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Abstract In this study, the effects of Coriandrum 
sativum to control Aeromonas veronii infection in 
Oreochromis niloticus were determined. Coriandrum 
sativum extract (CE) was tested in  vitro against A. 
veronii by the disc diffusion assay. In in vivo, 150 O. 
niloticus (from El-Abbassa, Sharkia, Egypt, weigh-
ing 34.95 ± 1.98 g) was distributed in five groups 
(with three replications) in glass aquariums (80 × 40 
× 30 cm). The first group (control) was intraperito-
neally injected with 0.2 ml of sterilized tryptic soya 
broth. Groups 2–5 were intraperitoneally challenged 
with 0.2 ml of A. veronii (4.3 ×  106). The five groups 
were administered a basal diet until clinical signs 
appeared, and then therapeutic feeding (15 days) was 
followed: the first (CONT) and second (AV) groups 
were administered a normal basal diet. The third 
(AV+CP) and fourth (AV+CE) groups were admin-
istered diets supplemented with C. sativum powder 
and extract, respectively, each at 30 mg/kg. The fifth 

group (AV+OT) was administered a diet supple-
mented with oxytetracycline at 500 mg/kg diet. The 
results of the in  vitro experiment revealed that CE 
has a zone of inhibition of 43 mm against A. veronii. 
The in  vivo results showed that fish administered a 
therapeutic diet supplemented with CE showed a sig-
nificant improvement in hematological, biochemical, 
and immunological parameters, as well as antioxidant 
capacity (P < 0.05) and the pathological findings of 
the liver and kidney tissues. The current findings sup-
ported that the administration of a CE-enriched diet 
(30 mg/kg) is an eco-friendly strategy for controlling 
A. veronii in O. niloticus.

Keywords Aeromonas veronii · Antioxidant · 
Coriander · Immunity · Nile tilapia

Introduction

The gram-negative, rod-shaped facultative bacteria 
known as aeromonads cause many outbreaks that 
affect farmed fish and aquaculture industry through-
out the world (Dien et  al. 2023; Reda et  al. 2021). 
They also cause a disease that affects humans, result-
ing in sepsis, diarrhea, and wound infections (Pes-
soa et  al. 2022). Motile aeromonads in general and 
Aeromonas veronii in particular are the primary 
causes of Motile aeromonas septicemia (MAS), 
which is a widespread disease that leads to severe 
economic losses in the global aquaculture industry 

A. A. Said · H. M. Abd El-Hady 
Department of Pharmacology, Faculty of Veterinary 
Medicine, Zagazig University, Zagazig 44511, Egypt

R. M. Reda (*) 
Department of Aquatic Animal Medicine, Faculty 
of Veterinary Medicine, Zagazig University, Sharkia, 
Zagazig 44511, Egypt
e-mail: rashareda55@yahoo.com

M. M. M. Metwally 
Department of Pathology, Faculty of Veterinary Medicine, 
Zagazig University, Zagazig 44511, Egypt

http://crossmark.crossref.org/dialog/?doi=10.1007/s10695-023-01220-6&domain=pdf


688 Fish Physiol Biochem (2023) 49:687–709

1 3
Vol:. (1234567890)

(Francis-Floyd 1991; Saharia et  al. 2021). Several 
studies have also shown that A. veronii, alone (Abd 
El Latif et al. 2019; Raj et al. 2019; Reda et al. 2022) 
and as a co-infection with other strains of bacte-
ria (Dong et  al. 2017; Youssuf et  al. 2020) or virus 
(Amal et al. 2018; Suresh et al. 2023), cause summer 
mortality syndrome in tilapia farms.

To control economic losses due to fish infections, 
most fish farmers overuse antibiotics without profes-
sional management; they often administer antibiotics 
not approved for fish without a prescription (Preena 
et  al. 2020). In aquaculture, antibiotics are typically 
administered orally, by immersion, or by adding 
them to the water. The uncontrolled use of antibiot-
ics and the presence of non-ingested food items and 
fish excrement can cause antibiotics to persist in the 
aquatic environment (Serwecińska 2020). The over-
use of antibiotics is associated with high risk to pub-
lic health, including (i) the spread of antibiotic-resist-
ant bacteria and genes; (ii) antibiotic residues in food 
chains, aquatic products, and ecosystems; and (iii) the 
elimination of the normal microbiota, which can pro-
mote the growth of opportunistic bacteria due to the 
absence of competition (Romero et al. 2012).

Most studies have investigated sustainable and 
environmentally friendly approaches to control aqua-
culture diseases, which can benefit public health by 
boosting immunity and overall health (Dien et  al. 
2023; Reverter et  al. 2014). Plant-based approaches, 
often known as phytomedicines, are eco-friendly and 
safe for aquatic organisms (Tabuti et al. 2003). Most 
medicinal plants, whether fresh or dried, contain 
natural bioactive compounds that can be extracted 
from roots, leaves, bark, flowers, fruits, and seeds 
(Kuebutornye and Abarike 2020). Many infectious 
diseases in aquaculture are treated and prevented 
using medicinal herbs (Dien et  al. 2023). Bioactive 
compounds, such as flavonoids, phenolics, proteogly-
cans, and polysaccharides, present in medicinal plants 
prevent aquatic diseases either by enhancing immune 
responses or by acting as antibacterial agents (Cita-
rasu 2010).

Coriander (Coriandrum sativum L.) belongs to the 
Apiaceae family and is rich in bioactive substances 
with antioxidant, anti-inflammatory, and antibacte-
rial properties (Mandal and Mandal 2015). Coriander 
seeds are easily available, have a low cost of produc-
tion, and contain vital fatty acids such as linoleic acid, 
minerals, vitamin C, and linalool, which is a potent 

cellular antioxidant, antibacterial, and anti-inflamma-
tory compound (Farsani et al. 2019). Several studies 
have investigated the inhibitory effects of C. sativum 
extract (CE) against various pathogenic strains in 
aquaculture such as Yersinia ruckeri in Oncorhynchus 
mykiss (Farsani et al. 2019) and Aeromonas hydroph-
ila in Oreochromis niloticus and Catla catla (Das 
et al. 2023; Innocent et al. 2011).

However, information on the therapeutic benefits 
of dietary coriander seed extract in O. niloticus is 
lacking. Therefore, this study evaluated the thera-
peutic effect of a diet rich in coriander seed powder 
(CP) or extract (CE) against A. veronii in O. niloti-
cus. Here, the antibacterial activity of an ethanolic 
extract of coriander seed against A. veronii in  vitro 
was assessed. This study also determined the in vivo 
efficacy of CP and CE in restoring the altered hema-
tological, biochemical, and immunological profiles, 
antioxidant capacity, and histopathological findings 
of O. niloticus that were experimentally infected with 
A. veronii.

