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Abstract Background/Purpose: Schistosomiasis is an important tropical disease caused by
Schistosoma. Although the pathogenesis of liver fibrosis has been intensively studied, the
choice of effective treatment is still inadequate. In this study, we aimed to investigate the po-
tential of using Casticin to treat Schistosoma mansoni-induced liver fibrosis.
Methods: BALB/c mice were divided into three groups e control, infection, and treatment
group. The infection and treatment group were percutaneously infected with 100e120
cercariae. Mice from the treatment group were treated with 20 mg/kg/day Casticin for 14
consecutive days to investigate the potential protective effects of Casticin. Mice were sacri-
ficed and were used for histological, RNA, protein, and parasite burden analysis.
Results: Our results showed that hepatic fibrosis was significantly attenuated, as indicated by
histology and reduction of fibrotic markers such as collagen AI, transforming growth factor b
(TGF-b), and a-smooth muscle actin (a-SMA). Furthermore, Casticin treatment significantly
reduced worm burden. Anthelmintic effect of Casticin was also observed by scanning electron
microscopy.
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Conclusion: Collectively, our study suggested that Casticin may be a beneficial candidate in
treating S. mansoni infection.
Copyright ª 2021, Taiwan Society of Microbiology. Published by Elsevier Taiwan LLC. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
Introduction

Schistosoma haematobium (S. haematobium), S. mansoni,
and S. japonicum are three common species that cause
schistosomiasis in humans.1 The disease affects more than
250 million people globally, of which more than 200 million
people in Africa.2,3

After the cercariae penetrate the human skin, S. man-
soni matures into schistosomula in the skin and then adults
in the mesenteries of intestines to produce eggs. While
some of the eggs are excreted through the stool, some of
them are not excreted and are trapped in the liver. The
trapped eggs in the liver can induce host immune responses
and cause inflammation. In addition, chronic inflammation
can result in granulomas formation and eventually, liver
fibrosis.3

The fibrotic liver is characterized by the aberrant
accumulation of activated hepatic stellate cells (HSCs),
which produce a great amount of extracellular matrix
(ECM), leading to the development of myofibroblast and
result in liver fibrosis.4,5 The activation of HSCs can be
divided into three different stages: the initiation stage,
the perpetuation stage, and the resolution stage. The
initiation stage is characterized by which the quiescent
HSCs are activated by liver injuries and cytokines. The
perpetuation stage involves the accumulation of ECM
released by activated HSCs; therefore, causing liver
fibrosis. The resolution stage, at last, resolves liver in-
juries by inducing apoptosis.5e7 Several fibrogenic proteins
such as platelet-derived growth factor (PDGF) and trans-
forming growth factor b (TGF-b) have been shown to
promote the process of liver fibrosis.8,9 Also, tumor-
necrosis factor a (TNF-a) and tissue inhibitor of metal-
loproteinase 1 (TIMP-1) promote liver fibrosis by inhibiting
HSCs apoptosis.10e12

Numerous traditional Chinese herbs or medicines have
been shown to have anti-fibrotic effects.13e16 Vitex species
is one of the Chinese herbs that have been used for many
years in treating headaches, female hormone conditions,
inflammatory diseases, and cancers.17 It had also been
shown to have anti-trypanosoma effects.18 Casticin, a
flavonoid isolated from Vitex rotundifolia and Vitex trifolia,
had been shown to have anti-inflammatory, anti-cancer,
anti-fibrotic effects in various studies.16,19e21 Since Casticin
protected against thioacetamide (TAA)-induced, carbon
tetrachloride (CCL4)-induced, and bile duct ligation (BDL)-
induced liver fibrosis,16,22 we hypothesized that Casticin also
attenuates liver fibrosis caused by S. mansoni. Therefore, in
this study we aimed to evaluate the effects of Casticin on S.
mansoni-induced hepatic fibrosis.
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Materials and methods

Parasite, animals, and animal welfare

Puerto Rico strain of S. mansoni was obtained from the
Biomedical Research Institute, Rockville, MD 20852, USA
and was maintained in our laboratory. The freshwater snail
Biomphalaria glabrata was used as the intermediate host
and male BABL/c mice were used as the final host. BALB/c
mice were purchased from the National Laboratory Animal
Center, Taipei and were housed in an animal facility under
a 25 �C � 2 �C and a 12-h light/dark cycle condition with
free access to water and food.

