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Dietary oregano extract (Origanum vulgare L.) improves
growth performance and alleviates histopathological
alterations in the intestine and liver of koi fish (Cyprinus
carpio) under long-term naproxen exposure
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Abstract

Pharmaceutical contaminants in aquatic environments are an increasing ecological
concern that adversely affect aquaculture production, resulting in reduced productivity
and substantial economic losses. This study evaluated the protective role of oregano
essential oil (OEO) supplementation on growth performance and histopathological
changes in koi fish (Cyprinus carpio) subjected to long-term exposure to naproxen
(NPX). A total of 180 fish were randomly assigned to four treatment groups: control,
OEO-fed, NPX-exposed, and combined OEO-fed/NPX-exposed. The findings revealed
that OEO supplementation significantly enhanced growth performance by increasing
intestinal villus length and thickness, as well as the number of goblet cells, indicating
improved nutrient absorption and intestinal health. In contrast, NPX exposure induced
marked hepatic and intestinal lesions, such as villus corruption, vacuolation, hyperemia,
villus adhesion, and cellular necrosis. Notably, these pathological alterations were
substantially alleviated in the OEO-fed group, demonstrating the protective efficacy of
OEO. Overall, dietary supplementation with OEO offers a promising natural strategy to
counteract the adverse impacts of pharmaceutical pollutants on fish health, with potential
benefits for sustainable aquaculture.
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Introduction
Today, pollutants are considered a major
global health threat. The contamination
of aquatic ecosystems with chemical
pollutants has received increasing
attention due to frequent identification
and increased occurrence (Grabicova et
al.,2020; Picinini-Zambelli ez al., 2025).
Human drugs are among the most
significant, diverse, and effective new
pollutants. Drug residues or their
metabolites are usually detected in
relatively low concentrations in the
water environment of developed
countries. These compounds have
various adverse consequences, such as a
reduction in growth, behavioral changes,
sexual differentiation, and reproductive
disorders in non-target organisms
(Miller et al., 2018; Sehonova et al.,
2018).
Nonsteroidal anti-inflammatory
drugs (NSAIDs) are among the most
widely used drugs in medicine and
veterinary medicine, which are prevalent
due to their relatively low cost, high
effectiveness, and lack of alternatives
(Whitfield-Cargile et al., 2016). This
problem has led to the entry of
pharmaceutical residues into the surface
and underground waters, causing
pollution for non-target organisms,
including aquatic animals (Madikizela
and Ncube, 2021; Justi et al., 2025).
Naproxen (NPX) is a commonly used
drug belonging to the NSAID family,
which is a dicyclic propionic acid
derivative. Its mechanism of action is
based on the inhibition of both isoforms
of cyclooxygenase involved in the

synthesis of prostaglandins,

prostacyclin, and thromboxane from
arachidonic acid (Wojcieszynska and
Guzik, 2020). NPX has fast absorption,
a long duration of action, and a strong
binding ability to plasma proteins. It can
be purchased without a prescription,
making it popular in the pharmaceutical
market compared to other NSAIDs
(Angiolillo and Weisman 2017; Aguilar
et al., 2019). Approximately 3000 tons
of naproxen were produced worldwide
in 2003 (Li et al., 2016), and its high
consumption has led to an increase in
aquatic environments (Xu et al., 2019).
The decrease in the availability of
nutrients has led to an increase in the
price of feed used in aquaculture.
Therefore, research has increased to find
alternative resources with lower prices
and better performance to achieve
profitable and sustainable production
(FAO, 2018). Plant derivatives or
phytogenics, and plant extracts or
phytobiotics, are compounds mainly
obtained from aromatic plants and their
essential oils. These compounds have a
significant effect on improving the
growth performance and immunity of
fish  (Abdel-Latif et al., 2020;
Kazempoor et al., 2022; Gruber et al.,
2025). Oregano (Origanum vulgare L.)
is a natural phytobiotic product, and its
essential oils are mainly composed of
carvacrol and thymol. Studies have
reported the beneficial effects of whole
oregano leaves, oregano extract press
cake, or its essential oil (OEO) as
effective food supplements in improving
growth performance and health in
different fish species (Abdel-Latif et al.,
2020).
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It is indeed important to investigate the
effects of exposure to pharmaceutical
residues on fish, especially in
aquaculture farms that use river water.
Solutions to reduce the complications
caused by poisoning should also be
explored. The use of a diet containing
supplements to improve metabolic and
physiological functions and immune
stimulants can be an effective approach.
Plant essential oils, such as oregano
essential oil (OEQO), have been shown to
be effective functional food supplements
that can improve growth performance
and health in fish (Kazempoor et al.,
2022). In this study, the effect of feeding
with OEO was investigated on the
growth performance, the structure of
intestinal villi, and the occurrence of
histopathological lesions in the intestine
and liver of Koi fish after long-term
exposure to NPX for the first time. This
research contributes to understanding
the potential of wusing natural
supplements to mitigate the effects of
pharmaceutical pollution in aquaculture
and improve the health and growth of the
fish.

