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Phytotherapy of experimentally induced gill inflammation with
Aeromonas hydrophilainfection in goldfish, Carassius auratus
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Goldfish, Carassius auratus (wt 13 g) was intramuscularly infected with Aeromonas hydrophila (4.3 x
10° cfu / m). Infected gills showed edematous lamellae with bacterial invasion into the capillaries and gill
congestion on 12" day. By 24™ day post-infection, histological analysis revealed irregular aggregates of
macrophages in gill lamellae, large amount of mucus cells, gill lamellae edematous with bacteria invasion
into capillaries, gill congestion and damaged gill epithelium with hyperplasia. Inflammation of the gill fila
ment and hemorrhage globe was associated with the development of severe necrosis on the 36" day in the
infected fishes. In infected and herba treated fish the regenerative responses like fibrosis and infiltration of
the leucocytes (neutrophils and monocytes) occurred on 12" day; moderate hypertrophy in the gills was
noticed on the 36" day. These results suggest that phytotherapy ensures better protection and regenerative
response against A. hydrophilainfection in goldfish, C. auratus.
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I ntroduction

Aeromonas hydrophila has emerged as one of the
most economicaly important bacterid infection in
fresh water fishes (Harikrishnan and Baasundaram,
2005). A. hydrophila infected fishes are anorexic
and display abnormal swimming behavior, autopsy
finding typically include a pale heart, yellow liver,
ascites and swollen spleen (Kongtorp et al., 2004).
Donta and Haddow (1978) have demonstrated that
the toxins of A. hydrophila are cytotoxic.
Histopathological changes of diseased fish are
promising tools to determine the causes of stress or
disease (Pazhanisamy, 2002). Histopathological
changes have been widely used as biomarkersin the
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evauation of the health of fish exposed to contami-
nants (Thophon et al., 2003) and field studies
(Schwaiger et al., 1997; Teh et al., 1997). Histopath
ological biomarkersin environmental monitoring is
that this category of biomarkers alows examining
specific target organs, including gills, kidney and
liver, that are responsible for vital functions, such as
respiration, excretion and the accumulation and bio-
transformation of xenobioticsin the fish (Gernhofer
et al., 2001). Furthermore, the dterations found in
these organs are normally easier to identify than
functional ones (Fanta et al., 2003), and serve as
warning signs of damage to animal health (Hinton
and Lauren, 1990). Gills are very vulnerable to
aeromonad infection teleosts which cause injury
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and subsequent dysfunctions of respiration and
osmoregulation (Ellis et al., 1989) and channdl cat-
fish, Ictalurus punctatus infected with A. hydrophi-
la had diffuse necrosis in several interna organs
(Ventura and Grizzle, 1988). Application of antibi-
otics, chemotherapy and vaccination in fish disease
management may partidly control (Harikrishnan,
2003).

In recent years, the application of phytotherapy to
fish diseases has attracted much attention (Harikr-
ishnan et al., 2005). Medicina plants have been
used in traditiona systems to treat many diseases
(Bhadauria et al., 2002) including fish diseases
(Harikrishnan et al., 2003). Crude agqueous extracts
of neem stem bark increases the production of
migration inhibition of lymphocytes in man (Van
der Nat et al., 1987), anti-inflammatory activity
(Sadekar et al., 1998) and immunostimulant activity
(Sen et al., 1992) in rats. Neem seed oil has been
shown to cures various skin infections (Chopra et
al., 1956). It contains severd active compounds like
nimbin, nimbinin, nimbidinin and nimbidic acid
(Mitraet al., 1971). Similarly, Ocimum sanctum has
a vast number of therapeutic applications such as
cardiopathy, homeopathy, leucoderma, asthma,
bronchitis, catarrhal fever, hepatopathy, nausea,
lumbago, hiccups, skin diseases, and the agueous
leaf extract as antibacteria activity (Gupta et al.,
2002). It contains severd compounds for example
curcumin essential oil from the seeds has anti-
inflammatory (Anto et al., 1998), antioxidant (Sdl-
vam et al., 1995), antimicrobial (Janssen et al.,
1989), antibacteria (Nakamura et al., 1999), antiul-
cer (Singh et al., 1999) and help in fighting a num-
ber of diseases like cancer and Acquired Immuno
Deficiency Syndrome (AIDS) (Guptaet al., 2002).