Materials and methods

Aeromonas veronii strain

Aeromonas veronii (131TF-ID) used in this study 
was isolated from the naturally infected fries of tila-
pia in Idku, Beheira Governorate, Egypt. The isolate 
was identified as A. veronii via rRNA gene sequence 
and was recorded in the GenBank database (acces-
sion number: MN967136) (Reda et  al. 2022). The 
 LD50 of A. veronii was estimated in our laboratory 
and found to be 4.3 ×  106 CFU/ml (Reda et al. 2022). 
Aeromonas veronii was grown in tryptic soya broth 
(TSB) and agar (TSA) at 30 °C. The bacterial stock 
was preserved in TSB containing 15% glycerol at −80 
°C until needed.

Coriander (Coriandrum sativum) collection and 
preparation

The coriander seeds used in this study were pur-
chased from a traditional market in Zagazig, Egypt. 
The seeds were thoroughly washed with water before 
drying for 15 days at 30 ± 2 °C away from direct sun-
light. The dried seeds were milled with a pestle and 
mortar to a very fine powder. One part of the milled 
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powder sample was stored in a sealed vial at 4 °C 
and used as a powder (CP). The other portion of the 
milled powder sample was used for extraction fol-
lowing a method described by Ahmed et al. (2020) to 
prepare ethanolic coriander extract (CE).

Determination of the antibacterial activity of 
Coriandrum sativum extract against A. veronii

The antibacterial activity of CE against A. veronii was 
determined using the disc diffusion method (Tenover 
2019). For preparing the C. sativum extract discs (CE 
discs), Whatman No. 1 filter paper was used to pre-
pare discs (5-mm diameter in diameter), which were 
sterilized at 121 °C for 15 min. Then, the discs were 
immersed in CE for 1 h and dried in the oven at 50 
°C for 1 h. On the surface of TSA, 100 μl of the A. 
veronii cell solution  (107/ml using McFarland stand-
ard tubes) was inoculated and evenly spread using a 
sterile glass spreader. Then, the CE discs were placed 
on the surface of the agar plates and incubated at 30 
°C for 24 h. Discs soaked in distilled water served as 
the negative control, while oxytetracycline discs (30 
mg; HiMedia) served as the positive control. This test 
was conducted in triplicate. To determine the size of 
the inhibition zones beyond the paper disc, the diam-
eters of the growth-free zones around the discs were 
measured, and the diameter of the paper disc was sub-
tracted from the diameter of the inhibition zone. The 
activity was considered to be strong when inhibition 
zone was more than 15 mm, moderate when the inhi-
bition zone was 10–15 mm, and weak when the inhi-
bition zone was less than 10 mm (Pachanawan et al. 
2008).

Determination of bioactive compounds using gas 
chromatography-mass spectrometry (GC-MS)

The bioactive compounds in the CE were identified 
via GC-MS (Agilent Technologies); a gas chroma-
tograph (7890B) and a mass spectrometer detector 
(5977A) were used at the Central Laboratories Net-
work, National Research Centre, Cairo, Egypt. The 
compounds were identified by comparing the spec-
trum fragmentation pattern with those stored in Wiley 
and the NIST Mass Spectral Library (Dakhlaoui et al. 
2022; Oprean et al. 2001).

Preparation and experimental protocol of the 
medicated diet

Four experimental diets were administered that 
met the nutritional needs of tilapia fish, as recom-
mended by the National Research Council (NRC 
2011) (Table  1). The first diet (CONT) served as 
the control basal diet without any supplementation. 
The second and third diets were supplemented with 
CP and CE, respectively, each at 30 mg/kg. The CP 
and CE levels administered were established based 
on the findings of study on Nile tilapia by Ahmed 
et al. (2020). The fourth (OT) diet was the antibiotic 
diet, which was supplemented with 500 mg/kg oxy-
tetracycline (Pharma Sweed, Egypt) (Hashem et al. 
2022). Each diet component was mixed, ground, 
and pelletized to a diameter of 1.5 mm and dried for 
a day at room temperature. The pellets were stored 
at 4 °C until use.

One hundred and fifty O. niloticus (mean ± SE; 
34.95 ± 1.98 g), all of which appeared to be in good 
health, were obtained from a private fish farm in 
El-Abbassa, Sharkia, Egypt. The fish were placed 
in glass aquariums (80 × 40 × 30 cm) with 60 L of 
dechlorinated tap water to acclimate for 15 days. 
After acclimatization, the fish were divided into five 
groups of three, each with 10 fish (10 fish/replicate, 
30 fish/group). The first group (CONT) was injected 
with 0.2 ml of sterilized tryptic soya broth. Simi-
larly,0.2 ml of A. veronii (4.3 ×  106) was intraperito-
neally injected into the fish in the other four experi-
mental groups (Reda et  al. 2022). The five groups 
were administered a basal diet until clinical symp-
toms manifested (such as hemorrhagic spots, loss 
of scales, and fin rot). After clinical signs appeared, 
the fish were fed a medicated diet as follows: the 
first group (CONT) and the second group (AV) were 
administered a normal basal diet without any supple-
mentation. The third (AV+CP), fourth (AV+CE), and 
fifth (AV+OT) groups were administered CP, CE, 
and OT diets, respectively. Based on the number of 
surviving fish, the amount of food provided in each 
aquarium was calculated as 3% of the total live fish 
weight/aquarium and provided to the fish three times 
daily (800, 1200, and 1600 h). All fish were fed by 
hand very slowly to ensure ingestion of the intro-
duced pellets until no fish accepted any more pellets 
(Wang et  al. 2006). The amount of actual food con-
sumed daily/aquarium was calculated by subtracting 



690 Fish Physiol Biochem (2023) 49:687–709

1 3
Vol:. (1234567890)

the calculated amount of food/aquarium from the 
actual food that was eaten/aquarium.

During the experiment, the water parameters were 
monitored and kept within recommended values fol-
lowing the method described by Boyd and Tucker 
(2014). The dissolved oxygen (electronic oxygen-
meter, Oxi-330, Entech Co., Thailand) was adjusted 
to 6 ± 0.5 mg/L; the water temperature (digital ther-
mometer WT-2, T-Bota Scietech Instruments & 
Equipment Co., China) was 27.5 ± 1 °C; and the con-
centration of unionized ammonia (DREL/2 HACH 
kits, HACH Co., Loveland, CO, USA) was 0.23 ± 
0.05 mg/L.

The clinical signs and postmortem findings were 
recorded daily. The behavior of the fish was moni-
tored during the 15-day trial between 800 and 1600 
h each day using a stopwatch and a video camera to 
record and score its frequency (Altmann 1974). Gross 
measurements of the changes in swimming activity, 
such as whether quick or sluggish, were recorded by 
measuring the mean swimming frequency and the 
mean time (s) for 8 h daily. Additionally, if there were 
any changes in the position of the fish in the water col-
umn as surfacing swimming or resting on the bottom 
were recorded (Chen et  al. 2001; Little and Finger 
1990). The startle reflex was also examined, including 

fish reflexes to unexpected tapping on one side of 
the aquarium and attempts to catch them with a net 
(Fetcho 2009; Neo et  al. 2015). Fish feeding behav-
ior and feed consumption are used to assess appetite 
(Wei et al. 2021; White et al. 2016). The actual feed 
consumption was calculated, and the feeding behav-
ior was scored following the method described by 
Wei et  al. (2021) as follows: (−) indicated that the 
fish consumed all available pellets and moved freely 
around the pellets; (+) indicated that most fish moved 
toward the pellets and then returned to their position; 
(++) indicated that most fish only consumed pellets 
that fell in front of them; and (+++) indicated that 
most fish did not respond to food.

