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Aabstract. Relatively few effective compounds are available for treating microsporidiosis in humans. In this study, several 
compounds were assayed for activity against Encephalitozoon intestinalis (Cali, Kotler et Orenstein, 1993) and Vittaforma 
corneae Shadduck, Meccoli, Davis et Font, 1990 in vitro. Of the benzimidazoles tested, albendazole was most effective and the 
MIC50 values were 8.0 ng/ml and 55.0 ng/ml for E. intestinalis and V. corneae, respectively. Fumagillin and its analogue, TNP-
470 were nearly equally effective against both E. intestinalis and V. corneae. The MIC50 values of fumagillin were 0.52 ng/ml 
and 0.81 ng/ml, and the MIC50 values of TNP-470 were 0.35 ng/ml and 0.38 ng/ml for E. intestinalis and V. corneae, 
respectively. In addition, 12 of 44 purines and pteridines with putative tubulin binding activity that were synthesized at Southern 
Research Institute (SRI), inhibited microsporidial replication by more than 50% at concentrations that were not toxic to the host 
cells. Several chitin synthesis/assembly inhibitors inhibited growth of the microsporidia in vitro but were toxic for the host cells 
making it difficult to interpret the results. One exception was lufenuron, which caused no significant toxicity to the host cells and 
expressed approximate MIC50 values of 2.95 µg/ml and 6.3 µg/ml against E. intestinalis and V. corneae, respectively.  These 
results warrant further studies on albendazole, fumagillin, TNP-470, lufenuron, and the selected SRI purines and pteridines for 
developing therapeutic strategies for microsporidiosis. 

Microsporidia (phylum Microspora) are protozoan 
parasites that cause opportunistic infections in persons 
who are immunodeficient (e.g., AIDS patients) or 
immunosuppressed (e.g., organ transplant recipients) 
(Orenstein 1991, Canning and Hollister 1992, Sax et al. 
1995, Rabodonirina et al. 1996, Kelkar et al. 1997). 
Clinical signs of disease include chronic diarrhea, 
conjunctivitis, sinusitis, myositis, nephritis, peritonitis, 
and hepatitis such that virtually all organs can become 
infected with microsporidia (Orenstein et al. 1997). At 
least twelve species of microsporidia have been reported 
to infect man (Didier et al. 1998). Currently, no 
universally effective therapy is available for treatment 
of all species of microsporidia. Two drugs that have 
been used clinically, however, include albendazole, 
which is effective for treatment of infections due to 
Encephalitozoon species (Blanshard et al. 1992, 1993, 
Wanke et al. 1993, Aarons et al. 1994, Dieterich et al. 
1994, Franzen et al. 1994, Weber et al. 1994a,b, 
DeGroote et al. 1995, Dore et al. 1995, Franssen et al. 
1995, Sobottka et al. 1995, Joste et al. 1996, Lowder et 
al. 1996) and fumagillin, which can be used topically 
(e.g., keratitis), but is too toxic for systemic use 
(Diesenhouse et al. 1993, Rosberger et al. 1993, Wilkins 
et al. 1994, Garvey et al. 1995, Shah et al. 1995, Didier 

et al. 1996a, Lowder et al. 1996).  
The purpose of this study was to screen compounds 

for antimicrosporidial activity in vitro. Enterocytozoon 
bieneusi is the most commonly-reported microsporidian 
species to infect humans, but it cannot be grown in 
long-term culture. Therefore, Vittaforma corneae 
(Shadduck, Meccoli, Davis et Font, 1990), which can be 
grown in culture and grows in direct contact with the 
host cell cytoplasm, similar to E. bieneusi, was used as a 
surrogate in these studies (Silveira and Canning 1995). 
In addition, Encephalitozoon intestinalis Cali, Kotler, et 
Orenstein 1993 (syn. Septata intestinalis),  was used in 
these in vitro drug screenings because it is the second 
most commonly-reported microsporidian found to infect 
humans and can be grown in culture. 

MATERIALS AND METHODS 
Organisms.  Microsporidia were grown in RK-13 cells 

using procedures previously described (Didier et al. 1991, 
1996b). The human isolate of Vittaforma corneae (syn. 
Nosema corneum) was cultured from corneal tissue of an 
individual with stromal keratitis and iritis (Davis et al. 1990, 
Shadduck et al. 1990, Silveira and Canning 1995). 
Encephalitozoon intestinalis was isolated from a 
bronchoalveolar lavage specimen as previously described 
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(Hartskeerl et al. 1995, Didier et al. 1996b). For drug assays, 
microsporidia were collected from tissue culture supernatants, 
washed three times by centrifugation at 400 g for 15 min with 
Tris-buffered saline (TBS) containing 0.3% Tween 20 (TBS-
Tween), and centrifuged over 50% Percoll (Pharmacia, 
Piscataway, NJ; 400 g for 30 min) to remove host cell debris. 
The pellets containing the purified microsporidia were washed 
with TBS, counted on a hemacytometer, and adjusted to the 
appropriate concentrations in RPMI 1640 supplemented with 
5% fetal bovine serum and 2 mM L-glutamine. 

Drugs.  Compounds were purchased from Sigma Chemical 
Co. (St. Louis, MO) or were provided from the sources listed 
in Table 1. Stock solutions of compounds were dissolved in 
DMSO at a final concentration of 10.0 mg/ml and diluted in 
tissue culture medium for use in the assays.   