Although this plant is being widely used in
human medicine in India but unfortunately only a
few reports on its application in preventing fish dis-

eases (Harikrishnan et al., 2003, 2005). Hence,
probably for thefirst time, an investigation aimed to
study the effect of aqueous tri-herba phytotherapy
on the restorative changes in gills of goldfish (C.
auratus) infected with A. hydrophila.

Materialsand M ethods

The goldfish, Carassius auratus (13 g) obtained
from local fish farm in Tiruchirapalli, Tamilnadu,
Indiawere used in the present experiments. Thefish
were trangported to the laboratory in plastic bagsin
separate (20 fish in 5 L) filled with oxygenated
water. They were acclimatized in plastic aguaria (25
L capecity) for 3 weeksto laboratory conditions (10
hrs dark: 14 hrs light; temp 28 + 2C). The
observed water quality parameters are: dissolved
oxygen concentration 5.2-7.8 mg / | (Winkler' s
method), pH. 5.5-7.1. The fish were fed ad libitum
once daily with formulated standard diet pellet feed
at aration of 2% of their body weight / day through-
out the period of study. Partid water exchange was
performed daily to remove waste feed and fecal
materias. All fish were heldin laboratory for at least
15 days prior to use in experiments to allow for
acclimatized and evaluation of overal fish hedth.
Only hedlthy fish, as determined by genera appear-
ance and level of activity, were used for the studies
(Shaoetal., 2004).

Aeromonas hydrophila (MTCC 646) was
obtained from Ingtitute of Microbia Technology,
Chandigarh, India and maintained in the laboratory
under standard conditions (Harikrishnan et al.,
2003). Subcultures were maintained on tryptic soy
agar (TSA: w/ v; Himedia, Mumba) dopesa 5C
and routinely tested for pathogenesis as described by
Joseph and Carnahan (1994) by inoculation into
goldfish (Davis and Hayasaka, 1983). Stock culture
intryptic soy broth (TSB: w / v; Himedia, Mumbai)
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was stored at -70°C in 0.85 % NaCl with 20%
glyceral (v / v) to provide stable inoculate through-
out the experimental study (Yadav et al., 1992).
A. hydrophila sub cultured was taken on TSA dope
and were harvested in TSB for experiment. The
inoculated broth was incubated for 24 h in a shaker
a 25C and then centrifuged a 10,000 rpm for 20
min a 4C (Harikrishnan et al., 2003). The super-
natant was discarded and the bacteria pellet washed
three times with phosphate-buffered sdine (PBS) at
pH 7.2 (Yadav et al., 1992).

Probably 50 goldfish were inoculated intramuscu-
larly with A. hydrophila (4.3 x 10° cfu/ m¢) sSince the
infection manifested as lesion at the site of adminis-
tration (caudal region) on day 6 (Harikrishnan et al.,
2003). The experimentd fish were categories into
two groups. Each group containing 25 fish and 5
fish were used for histopathologica study. Another
10 fish normd fish (without infection) was used as
control group. Group I: Control, Group Il: Infected-
untreated and Group |l1: Infected and treated with
tri-herbal extract (concoction) (1m¢ ) lasted for 5
min daily from the onset of theleson on day 6. The
specific mortalities were confirmed through reisola
tion of the pathogen from kidney on Rimler Shott' s
medium containing novobiocin (Shotts and Rimler,
1973).

Fresh leaves of Azadirachtaindica, Ocimum sanc-
tum and Curcuma longa collected from the
Bharathidasan University campus, Tiruchirappali,
India during May, 2006. About 5 kg were surface
derilized with 0.1 % mercuric chloride (w/v) solu-
tion and washed thoroughly in running tap water for
10 minutes (Harikrishnan et a., 2003). The leaves
were separately shade dried for 10 day till weight
constancy was achieved. Each sample was findy
powdered in an electric blender. The aqueous con-
coctions (mixed herba extracts) were obtained fol-
lowing the methodology of Iwalokun et d. (2001).