Materials and methods

Origanum  vulgare  extract  and
preparation of experimental diets

In this study, the OEO used was a
commercial product from Pars Ayman
Daru Company (Tehran, Iran), and it
was added to the base diet at a ratio of 2
ml/kg. The essential oil was sprayed
onto the commercial feed before each
feeding. The fish used in the study were
koi fish (Cyprinus carpio) with an
average weight of 5+1 g and an average

standard length of 6+1 cm. They were
purchased from an ornamental fish
breeding center in Sari, Mazandaran,
Iran, and were acclimated to laboratory
conditions for two weeks. During this
period, they were fed a basic commercial
diet.

Fish rearing condition

The fish were then kept in fiberglass
tanks with 15 liters of water each, with
15 fish in each tank and continuous
aeration. They were divided into four
treatments with three replications each: a
group fed with the basic ration and not
exposed to NPX; a group fed with a diet
containing OEO and not exposed to
NPX (OE); a group fed with the basal
diet and exposed to NPX (NAP); and a
group fed with a diet containing OEO
and exposed to NPX (OE+NAP). The
fish were fed their respective
experimental diets twice a day (based on
5% of their body weight) for four
consecutive weeks, with feeding times at
9:00 and 16:00. The light cycle was set
to 12:12 hours of dark and light, and
30% of the aquarium water was
siphoned daily to remove feces and
unconsumed food and replaced with
fresh water. At the end of the fourth
week, the fish were exposed to NPX
poisoning for 14 days. The study aimed
to investigate the effects of OEO on the
growth performance, intestinal villi
structure, and the occurrence of
histopathological lesions in the intestine
and liver of koi fish exposed to NPX.
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Long-term exposure to NPX

The exposure of the fish to NPX was
carried out in accordance with OECD
guideline No. 204 (OECD, 1984). On
the 30th day of the experiment, the fish
were exposed to NPX (Razak
Pharmaceutical Company, Tehran, Iran)
for 14 days. To achieve this, 100 mg/L
of NPX powder was added to the tank
water every day after dissolving it in 10
ml of distilled water. To maintain the
drug concentration, 70% of the water in
the tanks was replaced with fresh water
daily. Feeding with both diets was
continued as before during the
intoxication period. The aim of this step
was to investigate the effects of NPX on
WG = (final weight - initial weight)

the fish and to evaluate the potential
protective effects of OEO
supplementation on the fish during NPX
exposure.