Assays for measuring antimicrosporidial activities.  RK-13 
cells were plated onto 24-well culture plates at a concentration 
of 2.5-5 × 105 cells/ml RPMI 1640 (containing 2 mM L-
glutamine and 5% fetal bovine serum). The plates were 
incubated overnight at 37°C with 5% CO2 to allow the cells to 
reach confluency. Microsporidia were added in 0.5 ml 
volumes at a concentration of 3.0 × 106/ml (i.e. a final ratio of 
3 : 1 organisms/cell). Three hours later, non-internalized or 
non-adherent parasites were washed off and fresh media, with 
or without drugs, were added as described for each 
experiment. Control cultures that were not given drugs 
received medium with equivalent amounts of DMSO used in 
preparing drug stock solutions. Media were replaced every 
three-to-four days and care was taken not to remove organisms 
from the bottom of the wells. On day ten, 100 µl of 10% (w/v) 
SDS was added to each of the wells to release organisms from 
host cells and the total numbers of organisms in the wells were 
counted using a hemacytometer. Each treatment was assayed 
in triplicate and the percent inhibition of E. intestinalis 
replication was calculated at 100 – [(number of organisms 
counted in treatment cultures ) mean number of organisms in 
non-treated cultures) × 100]. In some experiments, the 
cumulative numbers of parasites were determined by adding 
the number of organisms released into the culture supernatant 
at a given time point to the number of organisms from the 
previous time point. 

Measurement of drug toxicity. In preliminary experiments, 
RK-13 cells were incubated with the test compounds without 
microsporidia as described above, and examined by light 
microscopy using an inverted microscope. Drug toxicity was 
noted if the host cells became subconfluent or changed in 
morphology when compared with the non-treated cells. In 
some experiments, the effects of the test compounds on host 
cell viability were measured using an MTT [3(4,5- dimethyl-
thiazol-2-yl-)2,5-diphenyl tetrazolium bromide] colorimetric 
assay as described by Mossman and Fong (1989) and as 
applied for testing antimicrosporidial drug activity by 
Beauvais et al. (1994). On day 10 of the drug assays, replicate 
wells of host cells treated with test  drugs were incubated with 
50 µl of the MTT stock solution (5 mg/ml in Tris-buffered 
saline, pH 7.4) and the culture plates were incubated for an 
additional four hrs at 37°C. The supernatants were then 
removed and 0.5 ml of 0.4 N HCl in isopropanol was added to 
each well to dissolve the formazan. The absorbance values 
were read on a spectrophotometer at a test wave length of 570 

nm and a reference wave length of 630 nm. The percent of 
host cell viability was calculated as the OD values of treated 
cells divided by the mean OD of non-treated cells × 100. 
Three replicates were used for each group of treatments. 

Focus-forming assay. To determine if microsporidia 
harvested after drug treatments were infectious, a modified 
focus-forming assay was used (Schmidt and Shadduck 1984). 
Organisms were recovered from culture wells after drug 
treatments, washed with TBS (10 min at 400 g), and 
resuspended in tissue culture medium at a concentration of 1 × 
104 organisms per ml. One-ml volumes of spores from  treated 
and non-treated cultures were added to new 24-well culture 
dishes containing confluent monolayers of RK-13 cells. Media 
changes (without drugs) were made on day four and the 
monolayers were fixed with methanol (10 min at laboratory 
temperature) on day eight. The monolayers were stained with 
Calcofluor White 2R (0.3 ml of a 0.5% solution per well) for 
five min, washed with TBS two times, counterstained with 
0.1% Evan’s Blue, washed several times with TBS and viewed 
with a fluorescent inverted microscope at a final magnification 
of 320 × to count foci of microsporidia infections. At least 50 
fields were viewed per well and each assay was repeated three 
times. 

Statistical analysis.  Student’s t-test (two-sided) was used 
when comparing results between any two treatment groups, 
and KWIKSTAT software (TexaSoft Products, Cedar Hill, 
TX) was used to calculate the results. 

RESULTS 

Several groups of compounds initially were assayed 
for antimicrosporidial activity and these included 
several benzimidazoles, fumagillins, and chitin 
synthesis/assembly inhibitors (Table 1). Of the 
benzimidazoles tested, albendazole, mebendazole, and 
thiabendazole inhibited replication of Encephalitozoon 
intestinalis by more than 50% at doses that did not 
appear toxic to the host cells. Furthermore, at higher 
concentrations, albendazole inhibited replication of 
Vittaforma corneae as well. Fumagillin, and its 
analogue TNP-470 inhibited both E. intestinalis and V. 
corneae at concentrations that were not toxic for the 
host cells. Many of the chitin synthesis/assembly 
inhibitors were toxic for the host cells with the 
exception of lufenuron which inhibited both 
microsporidian species by more than 50% at 
concentrations that were not toxic to the host cells.   

Additional compounds that were assayed and which 
demonstrated moderate activity in inhibiting the growth 
of the microsporidia, included berberine, nitazoxanide, 
desacetylnitazoxanide, and sodium nitroprusside (Table 
1). Several antineoplastic compounds were tested which 
included colchicine, demecolcine, and vinblastine. 
These compounds, however, caused too much host cell 
toxicity to ascertain efficacy in inhibiting microsporidial 
growth. Forty-four purines and pteridines also were 
screened for antimicrosporidial activity (Table 2). These 
compounds were chosen for putative tubulin binding 
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Table 1. Screening of compounds for antimicrosporidial activity 
 

  Inhibition of microsporidian 
growth Toxicity 

Group 
Compound 

Source 
Therapy categoryb 

Concetration E. intestinalis V. corneae Visualc MTT assay 
(% +/- st. dev.)d 

Benzimidazoles: 
Albendazole 0.001 µg/ml  2.0 ± 10.4  4.1 ±  4.3 no 90.5 ± 4.8 

Sigma 0.010  µg/ml 66.0 ± 25.7 14.0 ±  6.6  no 97.8 ± 6.1 
Anthelmintic 0.100 µg/ml 85.2 ± 28.1 86.7 ± 25.5 no 57.5 ± 4.9 