The concoction (C. longa+ O. sanctum + A. indica)
was prepared by evenly mixing the chosen herba
powdersin equa quantitiesof 100 gin evenratio (1
: 1:1). From this, 50 gm was soaked in 100 m{ ster-
ile water and kept for 7 days at room temperature
under sterile conditions. The extract was filtered
through Whatman No. 1 filter paper, and then 0.45
m, and finaly 0.2 um filters (Colorni et al., 1998)
and stored in stexile bottles (llori et a., 1996) till
used.

The gills were removed from fish were anaes-
thetized with MS-222 (Sigma Chemical Co., St
Louis, MO, USA). All experimenta groups includ-
ing controls on 6, 12, 24 and 36 days post challenge
(PC) and processed through graded alcohol and
embedded in paraffin wax. Sections were cut (5-6
m) dried, de-waxed, dehydrated and stained with
hematoxylene and eosin (H & E). Stained sections
were dehydrated, cleared in xylene, mounted using
DPX and examined by light microscopy.

Resultsand Discusson

The fish gill is very sensitive to physical and
chemical changes of the aquatic medium. Hocutt
and Tilney (1985) have described gill lesions like
oedema, epithelial desquamation and fusion of
lamellae caused by above stress. Pollution or stress
has been shown to ater chloride cell structure and
induce lamellar epithelium desquamation and / or
filament epithelium hyperplasia (Crespo and Sala,
1986). These are close relationship between gill
morphological changes and stress (Peters and
Hong, 1985) or lack of polyunsaturated fatty acids
in the diet (Bdl et al., 1985) and severd infectious
agents have been described in association with pro-
liferative gill diseases and gill necrosis (Kovacs-
Gayer, 1984). Histologicd structure of the gills of
norma un-infected goldfish was, characterized by
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the presence of primary and secondary lamellae
with mucus cells lying scattered on both sides. The
primary lamellae were thicker than the secondary
lamellae. The primary lamellae were lined on either
side by a multi-layered inter lamellar epithelium
and the leaf-like secondary lamellae were compact-
ly arranged on the cartilaginous gill ray, which runs
in the center of the supporting primary lamellae.
Thetips of the primary gill lamellae were character-
ized by the presence of broad and flattened epithe-
lia cells on ether side of the secondary lamella
Each filament contained a central venous sinus
adjacent to the filamental skeleton (Fig. 1).

The gills of infected gold fish exhibited remark-
able changes (Fig. 2a-d). One of them had shorten-
ing of al filaments with fusion of secondary lamel-
lae at the tip of the filaments with pathologica devi-
ations of the gills on 6"day of infection (Fig. 2a).
Gill showed edematous lamellae with bacterial
invasion into the capillaries and gill congestion
(GC) with presence of haemorrhagic hyperemia
(HA) on 12" day of infected untreated fishes (Fig.
2b). Observations have suggested that previousy
affected gill was consistent with that described a
smilar pathological dteration has been reported in

Fig. 1. Histology of Carassius auratus control fish gill. Pri-
mary lamellae are lined on ether side by the multi-layered
respiraory epithdium (RE) and with lesf like structure of
secondary lamellae (Scae bar=50 m).

ayu (Plecoglossus altivelis) vaccinated with Mbrio
anguillarum the gill showed lamellar edema with
bacterid invasion into capillaries, necrotic muscle
fibres, hemorrhage infiltration of many inflammato-
ry cellsin the subcutaneous adipose tissue and later-
a musculature (Miyazeki, 1987). Venturaand Griz-
Zle (1998) also suggest that Clarias bactrachus,
Salmo gairdneri and Ictalurus punctatus experi-
mentally infected with A. hydrophila were affected
with necrosis and hemorrhage in the kidney, liver,
pancreas and intestine (Candan, 1990). Astronotus
ocellatus an ornamental fish infected with motile
aeromonad septicamia contained a large amount of
red-ascitic fluid accumulated in the abdominal cavi-
ty dong with hemorrhages in the liver and kidney
has previoudy been reported (Soltani et al., 1998).
Donta and Haddow (1978) have demonstrated that
A. hydrophila toxins are cytotoxic and it cause acute
hemorrhage and necrosis in the vital organs like
liver and kidney, leading to rapid death due to organ
failure (Huizingaet al., 1979).