Blood sample collection and hematological analysis

To collect samples, the fish were sedated using 100 
mg/L benzocaine solution (Al-Nasr Pharmaceuti-
cal Chemicals, Co.). The complete blood count was 
examined in nine samples per group, which were 
collected using 1-mlethylenediaminetetraacetic acid-
rinsed syringes and a Sysmex XT-2000iV automated 
hematology analyzer. For analyzing the biochemical 
and immunological parameters, nine blood samples 
were collected from the caudal peduncle without 

Table 1  Composition of 
experimental diets (g/kg)
*Control normal diet (NRC 
2011)
(1) Vitamin mix (IU or 
mg kg diet): vitamin 
A, 16000 IU; vitamin 
D, 8000 IU; vitamin K, 
14.72; thiamin, 17.8; 
riboflavin, 48; pyridoxine, 
29.52; cynocobalamine, 
0.24, tocopherols acetate, 
160; ascorbic acid 
(35%), 800; niacinamide, 
79.2; calcium-D- 
pantothenate,73.6; folic 
acid, 6.4; biotin, 0.64 
L-carnitine, 100
(2) Mineral mix (mg kg 
diet): Cu (CuSO4), 2.0; 
Zn (ZnSO4), 34.4; Mn 
(MnSO4), 6.2; Fe (FeSO4), 
21.1; I (Ca (IO3)2), 1.63; 
Se (Na2SeO3), 0.18; 
Co (CoCl2), 0.24; Mg 
(MgSO4.H2O), 52.7

Diets

Control 
diet*(CONT)

Diet 2(CP) Diet 3(CE) Diet 4(OT)

Diet ingredients (%)
 Fish meal (65.4% CP) 400 400 400 400
 Soybean meal (44%) 200 200 200 200
 Yellow corn 130 130 130 130
 Wheat flour 150 150 150 150
 Wheat bran 20 20 20 20
 Fish oil 70 70 70 70
 Monocalcium phosphate 20 20 20 20
 (1)Vitamin mixture 4.5 4.5 4.5 4.5
 (2)Mineral mixture 5.5 5.5 5.5 5.5
 Coriandrum sativum seed powder - 0.03 - -
 Coriandrum sativum seed extract - - 0.03 -
 Oxytetracycline - - - 0.5
Calculated composition (% DM)
 Crud protein 38.90 38.90 38.90 38.90
 Crude fat 10.50 10.50 10.50 10.50
 Ash 5.84 5.84 5.84 5.84
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using any anticoagulant for serum separation by cen-
trifugation at 3000× g.

Biochemical analysis

Following the method described by Reitman and 
Frankel (1957), the activity of the serum enzymes 
alanine aminotransferase (ALT), aspartate transami-
nase (AST), and alkaline phosphatase (ALP) was 
measured. Urea and creatinine levels were determined 
by the Colorimetric method described by Patton and 
Crouch (1977) and Owen et al. (1954), respectively.

Antioxidant activity and non-specific immune 
parameters

Using commercial enzyme-linked immunosorbent 
assay (ELISA) test kits (Cusabio Biotech Co., Ltd.) 
and following the manufacturer’s recommendations to 
measure the blood levels of total antioxidant capac-
ity (TAC), superoxide dismutase (SOD), and catalase 
(CAT), spectrophotometric analysis was performed 
to measure the concentration of nitric oxide (NO 
(Rajaraman et al. 1998). The serum lysozyme activity 
(LYZ) was measured using a turbidimetric technique 
described by Ellis (1990).

Histopathological examination

Regarding the histopathological evaluation, the fish 
were humanly euthanized by an overdose of benzo-
caine solution. The representative hepatic and renal 
tissue specimens from 10 randomly selected tilapias 
per group were sampled, rinsed in normal saline, and 
fixed in 10% neutral-buffered formalin solution for 
24 h. After fixation, the specimens were thoroughly 
washed in distilled water, dehydrated by passing 
through ascending series of ethyl alcohol (70–100%), 
cleared in Histo-Clear II (Scientific Laboratory Sup-
plies Ltd., UK), impregnated and embedded in paraf-
fin wax, sectioned into slices (4 μm thick), and stained 
with hematoxylin and eosin (Suvarna et  al. 2018). 
The slides were examined under a light microscope, 
and five randomly selected non-overlapping fields 
(10×) per fish were captured using a digital camera. 
Next, these images were analyzed to determine the 
frequency of lesions (FQ), establish a quantitative 
multiparametric lesion scoring method, and calculate 
the liver and kidney indices (the higher the index the 

worse the pathological condition of the organ) among 
the groups following the method suggested by Bernet 
et  al. (1999). The recoded hepatic and renal histo-
pathological alterations (alt) were classified into five 
reaction patterns (rp), including inflammatory, circu-
latory, regressive, progressive, and neoplastic. Next, 
every alteration within each pattern was assigned a 
score value (a) and an importance factor (w), where 
the score value denoted the degree of the alteration 
and its value ranged between zero (absence of the 
lesion) and six (diffuse lesion), whereas the impor-
tance factor denoted the seriousness of the alteration 
and its value ranged between one (minor importance) 
and three (major importance). Finally, the frequency 
of lesions and liver and kidney indices were calcu-
lated by the following formulae:

FQ (%) =  Nlesion ×  Ntotal
−1 × 100.

here, Nlesion, fish exhibited a lesion;  Ntotal, the 
total number of fish in the group.

Organ index  (Iorgan) = Σrp Σalt (aorg rp alt × worg 
rp alt).

Statistical analysis

The Shapiro-Wilks test was conducted to determine 
the normality and homogeneity of all data before sta-
tistical analysis was performed. Using IBM® SPSS® 
Statistics version 25, the data were evaluated via 
ANOVA followed by Duncan’s post hoc analysis to 
determine significant differences between the experi-
mental groups. The results are presented as the mean 
± standard error (SE). All differences between groups 
were considered to be statistically at P < 0.05.

Results

Coriandrum sativum seed extract GC-MS analysis

In Table 2, the principal bioactive compounds identi-
fied by GC-MS analysis in the CE are listed together 
with their retention times (RT) and area percentages. 
Many bioactive compounds have been found in the 
CE, according to the chromatograms GC-MS results. 
The results indicated that L-linalool was the main 
bioactive compound with the highest peak area % 
(92.52) at 10.107 retention time (RT, min).
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Antibacterial activity of C. sativum extract

By quantifying the diameter of growth inhibition zones 
(mm), the antibacterial activity of CE was assessed using 
the disc diffusion method. CE was proven to be efficient 
against the fish disease A. veronii. The extract of C. sati-
vum has a 43-mm zone of inhibition. Oxytetracycline, an 
antibiotic used in sensitivity testing, produced a zone of 
inhibition measurement of 48.3 mm (Fig. 1).

