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Abstract

Antibiotics are very important tools for the control of fish bacterial diseases. Yet, there are strict regulations
controlling the use of antibiotics in aquaculture. This study assessed the efficacy oxytetracycline dihydrate (OTC)
at a dose of 2 g, 4 g, 6 g and 8 g/100 pounds fish/day against Aeromonas hydrophila challenge in Nile tilapia
Oreochromis niloticus as well as the histopathological alterations in kidney and muscle, and wound healing. The
commercial pellet feed was top dressed with OTC using 5 ml vegetable oil as a binder. The fish were injected
intramuscularly with A. hydrophila at =1 x 108 cells/fish and then fed OTC feeds at 2% of their body weight for 10
days. The fish fed with 8g OTC/100 pounds fish/day recorded the lowest mortality (3.33%). The untreated fish
recorded 8.33% mortality. Histologically, the kidney tissues of O. niloticus exhibited nephropathy and glomerulopathy.
The kidney of OTC fed groups had improved organization of nephritic tubules and glomerulus. The muscle tissues
exhibited haemocyte infiltration with mild necrosis initially, followed by melanization and disrupted muscle bundles.
The results demonstrated that the OTC treatment for 10 days could bring out improved functioning of fish kidneys
that carry infectious agents. Within 3 days of OTC therapy, tissue reddening and inflammation subsided with the
formation of black scar. Full recovery of normal skin architecture was reached within 26-31 days post-injection.
Based on the results, prudent use of 4-8 g OTC/100 pounds fish/day is recommended for the control of A. hydrophila

infection in O. niloticus.
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Introduction

The tilapias are freshwater fish that belong to the family Cichlidae,
and they are exclusively associated with Africa and Middle East [1]. The
Nile tilapia (Oreochromis niloticus L.) is one of the first fish species to
be cultured in the world. Illustrations from Egyptian tombs suggested
that the Nile tilapias had been cultured more than 4,000 years ago [2].
In 2010, more than 73% of total tilapia production were represented
by O. niloticus [3]. The farmed tilapia production statistics from 135
countries and territories on all continents are available currently [4].
Considering the demand for more fish, it has become an important
species for aquaculture in India [5]. Initially, tilapias were considered
to be more resistant to microbial diseases. But, in recent times tilapias
have been found to be susceptible to various diseases. Bacterial
infections are the most serious problem in tilapia production causing
80% of fish mortalities [2,6-7]. Aeromonas hydrophila is considered
as a persuasive pathogen that causes mortalities in tilapia and other
freshwater fish [8,9]. Fish exposed to poor water quality such as high
nitrite levels, low levels of dissolved oxygen, or high levels of carbon
dioxide are more susceptible to infection by bacterial pathogens [2].

Most bacterial infections can be treated effectively with antibiotics.
However, the farmers use a variety of aquadrugs for the control of fish
diseases [10]. Treatment of A. hydrophila is currently limited to two
antibiotics, Terramycin’, an oxytetracycline (OTC), and Remet-30, a
potentiated sulfonamide. Oxytetracycline is one of the USFDA (United
States Food and Drug Administration) approved chemotherapeutic as
an oral antibacterial to treat specific bacterial diseases in temperate and
warm water finfish [11-13]. The preparation of medicated feed for use
with fish intended for human consumption is, however, regulated by
the FDA [13]. The stability of OTC in feed premixes has been evaluated
and is well established at >90% retained potency after 24 months of
storage under ambient conditions [14]. Though the effectiveness
and safety levels of the FDA approved antibiotics, including OTC

on temperate fish have been established, such studies on fish species
cultured in topical condition are not attempted. This study was,
therefore, aimed at to evaluate the effectiveness of feeds containing
different concentrations of OTC on Nile tilapia O. niloticus against
A. hydrophila infection with particular reference to histopatological
alterations in kidney and muscle, and wound healing.

Materials and Methods

Bacterial strain

The B-haemolytic and oxytetracycline sensitive bacterial strain
Aeromonas hydrophila BBT K, (NCBI accession number KY484791)
used in this study was from the collections of the Department of
Aquatic Animal Health, Faculty of Fishery Sciences, West Bengal
University of Animal and Fishery Sciences, Kolkata, India. It was
isolated from the kidney of haemorrhagic septicemic O. niloticus. The
isolation, identification and preparation of bacterial cell suspension
were as described in Abraham et al. [15].

