘SaM0ZAUDEL uoissaldxa asepisoloe|ef-g-wnuues N
T2 Jaye AU ‘AU € = 09 G 10 U 00G Jayus ‘y
2oy 'y g 1o T 4oy AN
S YlIM Juawieal}-aid
10J3u09
[22] 01 paedwod ‘AjpAnoadsal Pa193jul S|199 JO %E'ST . i
[ 10 ZNZBN '966'T8 PUE 06105 3oM eI 18 pappe U b2 aUOSIWaUY S|189 049/ ‘sanozAyoe] (T6¥SION) wnuiues N
s19ay49 Alonqiyui ayisered ay |
Alonnoadsal ‘og/8
Pue ‘%6886 ‘%876 ‘%0 T6
'%6'S6 ‘%¥'€6 ‘%c 06 1am
UOITeAI}IND JO U 96 Je uoniqiyul
lz2] ayisesed Jo sabejuadlad 0°05 10 0°SZ ”_ﬁw:._owchpm_
. ‘Ajannnoadsal ‘o0’ T A 3UOSIWALY S]199 043/ ‘sanozAyoe| (T6¥SION) wnuiues N
[e 19 Znzey v, torre o T, orJoud y G w/b 0'ST
pue ‘%G '%8°L ‘%S'E ‘%L'S 10°0°0T '0°S 'S0 ‘T'0
‘05’8 913M UOIBANIND JO Y 96
1€ S]|92 PaldauI Jo sabejuadiad
‘Juapuadap-asop sem
109448 Alonqiyur suseted ay |
(ainynagns
yunoy) sAep 1 Aqwnuiuesny
10 190} 91d02s0o1W .
1] Ile pareuiwifa jwyBr SAeper oy 1dy <m0z .
210 Widy T pue (2mynogns piiu) sAep 2T wioly parels /B UIUISIWBUY S|189 0JaA ‘san0zAyoe] (z-a)) wnuiues
TT Aq S|189 0J3A Ul Wwinujued 0cpue 0T 1710
NV 10 190} 21d02s0o1W
11e pareutwid Jw/6r oz 10 0T
Alannoadsal “quy/brl 0T pue
‘T'T°0 'T0°0 ¥ 092 PUe ‘00€
12 . ‘045 ‘086 MNOQE aJam Yalym Yy o€ 01 Tdy )
10 Widy ulaned Juspuadap-asop Jea]d g woly payels .__.Em: UluISIwauY S[199 0J3A\ ‘s8)10zAyde] (z-a) wnuues ‘N
: B UM paonpal Sem S|[32 0JaA 0T pPUe ‘T ‘T°0 ‘100
pajdajul 0OT Jad sa110zAyoe]
J0 Jaquinu [e303 8y L
Alanoadsas ‘b
0T Pue ‘T ‘T°0 ¥e OF€ pue
[ ‘00G ‘00Z INOQE 3I8M YdIYMm yog (pae3s 10U Sem ule.}s asnow)
. ‘usaned uapuadap-asop Jeajd 03 ‘1I'd Y gT WwoJ) pawels uluIsiwauy safeydooew eauoiiad (z-a) wnuues N
839 Wi ® YuMm paonpal sabeydoloew ‘quybr QT pue ‘T ‘T°0 asnow ui sayozAyoe|
pa1dayul 0T Jad sa110zAyoe)
10 Jaquinu [e103 3y | o uy
ERIIEYETEN] 10943 (3 pue ‘ano. Bnug aul| |189/3S0H (ures3s) sa1oads  syuswiaadxgy

‘3s0p) JuUBLLUIEaI |

Author Manuscript

Bl18Ua] BLISWIT PUR LNUILEI 2I0GS0d) 1SUleBe SaAINeALIap S)I pue UIUISILISLIR JO JuswIesl |

¥ alqeL

Author Manuscript Author Manuscript Author Manuscript

Pharmacol Res. Author manuscript; available in PMC 2018 March 01.