Clinical signs, behavioral observations, and 
postmortem findings

Comparatively to other treatment groups, the AV 
group displayed observable clinical symptoms and 

distress manifestations (Fig.  2 and Table  3). Fish 
showed high mucus secretion, eye turbidity, erosion 
of the operculum, loss of the scales, hemorrhagic 
spots, erection in the pectoral fin, and fin rot. These 
fish also do not respond to knocking on one side of 
the aquarium, swim in surface water, and are eas-
ily caught. Additionally, the amount (g) of actual 
feed consumed by the AV group was significantly 
lower (4.02 ± 0.31) than it was for the CONT 
group (10.15 ± 0.25), and most fish do not respond 
to food (52.63%). The significant postmortem find-
ings of the AV group included pale gills and an 
enlarged and congested liver, spleen, and kidney. In 
the treated groups, the symptoms and postmortem 
findings listed above were noticeably diminished 

Table 2  GC-MS chromatogram Coriandrum sativum seed retention time (min) and area (%) of the various compounds assigned in 
the extract

Retention time (RT, 
min)

Compound name Molecular formula Peak area %

9.1 cis-linalol oxide C10H18O2 1.73
9.54 trans-linalool oxide C10H18O2 1.7
10.107 L-linalool C10H18O 92.52
10.982 Bicyclo[2.2.1]heptan-2-one, 1,7,7-trimethyl-, (1S)- C10H16O 1.5
11.623 1-BORNEOL C10H18O 0.43
12.064 Silabenzene C5H6Si 0.19
12.579 3-methylene-7,11,15-trimethylhexadecadiene-2-hydroperoxide C20H36O2 0.12
14.782 Dodecane, 2,6,11-trimethyl- C15H32 0.1
20.212 Decane, 2,9-dimethyl- C12H26 0.1
29.367 Pentadecane, 7-(bromomethyl)- C16H33Br 0.13
34.746 Pentadec-7-ene, 7-bromomethyl- C16H31Br 0.11
37.973 Phenol, 2,2′-methylenebis[6-(1,1-dimethylethyl)-4-methyl- C23H32O2 1.35

Fig. 1  The antimicrobial 
activity of Coriandrum 
sativum extract against 
Aeromonas veronii 
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in AV+CE followed by AV+CP and AV+OT. 
AV+CE group showed a significant increase in the 
amount (g) of actual feed consumed (8.45 ± 0.41) 
followed by AV+CP (6.05 ± 0.48) and AV+OT 
(6.20 ± 0.28) compared with CONT. The AV 
group had the highest mortality rate (36.66%), fol-
lowed by the AV+CP (20%) and AV+OT (16.66%) 
groups, while the lowest rate (10%) was recorded 
in the AV+CE group.

Hematological and biochemical parameters

The RBCs, Hct, Hgb, total protein, globulin, WBCs, 
lymphocyte, and neutrophil levels in AV group 
showed a significant decreasing trend from the con-
trol non-infected group (Table 4). In contrast, as com-
pared to the CONT group, the levels of the same per-
vious mentioned parameters were restored in AV+CE 
followed by AV+CP and AV+OT but not reaching 
CONT group levels.

The A. veronii-infected untreated group (AV) has 
significantly elevated levels of ALT, AST, ALP, urea, 
and creatinine than the CONT group. Significant 
improvements were observed in the levels of ALT, 
AST (Fig. 3), and creatinine (Fig. 4) in AV+CE, but 
these improvements were not at the same levels as 
those shown in the CONT group. Although the levels 
of urea and ALP in AV+CP, AV+CE, and AV+OT 
have improved noticeably, there are no discernible 
variations between the levels of these parameters in 
these groups.

Oxidant/antioxidant status

TAC, SOD, and CAT levels were significantly lower 
in fish in the AV group than in the CONT group. 
Contrarily, these same parameters showed a consid-
erable elevation in line with the patterns AV+CE> 
AV+CP and AV+OT but did not reach to the CONT 
group recorded values (Fig. 5).

Immunological parameters

In comparison to the CONT group, the AV group 
showed a considerable drop in NO and LYZ activ-
ity. The NO and LYZ activities greatly improved in 
AV+CE, then AV+CP, and AV+OT, but they did not 
reach the levels seen in the CONT group. There were 
no significant differences seen in NO and LYZ activi-
ties between AV+CP and AV+OT groups (Fig. 6).

Histopathological findings

The microscopic examination and image analysis 
of the livers of the control group declared normal 
hepatopancreatic architectures (Fig.  7A). Infection 
with A. veronii (AV group) induced a vast array of 
hepatopathic alterations mostly of inflammatory and 
circulatory nature with the absence of any neoplastic 
or preneoplastic changes. These alterations included 
but were not limited to notable inflammatory cell 
infiltrates, marked vascular and sinusoidal conges-
tion, multifocal necrotic foci occasionally filled with 
extravasated blood, minute hemorrhages, intense lip-
oidal cytoplasmic vacuolations with cellular swell-
ing and nuclear pyknosis, single-cell necrosis, and 
hyperplasia of the melanomacrophage aggregates 
(Figs.  7B1, B2, and B3). Supplementation with CP 
exerted weak hepatoprotective effects against the A. 

Fig. 2  Main symptom of fish from AV group (infected fish 
fed with normal diet) showing high mucus secretion (red star), 
eye turbidity (white arrow), erosion of the operculum (green 
arrow), loss of the scales (green star), hemorrhagic spots (blue 
arrow), erection in the pectoral fin (black arrow), open mouth 
(brown arrow), and fin rot (red arrow)
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veronii-induced hepatopathy, as the same lesions 
recorded in the infected nontreated group were evi-
dent in the AV+CP-treated fish, but with lower sever-
ities (Figs. 7C1, C2, and C3). Supplementation with 
CE showed variable rescue effects against the A. vero-
nii-induced hepatopathy, as a significant reduction in 
the inflammatory alterations, a moderate reduction in 
the circulatory and degenerative alterations, besides 
no effect on the hyperplasia of the melanomac-
rophage aggregates were observed in the AV+CE-
treated fish compared to the infected nontreated group 
(Figs. 6D1, D2, and D3). Treatment with OT exhib-
ited a sharp decline in the frequencies and severities 
of the inflammatory and circulatory alterations and 
the hyperplasia of the melanomacrophage aggregates, 
yet it somewhat increased the retrogressive alterations 
particularly the hepatocyte vacuolation and single-
cell necrosis (Figs. 7E1, E2, and E3). The lesion fre-
quencies, scores, and liver index of all groups were 
summarized in Table 5.