All protocols involving animals were approved by the
regulation of the Institutional Animal Care and Use Com-
mittees (IACUC) of Tzu Chi University (No. 106055). All
experimental procedures were carried out under approved
guidelines of the National Institutes of Health (NIH) Guide
for the Care and Use of Laboratory Animals (DHHS publi-
cation No. NIH 85e23, revised 1996).

Casticin

Casticin (C19H18O8, molecular weight 374.3 kDa, isolated
from V. trifolia by HPLC, 98% purity) was purchased from
Chengdu Biopurify Phytochemicals Ltd (Chengdu, China).
To prepare one single dose (200 mL) of casticin for one
mouse, 0.5 mg Casticin powder (assuming mice weight were
25 g) was dissolved in 10 mL 0.25% Tween 80 to yields a
concentration of 20 mg/kg.16

Animal infection and treatment

Thirty-six eight-week-old male BALB/c mice were equally
and randomly divided into three groups e one control, one
infection, and one treatment group. Each mouse of the
infection and treatment group was percutaneously infected
with 100e120 cercariae via the tail, and the control group
was treated with normal saline. Five mice in each group
were used for RNA, protein, and histological studies;
whereas seven mice in each group were used for worm
burden reduction and egg reduction analysis. Mice from the
infection group were treated with water by oral gavage for
14 consecutive days, starting from week eight post-
infection; whereas mice from the treatment group were
treated with 20 mg/kg/day Casticin for 14 consecutive
days. All mice were euthanized at week ten post-infection
Upon mice dissection, liver and spleen were examined for
any pathological changes and liver specimens were
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obtained. Six additional mice were equally divided into the
control and casticin control group to exclude any adverse
effects of Casticin on mice. While the control group was
treated with water; the casticin control group was treated
with 20 mg/kg/day casticin for 14 consecutive days.
Experimental results from these groups can be found in
Supplementary Figs. 1 and 2.
RNA isolation and cDNA synthesis

Total RNA was isolated from liver tissues using TRIzol re-
agent (Thermo Scientific, Rockford, IL, USA), according to
the manufacturer’s instructions. 5 mg RNA was used for
cDNA synthesis in a 20 mL reaction mixture using the
RevertAid First Strand cDNA Synthesis Kit (Fermentas In-
ternational Inc., Ontario, Canada). RT-PCR was performed
at 50 �C for 1 h, followed by extension for 15 min at 70 �C.
The synthesized cDNA was stored at �20 �C.
Real-time quantitative PCR (qPCR)

qPCR was performed with the LabStar SYBR qPCR Kit (Bio-
line, London, UK) using a Roche LightCycler 480 System.
The qPCR conditions were as follows: 10 min pre-incubation
(95 �C); 45 cycles of denaturation at 90 �C for 10 s,
annealing at 60 �C for 20 s, and extension at 72 �C for 10 s.
The primers used in this study are shown in Table 1. The
relative gene expression was calculated using the DDCt
method and gene expression levels were normalized to
GAPDH.
Protein extraction

Liver tissues were washed with PBS, and 500 mL RIPA buffer
(Thermo Scientific, Rockford, IL, USA) was added. Tissues
were homogenized with a glass Dounce homogenizer on ice.
Cell lysates were agitated for 30 min at 4 �C and centri-
fuged at 8100�g for 15 min at 4 �C. The supernatant con-
taining the soluble protein was transferred to a new
Eppendorf for further analysis.
Table 1 Primer pairs of candidate genes used in real-time qua

Gene name Primer

GAPDH Forward 5-AGGTCGGTGTG
Reverse 5-GGGGTCGTTGAT

Collagen AI Forward 5- GCGGTAACGAT
Reverse 5- CTTCACCCTTAG

a-SMA Forward 5- ATTGAACATGG
Reverse 5- GCAGCTCATAGC

TGF-b1 Forward 5- CAACGCCATCT
Reverse 5- AAGCCCTGTATT

TNF-a Forward 5- GCTCCCTCTCA
Reverse 5- TTTGCTACGADC

IL-1b Forward 5- CAACCAACAAG
Reverse 5- GTGTGCCGTCT
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Western blot analysis

