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Abstract Rhinosporidiosis in humans and animals,

caused by Rhinosporidium seeberi, can now be termed an

emerging infective disease worldwide. The pharmacoki-

netics of dapsone when used as an antimicrobial agent in

patients with rhinosporidiosis was compared with its

pharmacodynamics in the inactivation of purified rhinos-

poridial endospores in vitro. A marked discrepancy was

noted between the in vitro inactivation, which commenced

on day 1 and was a maximum at day 4, whereas earlier

reports on the response of endospores in patients under

dapsone therapy indicated that the degeneration and dis-

appearance of the endospores was not observed for

18–36 weeks after therapy began. Reasons for this dis-

crepancy that operate in vivo are postulated: (a) imper-

meability of the barriers of down-growths of squamous

epithelium in which the endospore-containing rhinospori-

dial sporangia are embedded; (b) presence of a mucoid

matrix in which the endospores exist within the sporangia.

These explanations contribute to resolving the controver-

sial problem of general correlations between in vitro and in

vivo results from studies on the action of antimicrobial

drugs.

Keywords Pharmacodynamics � Pharmacokinetics

Introduction

Dapsone has been reported by several workers in regions

of India that are hyperendemic for rhinosporidiosis to be

effective in arresting the progress of rhinosporidiosis with

identifiable damage to the morphology of the pathogen

Rhinosporidium seeberi on light-microscopic histology

and ultramicroscopy of the rhinosporidial tissues from

treated patients. In view of the absence of a method for

both the in vitro culture of R. seeberi and a model for the

experimental reproduction of the disease, there was

no available data until recently, when a new method

(Arseculeratne and Atapattu 2004) was developed for

assessing the viability of rhinosporidial endospores. With this

method, studies were made on responses of rhinosporidal

endospores in vitro to antimicrobial drugs, including

dapsone, used in human and animal chemotherapy

(Arseculeratne et al. 2008). The time course of inactivation

of endospores in vitro was determined to compare the

pharmacodynamics of the inactivation of rhinosporidial

endospores in vitro with the pharmacokinetics of the action

of dapsone in patients with rhinosporidiosis, as indicated

by changes in the histopathology of dapsone-treated

rhinosporidial tissues and the morphology of the pathogen

R. seeberi described in the literature. Cycloserine, the

antituberculous drug; and Berenil, a veterinary antimicro-

bial formulation of diminazene aceturate; were also

investigated in this for pharmacodynamics in vitro for

comparison with that of dapsone, because these two drugs

have lower IC50s than dapsone. Reasons are postulated

for the discrepancy in in vitro and in vivo result durations

with dapsone. These explanations provide new perspec-

tives on the general problem of correlations between in

vitro and in vivo results of the action of antimicrobial

drugs.
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Materials and methods

Drugs

Dapsone was kindly supplied by Dr. Peter Heistand

(Novartis, Switzerland). Cycloserine and Berenil were

preparations used in clinical practice. Dapsone was first

dissolved in dimethylsulfoxide (DMSO), which was then

diluted with phosphate-buffered saline (PBS, 0.2 M, pH

7.4) with 0.2% DMSO to the required concentration.

Cycloserine and Berenil were dissolved in PBS alone. All

three drugs were tested at a concentration of 50 lg/ml,

which was approximately 29 IC50 of dapsone and 39 IC50

of Berenil and cycloserine.

Rhinosporidial endospores

Nasal rhinosporidial tissue was homogenized in sterile dis-

tilled water (SDW) filtered through nylon sieves (25-lm

diameter) to remove tissue fragments, and the endospores

were resuspended in SDW at approximately 2 9 106 endo-

spores/ml. These suspensions had no sporangia that were

presumably ruptured during homogenization.

MTT reduction test for inactivation of endospores

The microscopic adaptation of the 3-[4,5-dimethyl

2-thiazolyl]-2,5diphenyl-2H-tetrazolium bromide (MTT)

reduction test for rhinosporidial endospores and the criteria

for inactivation, as described earlier (Arseculeratne and

Atapattu 2004), were used to assess endospore viability.