The microscopic examination and image analysis 
of the kidneys of the control group declared normal 
renal architectures (Fig.  8F). Infection with A. vero-
nii induced numerous nephropathic morphological 
alterations. Most of these alterations are less severe, 
but few tissue sections exhibited notable degenerative 

changes, collectively, these alterations included glo-
merulopathy (atrophy, lobulation, and necrosis), tubu-
lopathy (vacuolation, necrosis, and cast formation), 
and the interstitial tissue lesions (edema, congestion, 
inflammatory cell infiltration, and hyperplasia of the 
melanomacrophage aggregates) (Figs.  8G1, G2, and 
G3). Supplementation with CP exerted non-signifi-
cant rescue effects on the renal histology as most of 
the A. veronii-induced renal lesions were evident in 
the AV+CP-treated fish, with nearly the same reac-
tive nature (Figs.  8H1, H2, and H3). Interestingly, 
supplementation with CE remarkably rescue the renal 
parenchyma in the AV+CE-treated fish against the A. 
veronii-induced nephropathic alterations, and many 
tubules showed regenerative reactions, yet the kid-
neys did not regain their normal histology. Numerous 
but mild lesions were still evident including atrophy 
of the glomerular tufts, vacuolation, detachment, and 
necrosis of the tubular epithelium, congestion of the 
interstitial vasculatures, and hyperplasia of the mel-
anomacrophage aggregates (Figs.  8I1, I2, and I3). 
Treatment with OT possessed pros and cons effect, 
as it notably reduced both the severities and frequen-
cies of the inflammatory, progressive, and most of 
the circulatory alterations caused by A. veronii infec-
tion, but it exaggerated the nephropathic degenerative 

Table 3  Survival rate and behavior changes of Aeromonas veronii-infected Oreochromis niloticus treated for 15 days with Corian-
drum sativum seed powder or its extract

CONT (control group), fish not infected and fed with normal diet
AV: infected fish fed with normal diet
AV+CP: infected fish fed with diet supplemented with Coriandrum sativum seed powder (CP) at 30 mg/kg
AV+CE: infected fish fed with diet supplemented with Coriandrum sativum seed extract (CE) at 30 mg/kg
AV+OT: infected fish fed with diet supplemented with oxytetracycline (OT) at 500 mg/kg diet
The symptoms were observed, and its score was established as follows: (−) no; (+) weak; (++) moderate; (+++) severe

Clinical signs Experimental groups AV+OT

CONT AV AV+ CP AV+CE

Survival rate % 100 63.33 80 90 83.33
Rapid and surface swimming Frequency % 0 57.89 12.50 3.70 16

Score - +++ ++ + ++
Low of appetite and feed intake Frequency % 0 52.63 12.50 7.40 12

Score - +++ ++ + ++
Loss of reflexes (knocking on one 

side of the aquaria and escape when 
try to catch fish)

Frequency % 0 42.10 8.33 7.40 12
Score - +++ + + ++

Respiratory manifestation (rapid 
operculum movement and opening 
mouth to gasp air)

Frequency % 0 57.89 12.50 7.40 16
Score - +++ ++ + ++
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alterations (Figs. 8J1, J2, and J3). The lesion frequen-
cies, scores, and kidney index of all groups were sum-
marized in Table 6.

Discussion

Coriander leaves and seeds are rich sources of bio-
active constituents (Laribi et  al. 2015). The GC-MS 
analysis in this study showed that the methanolic 
extract of C. sativum included a large amount of 
L-linalool (92.52%), cis-linalool oxide (1.73%), 
trans-linalool oxide (1.7%), and other bioactive com-
pounds, which indicated that the C. sativum seeds 
have bioactive compounds. Similar results were 
recorded in the CE, although the seeds were obtained 
from different localities. For example, seed extract 

from Kanpur contains 83.21% linalool (Bankar et al. 
2011), seed extract from Tunisia contains 87.54% 
linalool (Msaada et  al. 2007), and seed extract from 
Bangladesh contains 37.7% linalool (Bhuiyan et  al. 
2009). The differences in the extract of bioactive 
compounds can be related to the plant maturity stage 
(Msaada et al. 2007) as well as seasonal fluctuations, 
soil conditions, and environmental factors (Heywood 
2002).

The CE demonstrated a large inhibition zone in 
this study against A. veronii, which indicated that 
the extract had a strong antibacterial effect. CE has 
bactericidal and antibacterial effects against several 
pathogens such as A. veronii, A. hydrophila, Staphy-
lococcus caseolyticus, S. aureus, Chromobacterium 
violaceum, Klebsiella pneumoniae, Pasteurella mul-
tocida, Escherichia coli, and Campylobacter spp. 

Table 4  Erythrogram and leukogram of Aeromonas veronii-infected Oreochromis niloticus treated for 15 days with Coriandrum 
sativum seed powder or its extract

Values with different superscripts within rows are significantly different (P < 0.05)
CONT (control group), fish not infected and fed with normal diet
AV: infected fish fed with normal diet
AV+CP: infected fish fed with diet supplemented with Coriandrum sativum seed powder (CP) at 30 mg/kg
AV+CE: infected fish fed with diet supplemented with Coriandrum sativum seed extract (CE) at 30 mg/kg
AV+OT: infected fish fed with diet supplemented with oxytetracycline (OT) at 500 mg/kg diet
RBCs red blood cells, Hct the hematocrit, Hgb hemoglobin, MCV mean corpuscular volume, MCHC mean corpuscular hemoglobin 
concentration, WBCs white blood cells