Proteins were separated on 10% or 12% SDS-PAGE along with
the Precision Plus Protein Standard Ladder (Bio-Rad Labo-
ratories, Inc., Hercules, CA, USA). The gels were then
transferred to a polyvinylidene difluoride (PVDF) membrane
(EMD Millipore, Burlington, MA, USA). Membranes were
blocked with 5% non-fat milk prior to overnight incubation
at 4 �C with agitation with the following primary antibodies
individually: a-tubulin (GTX628802, GeneTex, Irvine, CA,
USA); collagen AI (GTX112731, GeneTex), a-SMA (14395-1-
AP, Proteintech, Chicago, IL, USA), TGF-b (#3711, Cell
signaling technology, Danvers, MA, USA), TNF-a
(GTX110520, GeneTex), and IL-1b (#12242, Cell signaling).
The membranes were incubated with HRP-conjugated goat
anti-mouse IgG (EMD Millipore) or goat anti-rabbit IgG (EMD
Millipore) secondary antibodies for 1 h, following which the
membranes were developed using ECL detection reagent
(EMD Millipore). Relative protein levels were quantified
using Image J software (Version 1.46, National Institute of
Health, Bethesda, MD, USA), and protein densitometries
were expressed relative to that of a-tubulin.

Hematoxylin and eosin staining

Before proceeding with the staining protocol, the slides
were deparaffinized and rehydrated with Sub-X (Leica
Biosystem Richmond, IL, USA), 100, 95, 75, and 50%
ethanol, and finally rinsed with distilled water. The rehy-
drated sections were stained as follows: hematoxylin solu-
tion (3 min), tap water (1 min), 70% ethanol with 1% HCl
(5 s), tap water (1 min), eosin solution (3 min), 95% ethanol
(3 � 5 min), 100% ethanol (2 � 5 min), and Sub-X
(3 � 15 min).

Masson’s trichrome stain

Masson’s trichrome stain was performed using a Trichrome
stain kit (ScyTek Laboratories, Inc., West Logan, USA), ac-
cording to the manufacturer’s instructions. Briefly, the
deparaffinized and rehydrated slides were incubated with
pre-heated Bouin’s fluid for 60 min and rinsed with distilled
water. Slides were then stained as follows: Weigert’s
ntitative PCR.

Melting Tm (◦C)

AACGGATTTG-3 60
GGCAACA-3
GGTGCTGTT -3 60
CACCAAC -3
CATCATCACC -3 60
TCTTCTCC -3

ATGAGA-3 60
CCGTCTCC-3
TCAGTTCTAT -3 60
TGGGCTA -3
TGTATTCTCCAT -3 60
TTCATTA -3
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solution (10 min), Biebrich Scarlet/Acid Fuchsin Solution
(15 min), Phosphomolybdic/Phosphotungstic acid solution
(15 min), 1% Aniline Blue solution (5 min), 95% ethanol
(3 � 5 min), 100% ethanol (2 � 5 min), and Sub-X
(3 � 15 min).
Scanning electron microscopy (SEM)

Adult worms from the mice were isolated from the hepatic
portal vein and mesenteric veins by portal perfusion
method as described.23 The adult worm was rinsed in PBS
and fixed in 2.5% glutaraldehyde for 60 min at 4 �C. Worms
were then washed twice with 5% sucrose and incubated
with 1% osmium tetroxide for 60 min at room temperature.
Increasing concentrations of ethanol (50%, 70%, 80%, 90%,
and 100%) were used to dehydrate the worms. Worms were
then critically point-dried, and sputter-coated with gold.
Samples were visualized using a HITACHI S-4700 field
emission scanning electron microscope (Hitachi Ltd, Tokyo,
Japan).
Worm burden and hepatic eggs count

Adult worms were isolated by portal perfusion method.23

The number of worms was counted under a dissecting mi-
croscope. Hepatic eggs were counted using the Kato-Katz
technique directly performed on liver tissues.24 Hepatic
egg burdens were expressed as eggs per gram of liver. The
reduction rate of worms or eggs was calculated as:
Worm=eggs recovered from infected group�Worm=eggs recovered from treatment group