Feed top dressing
As per the FDA standards [12], the medicated feeds for feeding
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the experimental fish at 2% of the body weight (BW) were prepared.
In brief, the medicated feeds to feed fish at a dose of 2 g, 4 g, 6 g and
8 g OTC/100 pounds fish/day were prepared by mixing appropriate
quantities of oxytetracycline dihydrate (HiMedia, India) in 5 ml
vegetable oil and then admixed with 1 kg basal feed. The feeds containing
OTC were mixed thoroughly, air dried at room temperature for 24 h,
and stored separately in air tight plastic containers. Control feed was
prepared as above without OTC. All feeds were prepared freshly and
used immediately.

Efficacy of OTC

Plastic tanks of size L58 cm x H45 cm x B45 cm, and healthy
Oreochromis niloticus (L.) juveniles of 8.25 + 0.25 cm and 7.91 +
0.31 g were used for the experiments in triplicate. Thirty tilapias
were introduced into each of the tank and fed with basal pellet feed
containing 30% crude protein at 2% BW. About 50% water was
exchanged, and waste feed and faeces were removed periodically.
The water quality parameters were maintained optimally (Water
temperature: 22.0-29.0°C; pH: 8.0 - 8.7; dissolved oxygen: 4.2-4.9
ppm; nitrate and ammonia: <0.02 ppm). The experimental fish were
divided into 7 groups, namely group 1) negative control (unchallenged
and fed with basal feed), group 2) positive control (saline injected,
unchallenged and fed with basal feed), group 3) 0 g OTC/100 pounds
fish/day, group 4) 2 g OTC/100 pounds fish/day, group 5) 4 g OTC/100
pounds fish/day, group 6) 6 g OTC/100 pounds fish/day, and group
7) 8 g OTC/100 pounds fish/day. After acclimatization for 5 days, the
fish were injected intramuscularly at the base of the dorsal fin. Prior
to challenge, the fish were starved for a day and anesthetized using
clove oil at 50 pl/litre water. The fish of groups 2-7 were injected
intramuscularly with aliquots (0.1 ml each) of A. hydrophila BBT K,
cell suspension at a predetermined dose of 1 x 108 cells/fish. After
injection, the fish were transferred to the respective tanks. The fish
of groups 1 and 2 were fed with basal feed and the group 3 was fed
with control feed during the entire study period. The fish of groups
4, 5, 6 and 7 were fed with control feed during the pre-treatment (1-5
days) and disease progression (6-8 days) periods. During the treatment
period for 10 days (9-18 days), they were fed with respective OTC feeds
at 2% BW twice daily. During the post-treatment period for 21 days
(19-39 days), the fish were fed with control feed. The unconsumed feed,
if any, in each tank was removed daily, air dried and weighed carefully.
Observations on feeding behaviour, behavioural changes, external
signs of infections and mortality were recorded daily. Depending on
the feed consumption, the feeding behavior of tilapia was rated using a
scale ranging from 0 to 4, i.e., 4) 100% feed consumption, 3) 75% feed
consumption, 2) 50% feed consumption, 1) 25% feed consumption and
0: No feed consumption.

Histopathology

The muscle and kidney samples of A. hydrophila BBT K,
challenged and subsequently OTC treated O. niloticus were fixed in
Bouin's solution for 24 h. The fixed samples were processed by standard
techniques and embedded in paraffin wax. Thin (5 pm) sections were
prepared and stained with haematoxyline and eosin [16].

Wound healing

The wounds at the site of intramuscular injection were first digitally
photographed during the treatment regime. Tissue damages were
assessed using a score ranging from 0 to 6, depending on the degree and
extent of damage based on the scale proposed by Bernet et al. [17]. The
extent of wound progression and healing was qualitatively classified as

0: undamaged; 2: mild damage; 4: moderate damage; 6: severe damage.
Intermediate values were also considered.

Statistical analysis

The results of the experiment are expressed as mean * standard
deviation and analyzed by one-way analysis of variance (ANOVA)
using Microsoft excel version 2010 to test the significance of differences
among the experimental fish groups. Comparison of mean values was
done by Duncan’s Multiple Range Test [18]. A probability level of 0.05
was used to find out the significance in all cases.