Page 39

Loo et al.

alisesed 8y} UO 8AII0Y8 SeM
uluisiwaye Buredipul ‘joauod
Ul %/°86 "SA %9°// 0} psonpal
sajewrehoioew ul uoissaldxe
VO3S Wswieal) Jaye

Z'T 0} padnpal 8103s UOIS3| pue
9€"Z 0} paonpal ayes Alljenow
a1y 1%k L6 SA %Z'EL)
914200 40 8jeJ uolenIods
padnpai pue (40T x 2'%)
103U03 sA (0T x £°0) Indino
15A200 paonpal Ajueayiubis

[8/] 1e
18 0yoeD [9p

BUETHEEN
apisiwale pue ‘suinbojyaw

‘ogaoe|d Jo asoyy uey Jaybiy
‘Juawieal Jaye (0T x 22

—'T) sbunj ur usp.ng ausesed

[e2] Janamoy :spusiureal (;0T
e 18 J3|INN x GT-T) 8pisiwane pue ‘(;0T
x G'/—G) sunboyew ‘(0T x

¥1-5'0) 00a%e|d Jo asoy} Uey)

J9MO] JusWIea.) Jaye WNQG

Brl Jad san10zAyoe) 0T x G-T

SeMm Sulelq Ul usping alisesed

subis |elgalad

213S1I910BIRYD YIIM PaIp S|IgJeh

[22] paleaJlun 6 4O INO 8 :S]0U0D
‘le1eznzelN  sA ‘1r'd sAep QT paip pue subis
[ed1ul]2 payqgiyxe [ewiue T

Ajuo ‘sjiqiab pareasy g Buowy

o] w6l 0OT sem
£ cme uoIIRIUdU0I YIMolb ausesed
’ “Ju/br (500 F 0°'T) = %501

J17eWE.P SSB] dIaM S8H0ZAYDE}

ui sabueyd ay Bunesipui

[v2] ‘skep 0z ulyum (AN 01-5°0)

‘e 18 49NN UOITJIUSIUO0I Y} Ul 8SeaJaul
lenpe.b e 03 paidepe Ajipeal

soH0ZAYDRL ‘U S = 090

pareulwI|a a1am sal10zAyoey
[¥2] I1e ‘20009 40 AT G yum

‘1'd skep , “o'd
‘pooy ui Apuapuadapul
pa} ‘wdd 0T

skep

9 1oy 'p'b 61 ‘j10 UI0D
00T uI papuadsns
Kep/Bx/6ui 05

shep ¢
Joy 'prrq “d1By/Bw 0z

uye

Jo4 w6t 00T pue ‘08
‘09 '0G ‘'O ‘'0€ ‘0T 'T
sAep Qv Jo pouiad

© 1oy as1mda)s pasealoul
uayl SI U 00§ [eniul
UM U0 8y L "pappe
sem Bnip ay3 jo N

G 10 INU 00G Jayne ‘y
Z18yv 'y g 1o T 1oy AN
G YlIM Juawileal}-aid

sAep ot Jo poriad

© 1oy 8s1mda)s pasealoul
uay} SI AU 00G [eniul
U} U0 8y "pappe
sem Bnup ay1 Jo AT

G J0 INU 006 Jayue ‘y
ZJ8uv "y g o T Joy M
S YlIM Juawieal}-aid

uluIsiwaLe aingd

BUOSIWALY

auUOSIWBUY

Jaylawaly

(aniyeALISp UIUISIWALIE) ZTODD

(anneALIap UIUISIWELIE) 20009

uaxoIyd uloyba) sNymA

901w afew 9/gTv'e

(lweaistiy sauotiapy) s|igleo

S|199 44H ‘sanozAyoe |

s|190
03/ pue 44H ‘sanozAyoe|

S|190
049\ PUB 44H ‘sanozAyoel

(urens EN86S) gljoua) 7

oA Uy

(ureds-oN) wnuiues N

(T6VSION) winuiuea ‘N

SOIPNIS OAIA Uf

uolissaldxa d49~wnuiued ‘N

uolssaidxa asepisooeeb-g-wnuiues N

uolssaldxa asepisoioe|eB-g-wnuiues N

‘e 18 J9|INN JuBWIea.} SNONUIUO0I JO sAep
Tz Jaye AJuo ‘U 62 = %501
9duaJajay 10943