Parameters CONT AV AV+CP AV+CE AV+OT P-value

Erythrogram
 RBCs  (1012/l) 2.47 ± 0.17a 0.61 ± 0.06c 1.04 ± 0.03b 1.20 ± 0.063b 0.92 ± 0.15bc 0.000
 Hct (%) 23.85 ± 3.60a 6.66 ± 0.69c 13.26 ± 0.53b 17.47 ± 0.83b 12.16 ± 1.68bc 0.001
 Hgb (g/dl) 7.75 ± 0.83a 3.05 ± 0.50c 5.23 ± 0.49b 5.13 ± 0.29b 5.16 ± 0.53b 0.003
 MCV (fl) 96.46 ± 14.29b 112.06 ± 18.60ab 127.53 ± 1.91ab 145.49 ± 0.72a 133.07 ± 7.49ab 0.074
 MCH (pg) 31.88 ± 4.81c 49.10 ± 4.60ab 50.14 ± 3.23ab 42.84 ± 1.96bc 57.06 ± 3.81a 0.01
 MCHC (g/dl) 33.67 ± 5.31 47.41 ± 11.29 39.36 ± 2.77 29.44 ± 1.29 43.12 ± 3.72 0.287
 Platelets (×103/mm3) 35.00 ± 5.19a 10.09 ± 3.46b 27.33 ± 10.39ab 18.33 ± 1.40ab 20.03 ± 3.58ab 0.093
 Total protein (g/dl) 6.6 ± 0.26a 2.50 ± 0.11d 4.06 ± 0.08c 5.46 ± 0.21b 4.13 ± 0.18c 0.000
 Albumin (g/dl) 3.20 ± 0.15a 1.82 ± 0.034cd 1.96 ± 0.02bc 2.30 ± 0.11b 1.47 ± 0.24d 0.000
 Globulin (g/dl) 3.40 ± 0.37a 0.67 ± 0.09c 2.10 ± 0.09b 2.82 ± 0.37ab 2.66 ± 0.20ab 0.000
Leukogram
 WBCs (×103/mm3) 25.02 ± 0.86a 12.99 ± 0.65d 18.75 ± 0.17c 20.79 ± 0.37b 18.42 ± 0.14c 0.000
 Lymphocyte (×103/mm3) 22.58 ± 0.54a 11.79 ± 0.54d 17 ± 0.18c 18.85 ± 0.35b 16.66 ± 0.06c 0.000
 Neutrophil (×103/mm3) 1.05 ± 0.02a 0.24 ± 0.03d 0.48 ± 0.04bc 0.6 ± 0.05b 0.44 ± 0.04c 0.000
 Eosinophil ((×103/mm3) 0.43 ± 0.08a 0.31 ± 0.04ab 0.36 ± 0.02ab 0.37 ± 0.04ab 0.20 ± 0.05b 0.115
 Basophil (×103/mm3) 0.04 ± 0.01 0.02 ± 0.008 0.04 ± 0.005 0.03 ± 0.003 0.01 ± 0.003 0.140
 Monocyte (×103/mm3) 0.91 ± 0.28 0.61 ± 0.24 0.85 ± 0.03 0.92 ± 0.03 1.09 ± 0.09 0.453
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Fig. 3  Alanine transami-
nase (ALT, U/L) (A), aspar-
tate transaminase (AST, 
U/L) (B), and alkaline 
phosphatase (ALP, U/L) 
(C) of Aeromonas veronii-
infected Oreochromis 
niloticus treated for 15 days 
with Coriandrum sativum 
seed powder or its extract. 
The bars with different 
superscripts (a, b, c, d, and 
e) are significantly differ-
ent (P < 0.05, one-way 
ANOVA). CONT (control 
group) fish not infected and 
fed with basal diet. AV: 
infected fish fed with basal 
diet. AV+CP: infected fish 
fed with diet supplemented 
with Coriandrum sativum 
seed powder (CP) at 30 mg/
kg. AV+CE: infected fish 
fed with diet supplemented 
with Coriandrum sativum 
seed extract (CE) at 30 mg/
kg. AV+OT: infected fish 
fed with diet supplemented 
with oxytetracycline (OT) 
at 500 mg/kg diet
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(Abbas et  al. 2022; Das et  al. 2023; Duarte et  al. 
2016). The antibacterial effect of CE might be related 
to linalool and other bioactive components, which can 
damage the bacterial cell membrane and cause cell 
death as mentioned by Silva et al. (2011).

In this study, the clinical and postmortem results 
of the AV fish group were analyzed. These findings 
showed an increase in mucus secretion, eye turbid-
ity, hemorrhagic patches with abnormalities in their 
swimming behavior, and congestion in hemopoietic 
organs (including the liver, spleen, and kidneys). 
These results are similar to those reported by Reda 
et  al. (2022), Youssuf et  al. (2020), Abd El Latif 
et  al. (2019), and Raj et  al. (2019) for O. niloticus, 
Cai et  al. (2012) for the Chinese long-snout catfish, 

and Zhu et al. (2016) for the loach Misgurnus anguil-
licaudatus. The pathogenic symptoms and findings 
could be returned to cytotoxic and hemolytic activ-
ity and several exoenzymes (such as lipase, amyl-
ase, DNase, gelatinase, lecithinase, caseinase, and 
chitinase) produced by A. veronii (Sreedharan et  al. 
2011). In contrast, administering 30 mg/kg CE to the 
fish diet improved their health status and reduced A. 
veronii symptoms in the fish of the AV+CE group. 
This was the first study to show the protective effects 
of C. sativum against A. veronii in O. niloticus. Sev-
eral studies have shown the prophylactic efficacy of 
CE against infection with numerous pathogenic bac-
teria in fish, such as A. hydrophila in O. niloticus and 
Catla catla (Das et al. 2023; Innocent et al. 2011) and 

Fig. 4  Urea (mg/dl) (A) 
and creatinine (mg/dl) (B) 
of Aeromonas veronii-
infected Oreochromis 
niloticus treated for 15 days 
with Coriandrum sativum 
seed powder or its extract. 
The bars with different 
superscripts (a, b, c, and d) 
are significantly different (P 
< 0.05, one-way ANOVA). 
CONT (control group) fish 
not infected and fed with 
basal diet. AV: infected 
fish fed with basal diet. 
AV+CP: infected fish fed 
with diet supplemented 
with Coriandrum sativum 
seed powder (CP) at 30 mg/
kg. AV+CE: infected fish 
fed with diet supplemented 
with Coriandrum sativum 
seed extract (CE) at 30 mg/
kg. AV+OT: infected fish 
fed with diet supplemented 
with oxytetracycline (OT) 
at 500 mg/kg diet
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Fig. 5  Total antioxidant 
capacity (ng/ml) (A), 
superoxide dismutase (u/
ml) (B), and catalase (u/ml) 
(C) of Aeromonas veronii-
infected Oreochromis 
niloticus treated for 15 days 
with Coriandrum sativum 
seed powder or its extract. 
The bars with different 
superscripts (a, b, c, d, and 
e) are significantly differ-
ent (P < 0.05, one-way 
ANOVA). CONT (control 
group) fish not infected and 
fed with basal diet. AV: 
infected fish fed with basal 
diet. AV+CP: infected fish 
fed with diet supplemented 
with Coriandrum sativum 
seed powder (CP) at 30 mg/
kg. AV+CE: infected fish 
fed with diet supplemented 
with Coriandrum sativum 
seed extract (CE) at 30 mg/
kg. AV+OT: infected fish 
fed with diet supplemented 
with oxytetracycline (OT) 
at 500 mg/kg diet
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Yersinia ruckeri in Oncorhynchus mykiss (Farsani 
et  al. 2019). The results of the antibacterial activity 
showed that CE could significantly decrease the mor-
tality rate and improve the general health conditions 
of the fish in the AV+CE group. In this study, A. vero-
nii adversely affected the hematological parameters in 
the AV group, where significant declines in RBCs, 
HCT, Hgb, total protein, albumin, and globulin as 
well as leukopenia, neutropenia, and lymphopenia 
were observed. The decline in hematological param-
eters might be related to congestion and hemorrhage 
in hematopoietic organs, induced by A. veronii via 
the production of the hemolysin enzyme (Chandrar-
athna et al. 2018; Liu et al. 2022). Tort (2011) found 
that leukopenia and a considerable decrease in the 

differential leukocyte count are caused by prolonged 
and/or high stress (e.g., stress caused by A. veronii 
infection). Similar results were recorded in O. niloti-
cus and Cyprinus carpio infected with A. hydrophila 
(Harikrishnan et  al. 2003; Mukherjee et  al. 2022). 
The current results showed considerable improve-
ment in the hematological parameters of the infected 
group that was administered a diet supplemented 
with CE (AV+CE), followed by the groups that were 
administered AV+CP and AV+OT. This improve-
ment might be due to the high levels of linalool pre-
sent, which have antioxidant, anti-inflammatory, and 
antibacterial properties that mitigate the effects of 
A. veronii-induced hematologic alterations and pro-
mote the restoration of the functions of hematopoietic 