Results
Efficacy of OTC therapies

The mortalities and cumulative mortalities recorded during the
treatment regime in A. hydrophila challenged and OTC fed O. niloticus
juveniles are presented in Figures 1 and 2, respectively. During the
disease progression period, i.e., on day 8, 3.33-5.00% mortalities were
noticed in treatment groups. At the end of 10 day OTC treatment, i.e.,
on day 18, the mortalities observed in challenged and OTC fed groups
were 3.33-6.66%. The highest mortality (8.33%) was observed in A.
hydrophila challenged and control feed fed fish. Significant differences
existed between the positive control (saline injected), and challenged
and control feed fed as well as OTC fed (2 g, 4 g and 6 g OTC/100
pounds fish/day) groups (P<0.05). Significant differences also existed
among 0 g OT'C/100 pounds fish/day group and the OTC feeds fed (4 g,
6 g and 8 g OTC/100 pounds fish/day) group (P<0.05). The difference
in the mortality between 2 g and 8 g OTC/100 pounds fish/day groups
was significant (P<0.05).

The rating of feeding behaviour of A. hydrophila challenged O.
niloticus juveniles during the treatment regime is presented in Table
1. The feed intake of challenged and control feed fed tilapia was low
till 18 dpi, which became normal subsequently. In OTC fed groups,
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Figure 1: Mortalities in Oreochromis niloticus juveniles when challenged
intramuscularly with Aeromonas hydrophila and subsequently fed oxytetracycline
feeds (g OTC/100 pounds fish/day) for 10 days.
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Figure 2: Cumulative mortalities in Oreochromis niloticus juveniles when
challenged intramuscularly with Aeromonas hydrophila and subsequently fed
oxytetracycline feeds (g OTC/100 pounds fish/day) for 10 days.

J Aquac Res Development, an open access journal
ISSN: 2155-9546

Volume 8 « Issue 4 « 1000488



Citation: Julinta RB, Abraham TJ, Roy A, Singha J, Dash G, et al. (2017) Histopathology and Wound Healing in Oxytetracycline Treated Oreochromis
niloticus (L.) Against Aeromonas hydrophila Intramuscular Challenge. J Aquac Res Development 8: 488. doi: 10.4172/2155-9546.1000488

Page 3 of 6

reduced feed intake was noted during the early OTC treatment period.
The freshly dead fish were subjected to necropsy and bacteriology.
Internally, discoloration and liquefaction of the internal organs, viz.,
kidney and liver were observed in the intramuscularly challenged fish.
Bacterial inocula from the kidney of fresh dead fish on Rimler-Shotts
agar yielded exclusive growth of yellow colour colonies at 35°C in
24-48 h. The standard biochemical test results confirmed Aeromonas
infection (data not shown).

Histopathology
Histologically, the kidney tissues of unchallenged tilapia showed

Feeding behaviour score# in Mean * standard deviation
Treatments  Pre-treatment Disease orc Post-

(1-5 days) progression treatment treatment
(6-8 days) (9-18 days) (19-39 days)

Negative ' 59+ 0.00 4.00 +0.00 400%0.00  4.00+0.00

control

0gOTC’ 4.00 + 0.00 3.64 £0.67 2.70+0.83 = 4.00+0.00

2gO0TC 4.00 + 0.00 3.64 £0.67 3.77+043  4.00+0.00

4g0OTC 4.00 + 0.00 3.64 £0.67 3.77+043  4.00+0.00

6gOTC’ 4.00 +0.00 3.68 £0.57 3.74+045 4.00+0.00

8gOTC’ 4.00 £ 0.00 3.76 £ 0.54 3.85+0.37 4.00+0.00
OTC: oxytetracycline; *: Fish groups were fed with OTC at an appropriate dose/100
pounds fish/day for 10 days after challenging intramuscularly with Aeromonas
hydrophila. Negative Control: Unchallenged, saline injected and fed basal feed. #:
Feeding behaviour scale: 4: 100% feed consumption, 3: 75% feed consumption,
2: 50% feed consumption, 1: 25% feed consumption and 0: No feed consumption.

