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Evidence was obtained that fumagillin inhibits RNA synthesis in the
microsporidian, Octosporea muscaedomesticae, a pathogen of the blow fly,

Phormia regina. Infections, treated with 66mg fumagillin per liter of 5%
sucrose for six hours, were compared to control octosporeoses of the same

age with the following techniques : Giemsa stain, pyronin-methyl green, and
acridine orange fluorescence. Staining reactions demonstrated an almost

complete loss of material from the parasites' cytoplasm ; RNase treatment of
normal parasites identified this material as RNA. Parasite DNA remained
unchanged after fumagillin treatment, as observed by the above techniques.

The clinical effects of fumagillin have been extensively investigated since the

drug's isolation in 1949. A scattered spectrum of organisms has been found susceptible
to fumagillin, including Entamoeba histolytica^, various other enteric protozoa2), Nosema
apisz\ Perezia pyraustae^\ Toxoplasma5\ and Plasmodium gallinaceumQ). A number of
tumors are also inhibited, offering a potential use for fumagillin in this area7'8).
Bacteria, fungi, and helminths, however, are insusceptible to the drug2). Fumagillin
has perhaps been most significant in the treatment of nosemosis in the honeybee9),

and, to a lesser extent, amoebiasis in manl0).
Despite the large amount of research, little has been elucidated about the mecha-

nisms of fumagillin's action and the reason for its scattered specificity. Work that
has been published is often contradictory. Katznelson and JamiesonU) theorized

that the "early motile stages" (sporoplasms) of the microsporidian N. apis, were killed
prior to cellular invasion, while Bailey3) observed that the vegetative stages (schizonts)
were killed by the drug. Working with E. histolytica in vitro, Gordeeva12) concluded
that RNA synthesis was halted after a 48-hour exposure to fumagillin. Similar
effects were indicated with Ehrlich ascites carcinoma13). Hartwig and PrzeleckaU),
on the other hand, concluded that DNAsynthesis was blocked in N. apis while RNA
synthesis was unaffected. To further complicate the situation, Vandermeer and

Gochnauer15) have implicated interference with the fatty acid metabolism of N. apis.
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I had previously noted that fumagillin, as Fumadil-B (Abbott Laboratories), was

effective in controling the microsporidian Octosporea muscaedomesticae Flu infecting
laboratory colonies of black blow fly, Phormia regina (in preparation). In view of
the confusion in the literature, I examined the cytochemistry of fumagillin's action

on octosporeosis to determiue whether DNAor RNAsynthesis was affected.

Materials and Methods
Spores of O. muscaedomesticae were derived from a laboratory stock using P.

regina as the host. To remove bacterial contamination and debris, 1 treated spore

suspensions according to McLaughlin and Bell16) and resuspended them in 5%sucrose
for administration to the flies. Newly emerged adult flies were infected per os after a
12-hour starvation period to remove weaklings and ensure rapid ingestion of the inocula.
All P. regina were from disease-free stocks. The flies were grouped into units of 25~30
individuals, each unit receiving 2.5-3.0X106 spores in one ml of 5 % sucrose, following
the method of Kramer17). Flies generally consumed the inocula within 3 or 4 hours.
During the course of the experiment, the flies subsisted on a diet of powdered milk and
sugar, and had free access to water.

In one-half the groups, the infection was allowed to progress for 9 days at which

time I administered fumagillin (as Fumadil-B) at a concentration of 66 mg/liter of 5%
sucrose. Duration of the antibiotic treatment was 12 hours.

Alimentary tracts were removed from several of such treated flies, as well as from

control flies infected for the same duration but not treated with the antibiotic. Someof
the guts were smearedon coverslips, fixed in methanol, and stained in Giemsa's fluid.
Other guts were similarly prepared but were air-dried and stained with Pappenheim-
Saathof's methyl green-pyronin stain. The remaining guts were washed in distilled water,
frozen, and sectioned in an AmesCryostat at 5ju thickness. These sections were stained
with acridine orange (pH 3.8) for ultraviolet fluorescence microscopy.
I was also interested in following the development of the disease with and without

fumagillin medication. Another experimental group was infected as previously, but in
this case received continuous fumagillin treatment subsequent to infection. At 4-hour
intervals, for 156 hours, the alimentary tracts of several of these flies and also controls
were dissected, fixed in Bouin's, dehydrated, cleared in toluene, embedded in paraffin, and
cut into into 1~2^ thick longitudinal serial sections. These I stained with Wolbach's

modification of the Giemsa stain, buffered azureosin (pH 4.0-4.5), and methyl green-
pyronin.

Results

Smear preparations yield all stages of the microsporidian (for a description of the
life cycle see 17). The normal parasite is marked by one or more large, distinct

nuclei, the number depending upon the stage, and a cytoplasm which is strongly
basophilic with Giemsa stain (Fig. 1). Methyl green-pyronin staining demonstrates
that the basophilia is due to the presence of ribonucleic acid in large amounts, as the

cytoplasm is strongly pyrinophilic. Acridine orange fluorescence, with RNase treated
controls, substantiates this observation. O. muscaedomesticaefloresces a bright orange
which is extinguished when sections of infected gut are incubated with m/10 ribonu-
clease at 37°C for one hour.

