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ABSTRACT 
 

The impact of oral feeding diet (supplement) Aqua Fix was studied on the histopathological 
changes in skeletal muscles and liver of L.rohita during  immunomodulation and aeromoniasis. 
Three groups (D,E,F) of six months old fish were employed; groups D and E were treated with 
Aqua Fix  for 4 days, on day 5 fish of group E and F were infected with Aeromonas hydrophila @ 
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10-6CFU/fish(fish of  group F were fed with normal diet for 4 days).Controls (group G) were 
untreated and uninfected. Histological examination of the skeletal muscle and liver tissues were 
carried out on selected days of experimentation (day 1 and day 4 of experiment). The stained 
sections were observed under microscope and histological changes were noted. 
Immunostimulated fish (group D) showed normal arrangement of muscle fibers and muscle 
bundles compared to other groups (E and F) of fish.  Both the muscle fibers and muscle bundles 
were healthy as in controls (Group G). In infected group (untreated with Aqua Fix, group F), 
fragmentation of muscle fibers was noticed along with sarcoplasmic debris.  Dermal lesions and 
moderate edema is noticed in necrotic muscle fibers. Liver in immunostimulated fish showed large, 
polygonal hepatocytes with distinct, round nuclei. Hepatic central vein and sinusoids were clearly 
visible. By day 1 of infection, liver exhibited necrosis of hepatocytes, pycnosis of hepatocyte nuclei, 
granulation and vacuolisation (group F).  Dilation of hepatic vein and sinusoids were observed.  
Necrotic foci and haemorrhages were evident in the capillaries of liver and occurred more severely 
in group F compared to group E (treated with Aqua Fix and infected). The fish (group E) which 
received immunostimulant and infection showed moderate effect on liver suggesting that Aqua Fix 
supplementation ameliorate the ill effects of A. hydrophila, showing the positive influence of    
herbal immunostiomulant i.e, Aqua Fix in fresh water fish. 
 

 
Keywords: Skeletal muscle; liver; immunostimulant; Aeromonas hydrophila; Labeo rohita. 
 

1. INTRODUCTION 
 
Aeromonas hydrophila has been reported to 
cause dropsy, hemorrhagic septicemia, ulcers, 
skin lesions, bleeding of internal organs and tail 
and fin rot (Rahman et al; 2001). L. rohita 
infected with A. hydrophila showed much 
variation in the haematology, enzyme activities 
and tissue sections revealed dermal edema, 
muscular degeneration and necrosis of liver, 
glomeruli and renal tubules of kidney (Manoj et 
al; 2010). Marked histopathological changes 
were found in liver and kidney of Heteropneustes 
fossilis infected with A.hydrophila (Islam et al; 
2011).Also in esturanine cat fish and H.fossils 
(Alagappan et al; 2009;Islam et al; 2013), 
cutaneous  lesions, hyperemia of abdominal  
organs and internal organs pathological lesions 
(Rasmussen-Iver et al; 2016; Abdelhamed et al; 
2017). A. hydrophila infection has been found in 
a wide variety of hosts (Huizinga et al., 1979; 
Soltani et al., 1998); in C. carpio (Vivas et al., 
2004) and channel catfish Ictalurus punctatus 
(Galindo et al., 2004).  A. hydrophila has been 
reported to cause red fin disease in cultured eel, 
Anguilla japonica (Hoshima, 1962), red sore 
disease in large mouth bass, Micropterus 
salmonides (Huizinga et al., 1979) and 
haemorrhagic septicemia in C. carpio (Miyazaki 
et al., 1985), catfish larvae, Silurus asotus (Kuge 
et al., 1992) and in cyprinid fish (Zhang et al., 
2014). Aeromoniasis in large mouth bass, M. 
salmonoides, lead to necrosis in liver, kidney and 
heart. Destruction of hepatocytes and affinity of 
these bacteria to the liver were found (Datta Ray 

and Homechaudhuri, 2014). Pal et al., (2015) 
reported that L. rohita after A. hydrophila 
infection exhibited hepatic damage characterized 
by granulomatous inflammation, aggregation of 
melanomacrophage centres (MMC) and 
rupturing and cytolysis of hepatocytes leading to 
distortion of hepatic chords. 