Growth performance

To evaluate the growth performance of
the fish, the initial weight and final
weight of the fish were recorded on days
0 and 30 of the experiment, respectively,
for five fish specimens from each
treatment. Based on this data, weight
gain factor (WG), weight gain
percentage (WG%), and specific growth
rate (SGR) were calculated using
formula (1) described by Abdel-Latif et
al. (2020):

WG% = [(final weight - initial weight)/initial weight] x 100
SGR = [(In final weight - In initial weight)/days] x 100

Histopathological examination

To investigate the effects of OEO
supplementation and NPX exposure on
the intestinal  morphology  and
histopathology of the fish, intestinal
morphometric ~ examinations  were
performed on days 0, 30, 37, and 44, and
pathological examinations were
performed on days 30, 37, and 44 using
three fish from each treatment. After
euthanizing the fish with clove powder,
the intestinal organs and liver were
separated and fixed in 10% formalin.
The samples were then dehydrated in an
alcoholic  solution with ascending
concentrations and clarified in xylene to
prepare histological slides. Tissue
sections with a diameter of 5 microns
were prepared using a microtome device
and placed on slides. Hematoxylin-eosin
(H&E) staining was performed, and

histological and pathological
examinations were performed using
light microscopy (Olympus BXS51;
Olympus, Tokyo, Japan) (Alavinezhad

et al., 2020).

Data analysis

The normality of the data was assessed
using the Kolmogorov-Smirnov test. To
compare means and the relationship
between the measured factors, the paired
t-test was used at a significance level of
5%. Any significant differences between
treatments were evaluated using one-
way analysis of variance (One-way
ANOVA). If significant differences
were found, Duncan's test was used to
compare means at a significance level of
0.05. All statistical analyses were
performed using SPSS 21 and Excel
2013 software.
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Results

Growth performance

Table 1 presents the results for the initial
weight, final weight, WG, WG%, and
SGR parameters. The initial weight of
the fish showed no significant difference
(»>0.05) among the treatments. On the
30th day of the experiment, the final
weight, WG, WG%, and SGR in the OE

and OE+NAP groups showed a
significant increase compared to the
CRT and NAP groups (p<0.05).
However, no significant differences
were observed between the CRT and
NAP groups, and between the OE and
OE+NAP groups (p>0.05) for any of the
investigated factors.

Table 1: Comparison of Growth Parameters (Mean+SE) in Four Experimental Groups of Koi Fish
(Cyprinus carpio) (WG: Weight Gain; SGR: Specific Growth Rate)

Growth Experimental group
parameters C OE OE+NP NP
Initial weight (mg) 5.58+0.08 * 5.66+0.05 * 5.6+0.09 * 5.524+0.06 *
Final weight (mg) 7.34£0.05 ® 8.63+0.07 * 8.51+0.09 * 7.26+0.05 ®
WG 1.76+0.02 2.974+0.04 * 2.91+0.13 2 1.74+0.05 ®
WG% 31.5+0.84 ° 52.54+0.81? 52.13+2.97 2 31.6£1.15°
SGR% 0.91+0.02 ° 1.414+0.02 ® 1.4£0.07 2 0.92+0.03

Different lowercase letters in each row indicate statistically significant differences between treatments (p<0.05).

Intestine morphology

Table 2 presents the results of intestinal
histology in koi fish fed with OEO and
exposed to NPX on different days (0, 30,
37, and 44). The results indicated that
feeding with OEO (in OE and OE+NAP
treatments) had a significant effect on

the length and diameter of villi as well as
the number of goblet cells. These
changes were particularly significant
after exposure to NPX in the OE+NAP
group when compared to the NAP group

(p<0.05) (Fig. 1).

Table 2: Examination of Villi Length and Diameter and Goblet Cell Count in the Intestines of Koi

Fish Fed with OEO and Exposed to NPX.