(awi3 pue ‘axnou
‘3s0p) JusWIRaL |

Bnag

aul| 1139/1s0H

(ures3s) se1oads  syuswiiadx3y

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

PMC 2018 March 01.

in

available

Pharmacol Res. Author manuscript;



Page 40

Loo et al.

|0JU0I Ul 9%/°86 "SA %199

0] paonpal sareweboloew

ul uoissaIdxa YO¥H3S ‘T 01

paonpal 8109s UOISa| PUR %T'T

[8/]1 e 0] paoNpal susxdIYd Jo alel
1Poyoed jop  AlfeLow 8yl (%b L6 “SA %Z9)
814200 }0 81eJ UOIIR|NIOdS

paonpal pue ‘(30T x ¢'%)

101U03 sA (0T % Z°0) INdino

15200 paonpas Apuedisiubis

‘1'd skep , “o'd
‘pooy ul Apuspuadapul
pa} ‘pooy ur wdd /T

uluIsiwaLe aingd

‘siaded [euibio ayy ui se U Jo Jwy/Br ul Jayus si 0G| 8YL
¥
ased 1V~ , 78D WNInanal dlwsejdopuajodses :yOY3S
Aep Jad awn suo :'p'b
uonessiuiwpe feso :'o'd

uonoayui-isod ird

uonoaful jeauoiadenur :d'i

uoprensiulwpe arnsebenui 61

1SB[04q1 UIXS8I0) Uewny :44H

UIMoaB JO UonIgIYUI 950G SasNeI ey uoiesusduod :059)|

Aep Jad sawin omi :'pIq

usxa1ya uloyBa) SHYM (urens EN86S) gf/oua) 3

9duaJajay 10343

(awi3 pue ‘axnou

'350p) JUBWIRaI | bnug

aul| |1993S0H (ures3s) se1oads  syuswiiadx3y

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Pharmacol Res. Author manuscript; available in PMC 2018 March 01.



Page 41

Loo et al.

uonenuenb snjosge pue aAle[al 1oy sbey a1eqost OV LI

uonoafur Jejnasnwenur :"wl

Xapul 1189 11D
[s8] 3w} [RAIAINS UBSW 8y} JO sAep G 1oy} )
‘[e18 €1dn9 uoisualxa Aq pajedipui se uoaaioad bIs AjJUo pamoys pue aAireInd J0N ‘w1 ‘By/Bw 08T-09 Sjeunsspy BOILU SSIMS (urens £2) apmoj N
[s8] a1} [BAIAINS UBBW 3U) JO sAep g loy g i
‘[e 19 e)dno uolsualxa Ag pareaipul se uonoaajoid JyB1s AJUO pamoys pue aAleInd 10N ‘wrt ‘By/6w 08T—09 oyisaie-eleg I SSIMS (urens £2) apmoj N
[s8] 3w} [BAIAINS UBBW 3U) JO sAep g lo} i
‘[e19 €1dno uoisualxa Aq pajealpul se uoaaloid ybIs AJUo pamoys pue aAITeINd 10N ‘w1 ‘By/Bw 08T-09 uIsiwEUY SOIW SSIMS (urens £2) epmoj N S81PNIS OAIN Uf
paxdnusip sayozoydoJy pue uonaeas wnipodopnasd [ N3S
sallozoydosy
10 UOITRWIIOBP [BLIPUOYI0MIW pUE UOITBSUSPUOI Jeajonu ayl [ INJ L
sisAjeue o1woajoid anzelnuenb Owy 11 8yl Aq parejnbaiumop
Apueaiiubis alem sawAzua 1WvSd pue HA9Od 40 S|ans) uisiold ay
(Buiures
31qnop O LI4-A urxauue pue Buiuress 14 Aq) Ajaanoadsal ‘%z'5z 03 %210
WO} puUe 9688 0} 9%/ /' WOL) Pasealoul S|jad 911012au pue onoydody wnipaw as0an|h
28] "1e 18 Buag ‘(Bulures 1d) %z’ LG 01 pasealoul segaowle ul sabueyd d11019au ay | : JENENE I -1seak-auoida
6 6 6 4 ¥¢ 104 pajegnaul £ dad (TT00€E