 
Aeromoniasis and its causative pathogens can 
be detected in fish in various ways including: 
analysis of biochemical parameters (Gabriel et 
al. 2015, Ukwe 2021), histopathological and 
haematological assessment (Ukwe et al.   2021, 
Ukwe and Deekae 2022). Ipomoea batatas 
(sweet potato) leaf possess significant nutrients 
and phytochemicals that can enhance 
productivity in aquaculture (Ukwe and Deekae 
2024). The use of herbs as feed supplements 
can be very beneficial in improving fish growth 
and feed efficiency, as well as contributing to 
better disease prevention (Reverter et al. 2021), 
thereby enhancing sustainability of the 
aquaculture value chain. 
 
Intramuscular injection of A. hydrophila caused 
sloughing of scales and ulcerative dermatitis 
associated with edema and dermal necrosis 
exposing the underlying muscles in Goldfish 
Carassius aurat (Harikrishan et al. 2009). 
 
Aqua Fix is a highly specialized pure herbal 
preparation consists of alkaloids of Azadirachta 
indica, Ocimum sanctum, Phyllanthus niruri and 
Withinia somnifera having strong antimicrobial 
and immunity enhancing properties.   
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2. MATERIALS AND METHODS 
 
L. rohita, an Indian major carp of approximately 6 
months (12-15 g) old were collected from local 
fish farm, Singh farms, Kuchipudi (V), Amrutaluru 
(M), Guntur (D), Andhra Pradesh, India.  In the 
laboratory fish were kept in the plastic tubs and 
acclimatized for 7 days. Water quality 
parameters were within optimum range and the 
water quality was regularly monitored.  Fish were 
fed with commercially available pellet food.  Two-
third of the water was renewed every day using 
de-chlorinated ground water to maintain good 
water quality. Three experimental groups of six 
month old L. rohita (12-15 g) were selected for 
the experimentation. Groups, D(treated with 
Aqua Fix), E (treated with Aqua Fix and infected 
with A. hydrophila), F (untreated with Aqua Fix 
but infected with A. hydrophila) and one control 
group, G (untreated and uninfected) of fish (35 in 
each group) were maintained in optimum 
conditions.  Fish of group D and E fed with a diet 
supplemented with Aqua Fix (50mg/100 g of 
feed) for 4 days; on the 5th day fish of group E 
and F were infected intraperitonially with A. 
hydrophila (10-6 CFU/fish).  Fish of groups F and 
G were fed with normal diet (without Aqua Fix) 
during the entire experimental period. 
 

2.1 Bacterial Culture 
 
The bacterial strain used in this study, 
Aeromonas hydrophila was supplemented from 
State Institute of Fisheries Technology (SIFT), 
Kakinada, (A.P.), India.  This parent culture was 
subsequently revived by nutrient broth and 
transferred the culture to a nutrient agar medium. 
Culture and preparation of isolated bacterial 
colonies were made under aseptic conditions 
following the method of Pelczar (1993). 
 

2.2 Histopathology 
 
Histological examination of the skeletal muscle 
and liver tissues were carried out on selected 
days of experimentation (day 1 and day 4 of 
experiment).  Isolated muscle and liver tissues of 
control and experimental fish were gently rinsed 
with normal physiological saline (0.9% NaCl) to 
remove blood and debris adhering to the tissues 
and were fixed in 10% formalin. After dehydrating 
to a graded series of alcohols, the tissues were 
cleared in absolute methyl alcohol and xylene, 
and embedded in paraffin wax. Sections were cut 
at 5 µ thickness and stained with haematoxylin 
and eosin (H&E). After dehydration and clearing, 
sections were mounted with DPX. The stained 

sections were observed under microscope and 
histological changes were noted. 
 