Day Treatment Villus height (um) Villus width (um) Numbe:;ﬁ: goblet

NAP 110.51£7.2 a 24.794+3.6 a 2.984+2.12 a

0 OE+NAP 109.92+4.6 a 26.32+14.1 a 2.52+1.08 a
OE 113.2+6.2 a 25.944+4.8 a 4.11£3.09 a

C 107.914£9.1 a 21.9+22a 2.13+1.38 a

NAP 118.3249.8 b 23.42+13.1b 2.13£1.38 b

30 OE+NAP 153.06+34.7 a 27.6£5.1 a 9.2849.01 a
OE 156.24+31.4 a 30.85+9.8 a 7.67£7.2 a

C 121.54£12.4 b 26.85+10.8 b 3.78+3.09 b

NAP 138.5249.3 b 24.84+4.5b 5.06£3.21 ¢

37 OE+NAP 170.52+£20.6 a 27.81£7.9 a 13.16+8.43 a
OE 178.08+35.2 a 31.4+9.8 a 8.42+7.31b

C 142.52+13.8b 26.96+8.1 b 3.03£1.27 ¢

NAP 156.21£5.8 ¢ 25.45+13.6 b 4.63£2.06 ¢

44 OE+NAP 185.05+29.04 b 28.51+8.5a 12.81+8.38 a
OE 214.87+£26.2 a 30.92+13.3 a 7.984+6.87 b

C 161.21+12.8 ¢ 25.72+9.3 b 3.49+1.58 ¢

Different lowercase letters in each row indicate statistically significant differences between treatments

(p<0.05).
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Figure 1: Comparison of Villi Length, Diameter, énd Goblet Cell Count in the Intestine of Koi Fish
Fed with OEO on Days 30, 37, and 44 (400x) - 1. Panels A, D, and G: CRT treatment.
Panels B, E, and H: OE treatment. Panels C, F, and I: OE+NAP treatment.

Intestine histopathology

Figure 2 presents the histopathological
lesions of intestinal tissue in koi fish fed
OEO and exposed to NPX on different
days (30, 37, and 44). The results
showed that the fish in the CRT group
had normal and healthy intestines, while
the most tissue damage was observed in
the liver tissue of the fish under
poisoning treatments (OE+NAP and
NAP) on the 37th and 44th days. The
most commonly observed complications
in these treatments included villous
corruption, vacuolization, cell necrosis,
toothbrush villi sticking, and hyperemia.
Similar complications were observed in
the NAP group on days 37 and 44,
including villous corruption,
vacuolization, cell necrosis, hyperemia,
and toothbrush villi sticking. However,

these complications were observed to
have a less destructive effect in the
OE+NAP treatment.

Liver histopathology

Figure 3 presents the histopathological
lesions of liver tissue in koi fish fed with
OEO and exposed to NPX on different
days (30, 37, and 44). The results
showed that the fish in the CRT group
had normal and healthy livers. The most
tissue damage was observed in the liver
tissue of the fish under poisoning
treatments (OE+NAP and NAP) on the
37th and 44th days. The most commonly
observed complications in these
treatments included atrophy, fat, and
necrosis, dilution of the sinusoid, dark
granules, swelling, blood embolism,
bleeding, and fluid.
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Figure 2: Histopathological Lesions of Liver Tissue in Koi Fish Fed with OEO and Exposed to NPX on

Different Days (400x). Panels A, B, C, and D: Day 30 - CRT, OE, OE+NAP, and NAP
treatments, respectively, showing normal tissue. Panels E and F: Day 37 - CRT and OE
treatments, respectively, showing normal tissue. Panels G and H: Day 37 - OE+NAP and NAP
treatments, respectively, showing toothbrush villi sticking (red and blue arrows) and
hyperemia (blue and yellow stars). Panels I, J, K, and L: Day 44 - CRT, OE, OE+NAP, and
NAP treatments, respectively. Panel K shows toothbrush villi sticking (blue arrow), corruption
of villi (yellow arrow), vacuolization (white arrow), hyperemia (star), and necrosis (hexagon).
Panel L shows toothbrush villi sticking (yellow arrow), necrosis (black arrow), and hyperemia
(yellow star) and vacuolation (black star).