Table 1: Feeding behaviour of Oreochromis niloticus juveniles challenged with
Aeromonas hydrophila and fed oxytetracycline (g OTC/100 pounds fish/day) at 2%
of body weight for 10 days.

- )

Figure 3: The normal histology of the kidney tissues of Oreochromis niloticus
juveniles showing the typical structural organization of nephritic tubules with
well-defined glomerulus, X200 H&E staining.

Figure 4: Histopathological changes in the kidney tissues of control feed
(0 g OTC/100 pounds fish/day group) fed Oreochromis niloticus juveniles
intramuscularly injected with Aeromonas hydrophila BBT,K, on 10" day
treatment showing (a) inflamed (1) nephritic tubules, haemocyte infiltration (HI),
hydropic swelling (HS) with necrotized areas (N), degeneration of nephritic
tubules (DG), deeply stained nucleus (DS) and thickening of nephritic tubule (T),
X200 H&E staining; (b) degeneration of nephritic tubules (DG), glomerulopathy
(GP) with dilated Bowman'’s space (BS) and necrosis (N), X400 H&E staining.

OTC/100 pounds fish/day group) Oreochromis niloticus juveniles intramuscularly

injected with Aeromonas hydrophila BBT K, on the 10" day OTC treatment

showing hydropic swelling (HS), inflammation (I) and degeneration of nephritic
tubules (DG), X400 H&E staining.

e )

Figure 6: Histopathological changes in the muscle tissues of Oreochromis

niloticus juveniles intramuscularly injected with Aeromonas hydrophila BBT K,

(a)on 2 day post-injection showing haemocyte infiltration (HI) with mild necrosis

(N), X200 H&E staining; (b) on 10" day OTC (8 g OTC/100 pounds fish/day)

treatment showing melanized area (MA) with haemocyte infiltration (HI) and
disrupted muscle bundles (DM), X400 H&E staining.

J

the typical structural organization of the nephritic tubules with
well-organized glomerulus (Figure 3). While the kidney tissues
of challenged and control feed fed O. niloticus juveniles recorded
nephritic tubules inflammation, haemocyte infiltration, thickening of
nephritic tubule, hydropic swelling with necrotized areas (Figure 4a),
and glomerulopathy with dilated Bowman’s space and degeneration of
nephritic tubules (Figure 4b). The histopathological changes noticed
in the kidney tissues of OTC (8 g OTC/100 pounds fish/day) fed O.
niloticus on 10" day OTC feeding were inflammation of nephritic
tubules, glomerulus with no pathological changes and thin epithelial
layer, hydropic swelling, degeneration of nephritic tubules (Figure 5).
The muscle tissues of challenged O. niloticus on 2 dpi had haemocyte
infiltration with mild necrosis (Figure 6a), while the OTC fed (8 g
OTC/100 pounds fish/day) O. niloticus on 10" day OTC feeding
exhibited melanization and disrupted muscle bundles (Figure 6b).

Wound healing

The qualitative rating of wound progression and healing in O.
niloticus challenged intramuscularly with A. hydrophila and fed OTC
feed (8 g OTC/100 pounds fish/day group) for 10 days is depicted in
Figure 7. The challenged fish were weak and lethargic initially. Tissue
reddening, inflammation and skin peeling at the site of injection, and
open sub-epithelial wounds started to become obvious within 24 and
48 h of challenge with A. hydrophila, respectively. A membrane over
the wound was observed on 3 day post-injection (dpi). Within 3 days
of OTC therapy, the reddening and inflammation subsided with the
formation of black scar in the ulcerated area. The areas surrounding
the wound become very dark in 3-6 days of therapy. Though there
were depressions at the site of injection, all wounds examined were
closed within 9 days of wounding or 6 days of OTC therapy (dot).
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Disappearance of black scar, onset of dermal fibrous tissue re-growth
and the development of skin at the ulcerated scar region were seen
on 13 dpi (10 dot). The epidermis gradually became thinner with the
development of scales in the underlying tissues and appeared normal
on 20 dpi (7 days after OTC therapy). Full recovery of normal skin
architecture was reached within 26-31 dpi (Figure 8). The wounds of
OTC fed groups healed faster than the control.