3. RESULTS AND DISCUSSION 
 

The tissue sections of muscles and liver of 6 
months old L. rohita displayed marked 
histological / pathological changes during 
bacterial infection (groups E– treated with Aqua 
Fix + infected; F– infected). The fish which were 
fed with Aqua Fix (groups D) and control (group 
G) showed normal architecture in the muscles 
and liver throughout the experiments. 
 

Skeletal Muscles: 
 

Microscopic examination: 
 

On day 1 of experiment: 
 

Group G (control, untreated with Aqua Fix and 
infection) (Fig. 1, G1): 
 

Histological structure of muscle showed normal 
arrangement of muscle fibers (myofibrils) and 
muscle bundles on day 1 of experiment.  
 

Groups D (treated with Aqua Fix), E (treated with 
Aqua Fix and infected with A. hydrophila) and F 
(infected with A. hydrophila) (Fig. 1; D1, E1, F1) 
 

Immunostimulated fish (group D) showed normal 
arrangement of muscle fibers and muscle 
bundles compared to other groups (E and F) of 
fish.  Both the muscle fibers and muscle bundles 
were healthy as in controls (Group G) (Fig.1 G1).  
In the immunostimulated and infected fish (group 
E), there was slight derangement of muscle 
fibers. Also, muscle fibers slightly lost their 
elongation and appeared slightly curved.  
Sarcoplasmic debris appeared at certain places.  
Hypertrophy is seen in muscle bundles (Fig. 1, 
E1).  In infected group (untreated with Aqua Fix, 
group F), fragmentation of muscle fibers was 
noticed along with sarcoplasmic debris.  Dermal 
lesions and moderate edema is noticed in 
necrotic muscle fibers (Angka 1990). 
 

On day 4 of experiment: 
 

Group G (control, untreated with Aqua Fix and 
infection) (Fig. 1, G4): 
 

Histological structure of muscle showed normal 
arrangement of muscle fibers (myofibrils) and 
muscle bundles on day 4 of experiment.  
 

Groups D (treated with Aqua Fix), E (treated with 
Aqua Fix and infected with A. hydrophila) and F 
(infected with A. hydrophila) (Fig. 1; D4, E4, F4) 
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Fig. 1. Showing the section of skeletal muscles of L. rohita (6 months old) from group G 
(control, untreated with Aqua Fix and uninfected), group D (Aqua Fix treated @ 50mg/100g of 
feed), group E (treated with Aqua Fix @ 50mg/100g of feed+ infected with A.hydrophila @ 10-6 

CFU/fish) and group F (infected with A.hydrophila @ 10-6CFU/fish) on day 1 and 4 of 
experimental period. Abbreviations: MF – Muscle fiber; MB – Muscle bundle; DMF – 

Derangement of muscle fibers; LMF – Loss of muscle fibers; FMF – Fragmentation of muscle 
fibers; SD – Sarcoplasmic debris; MFD – Muscle fiber degeneration; L – Lacuna 
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Fig. 2. Showing the section of liver of L. rohita (6 months old) from group G (control, untreated 
with Aqua Fix and uninfected), group D (Aqua Fix treated @ 50mg/100g of feed), group E 