aINyN3 8} Ul Pa1osIsp w6l 00z D01V) HuElI9ises v

alam sallo0zoydouy a|qelA ou pue sajiozoydos) pabewrep Ajoalip :sAep g
sIsAJeue 10]q ulalsem Aq ‘Jayiewaie Jo w/brl 0oz 1e parejnbaiumop
Alpaxew sawAzus 1Sd pue HA9Od 0 S|ans] uigioud aus :y g1

%05 Aldrewixoidde Aq paseasdsp 1D 8yl iy 8

paseaddesip snajonu pue SISA| |]89 JUaMIBpUN aegaoWe | {7
paJeadessip eipodopnsd pue

119M 3y} JO WON0Q 3y} W0} Payaelap pue papunod sayiozoydoud :uiw QT

u1 saN0zAyae |

pasealdsp Ajpueaisiubis seyiozoydoul ageIA JO siaquuinu ay) :sAep 9
paxdnusip sayozoydoJy pue uonaenas wnipodopnasd [ N3S
sallozoydosy
10 UOITeWIOaP [RLIPUOYI0MW pUe UOIIBSUSPUOD Jesjonu ay ] NI L
sIsAJeue 10|q uJaisam Aq parejnbaiumop wnipaw asoon|f
[z8] '1e 10 Bua@ AlpayiJew alam sawAzus 1WSd pue HA9d 40 S|ans| uisrold ayl iy 2T uet _om v&Mm_:o:_ JEINENTEIV] -1seak-auoydad Aﬂoom
905 Alarewixoidde Aq pasealdsp 1D 8yl iy 8 Tuwybri 0T ul sa)10zAyoe| D0Lv) Hurejjersed v
paJeaddesip snajonu ayy
Buipnjoul sainjonuIs 3]gISIA 1SOW pue SISA| []89 JUBMIBpUN egaoWwe | ¢
paJeaddesip eipodopnasd pue
119M 3y} JO W00g 3y} W04} PaYdel8p pue papunos sayiozoydosd ujw QT

sisAJeue 10]q UISISIM
ISAJeUe 10]q UIS) wnipaw 8s0an|f

. Aq paseatoap Apuediiubis alem 1WSd pue HaOd J0 S|ans] uigloid ayl 4 ¥ Jo} paregnaul 3 . (1008

(28] "[e30 bus@ $8}1020yo) 8U} U0 10843 [eWIUIW :NT L Augrgor  PHWEHY mmw_%% Hmmm D0LV) HurEyyeIsEd Y/
pabueyd Apybuys st 1D ayL 13407y oI uf
ERIIEYETEN] 1093 (3n pue ‘ano. fnag aul| |189/3S0H (ures3s) sa1oads  syuswiaadx3gy

‘350p) JUBLLIIRAL |

LI3IMOY “N PUR JILBJ[31SEI "t/ 1sulele SaAINeALIap S)I pue UIUISILUISLIR JO JusLIesl |

G 9|qeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

PMC 2018 March 01.

in

available

Pharmacol Res. Author manuscript;



Page 42

Loo et al.

ydeiBouo1wW U0JII8|3 UOISSIWISUES (AT L
ydeiBoioiw uos98|8 Buluueds :N3S
aseJajsueljoulwe aunasoydsoyd :1vSd
Bururess apipor wnipidoad :Bururess |4

aseuaboipAysp aresadA|Boydsoyd :HAOd

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Pharmacol Res. Author manuscript; available in PMC 2018 March 01.



Page 43

Loo et al.