Figure 3: Histopathological Complications of leer Tissue in Koi Fish Fed with OEO and Exposed to NPX

on Different Days (400x). Panels A, B, C, and D: Day 30 - CRT, OE, OE+NAP, and NAP
treatments, respectively, showing normal tissue. Panels E and F: Day 37 - CRT and OE
treatments, respectively, showing normal tissue. Panels G and H: Day 37 - OE+NAP and NAP
treatments, respectively, showing bleeding (yellow star and blue arrow), necrosis (red and
white arrows), swelling (gray and orange arrows), and dark granule (blue star). Panels I, J, K,
and L: Day 44 - CRT, OE, OE+NAP, and NAP treatments, respectively. Panel K shows fluid
(white arrow), gallbladder swelling (black arrow), necrosis (blue arrow), blood occlusion
(yellow arrow), swelling (green star), and fat (yellow hexagon). Panel L shows dilution of the
sinusoid (black arrow), necrosis (white arrow), atrophy (blue arrow), and dark granule (white
star).
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The highest destructive effect was
observed on the 37th day in the NAP
group treatment, with complications
such as atrophy, fluid, dark granules, and
bleeding. These complications had a less
destructive effect in the OE+NAP
treatments, and in some cases, no
destructive effect was observed.

Discussion

In recent years, researchers have been
fascinated by the positive effects of plant
essential oils used in aquaculture
(Kazempoor ef al., 2022). While several
studies have investigated the effects of
feeding aquatic animals with plant
essential oils on growth (Dawood et al.,
2022), few have explored their potential
in reducing damage caused by
poisoning, particularly drug residues. In
recent years, there have been numerous
reports of water contamination with
pharmaceutical compounds, making this
issue one of the most pressing
environmental concerns worldwide
(Sundararaman et al., 2022). Therefore,
this study aimed to investigate, for the
first time, the effects of feeding koi fish
with OEO on growth and the reduction
of intestinal and liver tissue damage
during long-term exposure to NPX.

The results of this study showed that
feeding Koi fish with OEO significantly
improved their growth performance.
This is consistent with previous reports
of increased fish growth resulting from
feeding with plant essential oils, such as
oregano. Magouz et al. (2022) and
Shourbela et al. (2021) reported weight
gain in Nile tilapia (Oreochromis
niloticus) after feeding with OEO, while

Abdel-Latif et al. (2020) reported an
increase in the weight of common carp
(Cyprinus carpio) fed with OEO. The
improved growth of fish fed with plant
essential oils is thought to be related to
improved feed taste (Abdel-Latif and
Khalil, 2014), enhanced intestinal
microbial flora (Ran et al., 2016), and
increased secretion of digestive enzymes
(Zhang et al., 2020). According to
Rashidian et al. (2021), the high levels
of polyphenols and flavonoids in OEO
are responsible for its positive effects on
growth performance. However, further
research is needed to fully understand
the mechanisms by which OEO
promotes the growth process of Koi fish.

In this study, OEO supplementation
significantly increased the length and
width of villi and the number of goblet
cells in the intestines of Koi fish. Similar
findings have been reported in Nile
tilapia (Magouz et al., 2022) and
common carp (Abdel-Latif et al., 2020),
where OEO supplementation increased
the length and width of intestinal wvilli.
OEO's potential ability to improve the
intestinal microbial flora of fish is
thought to be responsible for this effect
(Zhang et al., 2020). Improvement in
intestinal microbial flora increases
beneficial bacteria and the production of
short-chain fatty acids from sugars in the
digestive system. Fatty acids are the
primary energy sources of intestinal
epithelial cells, and therefore play an
important role in increasing the length
and width of intestinal  wvilli
(Alavinezhad et al., 2020).