Fig. 6  Nitric oxide 
(μmol/L) (A) and lysozyme 
activity (ng/ml) (B) of 
Aeromonas veronii-infected 
Oreochromis niloticus 
treated for 15 days with 
Coriandrum sativum seed 
powder or its extract. The 
bars with different super-
scripts (a, b, c, d, and e) are 
significantly different (P < 
0.05, one-way ANOVA). 
CONT (control group) fish 
not infected and fed with 
basal diet. AV: infected 
fish fed with basal diet. 
AV+CP: infected fish fed 
with diet supplemented 
with Coriandrum sativum 
seed powder (CP) at 30 mg/
kg. AV+CE: infected fish 
fed with diet supplemented 
with Coriandrum sativum 
seed extract (CE) at 30 mg/
kg. AV+OT: infected fish 
fed with diet supplemented 
with oxytetracycline (OT) 
at 500 mg/kg diet
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Fig. 7  Representative photomicrograph of H&E-stained 
hepatic tissue sections showing a normal histological picture 
in the CONT fish (A); two-hepatocyte cords (black arrowhead) 
and exocrine pancreatic elements (yellow arrowhead). The AV 
group, infected fish shows notable inflammatory cell infiltrate 
(black ellipse) (B1), necrotic focus occupied by extravasated 
erythrocytes (yellow ellipse) (B2), and hyperplasia of mela-
nomacrophage aggregates (blue ellipse), single-cell necrosis 
(red arrowhead), and (cytoplasmic lipoidal vacuolation (black 
arrowhead) (B3). The AV+CP group shows focal inflam-
matory cell aggregation (black ellipse) (C1), focal coagula-
tive necrosis (yellow ellipse) (C2), and mild hyperplasia of 
the melanomacrophage aggregate (blue ellipses), single-cell 

necrosis (red arrowhead), and (cytoplasmic lipoidal vacuola-
tion (black arrowhead) (C3). The AV+CE group shows focal 
inflammatory cell aggregation (black ellipse) (D1), congestion 
of the central vein (red arrowhead) and sinusoids (red arrow) 
(D2), and mild hyperplasia of the melanomacrophage aggre-
gate (blue ellipse), and single-cell necrosis (red arrowhead) 
(D3). The AV+OT group shows minute inflammatory cell 
aggregations (black ellipses) (E1), focal coagulative necrotic 
focus (yellow ellipse), single-cell necrosis (red arrowhead), 
and (cytoplasmic lipoidal vacuolation (black arrowhead) (E2), 
and normal melanomacrophage aggregate (blue ellipse) (E3). 
scale bars 30 μm
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organs (Das et al. 2023; Laribi et al. 2015). Previous 
studies that performed coriander supplementation in 
fish diets as a prophylactic measure either found an 
increase in hematological markers or no change com-
pared to the corresponding levels of the markers in 
the control groups. Das et al. (2023) recorded a sig-
nificant increase in Hgb, MCV, MCH, and the throm-
bocyte count in O. niloticus that were administered a 
diet enriched with 2% coriander oil for 60 days, while 
no change occurred in the levels of WBC, RBC, 
HCT, and MCHC compared to their respective values 
in the control group. Innocent et  al. (2011) found a 
substantial increase in the Hb content and serum pro-
tein level of Catla catla that were administered a diet 
supplemented with 2 g/kg CP for 14 days.

In the current results, the fish samples from the 
AV group exhibited a substantial increase in ALT, 
AST, ALP, urea, and creatinine compared to the con-
trol group. These results match those recorded by 
Reda et  al. (2022) and Moustafa et  al. (2020), who 
found that O. niloticus challenged by A. veronii and 
A. hydrophila, respectively, exhibited a significant 
increase in AST and ALT levels. In contrast, the cur-
rent study found that the biochemical markers of the 
fish in the AV+CE group were significantly restored 
compared to the levels of the biochemical markers 
in the fish from the control, non-challenged group 
(CONT). Several studies have shown that an ethanolic 
extract of coriander enriched in flavonoids (isoquer-
cetin and quercetin), phenolic compounds, and alka-
loids has hepatic and renal protective effects (Laribi 
et al. 2015; Momin et al. 2012; Pandey et al. 2011).

The formation of reactive oxygen species (ROS) 
in response to microbial invaders is one of the first 
responses of the innate immune system of the host, 
which can stop bacteria from colonizing tissues 
(Spooner and Yilmaz 2011). Oxidative stress occurs 
when ROS production exceeds the antioxidant capac-
ity, resulting in a cascade of biochemical and physi-
ological alterations (Vani et  al. 2021). Fish with 
septicemic diseases caused by A. veronii exhibit 
immunological suppression and oxidative damage 
due to very high levels of ROS-generating cytotox-
icity (Krzymińska et al. 2011; Liu et al. 2022; Yang 
et al. 2020; Zhu et al. 2022). This clarified the find-
ings of this study and the drop in the levels of TAC, 
SOD, and CAT enzymes in the AV group. Kurhalyuk 
and Tkachenko (2011) found that infections caused by 
A. hydrophila in sea trout (Salmo trutta L.) increased 
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oxidative stress and compromised the hepatic antioxi-
dant defense system. Baldissera et al. (2018) reported 
an alteration in the hepatic and renal antioxidant/oxi-
dant balance in silver catfish following experimental 

infection with A. caviae. The most effective protec-
tion against oxidative stress-related cell damage is 
provided by antioxidant enzymes, which are catalyze 
the transformation of ROS and their byproducts into 