(treated withAqua Fix @ 50mg/100g of feed+ infected with A.hydrophila @ 10-6 CFU/fish) nd 
group F (infected with A.hydrophila @ 10-6CFU/fish) on day 1 and 4 of experimental period. 
Abbreviations: HC – Hepatocytes; H – Haemorrhages; NC – Necrotic foci; DHV – Dilation of 

hepatic vein; G – Granulation; CD – Cell debris 
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Histological structure of muscles in 
immunostimulated fish (group D) was 
characterised by the presence of normal 
arrangement of healthy muscle fibers and muscle 
bundles (Fig. 1, D4).  In Aqua Fix treated and 
infected fish (Group E), the muscle bundles and 
muscle fibers were markedly fragmented; the 
fragments of muscle fibers accumulated at 
certain places.  Lacunae were clearly visible in 
musculature due to muscular degeneration (Fig. 
1, E4).  Marked oedema, vacuolation, necrosis 
and dermal lesions were observed in the muscle 
tissue of infected fish (group F; Fig. 1, F4).  
Derangement and fragmentation of muscle 
fibers, cloudy appearance of muscle fibers and 
scattered sarcoplasmic debris were also noticed. 
 

Liver:  
 

Microscopic examination: 
 

Hepatocytes are large, polygonal in shape with 
almost centrally placed nuclei.  Blood sinusoids 
were clearly evident. 
 

On day 1 of experiment:  
 

Group G (control, untreated and uninfected) (Fig. 
2, G1) 
 

Large, polygonal hepatocytes.  Nuclei of 
hepatocytes are distinctly round and almost 
centrally placed with exhibited prominent central 
vein, sinusoids were clearly observed. 
 

Groups D (treated with Aqua Fix), E (treated with 
Aqua Fix and infected with A. hydrophila) and F 
(infected with A. hydrophila) (Fig. 2, D1, E1 F1 
respectively): 
 

Histological analysis of the liver in group E, fish 
showed large, polygonal hepatocytes with 
distinct, round nuclei. Hepatic central vein and 
sinusoids were clearly visible (Fig. 2, D1), liver 
tissue exhibited haemorrhagic spots, 
vacuolisation and granulation.  Slight disruption 
appeared in hepatocytes (Fig. 2, E1).  By day 1 
of infection, liver exhibited necrosis of 
hepatocytes, pycnosis of hepatocyte nuclei, 
granulation and vacuolisation (group F; Fig. 2, 
F1).  Dilation of hepatic vein and sinusoids were 
observed, necrotic foci and haemorrhages were 
evident in the capillaries of liver and occurred 
more severely compared to group E (treated with 
Aqua Fix and infected). 
 

On day 4 of experiment: 
 
Group G (control, untreated and uninfected) (Fig. 
2, G4) 

Large, polygonal hepatocytes, nuclei of 
hepatocytes are distinctly round and almost 
centrally placed. Hepatocytes exhibited 
prominent central vein, sinusoids were clearly 
observed. 
 
Groups D (treated with Aqua Fix), E (treated with 
Aqua Fix and infected with A. hydrophila) and F 
(infected with A. hydrophila) (Fig. 2, D4, E4, F4) 
 
It is noticed a continuous mass of hepatocytes 
which   are large, polygonal with distinct nucleie 
(Fig. 2, D4).  The hepatic tissue (of both groups 
D &E) showed mild vacolisation, granulation and 
haemorrhages, where mild dilation of veins and 
sinusoids were evident (Fig. 2, E4).  Necrotic 
hepatocytes, pycnosis, vacuolization, cell debris, 
haemorrhages and necrotic foci were found in 
infected fish (group F).  Veins and sinusoids 
were markedly dilated (Fig. 2, F4). 
 

4. CONCLUSION 
 
The fish (group E) which received 
immunostimulant and infection showed moderate 
effect on liver suggesting that Aqua Fix 
supplementation ameliorate the ill effects of A. 
hydrophila, showing the positive influence of 
immunostimulants in freshwater fish which in turn 
retains the normal histology to certain extent 
compared to other groups. So herbs and herbal 
products have proven to be good solutions and 
replacement for synthetic drugs in the practice of 
aquaculture as they are eco-friendly. Aqua fix  
seems to possess the potentials of maintaining 
normal biochemical activities and safe guard fish 
liver  against A. hydrophila .This study shows the 
significant variability in response to infection and 
immunomodulation in various tissues. 
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