Discussion

Disease is a component of the overall welfare of fish [19]. A
perusal of the literature revealed the use of a wide range of antibiotics
in attempts to control bacterial diseases in aquaculture [9-11,13]. The
dosage rate used in medicated feed may vary according to the specific
antibiotic used, but usually the rate is based on a number of grams/100
pounds fish/day [13]. The experimental transmission route used in the
present study was intramuscular injection, which was reportedly more
replicable and efficient than the other methods [20]. In the present
study A. hydrophila challenge caused fish mortalities only during
the disease progression and early OTC treatment periods. Following
OTC sensitive A. hydrophila challenge and oral therapy, a reduction
in tilapia mortality with increasing OTC concentrations was observed.
The results suggested that OTC has the potentiality to control A.
hydrophila infection in Nile tilapia only at higher doses. The highest
survival (96.67%) was noted in 8 g OTC/100 pounds fish/day group,

g2 5 BOTC feed
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o 4 O Control
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o 3
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Figure 7: The qualitative rating of wound progression and healing in Aeromonas
hydrophila challenged Oreochromis niloticus when fed with oxytetracycline
(OTC) (8 g OTC/100 pounds fish/day) and control feeds during treatment
regime.

1060330

Figure 8: Digital images showing the wound progression and healing in
Aeromonas hydrophila challenged, and oxytetracycline feed fed Oreochromis
niloticus juveniles during the treatment regime. dpi: day post injection; dot: day
OTC treatment; daot: day after OTC treatment.

followed by 95% each in 4 g and 6 g OTC/100 pounds fish/day groups.
Statistically, the dose of 2g OTC/100 pounds fish/day was found to
be ineffective. These results further suggested that the dose of 4-8 g
OTC/100 pounds fish/day, equivalent to 2-4 g OTC/kg feed, is ideally
used to control A. hydrophila infection in Nile tilapia under tropical
Indian condition. Our results provided supportive evidences to Plumb
[6], who recommended a dose of 2-4 g OTC/kg feed (50-100 mg/kg
fish) for 14 days for bacterial disease treatment. The present study, thus,
demonstrated the effectiveness of OTC oral therapy in reducing the A.
hydrophila induced mortalities in Nile tilapia, which was found to be
dose-dependent.

Histopathology is a well-established tool to figure out the
qualitative changes in the affected organs and the patterns of recovery.
Histopathologically, the main worth mentioning lesions is located in
the kidney [21] and, therefore, the kidney samples were examined
for the qualitative tissue level changes. The muscle samples were also
examined as the fish were challenged intramuscularly. In unchallenged
control fish, normal structure and systematic arrangement of kidney
tissues with well-defined glomerulus were observed histologically. On
the other hand, the changes observed in the kidney tissues of O. niloticus
challenged with A. hydrophila on 10" day feeding with control feed and
OTC feed (8 g OTC/100 pounds fish/day) during the treatment period
were variable. The pathological changes observed in the kidney of A.
hydrophila challenged and control feed fed O. niloticus are suggestive
of nephropathy with severe cellular and tissue level alterations. The
hydropic swelling, i.e., marked cell swelling of nephritic tubular
epithelial cells is indicative of severe cellular oedema. Besides, there
were glomerulopathy with dilated Bowman’s space, necrotized areas,
severe inflammation, degeneration and thickening of nephritic tubules,
which are in accordance with the previous studies [22,23]. Though
indeed there was inflammation, the 10 days OTC feeding controlled
the tissue level changes in the kidney of A. hydrophila challenged O.
niloticus, which exhibited glomerulus with no pathological changes,
thin epithelial layer, and improved architecture and organization of
nephritic tubules. The results demonstrated that the OTC treatment for
10 days could bring out improved functioning of fish kidneys that carry
infectious agents. Nonetheless, several earlier studies demonstrated
negative effects of OTC administration at high concentrations; for
example, tissue damages in the kidneys when OTC was administered
intramuscularly [21], congestion, severe fatty changes and vacuolations
in the hepatocytes and periglomerular lymphocytic aggregation in the
kidney of O. niloticus when fed with OTC at 100 mg/kg diet [24], diffuse
cytoplasmic vacuolization of the renal duct epithelium in the kidney
of C. carpio when fed OTC feed at 15 g/kg live weight [25]. Necrosis
was observed only in challenging and non-treated fish, while it was
absent in unchallenged control fish as well as challenged and OTC
treated fish. It is clear from the present study that the normal kidney
tissue exhibited well-defined nephrons, which when challenged with A.
hydrophila showed nephropathy and glomerulopathy and finally, when
treated with OTC, the kidney tissue showed improvement in nephritic
tubular organization.