[06] ‘e 10 ueLL

%00T

01 9590'8% WOo.y pasealoul Jwy/brl 0oz pue
w6l 00T e a¥es AN[eHOIN %0€"95 aseyd
IN/ZD ‘90 8seyd S 1940/ °€v 8seyd T9/°D

uluisiwaleoIpAyIp (wHA

(1199 INoyuM) wnipaw
YHAd €€-S-1AL paylpow (20 awejos1) eiyqure ‘o oqin uf
u1 painynd senozoydos |

y 2T Joy paregnoul
“Jwy6rl 00z pue 00T ‘0S 'S 'SCT

[s] /6w 2 38 (%9T) SI0ZIYS pue (%€'T) UZLI0) ey (s1199 6v5V) EWoUIOIED (suaned a1V Jo sjools oy
‘e 38 11BWO0EID $15A200 JO SIaQUINU UBSW U] 35e3193P JOUIIA palegnoul /6w g pue ‘z'0 ‘200 - Bun| uewny ‘sa)i0zoiods wioly pare|os) wnised ‘D :
(swn
ERIIEYETEN| 1093 fnag aul| |189/3S0H (urea3s) se1oads  syuswiLiadx3

pue ‘a1noJ ‘asop) JuaLyeal |

Author Manuscript

BljqQuiE| BIpJel) pue wnAsed wnipliodsojaAs 1surebe SaAleALIp S1I pue UIUISIWSLIE JO Juawileal |

9 9|qeL

Author Manuscript Author Manuscript Author Manuscript

Pharmacol Res. Author manuscript; available in PMC 2018 March 01.



Page 44

Loo et al.

[96]
‘[e 19 1efeN

[96]
‘[e 12 rebeN

[26]
‘e 18 nnsje|\

[26]
‘e 18 nnsje|N

[s6] ‘e 18 009

[86]
‘[e 18 1yonBj

[s6]
‘[e 38 1yonBj

[v6]
‘e 18 znze|\

[v6]
‘[e 18 znze\

[6] ‘e 18 009

(INu 092 10) Twybri 7°0 = 950

(WU 89y 10) Jwybri gT°0 = %501

U (TZ'St ¥ 05°£€6) = %501

WU (£T°2Z ¥ 68828) = %501

N 92 2 uoneUBdU0

Te UN220 0} pajre} anseled ay}

10 d0UaBIaWaal ‘JUBLIILaI) JO [BMBIPUYNIAN
‘Juswirean-1sod € Aep Je panIasqo

9JaM SUOITRJIUIUOD 1S3} JO SBIUBIBYIP
JueoubIS Juswiean-1sod T Aep wouy
AT 092 pue 9z 1B UoIIgIYUT YIMOID

spunodwod uluisiwaue

1810 URY) 1I9MO| SeM /osqIb “g 1surebe
Jaylawialie Jo ANANDR 8yl U 021
=051 pue NM Q0T ¥e UoIIgIyUI YIMOID

U 0TZ2
= 05| pue NM Q€ Te uomIgIyul YIMoID

%966 Sem uoniqiyul

ymoub ayseted Jo abejusalad wnwixew
ay} quswiean-isod y z2 v (AT

G'22) w/Brl 6°8 = 9501 Yum 9608—%v 19
SeMm | g 1e 10849 Aloligiyul ayiseled

elwsalisesed panqiyur Appuedisiubis sasop
a1 ||e ‘wswiyean-isod y g2 1v "(INM 611
10) qwyBrl 08T = %71 pue Jw/brl 0og
18 Sem 10949 JuediyiubiS Juspuadap-asop
SEM U g UIYIM 10848 Alongiyul ayiseled