Gill morphology is therefore a good indicator of
the water quality and the genera health condition of
cultured fish (Peters et al., 1984). Infected fish
lamellae large amounts of mucous cells were pre-
sent in the gill rays, damaged gill epithelium with
doughing (SL) off of the respiratory epithelium and
formation of haemorrhage globe (HG) on 24" of
infection (Fig. 2c) were found in the present study
as suggest that the previous studies, Oncorhynchus
kisutch affected by coho salmon syndrome (Cold
water vibriosis, Hitra disease) the gills showed
histopathological aterations like multi-foca epithe-
lid hyperplasiain the secondary lamellag, necrosis
within the hyperplastic tissue and occasional occur-
rence of thrombi and basophilic granules (Branson
and Diaz-Munoz, 1991). Similar findings were
made in other areas where pathological response
reported in color carp, Cyprinus carpio atificialy
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Fig. 2. Changesin Carassus auratus gills of Aeromonas hydrophila infected and infected with herbd tregted. a Shortening
of dl filaments with fuson of secondary lamellae on 6™ day of infection. b. Showing oedematous lamellae with becterid
invasioninto the capillaries, gill congestion (GC) and haemorrhagic hyperaemia (HA) on 12" day of infection (Scale bar=40
m). ¢. Soughing (SL) off of therespiratory epithelium and formation of haemorrhage globe (HG) and necrosis (N) on thefil-
ament on 24" day of infection (Scale bar=50 m). d. Formation of haemorrhage necrosis (HN) on 36" day of infected (Scae
bar=50 m). e. Proliferation of granular cells and thickening of the secondary lamellae on the 6" day of trestment (Scae
bar=50 m). f. Moderate hypotrophy (MHT) of lamdlar epitheium and necrosis (N) on the 12" day of treatment (Scade
bar=50 m). g. Fibrosis and infiltration of the leucocytes (neutrophils and monocytes) on the 24" of trestment (Scale bar=50

m). h. Haemorrhagic necrosis (HN) on the 36" day trestment.

infected with viremia-associated ane-aki-byo in
combination with A. hydrophila respiratory epithe-
liaand interlamellar epithelia were found separated
due to edematous dilation of the choroida mem-
brane (Miyazaki et al., 2001). Furthermore, Ictalu-
rus punctatus infected with A. hydrophila the gill
lymphocytes were found to accumulate in intercel-

lular spaces with dight hyperplasia and spongiosis
in lamellar epithelium (Grizzle and Kiryu, 1993).

In Micropterus salmoides infected with A.
hydrophila the gills had severe hemorrhage and
necrosis exposing the supporting cartilage, loss of
functional integrity of gill tissue, diffuse edema,
profuse hemorrhage, mononuclear infiltration and
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extensve necross (Huizinga et al., 1979). Marked
pathologica changeswere limited to the gills on the
36" day infected fishes; the gill of infected fish was
found haemorrhage globe (HG) formation on the
filament in the present study (Fig. 2d). Thus, other
changes found in reveds that hyperplasia of so-
caled undifferentiated epithelid cells (Adams and
Nowak, 2003) that can fuse secondary lamellae.
Occasionally, fusion of the secondary lamellae
entraps amoebae in interlamellar vesicles in some
tissues in this study. Therefore, one explanation for
the mucous cell hyperplasia on the gill surface
(Adams and Nowak, 2003) concurrent with exces-
sive mucus production is also observed, as is an
infiltration of leucocytes within the central venous
sinus adjacent to AGD lesions and lesions them-
selves (Adams and Nowak, 2003). Leucocytes dso
migrate into interlamellar vesicles containing amoe-
bae and presumably destroy the pathogen (Adams
and Nowak, 2001). As a consegquence of lamellar
fusion, thereisareduction in the surface area of the
respiratory epithelium.