 1.000 µg/ml 87.4 ± 10.1 89.2 ± 22.4 yes 39.2 ± 4.2 
 10.000 µg/ml 88.2 ± 26.8 93.8 ± 14.2 yes 27.8 ± 11.8 

Mebendazole 0.010 µg/ml 64.8 ±  6.6 –e no  – 
Sigma 0.100 µg/ml 69.2 ±  6.4 – yes  – 
Anthelmintic 1.000 µg/ml 74.5 ±  5.1 – yes  – 

Metronidazole 0.010 µg/ml 13.4 ±  5.2 – no  – 
Sigma 0.100 µg/ml 17.1 ±  7.0 – no  – 
Antiprotozoal, Antiamebic 1.000 µg/ml 36.2 ±  5.9 – no  – 

Quinacrine 0.010 µg/ml -9.3 ±  6.1 – no  – 
Sigma 0.100 µg/ml 11.2 ± 11.3 – no  – 
Anthelmintic 1.000 µg/ml 36.7 ±  7.9 – no  – 

Thiabendazole 0.010 µg/ml 34.9 ±  6.2 – no  – 
Sigma 0.100 µg/ml 47.1 ± 10.4 – no  – 
Anthelmintic 1.000 µg/ml 88.4 ±  2.0 – no  – 

Fumagillins: 
Fumagillin 0.00001 µg/ml 33.2 ± 18.8 – no ¨94.5 ±  2.8 

Sanofi Santé Animale 0.00005 µg/ml 50.3 ± 11.6 – no  98.5 ±  9.1 
Antiprotozoal, Antiamoebic 0.0001 µg/ml 64.3 ±  2.9 24.5 ± 13.9 no  87.8 ±  1.5 

 0.0005  µg/ml 62.9 ± 16.1 38.4 ± 10.0 no 103.2 ±  3.1 
 0.001  µg/ml 68.9 ±  8.7 56.7 ± 15.5 no 116.9 ±  2.3  
 0.010 µg/ml 85.9 ±  1.4 – no  83.1 ± 13.0 
 0.100 µg/ml 85.4 ±  2.3 – no  77.3 ±  5.7 
 1.000 µg/ml 86.5 ±  1.9 – no  72.3 ±  9.0 

TNP-470 0.00001 µg/ml 39.4 ± 15.6 – no  80.2 ±  3.5 
Takeda 0.00005 µg/ml 47.6 ± 16.1 – no  80.1 ±  5.9 
Pharmaceutical 0.0001 µg/ml 44.5 ± 16.1 35.8 ± 26.2 no  76.1 ±  8.0 
(not listed) 0.0005  µg/ml 71.2 ± 23.2 54.4 ± 10.4 no  81.2 ±  7.7 

 0.001  µg/ml 83.6 ± 17.6 75.1 ±  4.4 no  97.5 ±  4.3 
 0.010 µg/ml 81.5 ±  1.9 – no  86.5 ±  2.5 
 0.100 µg/ml 78.7 ±  3.3 – no  87.6 ± 12.4 
 1.000 µg/ml 84.1 ±  2.0 – no  87.1 ±  1.3 

Chitin synthesis/assembly inhibitors: 
Ivermection 0.010 µg/ml 30.5 ±  6.0 – no  – 

Sigma 0.100 µg/ml 41.1 ±  4.9 – no  – 
Anthelmintic 1.000 µg/ml 67.6 ±  5.1 – yes  – 

Lufenuron 1.250 µg/ml  3.5 ± 11.1 36.9 ±  8.3 no 102.8 ± 14.7 
Ciba-Geigy 2.500 µg/ml 32.2 ±  6.9 30.3 ±  3.4 no 103.3 ±  4.5 
Ectoparasiticide 5.000 µg/ml 54.1 ±  7.1 40.9 ± 11.7 no 113.8 ±  4.4 

 10.000 µg/ml 61.8 ±  3.2 62.5 ± 3.1 no 101.2 ±  5.3 
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(Table 1 – continued) 

Nikkomycin 0.001 µg/ml 19.1 ± 12.7 – no – 
Calbiochem 0.010 µg/ml   7.4 ± 27.4 – no – 
(not listed) 0.100 µg/ml 47.5 ± 10.1 – yes – 

 1.000 µg/ml 38.9 ± 17.3 – yes – 
 5.000 µg/ml 75.3 ±   5.6 – yes – 

Plumbagin 0.010 µg/ml   6.4 ± 16.6 – no – 
Sigma 0.100 µg/ml 37.9 ± 10.1 – no – 
(none given) 1.000 µg/ml 64.9 ±   7.1 – yes – 

Tunicamycin 0.010 µg/ml 54.5 ±   3.7 – no – 
Sigma 0.100 µg/ml 56.9 ±   3.8 – yes – 
(none given) 1.000 µg/ml 82.0 ±   4.1 – yes – 

Miscellaneous: 

Berberine 0.001 µg/ml -10.5 ±  8.2 219 ±  9.9 no 100.0 ±  9.8 
PRM Pharmaceuticals 0.010 µg/ml 41.0 ±  6.9 20.3 ± 13.9 no 125.9 ± 23.1 
Antibacterial, Antimalarial 0.100 µg/ml 47.0 ± 12.3 42.2 ±  8.1 no 122.8 ± 20.1 

 1.000 µg/ml 62.0 ±  3.7 55.2 ±  2.9 no 122.4 ± 29.9 
 10.000 µg/ml 56.4 ±  3.4 63.1 ±  3.3 yes 32.3 ± 6.3 