 Aep Je 1WBWILaI JO [EMRIPYIM

19148 Uane paureiurew ‘N1 9°g < sem
UOIIGIYUI YIMOIS) *3JRINIBIR SUSZRUIWIP
pue suonbeAole Uey) 8A110348 SS8T]

y
¢ 1oy paregnout “Jw/Brl 600

y
v 104 paregnoul “Jw/br 600

sAep / Jo} paregnoul ‘Ajrep
pade|dal wnipaw ‘AWM 0T-T°0

sAep / Jo} paregnoul ‘Ajrep
paoedal wnipaw ‘AWM 0T-T°0

sAep 10} paregnoul
‘Ajrep pade|dal wnipaw
‘N 092 pue ‘9z ‘9°2 '92°0

sAep

9 10} pajeqnaul ‘Ajrep paoejdal
wnipaw ‘N1 00T-T a1am
100SqIb “g 1ueISISal- suonbenore
10} SUOIRIIUIUOD Y |

sAep

9 10} pajeqnaul ‘Ajrep padejdal
wnipaw ‘M 0og-€ a1am
100SqI0 g 1urlSISaI-auonbenore
10} SUOIIRIIUIUOD Y |

UL pue gy ‘vg
1o} paregnoul /b 0og-TT

Uzl pue sy ‘vz
Joy paregnour “Jw/brl 00e-TT

sAep 1 10} 10} pareqnaul
‘Al1ep padejdas wnipaw
‘INM 092 pue ‘9z '9'Z '92°0

dleunssuy

aleunssly

VYHa

dleunssuy

aleunssly

Jaylawaly

UIUISIWaLY

3UOSIWALY

QuoSIWRULY

a1eUNSALY

sOgy auinba u|

sDgy auinba uj

sDgy aulued uj

sDgy aulued uj

sDgy aulued uj

sOgy aulued uj

sDgy aulued uj

08y
110 URISaLI4-UIRIS|OH U]

$Odd
3180 URISaLI4-UIRIS|OH U]

$OEY auIAoq U]

(urens wvasn) mbe ‘g

(urens vasn) /ireqes g

(Bop
©S0| pajdajul Ajjeinzeu
® WoLY) Juosqib g

(Bop
©S0| pajdajul Ajjeineu
® WoLY) Juosqib g

(sbop woly
urens adouN) uosqls ‘g

(Bop
©S0| Pajdsjul Ajfeinzeu
© Woly TTZTIN) /uosqib g

(Bop
BSO] Pajdajul Ajeanieu
© Woyy TTZTIN) Juosqib g

(smod
pa1oajul Ajeanjeu wouy
T.8 d1e|0sI) uiwablq ‘g

(smoa paoajul Ajjelnyeu
wiouy 29/ dye|0s1) s10q g

(a0 wouy urens
gzl sexal)smoq ‘g

oA uf

9dusJajay

REITE]

pue ‘a1noJ ‘asop) Juawiyeal |

Bnag

[99/1S0H

(ureas) sar0ads

sjuswitadx3

Author Manuscript

/L 3l|qeL

Author Manuscript

‘dds v1saqieg 1surebe sanlleALIap S1I pue UIuISIWSLIR JO Juswieal |

Author Manuscript

Author Manuscript

Pharmacol Res. Author manuscript; available in PMC 2018 March 01.



Page 45

Loo et al.

sAep 99 sem JuaLLIeal] Jalje awi

shep ¢ 10} p'1rb

1133 pO0|q pa1 :0gy

Aep Jad sawn dnoy :'p'rrb

Aep 1ad awn auo :'p'b
uonoaui-sod :1rd

awn|oA |22 paxoed :ADd
uoaful snousAe.ul IA'|
uonoaful jesuociuadenur :d'i
uondaful Jejnasnwenu "wl
yImouB Jo uonigIyul 905 Sasned Jeyy uofeljusduod :099|
apixoydins JAyiswip :0SING
uluisiwapeoIpAyIp :wHA