Despite this, during the present study the fish
inflammation of the gill filament and hemorrhage
globe was associated with the development of
severe necrosis on the 36" day in infected fishes
(Fig. 2d). Previous researchers suggest that C. car-
pio artificialy infected with viremia-associated ane-
aki-byo in combination with A. hydrophila respira-
tory epitheliaand interlamellar epitheliawere found
separated due to edematous dilation of the choroida
membrane (Miyazaki et al., 2001). In I. punctatus
infected with A. hydrophila the gill lymphocytes
were found to accumulate in intercellular spaces
with dight hyperplasia and spongiosis in lamellar
epithelium (Grizzle and Kiryu, 1993). Therefore,
some other alterations exists in large mouth bass
(Micropterus salmoides) infected with A. hydrophi-
lathe gills had severe haemorrhage and necrosis

exposing the supporting cartilage, loss of functiona
integrity of gill tissue, diffuse edema, profuse haem-
orrhage, mononuclear infiltration and extensive
necrosis (Huizinga et al., 1979). In S salar vacci-
nated with V. anguillarum the multifocal fusion
appeared in the skin resulting in hyperplasia,
synechiae and became necrotic. Hyperplastic
epithdia cellshad anincrease in the respiratory dif-
fusion distance due to addition of hypertrophic
epithelia cells (Morrison et al., 2001). Sardinops
sagax, infected with epizootic gill foci, developed
edema, proliferation of chloride cells, hypertrophy
and hyperplasia, focal to multifocal inflammatory
lesions in the secondary lamellae (Whittington et
al., 1997). Laglar et al. (1963) reported that gaseous
exchange and other solutes between blood and
water take place in the gill lamellae. Based on the
above findings, it is tempting to suggest that bacte-
riamight provide a gills source of mgor infectious
organ.

Therefore, gill is one of the main sites for antigen
uptake and retention (Dalmo et al., 1997). In the
present study gills of treated fishes on the 6" day
showed regenerative responses like proliferation of
granular cells and thickening of the secondary
lamellae (Fig. 2e). Histological lesions were
observed on 12" day there was only a moderate
hypertrophy (MHT) of lamellar epithelium (Fig.
2f). We found that some of regenerative response
was related to fibrosis and infiltration of the leuco-
cytes (neutrophils and monocytes) was seen on the
24" day (Fig. 2g). On the 36" day of trestment the
regenerative response of late treated fish reveded
regeneration of fibrosis and infiltration of leuco-
cytes (neutrophils and monocytes) (Fig. 2h). The
current study also showed that the altered
histopathological changes after herbal treatment
were recovered.

Therefore, in agreement with other authors we
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have shown that Abutbul et al. (2004) in tilapia fed
with a diet containing ethyl acetate extract of Ros-
marinus officinalis leaf powder and Fujiki et al.
(1994) in carp administered with the fraction Il of
Undaria pinnatifida. They also found that the
adminigtration of this fraction 6 and 3 days prior to
intraperitoneal challenge with E. tarda significantly
increased the survival rate (Fujiki et al., 1994). The
disease resistance against A. hydrophila was
enhanced in L. rohita fed with 0.5% of Achyranthes
(Rao et al., 2006). The methanolic herbal extracts of
S trilobatum, Andrographis paniculata and Pso-
ralea corylifolia helped to increase the surviva and
growth and reduced the bacteria load even in the
shrimp, Penaeus monodon pogt larvae (Citarasu et
al., 2003). Even though, the fractions enhanced the
nonspecific immune mechanisms, the hexane solu-
ble fraction was more protective than the water sol-
uble fraction when it was administered twice. This
enhancement in nongpecific immune responses and
the protection by hexane soluble fraction might be
due to the presence of the compound, Sobatum.
Sobatum, a partialy purified component of S trilo-
batum was obtained from the petroleum ether/ethyl
acetate (75 : 25) extractable portion, which was
identified as b-sitosterol by comparison with an
authentic sample and proved to be an anticancer
agent by invitro and in vivo experiments (Govindan
et al., 2004). This phytosterol has shown to be
effective in stimulating various components of the
immune system a mammdian level (Bouic e al.,
1996). Administration of water or hexane soluble
fraction enhanced some of the nonspecific immune
parameters and disease resistance against A.
hydrophilain tilapia. Scores of medicina herbs have
aready been tested and used with good results in
the control of fish diseases (Campbell et al., 1998).
In India, herbs have long been used for promotion
of health, prevention and treatment of diseases