Colchicine 0.010 µg/ml 43.1 ±  9.4 – no – 
Sigma 0.100 µg/ml 69.0 ±  6.9 – yes – 
Antineoplastic 1.000 µg/ml 84.7 ±  4.8 – yes – 

Demecolcine 0.010 µg/ml 34.4 ± 10.6 – no – 
Sigma 0.100 µg/ml 59.2 ±  6.7 – yes – 
Antineoplastic 1.000 µg/ml 43.76 ±  9.7 – yes – 

Desacetyl nitazoxanide 0.001 µg/ml 27.2 ±  5.1 31.7 ± 16.3 no 91.3 ±  1.2 
Romark Laboratories 0.010 µg/ml 30.0 ±  6.7 57.1 ±   5.5 no 97.9 ±  2.5 
(not listed) 0.100 µg/ml 40.4 ± 12.5 63.6 ± 24.1 no 94.1 ±  2.1 

 1.000 µg/ml 64.0 ± 23.8 66.1 ± 15.7 no 103.6 ±  2.5 
 10.000 µg/ml 86.2 ± 21.5 89.7 ± 20.7 yes 3.7 ± 5.9 

Nitazoxanide 0.001 µg/ml 19.4 ± 12.5 22.3 ± 19.6 no 85.5 ±  6.4 
Romark Laboratories 0.010 µg/ml 33.7 ± 14.8 25.7 ± 13.1 no 96.9 ±  0.6 
(not listed) 0.100 µg/ml 48.5 ± 11.9 38.6 ± 17.1 no 88.4 ±  1.7 

 1.000 µg/ml 57.5 ± 27.2 42.3 ± 19.3 no 98.4 ±   3.7 
 10.000 µg/ml 83.1 ± 18.4 83.0 ± 44.6 yes 3.2 ± 5.1 

Sodium nitroprusside 0.001 µg/ml 2.8 ± 9.1 35.7 ±  7.6 no 100.0 ± 12.3 
Sigma 0.010 µg/ml 42.5 ±  5.9 47.2 ±  3.5 no 111.5 ±   4.1 
Antihypertesive 0.100 µg/ml 62.3 ±  8.5 55.2 ±  5.4 no 99.3 ±  0.9 

 1.000 µg/ml 57.9 ±  3.8 60.7 ±  3.9 no 100.9 ±   5.2 
 10.000 µg/ml 60.3 ± 3.9 67.9 ±  4.3 no 85.2 ±  3.7 

Vinblastine 0.010 µg/ml 54.3 ±  5.0 – yes – 
 0.100 µg/ml 66.8 ±  9.2 – yes – 
 1.000 µg/ml 71.5 ±  5.5 – yes – 
aThe percent inhibition was determined as 100 – [(mean number of parasites recovered from treated cultures – mean number of parasites 

recovered from non-treated cultures) × 100]. 
bTherapy category as defined by the Merck Index (1996). 
cDetermination of toxicity based on visual examination through an inverted light microscopy. Toxicity (ie. “yes”) was defined as changes 

in host cell confluency or morphology compared with non-treated host cells. 
dHost cell viability was measured by the MTT assay in cultures incubated with the test compounds and compared with absorbance values 

of host cells cultures without the compounds. 
e–; indicates not tested. 
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Table 2. Inhibition of Encephalitozoon intestinalis growth by SRI compounds. 
 