Aep sad sewiny omy :p'I'q

[tot] |eAIAINS UBBW BY) ‘Juswieai-1sod sAep “A'1 ‘auonbensednq jo 6/6w i
‘[0 10 Jewunyy 7 PoIaN023] S[EWILY ‘JUSWIEaI] Jo1e S 1M UaY) pue SAep € 10 auonbenlednq + Jay1ealy sAaxjuop pasiwoldsua|ds (urens ueipuy) mba ‘g
SAep #G—0G Palinddo aduadsapnIoay  “prh “wrt Jayuaape Jo By/Bw g
[1o1] sAep G sem JuaWeal) Jaye awil
210 E&w_ﬁ [eAIAINS UBaW 8y ‘Juawieali-isod sAep sAep g 1o} 'pb w1 ‘By/Bw g Jayleany sAaxjuop pasiwoldaualds (urens ueipuy) /nba ‘g
I % 9— U9am1aq palp ‘a2uadsapnioal oN
[1o1] sAep /T Sem Juawileal) Jaye awi
210 E&w_ﬁ [eAIAINS Ueaw 8y} ‘Juswiean-isod skep  sAep v 4oy 'p'b w1 ‘By/Bw GZ areunsaly sAaxuop pasiwoidaualds (urens ueipuy) /mba ‘g
I % 6T—9T USaM1aQ palp ‘8ouadsapniosl oN
‘1'd sAep
. sdnoub 6x/6w og pue . ! (parers
[s6] ‘Te 18 009 Z e papels ‘sAep aA1Ndasuod areunsaly 901w 9/g91vd ;
0T Ul PaAIasqo Ssem elwiayiseled J1amo] 9,101 "Wt ‘BB 0 10 0T T 10U Urens) Josolu ‘g
potiad uoeAIasqo
ayl Bunp 941" 0> elwasesed
[ve] PUE ‘P313A093] SBAJED LIOT ‘%€ T .w%u.ﬂ_aommcoo p (sm0
(810 ZNZep 10 WNWIXEW © payDEal Blluanseled 10} °p1q _mow_\,_n_ aUOSIWBUY S9A|BI UBISlI4-UIdIS|OH paloajul :EES@E@
U} ‘9.2 0} PAseaIonp ADd WNWIUIW 8y} 40 W G ul panjip by/bw g 1.8 ayelos!) euiwablq g
‘JaA3} OU :SIS0ISageq J0 Subls ainoe oN
JuaIeal}
0} 8suodsal Jou pIp 8UO ‘PaJaN0daL k2D oAl
P . 1N23SU0D
[v6l S[eWIUE G/t ‘9650 01 %T 0 WO} SrED sAng ] (smo2 pajoajul Ajfeinieu
‘e 18 zZnze|N pafuel elwalisesed wnwiIxXew pue ‘%) T 10 ._ﬂmpcwm%s_ﬁ_&u_ mm\wﬁn_m ouosiwELY SBAIED UBIS3LI-UISIS|OH woly /9/ dre|osl) smoq ‘g
SEM ADd WnWiulW ay} ‘sjewiue G/ : :
U] "pap09al Sem £ T 01 Do6°0 4ans- oA Uy
ERIIEYETEN| 10943 pue ‘83N0J ‘3S0p) JUBWIed | Bnug aul| |199/3S0H (urea3s) se1oads  syuswiliadx3y

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

PMC 2018 March 01.

in

available

Pharmacol Res. Author manuscript;



Page 46

Loo et al.

‘staded Jeuibiio ayy ui se U o ‘AT “ui/Br ul Jayne si 9GOl Byl
¥

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Pharmacol Res. Author manuscript; available in PMC 2018 March 01.



	Abstract
	Graphical abstract
	1. Introduction
	2. Chemical characteristics of ART and its derivatives
	3. ART and its derivatives on Leishmania spp
	In vitro studies
	In vivo studies
	Human trial

	ART and its derivatives on Trypanosome spp
	In vitro studies
	In vivo studies

	4. ART and its derivatives on T. gondii
	In vitro studies
	In vivo studies

	ART and its derivatives on N. caninum and E. tenella
	In vivo studies

	7. ART and its derivatives on A. castellanii and N. fowleri
	8. ART and its derivatives on C. parvum and G. lamblia
	9. ART and its derivatives on Babesia spp
	In vitro studies
	In vivo studies

	10. Conclusion
	References
	Fig. 1
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5
	Table 6
	Table 7