The intestine is one of the most
sensitive internal organs of fish exposed
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to naproxen, and the side effects of
NSAIDs occur in the digestive system
(Stancova et al., 2015). The results of
this study showed that exposure to NPX
caused lesions such as vacuolation, villi
corruption, hyperemia, adhesion of
toothbrush villi, and cell necrosis in the
intestinal tissue of koi fish. Similar
results have been reported in previous
studies where fish were exposed to
NSAID drugs (Hagiwara et al., 2004;
Watanabe ef al., 2008). The occurrence
of lesions in the intestine can be caused
by the negative effect of NSAIDs on the
intestinal microbiota (Whitfield-Cargile
et al, 2016). However, the
histopathological  lesions in  the
intestines of fish fed with OEO were
reduced, possibly due to the
improvement of the intestinal microbial
flora of fish fed with this essential oil.
Zhang et al. (2020) reported the
improvement of the microbial flora of
the gastrointestinal tract of koi fish fed
with OEO, although further
investigation is needed to fully
understand this mechanism.

The liver is the main metabolizing
organ of the body, which participates in
the process of detoxification and
biotransformation. It plays a crucial role
in the defense against drugs and toxins
(Nunes et al., 2014). The toxic effects of
chemicals are mainly observed in the
liver (Yildirim et al., 2006), and
therefore, it provides important
information about the toxic effects and
performance of chemical compounds in
fish (Fontainhas-Fernandes et al., 2008).
This study observed lesions such as
fluid, dark granules, dilution of the

sinusoid, hemorrhage, blood embolism,
fattening, and swelling in the liver tissue
of fish exposed to NPX. Similar
histopathological lesions have been
reported in previous studies with
zebrafish exposed to NPX (Stancova et
al., 2015), diclofenac-exposed common
carp (Mohebi Derakhsh et al., 2020), and
ketophen-exposed zebrafish
(Rangasamy et al., 2018). The observed
liver lesions in Koi fish are caused by
several factors, including abnormal
accumulation of triglycerides and other
lipids, which may lead to the formation
of vacuoles in liver cells and are
associated with necrosis and tissue
damage (Kelly and Janz, 2009). Sinus
expansion can also be a defense
mechanism in fish to dilute the poison in
the blood and strengthen the immune
system (Mohebi Derakhsh et al., 2020).

Feeding Koi fish with OEO reduced
histopathological lesions in the liver of
fish exposed to NPX. Several studies
have reported the positive effects of
feeding with essential oils on the
reduction of histopathological liver
lesions in fish exposed to small
concentrations of toxins (Rafieepour et
al., 2019; Dawood et al., 2020). The
protective role of OEO in reducing liver
tissue damage is related to its antioxidant
properties and its ability to eliminate
ROS produced during oxidative stress
caused by exposure to NPX. NPX
poisoning causes oxidative  stress
(Stancova et al., 2015), and feeding with
a diet containing OEO improves
antioxidant  performance in  fish
(Shourbela et al., 2021). Therefore,
investigating effective immune
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mechanisms to reduce histopathological
lesions in internal organs, including the
intestine and liver of fish, after exposure
to NPX and feeding with OEQO, should
be a topic of interest for future studies.

Conclusion

The widespread use of NPX has led to
pollution in surface waters, which has
had adverse consequences on fish and
other non-target organisms. Even small
amounts of NPX pollution have caused
tissue damage in the liver and intestinal
organs of koi fish. The results of this
study demonstrated that using OEO as a
plant food supplement can improve
growth performance, intestinal villi
structure, and reduce histopathological
lesions caused by exposure to NPX in
the liver and intestine of fish. It is
expensive and challenging to accurately
estimate  pharmaceutical pollutants,
prevent their spread, and protect farmed
aquatic  animals in  aquaculture
environments. Therefore, using
important compounds such as OEO as a
suitable candidate in fish diets to reduce
the effects of drugs is a recommended
approach. OEO is a natural and cost-
effective alternative to reduce the
negative effects of NPX in fish, and it
can potentially be used in other
aquaculture species as well. However,
further research is needed to determine
the optimal dose and duration of OEO
supplementation for different fish
species and to fully understand the
underlying mechanisms behind its
beneficial effects.
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