Fig. 8  Representative photomicrograph of H&E-stained renal 
tissue sections show a normal glomerulus (black arrow) and 
renal tubule (black arrowhead) in the CONT fish (F). The AV 
group, the infected fish show inflammatory cell infiltrate (black 
ellipse), glomerular lobulation (red arrowheads), glomerular 
necrosis (black arrowhead), the vacuolated renal epithelium 
(yellow arrowhead) (G1), necrotic glomeruli (yellow arrow-
heads) (G2), and hyperplasia of melanomacrophage aggre-
gates (blue ellipse) (G3). The AV+CP group shows inflamma-
tory cell aggregates (black ellipses), vascular congestion (red 
arrow) (H1), necrotic glomeruli (yellow arrowheads), vascular 

congestion (red arrow), the necrotic tubular epithelium (red 
arrowhead) (H2), and hyperplasia of the melanomacrophage 
aggregate (blue ellipses) (H3). The AV+CE group shows min-
ute inflammatory cell aggregation (black ellipse), detached 
tubular epithelium (red arrow) (I1), vascular congestion (red 
arrow) (I2), and hyperplasia of the melanomacrophage aggre-
gate (blue ellipse) (I3). The AV+OT group shows minute 
inflammatory cell aggregation (black ellipse) (J1), intersti-
tial edema (blue arrowhead) (J2), and necrotic glomeruli (red 
arrowheads) (J3). Scale bars 30 μm
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stable harmless compounds (Sáez and Están-Capell 
2017). Antioxidant enzymes including SOD, glu-
tathione peroxidase (GPx), and CAT are used by the 
innate defense mechanisms to combat ROS (Tang 
et  al. 2013). Several studies have reported the anti-
oxidant properties of CE, including its capacity to 
suppress ROS and absorb and neutralize free radi-
cals (Wangensteen et al. 2004). Tannins, phenols, and 
flavonoids in CE have antiradical properties and can 
transform free radicals into more stable molecules 
through varies of mechanisms, for example, by acting 
as hydrogen and electron donors (Msaada et al. 2017). 
Therefore, the fish in the AV+CE group showed a 
greater improvement in the activities of the antioxi-
dant enzymes, followed by those in the AV+CP and 
AV+OT groups.

The current findings showed in O. niloticus that 
were administered a diet supplemented with CE 
(AV+CE), the serum had higher levels of NO and 
lysozyme activity. This result might be related to the 
presence of linalool and other phenolic compounds 
in the CE, which was previously shown to play a 
key role in stimulating the fish immune system and 
the production of bioactive molecules (Abbas et  al. 
2022; Ahmed et al. 2020; Chang and Shen 2014; Das 
et al. 2023). Some studies that used CE as a prophy-
lactic measure in aquafeeds also reported its ability to 
increase the immune capacity of fish to fight patho-
genic bacteria in aquaculture. These studies reported 
an increase in the immune resistance of O. niloticus 
and Catla catla against A. hydrophila infection (Das 
et al. 2023; Innocent et al. 2011) and the resistance of 
O. mykiss against Y. ruckeri infection (Farsani et  al. 
2019).

In this study, the results of the histopathological 
analysis showed that the fish in the AV group had 
greater frequency of lesions and higher liver and kid-
ney indices than those in the other infected groups 
that were administered therapy. Similar histopatho-
logical lesions were observed in the liver and kid-
neys of several fish species infected with A. veronii, 
including the Nile tilapia (Dong et al. 2017), crucian 
carp (Chen et  al. 2019), largemouth bass (Pei et  al. 
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ment in the liver and kidney tissues of fish treated O

rg
an

H
ist

op
at

ho
lo

gi
ca

l a
lte

ra
tio

n
CO

N
T

AV
AV

+
C

P
AV

+
C

E
AV

+
O

T
P-

va
lu

e

Re
ac

tio
n 

pa
tte

rn
Ty

pe
w

FQ
 (%

)
In

de
x 

(w
 ×

 a
)

FQ
 (%

)
In

de
x

FQ
 (%

)
In

de
x

FQ
 (%

)
In

de
x

FQ
 (%

)
In

de
x

N
eo

pl
as

tic
 a

lte
ra

-
tio

ns
- A

de
no

m
as

3
0

0.
0 

±
 0

.0
0

0.
0 

±
 0

.0
0

0.
0 

±
 0

.0
0

0.
0 

±
 0

.0
0

0.
0 

±
 0

.0
-

-  
C

ar
ci

no
m

as
3

0
0.

0 
±

 0
.0

0
0.

0 
±

 0
.0

0
0.

0 
±

 0
.0

0
0.

0 
±

 0
.0

0
0.

0 
±

 0
.0

-
K

id
ne

y 
in

de
x

0.
0 

±
 0

.0
5.

0 
±

 1
.6

3
4.

6 
±

 1
.3

6
2.

8 
±

 1
.7

3
3.

5 
±

 2
.4

8
0.

24
0

Va
lu

es
 a

re
 re

pr
es

en
te

d 
as

 th
e 

m
ea

n 
±

 S
E.

 T
he

 m
ea

ns
 w

ith
in

 th
e 

sa
m

e 
ro

w
 c

ar
ry

in
g 

di
ffe

re
nt

 su
pe

rs
cr

ip
ts

 a
re

 si
gn

ifi
ca

nt
 a

t P
 <

 0
.0

5
CO

N
T 

(c
on

tro
l g

ro
up

): 
fis

h 
no

t i
nf

ec
te

d 
an

d 
fe

d 
w

ith
 n

or
m

al
 d

ie
t

AV
: i

nf
ec

te
d 

fis
h 

fe
d 

w
ith

 n
or

m
al

 d
ie

t
AV

+
C

P:
 in

fe
ct

ed
 fi

sh
 fe

d 
w

ith
 d

ie
t s

up
pl

em
en

te
d 

w
ith

 C
or

ia
nd

ru
m

 sa
tiv

um
 se

ed
 p

ow
de

r (
C

P)
 a

t 3
0 

m
g/

kg
AV

+
C

E:
 in

fe
ct

ed
 fi

sh
 fe

d 
w

ith
 d

ie
t s

up
pl

em
en

te
d 

w
ith

 C
or

ia
nd

ru
m

 sa
tiv

um
 se

ed
 e

xt
ra

ct
 (C

E)
 a

t 3
0 

m
g/

kg
AV

+
O

T 
in

fe
ct

ed
 fi

sh
 fe

d 
w

ith
 d

ie
t s

up
pl

em
en

te
d 

w
ith

 o
xy

te
tra

cy
cl

in
e 

(O
T)

 a
t 5

00
 m

g/
kg

 d
ie

t

w
 im

po
rta

nt
 fa

ct
or

, a
 sc

or
e 

va
lu

e,
 F

Q
 fr

eq
ue

nc
y



706 Fish Physiol Biochem (2023) 49:687–709

1 3
Vol:. (1234567890)

with CE might be related to the action of linalool, 
which has been shown in other studies to be a pre-
ventive and therapeutic agent against infection and 
chemical and drug-induced liver and kidney damage 
via its antioxidant and antibacterial effects (An et al. 
2021; Bandeira Junior et al. 2021; Duarte et al. 2016; 
Mazani et al. 2022).

Conclusion

The findings of this study indicated that A. veronii 
is one of the most harmful infections that seriously 
threatens the aquaculture industry, as it interferes 
with liver and kidney functions and weakens the anti-
oxidant and immunological defense of O. niloticus. 
Administering 30 mg/kg coriander extract was effec-
tive in treating A. veronii infection in O. niloticus. 
These findings provided a new method for treating 
aquaculture diseases using a safe plant product that 
is readily available, eco-friendly, affordable, and not 
hazardous to human health. However, further studies 
need to be conducted to determine the extent to which 
coriander extract can be used for treating different life 
stages of fish and diseases in hatcheries in the pres-
ence of various stress factors, particularly overstock-
ing in the ponds and climatic change.
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