(Evans, 1994). Ocimum sanctum L. has been
claimed to be valuable against awide variety of dis-
eases. Indian Materia Medica describes the use of
the plant in the treatment of a number of allments
like bronchitis, rheumatism, pyrexia (Nadkarni,
1976). Although afew study on the immunomodu-
latory effect of O. sanctum have been reported for
various animal species (Singh and Mgjumdar, 1997;
Sadekar et al., 1998). The leaf of O. sanctum has
been shown to contain water soluble phenolic com-
pounds, and various other constituents such as
eugenol, methyl eugenol and caryophyllene
(Chopra et al., 1956) that might act as a potential
immunostimulant. However, the active principle
responsible for the restorative property observed in
the present study. Similar immunostimulatory effect
has been observed in O. mossambicus administered
with azadirachtin, a triterpenoid derived from the
seed kernd of Azadirachta indica (Logamba and
Michael, 1997) and with other plant extracts in
mice (Ray et al., 1996), rats (Sen et al., 1993) and
broiler chicken (Sadekar et al., 1998). The
prospects of using natural products including plant
extracts in the trestment of motile aermonad sep-
ticemia (Harikrishnan et al., 2003), epizootic ulcer-
ative syndrome (Campbell et al., 1998) and some
parasitic diseases like myxobolasis, trichodinosis,
gyrodactylosis, argulosis, etc., in farmed tropical
freshwater fish has been reported recently (Dey,
1997).

Similar possible findings were also observed
immunostimulants originated from plant, animal
and bacterial sources. Bath trestment of Catla catla
spawn with 1% crude extract of neem, garlic and
turmeric (1:1:1) (Dey and Chandra, 1995), and ord
treatment of Labeo rohita rohu with Catharanthus
roseus extract (Thuy et al., 2002) and yellowtall
Siola quinqueradiata with glycyrrhizin (Edahiro
et al., 1990) enhanced immune response and dis-
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ease resigtance againgt experimenta infection with
Sreptococci. Similarly different plant sources were
reported to enhance the antibody response in fishes.
For example, intraperitoned administration of leaf
extract of Acalypha indica, Phyllanthus niruri and
seed kernel of Azadirachta indica has enhanced the
antibody response in tilapia (Oreochromis mossam:
bicus) against sheep red blood cells (SRBC)
(Hemapriyaet al., 1997).

Nimbidin exerts a significant anti-ulcer effect; it
can completely inhibit the growth of Mycobacteri-
um tuberculosis in vitro and nimbolide aso shows
antibacterid activity against Staphylococcus aureus
and S coagulase (Rojanapo et al., 1985). Azadirach
tin is a possible future drug as an immunostimulant
or an adjuvant in vaccination that stimulates and
enhances primary and secondary immune response
intilapia, Oreochromis mossambicus (Logambal
and Michael, 2001). They were identified by
histopalogical studies indicate that when infected
with A. hydrophila, after herba treatment promotes
tissue regeneration in gold fish C. auratus. It has
been assumed that there is possibility for herbal
treatment of A. hydrophila infection may be aworth
while aternative to standard antibiotic treatments
and investigations into the effect of herba extract
treatment of other fish diseases may reved further
uses for this strategy. Therefore, further research is
needed to provide adequate evidence of the cause of
diseases and their treatment.
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