Worm=eggs recovered from infected group
� 100%
Liver function test

Levels of aspartate aminotransferase (AST) and alanine
aminotransferase (ALT) were used as a parameter of liver
function. Whole blood was obtained by cardiac puncture
and was centrifugate at 600�g for 10 min to obtain the
serum. Serum was then analyzed for AST and ALT using
Hitachi 7080 Chemistry Analyzer (Hitachi Ltd, Tokyo,
Japan).
Statistical analysis

All experimental data were analyzed using GraphPad Prism
6.01 software (GraphPad Software, San Diego, CA, USA).
Data were presented as the mean � S.D. One-way analysis
of variance (ANOVA) was used, followed by a Tukey’s post-
hoc test, to determine differences between groups. The
symbol “*” indicates a significant difference at the 0.05
level (P-value < 0.05).
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Results

Casticin is protective against S. mansoni induced
hepatic fibrosis

Mice were infected with 100e120 cercariae percutaneously.
After eight weeks post-infection, the mice were treated with
Casticin at 20 mg/kg/day for 14 days. Mice were euthanized
and observed for pathological changes. As expected, mice
infected with S. mansoni showed hepatosplenomegaly. Gran-
uloma nodules were observed on the liver surface, as indi-
cated by the white spots (Fig. 1A-B). After Casticin treatment,
hepatosplenomegaly was improved and fewer hepatic granu-
loma nodules were observed (Fig. 1C). Along with the obser-
vation of gross appearance, liver fibrosis was confirmed with
H&E and Masson trichrome stain (Fig. 1D-E). Similarly, fibrotic
areas of the liver were much severer in the infected mice,
compared with the control mice. In contrast, mice treated
with Casticin showed improved liver morphology and reduced
fibrotic areas. Therefore, Casticin can improve S. mansoni
induced hepatic fibrosis.

Casticin improves liver function in S. mansoni
infected mice

We then measure the serum markers for liver function,
respectively ALT and AST. Serum ALT and AST increased
significantly in the infected mice and decreased after mice
treated with Casticin (Fig. 2A-B). In addition, Casticin
treatment to normal mice showed no significant change in
ALT and AST (Fig. 2A-B), suggesting that Casticin does not
have a toxic effect on livers and is, therefore, safe to use
(see also Supp Fig. 1).
Casticin resolves hepatic fibrosis by downregulating
fibrotic and inflammatory genes and proteins
expression

To further investigate the role of Casticin on S. mansoni-
induced liver fibrosis, we investigated the expression of
some fibrotic- and inflammatory-related genes and pro-
teins. qPCR and Western blot analysis showed that
expression levels of collagen AI significantly increased in
S. mansoni-infected liver, but downregulated in mice
treated with Casticin (Fig. 3A, F, and G). a-SMA, the
protein involved in HSC activation, was also found to
increase in expression during S. mansoni infection and
decreased upon treatment with Casticin (Fig. 3B, F, and
H). A similar pattern was observed for TGF-b (Fig. 3C, F,



Figure 1. Casticin treatment ameliorates hepatosplenomegaly and reduces liver fibrosis in S. mansoni-infected mice (AeC)
Representative images showing gross pathology of mice uninfected or infected with S. mansoni. Hepatosplenomegaly was observed
in infected mice (liver, yellow arrows; spleen, red arrows). White spots seen on the surface of liver indicate granuloma nodules.
Mice treated with Casticin showed reduced size of liver and spleen, compared with the infected mice (D) Representative images
showing H&E staining of liver sections of the mice. Uninfected mice showed normal liver cell integrity with no fibrosis. Liver fibrosis
(encircled by a yellow dotted line) was observed in the infected mice, which are reduced in size upon Casticin treatment (E)
Representative images of Masson’s trichrome staining on liver sections of the mice. Collagens were stained as blue (encircled by a
yellow dotted line). Quantification was performed on five slides in each group. Ten microscopic fields were counted on each slide.
**** P-value < 0.0001 compared with normal group; ## P-value < 0.01 compared with infected group.

Figure 2. Casticin treatment improves liver function of S. mansoni-infected mice (A) ALT and (B) AST levels measured in the
serum, shown as mean � S.D. (n Z 5). Infected mice showed increased ALT and AST levels, suggesting an impaired liver function.
Casticin treatment reduced ALT and AST levels. * P-value < 0.05, **** P-value < 0.0001 compared with normal group; # P-value <

0.05 compared with infected group.
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and I). Two inflammatory cytokines, TNF-a and IL-1b,
were also increased during S. mansoni infection and
decreased after Casticin treatment (Fig. 3DeF, and J-K).
Of note, Casticin treated to normal mice does not affect
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the expression of these proteins (Supp Fig. 2). These
results suggested that Casticin treatment alleviates
inflammation and resolves liver fibrosis during S. mansoni
infection.