Compound 
designation Concentration Parasite inhibition 

(% ± st. dev.)a Toxicityb 

SRI 6252 0.001 µg/ml 
0.010 µg/ml 
0.100  µg/ml 
1.000  µg/ml 
10.00  µg/ml 

 17.4 ±   2.6 
    0.0 ±  10.4 
 12.1 ±   0.9 
 17.4 ±   3.0 
 45.6 ±   9.9 

no 
no 
no 
no 
yes 

SRI 6262 0.001  µg/m 
0.010  µg/m 

0.100  µg/ml 
1.000  µg/ml 
10.00  µg/ml 

 11.1 ±   1.3 
 6.4 ±  0.7 

 26.5 ±   1.4 
 37.2 ±   6.8 
 57.1 ± 12.2 

no 
no 
no 
no 
no 

SRI 6270 0.001 µg/ml 
0.010 µg/ml 
0.100 µg/ml 
1.000 µg/ml 
10.00 µg/ml 

 14.3 ±   5.1 
  0.0 ± 60.6 
 75.7 ± 30.5 
 82.9 ± 39.4 
 87.1 ± 18.0 

no 
no 
yes 
yes 
yes 

SRI 6272 0.001 µg/ml 
0.010 µg/ml 
0.100 µg/ml 
1.000 µg/ml 
10.00 µg/ml 

 10.0 ±   3.4 
 16.7 ±   4.7 
 20.0 ±   7.9 
 70.0 ± 62.9 
 88.3 ± 48.3 

no 
no 
no 
yes 
yes 

SRI 6274 0.01 µg/ml 
0.10 µg/ml 
1.00 µg/ml 

 39.5 ±   8.3 
 59.1 ±   8.2 
 70.6 ±   5.1 

no 
no 
yes 

SRI 6281 0.001 µg/ml 
0.010 µg/ml 
0.100 µg/ml 
1.000 µg/ml 
10.00 µg/ml 

 12.6 ±   1.5 
   9.4 ±   1.7 
 28.3 ±   6.2 
 58.3 ±   8.3 
 61.4 ±   9.5 

no 
no 
yes 
yes 
yes 

SRI 6308 0.001 µg/ml 
0.010 µg/ml 
0.100 µg/ml 
1.000 µg/ml 
10.00 µg/ml 

 19.7 ±   9.6 
 14.5 ±   0.5 
 21.7 ±   6.8 
 32.5 ± 12.3 
 42.2 ± 23.1 

no 
no 
no 
yes 
yes 

SRI 6309 0.001 µg/ml 
0.010 µg/ml 
0.100 µg/ml 
1.000 µg/ml 
10.00 µg/ml 

 31.9 ±   0.8 
   9.1 ±   1.3 
 31.9 ± 20.6 
 23.9 ± 12.8 
 74.3 ± 38.7 

no 
no 
no 
yes 
yes 

SRI 6310 0.001 µg/ml 
0.010 µg/ml 
0.100 µg/ml 
1.000 µg/ml 
10.00 µg/ml 

   6.5 ±   0.5 
   1.8 ±   0.4 
 29.6 ±   5.4 
 74.1 ± 51.8 
 74.1 ± 62.3 

no 
no 
no 
yes 
yes 

SRI 6312 0.001 µg/ml 
0.010 µg/ml 
0.100 µg/ml 
1.000 µg/ml 
10.00 µg/ml 

  -1.4 ±   0.2 
-17.7 ±  2.5 
  -2.0 ±   0.5 
 21.1 ±   3.7 
 29.9 ±   3.8 

no 
no 
no 
yes 
yes 

SRI 6455 0.01 µg/ml 
0.10 µg/ml 
1.00 µg/ml 

 45.1 ± 19.7 
 70.8 ±   3.7 
 85.5 ±   3.4 

no 
no 
yes 

SRI 6463 0.01 µg/ml 
0.10 µg/ml 
1.00 µg/ml 

 17.9 ± 15.6 
 80.9 ±   3.3 
 84.8 ±   3.7 

no 
no 
yes 

SRI 6476 0.001 µg/ml 
0.010 µg/ml 
0.100 µg/ml 
1.000 µg/ml 
10.00 µg/ml 

   2.9 ±   1.1 
 10.0 ±   2.2 
   5.7 ±   1.3 
 55.0 ± 25.1 
 77.5 ± 74.7 

no 
no 
no 
yes 
yes 

Compound 
designation Concentration Parasite inhibition 

(% ± st. dev.)a Toxicityb 

SRI 6512 0.01 µg/ml 
0.10 µg/ml 
1.00 µg/ml  

-13.5 ± 14.9 
  -9.8 ± 17.5 
 13.2 ±  7.6 

no 
no 
no 

SRI 6592 0.01 µg/ml 
0.10 µg/ml 
1.00 µg/ml 

   3.2 ±  7.2 
  -0.7 ± 16.2 
 79.4 ±  6.0 

no 
no 
yes 

SRI 6606 0.01 µg/ml 
0.10 µg/ml 
1.00 µg/ml  

 11.8 ± 20.8 
 19.6 ± 14.3 
 45.0 ±   7.8 

no 
no 
no 

SRI 6607 0.01 µg/ml 
0.10 µg/ml 
1.00 µg/ml 

   4.2 ± 13.6 
 58.6 ± 14.1 
 74.1 ±   8.3 

no 
no 
no 

SRI 6650 0.01 µg/ml 
0.10 µg/ml 
1.00 µg/ml 

  -8.2 ±   7.9 
  -8.9 ±   7.6 
 11.46 ±   3.5 

no 
no 
no 

SRI 6707 0.01 µg/ml 
0.10 µg/ml 
1.00 µg/ml 

-14.4 ±   5.2 
  -5.2 ± 15.3 
  -0.8 ±   8.4 

no 
no 
no 

SRI 6782 0.01 µg/ml 
0.10 µg/ml 
1.00 µg/ml 

 10.8 ± 17.2 
 20.9 ± 19.4 
 51.5 ±   3.7 

no 
no 
no 

SRI 6798 0.01 µg/ml 
0.10 µg/ml 
1.00 µg/ml 

 57.5 ±   5.4 
 75.8 ±   6.0 
 78.8 ±   4.6 

no 
no 
no 

SRI 6804 0.01 µg/ml 
0.10 µg/ml 
1.00 µg/ml 

 32.4 ± 15.6 
 71.0 ±   8.2 
 61.4 ±   5.4 

no 
no 
yes 

SRI 6809 0.01 µg/ml 
0.10 µg/ml 
1.00 µg/ml 

   7.3 ±   8.2 
   0.0 ±   4.2 
 26.5 ±   8.8 

no 
no 
no 

SRI 6839 0.01 µg/ml 
0.10 µg/ml 
1.00 µg/ml 

 26.8 ± 21.9 
 53.9 ± 18.2 
 59.0 ± 12.2 

no 
no 
no 

SRI 6894 0.01 µg/ml 
0.10 µg/ml 
1.00 µg/ml 

   6.5 ±   5.2 
   7.1 ±   7.6 
   3.9 ±   4.6 

no 