Parasites from treated infections show a marked difference in the staining pro-
perties of their cytoplasm. In Giemsa preparations, most of thebasophilia has disap-
peared (Fig. 2); the pyrinophilia has disappeared; and the orange fluorescence has
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Fig. 1. Normal Octosporea mucaedomesticae
from a 5-day old infection, stained

with Giemsa. (a sporonts, b sporo-
blasts, and c mature spores.)

Fig. 2. 0. muscaedomesticae from a 5-day old
infection which had been treated with

fumagillin for 12 hours previous to
fixation and staining.

Cells are stained with methyl green pyronin.
Almost all cytoplasmic pyrinophilia (RNA)
has disappeared, (a sporont, b diplokarya,
and c sporoblasts.)

been extinguished. Late sporonts and

sporoblasts are particularly affected. From
these observations I would conclude that

RNAhas almost completely disappeared from the microsporidian during the 12-hour
fumagillin treatment.

At the same time no changes in the DNAcontent of the parasites could be seen.
Nuclei in both treated and untreated parasites appeared the same with all the staining
protocols.

Histological observation of the progress of the infection showed an almost com-
plete halt in the parasite's life cycle at the sporoblast stage (48~56 hours post-infec-

tion). Before that time few differences were observable between experimental and
control octosporeoses. Beyond the 56-hour stage, however, few, it any parasites could
be seen in the gut tissues, while in the controls, 0. muscaedomesticae proliferated.

Discussion

In view of these results, the evidence of Hartwig and PrzeleckaU), showing that DNA
synthesis is solely affected, must be explained. The data of Gordeeva12) and Tursunkho-

daev13) both strongly indicate suppression of RNAtranscription. Both authors noted that
the ribonucleic acid content of their experimental organisms was drastically reduced
following exposure to fumagillin, while DNAif affected, was so only at a much later
time or at higher concentrations of the drug. In both cases cytochemical means (acridine

orange fluorescence and the Feulgen reaction) were used to assay the drug's mode of
action. Further observations by Mills18) on a bacteriophage also infer interference with
RNAsynthesis. Phage production was affected only when treated with fumagillin before
the latent period had passed. It is during this period that virus-specific RNAis produced
to act a template for viral enzymes proteins19).

Hartwig and PrzeleckaU), using 3H-thymidine incorporation as an assay of DNA
synthesis in N.apis, observed that label uptake ceases with a one-hour exposure lo
fumagillin in vivo. From their radioautographs one can see that not all thymidine uptake

has ceased in the parasites, however. Furthermore, no mention is madeof fumagillin's
effect upon uC-uracil incorporation, which would be indicative of RNAsynthesis. It is
only inferred rather that transcription has been inhibited, the authors stating only that it
has been restored to the host epithelial cells.
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The apparent contradiction in these
findings may be due to confusion between
primary and secondary effects of fumagillin
on the host-parasite system.

Cellular RNA is not permanent, but
undergoes continuous turnover203. Thus any
disruption in the synthesis of this nucleic
acid would be quickly evident by changes
in the RNAcontent of the cell. In addition,
RNA synthesis is independent of replication
and there is evidence that the two processes
are mutually exclusive on the same strand
of template21). From these assumptions it
seems unlikely that inhibition of DNA
synthesis would result in the immmediate
subsequent loss of RNA.

On the other hand, replication is pre-
ceded by the de novo synthesis of specific

RNAcoding for polymerase and accessory
proteins. Actinomycin, by binding with

template, blocks transcription during the Gx period of interphase, and prevents enough DNA
polymerase from being formed to allow replication22). From myobservations, supported
by those of Gordeeva and Tursunkhodaev, I believe that fumagillin may act in analagous
manner : inhibition of transcription and the formation of polymerase; concurrent loss of
cytoplasmic RNA; cessation of replication ; and finally cell death. This may explain the
presence of both phenomena.

An additional observation during the course of these experiments may provide a
clue as to the scattered specificity. In one fumagillin-treated fly, the infection at the 56-
hour stage was only partially inhibited by the antibiotic. Microsporidians in the apical
regions of their host cells showed a distinct loss of basophilia with Giemsa and buffered
azure eosin techniques (Fig. 3). Those parasites in the basal areas, however, seemed to
retain their normal basophilia. It would seem that the fumagillin had difficulty in

entering the cell and a gradient of the drug had been established. The exact reason why
this had happened in only one case and not in the others examined is unclear. Nevertheless,
it may be that susceptibility to fumagillin may rest with its ability to penetrate the gut cells,
at least with the microsporidians. The several species not susceptible are primarily non-gut
parasites235. It is also known that fumagillin is not absorbed by the human intestinal
tract24). This hypothesis, however, remains to be definitively tested.
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Fig. 3. Histological section of the mid-gut
epithelial cells in Phormia regina.

The cells are filled with the microsporidian.
After continuous treatment with fumagillin
only the cells toward the apex their host cells
(a) have lost their cytoplasmic basophilia
(buffered azure-eosin technique), while those
located basally are normal in appearance (b).
(56 hours post-infection").
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