Figure 3. Casticin downregulates fibrotic and inflammatory genes and protein expression. (AeE) RNA transcription levels of
fibrotic and inflammatory markers including collagen AI, a-SMA, TGF-b, TNF-a, and IL-1b, measured by qPCR. Data are presented as
mean � S.D. (nZ 5) (F) Representative Western blot images showing protein levels of fibrotic and inflammatory markers. (GeK) Bar
graphs showing protein expression levels relative to that of a-tubulin. Results are presented as mean � S.D. (n Z 3). ** P-value <

0.01, *** P-value < 0.001, and **** P-value < 0.0001 compared with normal group; # P-value < 0.005, ## P-value < 0.01, #### P-value
< 0.0001 compared with infected group.
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Casticin has an antischistosomal activity

The number of adult worms recovered was significantly
lower in the Casticin treatment group, compared with the
infection group (Fig. 4A). However, there were no statisti-
cally significant differences in eggs burden between the
infection and Casticin treatment group (Fig. 4B). Under
SEM, we observed that both male and female worms iso-
lated from Casticin-treated mice showed ultrastructural
damage to the tegument surface (Fig. 4CeF). Hole-shaped
erosions were observed along the body of the male worm
(Fig. 4D-E), while surface sloughing and erosion were
observed on the female worm (Fig. 4G-H).

Discussion

Schistosomiasis is affecting more than 200 million people
worldwide and has caused severe liver fibrosis among these
patients.3 At around five weeks post-infection of the host,
female S. mansoni adult lay eggs in the mesenteric venules
of the host, following that the eggs will circulate and trap in
the liver of hosts. It has been shown that the trapped eggs
can induce hepatic fibrosis at and after eight weeks post-
infection.3 Currently, praziquantel remains the choice of
treatment for schistosomiasis. Although praziquantel
effectively kills the worm, it cannot resolve liver damages
and prevent re-infection. Moreover, resistance of prazi-
quantel has been suggested in vivo and in vitro studies.25,26

For this reason, we examined the effects of Casticin, which
has been shown to have anti-fibrotic properties, on S.
mansonieinduced hepatic fibrosis.

In the current study, we first confirmed that Casticin
does not have toxic effects on livers (Supp Fig. 1). We then
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found that symptoms and functions of the liver were much
improved after S. mansoni-infected mice treated with
Casticin. Also, Casticin treatment significantly reduced
granuloma sizes. These liver-protective effects of Casticin
have also been confirmed by another study which showed
that high dose Casticin will not alter the level of gluta-
thione (GST), another marker of liver function.27 The pro-
tective effects against Schistosoma-induced hepatic fibrosis
corroborated that Casticin protects against bile duct liga-
tion (BDL) induced- and carbon tetrachloride (CCL4)
induced-hepatic fibrosis.16

Casticin resolves S. mansoni-induced hepatic fibrosis by
downregulating certain fibrotic proteins including collagen AI
and a-SMA. Interestingly, in the casticin group, the correla-
tion of these two markers differs between the transcript
levels and protein levels. A decrease in mRNA expression is
supposedly observed (Fig. 3A-B); however, protein expression
decreases more evidently, even lower than that of the con-
trol (Fig. 3G-H). The differences between the transcript
levels and protein levels can be explained by the aspects of
transcriptional and translational regulation.28,29 For example,
translation rates can be modulated by the binding of regu-
latory proteins or micro RNAs on the transcript.30 In this case,
transcript and proteins may vary a lot in their expression
levels. Also, in the casticin-treated group, collagen AI was
reduced to a protein level even lower than control (Fig. 3G);
however, in the same group, Masson’s trichrome staining
showed levels higher than control (Fig. 1E). Masson’s tri-
chrome specifically stains collagen type I.31 Since collagen
type I composed of two subtypes, collagen A1 and A2.32

Measuring only the level of collagen A1 may not be able to
represent the total collagen type I levels, making the Western
blot results not corroborate to the Masson’s trichrome
staining.