no 
no 

SRI 7109 0.01 µg/ml 
0.10 µg/ml 
1.00 µg/ml 

  -6.5 ±   7.1 
 12.6 ± 12.4 
  -2.5 ±   9.5 

no 
no 
no 

SRI 7175 0.01 µg/ml 
0.10 µg/ml 
1.00 µg/ml 

 59.5 ±   4.6 
 52.5 ± 13.5 
 64.6 ±   7.1 

no 
no 
no 

SRI 7462 0.01 µg/ml 
0.10 µg/ml 
1.00 µg/ml 

 19.1 ±   7.9 
 64.9 ±   8.6 
 77.3 ±   7.5 

no 
yes 
yes 

SRI 7563 0.01 µg/ml 
0.10 µg/ml 
1.00 µg/ml  

 71.9 ±   7.9 
 58.4 ± 11.6 
 69.7 ±   8.9 

no 
yes 
yes 

SRI 7614 0.01 µg/ml 
0.10 µg/ml 
1.00 µg/ml 

 73.2 ±   5.0 
 73.2 ±   6.6 
 83.1 ±   4.1 

no 
no 
yes 

SRI 7714 0.01 µg/ml 
0.10 µg/ml 
1.00 µg/ml 

   1.0 ±   6.6 
 38.2 ±   7.6 
 81.8 ±   4.9 

no 
yes 
yes 

SRI 7896 0.01 µg/ml 
0.10 µg/ml 
1.00 µg/ml 

 12.7 ±   7.3 
   4.1 ±   5.0 
 77.5 ±   3.7 

no 
no 
yes 
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(Table 2 – continued) 
Compound 
designation 

Concentration Parasite inhibition 
(% ± st. dev.)a 

Toxicityb 

SRI 8117 0.01 µg/ml 
0.10 µg/ml 
1.00 µg/ml 

   4.8 ±   8.2 
 28.3 ± 12.9 
 65.8 ±   3.6 

no 
yes 
yes 

SRI 8202 0.01 µg/ml 
0.10 µg/ml 
1.00 µg/ml 

 22.6 ±   2.8 
 69.8 ±   6.3 
 75.7 ±   3.1 

no 
yes 
yes 

SRI 8228 0.01 µg/ml 
0.10 µg/ml 
1.00 µg/ml  

 56.3 ±   5.1 
 65.4 ±   5.9 
 78.0 ±   5.9 

yes 
yes 
yes 

SRI 8229 0.01 µg/ml 
0.10 µg/ml 
1.00 µg/ml  

 41.6 ± 10.2 
 72.2 ±   7.7 
 68.7 ±   7.8 

yes 
yes 
yes 

SRI 8582 0.01 µg/ml 
0.10 µg/ml 
1.00 µg/ml  

 15.3 ±   6.2 
 74.8 ±   3.1 
 75.4 ±   4.8 

no 
yes 
yes 

SRI 8654 0.01 µg/ml 
0.10 µg/ml 
1.00 µg/ml 

   8.9 ±   3.5 
 16.8 ± 10.1 
   8.4 ±   8.4 

no 
no 
no 

SRI 8686 0.01 µg/ml 
0.10 µg/ml 
1.00 µg/ml 

  -1.1 ± 11.3 
   6.0 ± 17.6 
 68.3 ± 18.3 

no 
no 
yes 

SRI 8691 0.01 µg/ml 
0.10 µg/ml 
1.00 µg/ml 

   0.0 ± 13.6 
 67.2 ±   5.3 
 74.6 ±   3.0 

no 
yes 
yes 

SRI 8708 0.01 µg/ml 
0.10 µg/ml 
1.00 µg/ml 

 21.3 ± 11.4 
 69.5 ±   4.9 
 75.7 ±   4.4 

no 
yes 
yes 

SRI 8709 0.01 µg/ml 
0.10 µg/ml 
1.00 µg/ml 

 56.6 ±   6.1 
 57.2 ±   6.9 
 70.4 ±   3.5 

yes 
yes 
yes 

SRI 8710 0.01 µg/ml 
0.10 µg/ml 
1.00 µg/ml  

 40.6 ±   7.2 
 53.6 ± 11.9 
 72.5 ±   7.7 

yes 
yes 
yes 

SRI 8829 0.01 µg/ml 
0.10 µg/ml 
1.00 µg/ml  

   9.9 ± 13.0 
   1.1 ± 13.3 
  -2.0 ±   3.4 

no 
no 
no 

aThe percent inhibition was determined as 100 – [ (mean number 
of parasites recovered from treated cultures – mean number of 
parasites recovered from non-treated cultures) × 100]. 

bToxicity was based on visual examination as described in Table 1 
and Materials and Methods.  

properties and 12 of these compounds were found to 
inhibit E. intestinalis growth by more than 50% at 
concentrations that were not toxic to the host cells as 
determined by visual inspection.   

In additional experiments, albendazole, fumagillin, 
TNP-470, and lufenuron were added to RK-13 cells 
which had been infected with E. intestinalis seven days 
earlier to determine if these compounds could inhibit 
microsporidial growth after the establishment of the 
infection. Concentrations of albendazole (0.1 µg/ml), 
fumagillin (0.01 µg/ml), and TNP-470 (0.01 µg/ml) 
used in these experiments were based on the 
concentrations that inhibited microsporidian growth by 
approximately 80% and were not toxic by visual 
examinations  in  the screening experiments.  Lufenuron  

Table 3. Infectivity of Encephalitozoon intestinalis recovered 
after treatment with test compounds. 
 

Treatment Number of Infected 
Cell (Foci) per 10 
Fields (±  st. dev.) 

Percent of 
Control (±  st. 
dev.) 