Endospores in SDW served as controls for their spontaneous

inactivation. At the end of the period of incubation (com-

mencing at day 1 for 12 days) at room temperature (28�C

ambient), endospores were washed once in SDW, and MTT

in PBS (Sigma, USA; 0.5 mg/ml) was added to the centri-

fuged deposit, which was incubated for 3 h at 37�C before

evaluation of inactivation by microscopy at 1,0009. The

percentage inactivation of control endospores was sub-

tracted from the crude percentage of drug-treated endospores

for the corrected percentage inactivation (CPI) according to

the formula:

CPI ¼ P� C

V
� 100

where P = crude percentage inactivation, C = percentage

inactivation of control endospores, V = percentage of

viable endospores in the test suspension.

Time course of inactivation

Control endospores retained their viability over the test

period of 12 days (Fig. 1).

The inactivation by dapsone commenced after day 2

and was at a maximum at day 4. In comparison Berenil

(diminazene aceturate, the antimicrobial drug for veterinary

use) produced the maximum inactivation on day 2, whereas

cycloserine produced the maximum inactivation on day 8.

Histopathology of rhinosporidial tissue

Rhinosporidial tissue, irrespective of the patient and site of

the disease, showed uniform histopathology. The pathogen

R. seeberi was present with its diverse ontogenic stages–

juvenile, immature, and mature sporangia–with endospores

surrounding the pore of the sporangia dispersed mainly in

the dermis and surrounded by down-growths and whorls of

the squamous epithelium (Fig. 2). As deduced from the

appearances of their cells, these down-growths consist of

the stratum granulosum and stratum spinosum of the ori-

ginal squamous epithelium enclosing the rhinosporidial

sporangia and have been regarded as the earliest stage in

the phenomenon of transepidermal elimination of sporan-

gia (Arseculeratne et al. 2001).

Figure 3 shows a mature rhinosporidial sporangium

containing mature endospores embedded in an intraspo-

rangial mucoid matrix that prevents the aggregation of

endospores.

Ethical aspects

Patients’ informed consent for publication of clinical data

was obtained. Ethical clearance for the publication was

obtained from the Committee on Research and Ethical

Review of the University of Peradeniya’s Faculty of

Medicine on 12 August 2010.

Fig. 1 The time course of the inactivation of the endospores of

Rhinosporidium seeberi in vitro
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Discussion

Clinically, Mahakrisnan et al. (1981) noted complete

regression of cutaneous nodules in disseminated rhino-

sporidiosis, with an accentuated granulomatous host’s

responses histopathologically and arrest of the maturation

and degeneration or absence of endospores that were

observed at 18 weeks of dapsone therapy. Job et al. (1993)

recorded the time-sequence of the effects of orally

administered dapsone in the chemotherapy of rhinospo-

ridiosis in the absence of surgery. Clinically, a reduction in

size of the growth at 6 weeks, marked reduction at

36 weeks, and total disappearance after 1 year of treat-

ment, were observed. Histopathologically, at 6 weeks no

effect on pathogen was observed, whereas in 18 weeks,

degenerative changes and in 36 weeks, reduction in num-

bers and size of the pathogen, had occurred, with sporangia

that had collapsed and been phagocytosed by macrophages.

Venkateswaran et al. (1997) observed no effect on the

pathogen until the 6th week of therapy and that the

patients’ tissue responses were augmented after 12 weeks

of therapy, with degeneration and disappearance of the

pathogen, which was observable after 36 weeks.

These changes in the pathogen that took several weeks

to appear in vivo are in marked contrast to the rapidity

(within a few days) of degenerative changes and total

inactivation that the drug-treated free endospores showed

in vitro, which began on the second day and was at a

maximum on the eighth day; the in vivo inactivation is

reported to have occurred from the 12th to the 36th week of

therapy in patients with rhinosporidiosis.

We postulate two possible reasons for the marked dif-

ferences in the times of occurrence of the in vitro and in

vivo antirhinosporidial effects, as relating to the pharma-

cokinetics of dapsone therapy and pharmacodynamics of

its direct action on the pathogen in vitro. The reasons are

based on the kinetics of the access of dapsone to the

pathogen in vivo––the time taken for absorption after oral

dosing, distribution into the tissues, and especially the

penetration into the diseased rhinosporidial tissues and

access to the endospores within the sporangia, which is in

contrast to the immediate exposure of the endospores to

dapsone in vitro. The in vitro effects would therefore

entirely represent the real time course of inactivation of the

free endospores by the drug.