Figure 4. Antischistosomal activity of Casticin (A) Number of worms recovered from the mice. Casticin treatment reduced the
number of worms isolated from the mice. (B) Number of eggs counted per gram of liver. Data are presented as mean � S.D.
(n Z 5e7). *** P-value < 0.001, and **** P-value < 0.0001 compared with normal group; #### P-value < 0.0001 compared with
infected group (CeH) Representative SEM images showing the ultrastructural surface of male and female worms isolated from the
mice. (DeE) Erosions were seen on the body of male worms isolated from Casticin-treated mice. (GeH) Surface sloughing and
erosions were observed on female worms isolated from Casticin-treated mice.
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TGF-b is a multifunctional cytokine that takes part in
fibrosis, anti-inflammation, and inhibition of the host im-
mune system.33,34 It has been shown that TGF-b involved in
all stages of liver disease progression, including liver
inflammation, fibrosis, and cancers.35,36 TGF-b has long
been recognized as a profibrogenic cytokine as it stimulates
HSCs activation and promotes liver cell apoptosis.37 More-
over, TGF-b takes part in the fibrogenesis during Schisto-
soma infection.38,39 In this study, the increased TGF-b
expression during S. mansoni infection was reduced by
Casticin treatment. Our results here corroborate with the
results in BDL induced- and CCL4 induced-hepatic fibrosis.16

One study also found involvement of TGF-b during Clo-
norchis sinensis, a liver fluke, infection.40 The reduction of
TGF-b takes the edge off the fibrogenesis,41 we therefore
emphasized that Casticin protects liver fibrosis by down-
regulating TGF-b.

Inflammation has been positively related to liver
fibrosis.42 Several proinflammatory cytokines in the liver
could induce hepatic-inflammation and cause liver fibrosis.
The two cytokines of high importance in causing liver
fibrosis, TNF-a and IL-1b,42e44 were also found to decrease
in our study after Casticin treatment to S. mansoni-infected
mice. TNF-a is a pleiotropic cytokine and can trigger
320
multiple signaling pathways that contribute to the patho-
genesis of liver fibrosis.43 TNF-a, in addition to causing
inflammation, can augment the survival of HSCs.
Inflammation-induced hepatocyte apoptosis results in
enhanced production of apoptotic bodies and TNF-a. Once
the apoptotic bodies being engulfed by HSCs, it increases
their profibrogenic responses. In addition, TNF-a engulfed
by macrophages can stimulate more hepatocyte apoptosis
and produce more TNF-a.43 Macrophage-derived TNF-a
contributes to HSCs survival through the NF-kB pathway,
thereby promoting liver fibrosis.12 On the other hand, IL-1b
has been involved in causing liver fibrosis in hypercholes-
terolemic45 and TAA-injected mice.46 Mice deficient from
IL-1 receptors were protected against liver fibrosis,46 sug-
gesting IL-1b serves a signal in fibrogenesis. IL-1b signaling
has also been shown to activates matrix metallopeptidases
9 (MMP-9) and induces liver fibrosis.46e48 The results we
observed from this study suggested that the liver protective
effects of Casticin also involved in lowering inflammatory
responses.

Since Casticin causes a significant reduction in the worm
count, we investigate the effect of Casticin on S. mansoni
itself. SEM was performed to observe the adult worm iso-
lated from the mice. It can be seen that Casticin treatment
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causes damage to the integument of the worm. These re-
sults all suggested that Casticin can have an anthelmintic
effect by damaging the surface of the adult worm. Tasde-
mir and Tierney et al. have shown that methoxylated
flavonol compounds, including Casticin, have the ability to
kill protozoan parasites.49 We believe that the two mech-
anisms that kill the worm are similar. However, Casticin has
no effect on clearing the eggs trapped in the liver. Since
eggs were produced and trapped in the liver at a later stage
of the infection, treating the infected individuals with
Casticin at early stage may be beneficial. Furthermore,
combination therapy using praziquantel and Casticin may
offer synergistic efficacy for Schistosoma treatment.

Collectively, our current findings provide evidence that
Casticin has both the effect of killing adult S. mansoni and
improves S. mansoni-induced liver fibrosis. Therefore,
Casticin has the potential to replace or to use in combina-
tion with praziquantel in treating schistosomiasis.
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