Pa 
 

Albendazole 
(0.1 µg/ml) 

0.07 ± 0.02 0.11 ± 0.003 < 0.001 

Fumagillin 
(0.01 µg/ml) 

0.14 ± 0.09 0.21 ± 0.135 < 0.001 
 

TNP-470 
(0.01 µg/ml) 

0.18 ± 0.25 0.28 ± 0.040 < 0.001 

Lufenuron (10.0 
µg/ml) 

15.30 ± 1.13 23.36 ± 17.30 < 0.001 

None 65.50 ± 5.60 100 ± 8.50 < 0.001b 
a Comparisons were made with parasites recovered from non-treated 

cultures and assayed for infectivity. 
b The P value when compared with with the number of infectious 

parasites recovered after treatment with albendazole, fumagillin, or 
TNP-470.  

was used at 10.0 µg/ml which was the highest dose 
tested in the screening experiments and was not toxic to 
the host cells. The numbers of parasites released into the 
culture medium were counted every three to four days, 
and the results in Figure 1 show the percent of 
organisms released into the supernatants of treated 
cultures compared with non-treated cultures over time. 
Parasite shedding was reduced to 50% of that from non-
treated cultures approximately 2.8 days after initiating 
treatment with fumagillin (0.01 µg/ml) and by 
approximately 3.6 days after beginning treatments with 
albendazole (0.1µg/ml) or TNP- 470 (0.01 µg/ml). It 
took approximately 5.4 days before lufenuron (10.0 
µg/ml) treatment inhibited replication of E. intestinalis 
to 50% of that seen in the non-treated cultures.   

Microsporidia were still seen in the cultures after 
treatment with albendazole, fumagillin, TNP-470, or 
lufenuron as shown in Figure 1. Since it was not 
possible to determine if these organisms were mature or 
infectious by light microscopic examination, the 
recovered parasites were assayed in the focus-forming 
assay to measure relative infectivity. RK-13 cells were 
infected with E. intestinalis and treated with 
albendazole (0.1 µg/ml), fumagillin (0.01 µg/ml), TNP-
470 (0.01 µg/ml), and lufenuron (10.0 µg/ml) from day 
7 through day 14. Parasites recovered from the medium 
on day 14 were adjusted to 1 × 104 organisms and 
assayed for infectivity in the focus-forming assay. The 
results in Table 3 indicate that significantly fewer 
infectious microsporidia were recovered after treatments 
with albendazole, fumagillin, TNP-470, or lufenuron 
compared with the number of infectious organisms 
recovered from non-treated cultures (P < 0.001). 
Further, treatments with albendazole, fumagillin, and 
TNP-470 generated significantly fewer infectious 
organisms than generated after treatment with lufenuron 
(P < 0.001).   
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Fig. 1. Effects of drugs on established Encephalitozoon 
intestinalis infections in vitro. RK-13 cells were infected with 
E. intestinalis. Seven days later, and with each subsequent 
medium change, albendazole (0.1 µg/ml), fumagillin (0.01 
µg/ml), TNP-470 (0.01 µg/ml), or lufenuron (10.0 µg/ml) 
were added to the cultures. Parasites released into the 
supernatants were counted after each medium change. Values 
on the y axis represent the percent of spores shed from treated 
cultures relative to non-treated cultures. Assays were run in 
triplicate and values represent the mean numbers of 
accumulated organisms at each time point. 

DISCUSSION 

Currently, the two most effective drugs for treating 
microsporidiosis are albendazole and fumagillin. Alben- 
dazole is a broad spectrum anti-protozoal benzimidazole 
which binds to the colchicine binding site of b-tubulin 
thereby inhibiting microtubule polymerization (Lacey 
1985). Albendazole has shown variable levels of clinical 
efficacy against Enterocytozoon bieneusi, but organisms 
were rarely cleared from the stool (Blanshard et al. 
1992, Wanke et al. 1993, Dieterich et al. 1994, Franzen 
et al. 1994). However, albendazole appears to be more 
effective against the Encephalitozoon species. Although 
relapses have occurred in patients with E. intestinalis or 
Encephalitozoon hellem, after discontinuation of 
albendazole, patients responded well to a second course 
of treatment resulting in relief of symptoms. 
Furthermore, Encephalitozoon spp. spores often were 
cleared from stool, urine, and other tissue sites after 
treatment with albendazole (Blanshard et al. 1992, 1993, 
Wanke et al. 1993, Aarons et al. 1994, Franzen et al. 
1994, Weber et al. 1994a,b, DeGroote et al. 1995, Dore 
et al. 1995, Franssen et al. 1995, Sobottka et al. 1995, 
Joste et al. 1996, Lowder et al. 1996). In the study 
presented here, albendazole treatment for ten days in 
vitro significantly inhibited replication of E. intestinalis, 
and at higher concentrations, inhibited V. corneae, as 
well. Negligible numbers of infectious organisms were 
recovered after treatment with 0.10 µg/ml albendazole 
for one week suggesting that in vitro albendazole can be 

parasiticidal if treatment is continued for a sufficient 
period of time, as well. 

Several purines and pteridines were assayed for 
antimicrosporidial activity and were selected for their 
putative tubulin binding abilities. These compounds 
were synthesized at Southern Research Institute and 
expressed a wide range of inhibitory effects. Of the 44 
compounds that were screened, 12 inhibited replication 
of E. intestinalis by more than 50% at concentrations 
that were not toxic for the host cells. 

Fumagillin, an antibiotic produced by Aspergillus 
fumigatus, is used for treating insects with micro-
sporidiosis (Ketznelson and Jamieson 1952, Hartwig 
and Przelecka 1971, Armstrong 1976) and historically, 
was used for treating patients with amebiasis 
(McCowen et al. 1951, Killough et al. 1952). In vitro, 
fumagillin inhibits E. cuniculi replication (Shadduck 
1980), and clinically, fumagillin has been used topically 
to treat E. hellem and E. intestinalis infections of the eye 
(Diesenhouse et al. 1993, Rosberger et al. 1993, Wilkins 
et al. 1994, Garvey et al. 1995, Shah et al. 1995, Didier 
et al. 1996a, Lowder et al. 1996). A limitation of 
fumagillin, however, is that typically it cannot be given 
systemically to patients with E. bieneusi or disseminated 
Encephalitozoon infections due to high toxicity. In one 
report, oral administration of fumagillin cleared E. 
bieneusi in several AIDS patients, but did cause 
thrombocytopenia (Molina et al. 1997).  