Melanin containing macrophages within the epidermal layer plays
an important role in the healing of the injected area [21]. The haemocyte
infiltration with mild necrosis at the intramuscularly injected site of O.
niloticus on 2 dpi is an indication of a severe cellular and inflammatory
reaction together with the disorganization of the muscular tissue, which
seemed to be in agreement with the observations of Soler et al. [21].
The muscle tissue of A. hydrophila infected fish on the 10® day OTC
feeding showed melanized area as dermomuscular necrotic lesion at
the site of injection, which conform the previous reports [26,27]. These
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melanized areas were identified as aggregates of cells containing dark
pigments. The melanin within the dermis of tilapia indicated mature
healing ulcer at the site of injection. All these histopathological findings
suggested marked improvements in the kidney and muscle tissues of A.
hydrophila infected O. niloticus up on OTC treatment. The reduction
in bacterial population and its consequences may probably be the
underlying mechanism for the beneficial effect of OTC as was observed
with antibiotics [9].

The rate of wound progression and recovery in A. hydrophila
challenged O. niloticus juveniles upon oral OTC therapy was also
investigated in the present study. The tissue reddening, inflammation
and formation of a membrane over the wound within 3 dpi is an
indication of initial protective reactions of fish to ward off the bacterial
challenge. With OTC therapy, the reddening and inflammation were
subsided relatively faster than control. The formation of black scar in
the ulcerated area within 3 days of OTC therapy indicated the closure of
the wound by the layers of epidermal cells. Darkened areas surrounding
the wound in 3-6 days of therapy may be due to increased number of
melanocytes, thereby, suggesting an increased melanocytes activity
after the injury [28,29]. Within 6-10 days of OTC therapy, regeneration
of muscle tissue with the closure of wounds, disappearance of black
scar, onset of dermal fibrous tissue growth and the development of
skin at the ulcerated scar region was obvious. The epidermis appeared
normal with the development of scales in the underlying tissues after
7 days of completion of OTC therapy. Ohira et al. [30] also observed
the growth of new scales with the size and characteristics of mature
scales within a few weeks. The repair of dermal and muscle structure
took much longer time in comparison with the epidermis. These
results corroborate the findings of Ashley et al. [31], who described a
temporal precedence of epidermal over dermal repair. Quilhac and Sire
[32] also observed a rapid differentiation of the epidermal basal layer
cells during the re-epithelialization process after wounding of a cichlid
fish. The depression at the site of injection during the recovery period
is an indication that the tissue re-growth or dermal repair had not
reached steady state levels. Full recovery of normal skin architecture
was reached within 26-31 dpi. Though the rate of wound healing was
initially faster in OTC treated fish, the wounds were healed completely
within 31 days even in untreated survivors. The results confirmed that
the degree of wound healing was promoted by OTC feed, which was
more prominent during the treatment period. Unlike mammals, no scar
or scab was left behind on the wounded region, thereby representing a
more advanced healing progression in teleost.

Conclusion

In general, concerns about the consequences of antibiotic use on
public health have encouraged the development of strict regulations
controlling the use of antibiotics and have led to only a few antibiotics
being licensed for use in aquaculture. In this context, the present study
demonstrated the effectiveness of dose-dependent OTC oral therapy
in reducing the A. hydrophila induced mortalities in Nile tilapia and
improving the kidney tissue architecture. The results suggested the
prudent use of 4-8 g OTC/100 pounds fish/day at 2% body weight
ration to control A. hydrophila infection in Nile tilapia under tropical
Indian conditions. Since OTC is one of the FDA approved antibiotics
for treating bacterial diseases of temperate and warm water finfish,
responsible use of OTC as outlined by FAO [11,13] is recommended for
the control of Aeromonas infection in Nile tilapia. Further, our results
would provide the baseline data on the efficacy of OTC to the policy
makers and regulatory authorities of Indian and global aquaculture.
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