Penetration of rhinosporidial tissues by dapsone

Whereas retardation of the access of dapsone to the path-

ogen by edema, hemorrhage, cell infiltration, fibrosis, and

cystic spaces in the rhinosporidial tissues is likely to occur,

the major reason for delayed access of dapsone to the

pathogen as endospores that are mainly within sporangia is

probably that the latter entities are surrounded by down-

growths and whorls of squamous epithelium (Fig. 2). The

epithelial whorls consist of the stratum granulosum and

stratum spinosum of the original epidermis, which serves

as a barrier to the penetration of drugs; in the stratum

granulosum are lamellar granules with lipid bilayers,

which act as a barrier to penetration by foreign material

(Junqueira and Carneiro 2005), and presumably these

materials include the antirhinosporidial drugs. In addition,

the skin acts as a two-way barrier to prevent the inward or

outward passage of water and electrolytes, and it is rela-

tively impermeable to sodium, potassium, and other ions in

Fig. 2 Histopathology of rhinosporidial tissues showing whorls of

down-growths of squamous epithelium (SE) enclosing mature,

endospore-containing sporangia (Sp). JS degenerate juvenile sporan-

gia. Initial magnification 9400. Hematoxylin and eosin

Fig. 3 Mature sporangium of Rhinosporidium seeberi in rhinospo-

ridial tissue showing endospores (E) embedded in mucoid matrix (M).

W wall of sporangium. Initial magnification 9400. Hematoxylin and

eosin
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aqueous solution (Archer 2004). As with other nonpolar

compounds, penetration of antirhinosporidial drugs such as

dapsone might be retarded by this barrier function of the

skin. The down-growths of squamous epithelium in rhi-

nosporidial tissues are a nonspecific reaction to injury

caused by chemicals, diverse mycelial fungi, and irritated

seborrheic keratosis (Lever and Lever 1990).

Impermeability of the intrasporangial mucoid matrix

Martos et al. (2007) speculated that the failure of echino-

candins in infections by Cryptococcus neoformans was

possibly due to impenetrability of the drug through the

polysaccharide capsule of the yeast. We invoke a similar

speculation to explain the difference between the rapidity

(2 days) of the in vitro inactivation of R. seeberi by dap-

sone and the delay of several weeks ([18) before the

pathogen in rhinosporidial tissues shows degeneration on

dapsone therapy. We refer to the presence of a mucoid

matrix in which the mature endospores are embedded

within the mature sporangium (Fig. 3). Even after the

endospores are liberated from the sporangium, they will

still be within the down-growths of hyperplastic epithelium

or entrapped in the mucoid matrix in the stroma of the

rhinosporidial tissue Such interference with the access of

drugs in vivo might account for the great difference

between the rapidity of the in vitro inactivation and the

response of the pathogen in diseased tissues in vivo.

Rex et al. (1993) and Cushion et al. (1997) referred to

correlations between the results from in vitro assays and in

vivo responses in the testing of antimicrobial drug activity

in terms of the effective concentrations of the drugs in vitro

and in vivo. The phenomenon of differences in time

courses demonstrated for in vitro activity compared with in

vivo responses discussed in this paper refer to an additional

dimension of this correlation: the pharmacodynamics of

drug action in vitro and pharmacokinetics in vivo, rather

than to drug concentrations.

Woodard and Hudson (1984) postulated that the failure

of antimicrobial drug therapy was due to impermeability of

the rhinosporidial sporangia to drugs. The penetration of

immunoglobulin (formula weight of[150,000 Da) into the

rhinosporidial sporangia during indirect immunofluores-

cence tests (Atapattu et al.(1999) and dapsone (formula

weight 248 Da) into endospores, would render improbable

Woodard and Hudson’s (1984) explanation for the failure

of drug therapy in rhinosporidiosis based on the impene-

trability of the sporangia of R. seeberi and access of drugs

and chemicals of lower formula weights to the pathogen.

Such failure is more likely to have been due to insensitivity

of R. seeberi to the respective drugs in the first place.

No data is available on the temporal sequences of the

effects of cycloserine and Berenil in vivo for comparison

with our in vitro findings, as these two drugs have not yet

been used to treat rhinosporidiosis.
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