In other studies, fumagillin was found to inhibit 
endothelial cell development and was studied for its 
tumor inhibition. Due to its high toxicity, analogues 
were synthesized and the most effective of these was 
TNP-470 (Ingber et al. 1990, Kusaka et al. 1991, Pluda 
et al. 1993, Yamaoka et al. 1993a,b, Yanase et al. 1993, 
Tsujimoto et al. 1995, Yanai et al. 1995). In the studies 
presented here and previously (Didier 1997), fumagillin 
and TNP-470 were seen to inhibit both E. intestinalis 
and V. corneae by more than 50% at non-toxic 
concentrations. In addition, few infectious organisms 
could be recovered after treatment for one week with 
either fumagillin or TNP-470. These results also were 
consistent with those of Beauvais et al. (1994) and 
Franssen et al. (1995) who found that fumagillin was 
among the most effective compounds assayed against E. 
cuniculi in vitro. 

Chitin is a component of the microsporidian spore 
wall (Vávra et al. 1993, Bigliardi et al. 1996). 
Compounds that target chitin synthesis or assembly 
therefore were screened for their abilities to inhibit 
replication of microsporidia in vitro. Lufenuron, which 
acts as a chitin synthesis inhibitor, was found to be most 
effective and least toxic of this group of compounds in 
the initial assays. Lufenuron has been found to control 
cat fleas (Ctenocephalides felis) in cats and dogs 
(Blagburn et al. 1994, 1995, Hink et al. 1994, Nishida et 
al. 1995, Smith et al. 1996, Franc and Cadiergues 1997) 
and is the active component in the flea-control drug 
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named ProgramR (Ciba-Geigy Corp., Greensboro, NC, 
USA). No toxicity was reported in any of the dogs or 
cats treated with lufenuron. In studies presented here, 
lufenuron inhibited E. intestinalis and V. corneae at 5.0 
and 10.0 µg/ml, respectively, and caused no detectable 
toxicity. It appeared that lufenuron acted to inhibit the 
later stages of development. The number of infected 
cells (i.e. infectious foci) in the treated and non-treated 
cultures appeared to be similar (data not presented), but 
the size of each infectious focus, appeared smaller in the 
treated cultures than in the non-treated cultures. This 
was borne out by the significantly lower number of 
parasites recovered from treated versus non-treated 
cultures. However, there were significantly more 
infectious (i.e. focus-forming) organisms recovered 
from the lufenuron-treated cultures than from the 
cultures treated with albendazole, fumagillin, or TNP-
470 suggesting that higher concentrations of lufenuron 
may be required and/or that treatments may need to be 
prolonged.  

Additional compounds were screened for 
antimicrosporidial activities. Berberine was assayed 
because of reported anti-protozoal activities (Ghosh et 
al. 1985, Kaneda et al. 1990), and anti-microsporidial 
activity, specifically (McDevitt et al. 1996). Berberine is 
a plant alkaloid that has been used in China and India as 
an antidiarrheal agent (Schiller 1995). The results 
generated in this study corroborated the findings of 
McDevitt et al. (1996) in demonstrating berberine 
activity for inhibiting replication of E. intestinalis and 
V. corneae in vitro.  

Nitrogen intermediates have been shown to be 
mediators of antiparasitic activities expressed by 
macrophages (James 1995) and were found to be 
involved in macrophage-mediated killing of E. cuniculi 
(Didier et al. 1994, Didier 1995). In addition, He et al. 
(1996) demonstrated that nitric oxide donors inhibited 
germination of E. intestinalis. In the screening studies 
presented here, sodium nitroprusside was found to 
inhibit both E. intestinalis and V. corneae at doses 
above 0.1 µg/ml without any discernible toxicity for the 
host cells. 

Two additional antiparasitic compounds that were 
assayed were nitazoxanide and desacetylnitazoxanide 
(Rossignol   and    Maisonneuve    1984,    Murphy   and  

Friedman 1985, Dubreuil et al. 1996). Nitazoxanide has 
shown efficacy in a clinical trial for treatment of 
Cryptosporidium parvum and is currently being studied 
in the AIDS Clinical Trials Groups protocol 336 for 
efficacy against C. parvum (Framm and Soave 1997). In 
these preliminary in vitro screening assays, deacetyl 
nitazoxanide inhibited both E. intestinalis and V. 
corneae at concentrations that were not toxic to the host 
cells while nitazoxanide appeared to be more effective 
against E. intestinalis.   

Until E. bieneusi can be grown in culture, the in vitro 
model utilizing E. intestinalis and V. corneae provides a 
means of screening compounds for antimicrosporidial 
activities. E. intestinalis is the most commonly-reported 
microsporidian that infects humans and that can be 
grown in culture, and V. corneae appears to represent 
the best microsporidian surrogate for E. bieneusi. Both 
V. corneae and E. bieneusi replicate in direct contact 
with the host cell cytoplasm, although V. corneae is also 
intimately associated with endoplasmic reticulum 
(Desportes-Livage et al. 1985, Silveira and Canning, 
1995). V. corneae and E. bieneusi are relatively less 
susceptible to albendazole than the Encephalitozoon 
species, but both organisms are very susceptible to 
fumagillin in vitro and in vivo, respectively (Didier 
1997, Molina et al. 1997), but fumagillin is highly toxic 
in vivo. These results support further studies on the 
fumagillin analogue, TNP-470, along with lufenuron, 
several purines and pteridine derivatives, berberine, and 
nitazoxanide and its analogue, desacetylnitazoxanide. 
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