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Abstract. The aim of this study was to compare gill, kidney, liver and gut histopathology, and
plasma antioxidant markers of rainbow trout Oncorhynchus mykiss reared in saltwater earthen ponds in
Gomishan, Iran. To this, 10000 fish were distributed in a three-ha earthen pond and 150 fish in three
fiberglass tanks (2000L). Blood samples were taken after 3 months rearing with same commercial feed.
The source of fish and feed was similar between the saltwater pond and fiberglass tanks. After the
3-month rearing, gill, kidney, liver and gut samples were taken from the pond fish; whereas, blood sam-
ples were taken from both the pond and tank fish. There was no significant difference in water tempera-
ture, dissolved oxygen and pH between the pond and tanks; however, water salinity and ammonia was
higher in the pond compared to the tanks. Plasma superoxide dismutase and glutathione peroxidase ac-
tivity of the fish in earthen ponds were significantly higher than those fish reared in fiberglass tanks;
however, there was no significant in thiobarbituric acid reactive substances between the pond and tanks.
The fish had various histopathological symptoms including primary and lamella hyperplasia, lamellar
fusion and epithelial lifting. In the kidney section, the fish showed glomerulus shrinkage and/or disap-
pearance, melanomacrophage aggregates and hematopoietic tissue necrosis. These fish showed necrosis
and melanomacrophage aggregates in liver and goblet cell hypertrophy in gut. The results suggest that
the fish in the earthen pond faced stressful conditions, which might be due to water salinity and ammonia;
however, other possible factors, such as pollutants and different feeding regimen must be considered.

Key words: trout, earthen pond, antioxidant system, saltwater, histopathology, Gomishan, Iran

Avrticle history:
Received: 4 August 2019. Accepted: 2 September 2019

© Hoseini S.M., Gharavi B., Iri Y., 2019.
This work is licensed under a Creative Commons Attribution 4.0 International License
https://creativecommons.org/licenses/by/4.0/1

VETERINARY SCIENCE 255


http://journals.rudn.ru/agronomy
https://creativecommons.org/licenses/by/4.0/1

Xocetinu C.M. u dp. Becrauk PYJTH. Cepusi: ATPOHOMISA M JKUBOTHOBOJICTBO. 2019. T. 14. Ne 3. C. 255—265

For citation:

Hoseini SM, Gharavi B, Iri Y. Assessment of vital organ histopathology and plasma oxidative conditions
of rainbow trout Oncorhynchus mykiss reared in earthen saltwater pond. RUDN Journal of Agronomy
and Animal Industries, 2019; 14(3):255—265. doi: 10.22363/2312-797X-2019-14-3-255-265

Introduction

Gomishan site of shrimp culture is important in economy of the Goletan province,
Iran. The site area is near 4000 ha and had total production of 2000 tons of shrimp in
2018. Despite its importance, a problem of the site is seasonality of work period, because
the water temperature is suitable for shrimp culture only four months a year. As a result,
the employees hire workers seasonally, which is considered as a social crisis [1]. A solu-
tion for this problem is to introduce an aquatic species to be cultured in the second term
of year (autumn and winter). In this case, rainbow trout (Oncorhynchus mykiss) seems to
be fitted with the environmental conditions of the site (temperature and salinity); how-
ever, it is necessary to monitor the fish health in these earthen ponds [2].

Histopathological studies are reliable tools to assess fish health, illustrating
the fish responses to toxicant exposure and water salinity [3]. In this case, fish gill is
the major organ for hydromineral control, responding morphologically to water salinity
[4]. Liver is the main site of metabolism and the target of toxicants, showing wide range
of morphological and histological alteration in response to toxicants [5]. Fish kidney is
involved in salinity adaptation, which responds morphologically to toxicants [5]. Fish
gut is an important organ in immune defense, which responds to toxicant and dietary
compounds [3]. Monitoring of these organs provides useful information about the fish
overall health.

Oxidative stress is a condition in when pro-oxidant compounds exceed antioxidant
defense [6, 7]. In this case, stressful conditions lead to oxidative stress. Superoxide
dismutase (SOD) and glutathione peroxidase (GPx) are antioxidant enzymes collec-
tively converting superoxide ions to water and oxygen [7, 8]. Therefore, they are im-
portant in monitoring oxidative conditions of fish. However, these enzymes show dif-
ferent either elevation or demotion under stressful conditions. As a result, thiobarbituric
acid reactive substances (TBARS) are measured as a relevant marker of lipid peroxi-
dation and oxidative stress [9].

According to above, the aim of the present study was to investigate rainbow trout
health (histopathology and antioxidant responses) in earthen ponds of the Gomishan site.

Materials and methods

This study was conducted in an earthen pond in the Gomishan site of shrimp cul-
ture. The pond was filled with the Caspian Sea water in spring, and used for shrimp
culture during spring and summer. Then the pond water was drained and the pond bot-
tom was dried for 2 months. Thereafter, the pond was refilled with the sea water for
trout culture. 10000 rainbow trout (~35 g) were stocked in a 3-ha pond. For comparison
of blood antioxidant marker with a reference, 150 rainbow trout, with the same origin
of the pond fish, were socked in three fiberglass tanks (2000 L). The fish in the pond
and fiberglass tanks were reared for three months using a commercial feed (Faradaneh
Co., Tehran, Iran; 40—44 % protein, 12—16 % fat). Feeding was performed twice
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a day based on 3 % of biomass. Water of the pond was static; whereas, water flow rate
in the tanks was 0.3 L/min. kg fish. Water physiochemical parameters were measured
in the pond and tanks monthly.

At the end of the three-month rearing, 12 fish were sampled from either the pond
or tanks and immediately anesthetized with 100 mg/L eugenol. Immediately after the
anesthesia, blood samples were taken from caudal vein using heparinized syringes and
collected in 2-mL tubes. The blood samples were centrifuged for 10 min for plasma
separation. The resultant plasma was kept at —20 for further analyses. After the blood
sampling, gill, liver, kidney and gut samples were taken from the pond fish. The organs
were fixed in 10 % buffered formalin for histopathological examination.

Plasma SOD, GPx and MDA were determined using commercial kits (ZellBio,
GmbH, Veltinerweg, Germany), as previously reported M.A. Taheri et al. [10]. The
fish organs were parafinized, sectioned (4um thickness) and stained (hematoxylin-eo-
sin) according to A. Hedayati et al. [11]. Histopathological damages were determined
according to Haschek et al. [3] and R.J. Roberts [12].

Plasma and water physiochemical parameters were subjected to t-test. Data were
presented as mean £ SD. All analyses were performed using SPSS v. 22.

Results and discussion

Water physiochemical parameters in pond and tanks are presented in Table 1.
The pond water had significantly higher salinity and unionized ammonia compared to
the tanks. Nevertheless, there was no significant difference in water temperature, dis-
solved oxygen and pH.

Table 1
Water physiochemical characteristics in the pond and tank.
Different letters show significant difference between the pond and tank
Physiochemical characteristics Pond Tank
Temperature (2C) 13x1a 14t 1a
Dissolved oxygen (mg/L) 8.88 £0.55a 8.56 £0.84a
Salinity (g/L) 20.7£1.12b 2.88t0.12a
pH 8.65+0.55a 7.52+0.69a
Unionized ammonia (ug/L) 10.0x1.0b 2.0 +0.40a

Plasma antioxidant parameters are presented in Table 2. The fish reared in the
tanks had significantly lower SOD and GPx activities; but there was no significant dif-
ference in plasma TBARS levels between the fish.

Table 2

Plasma SOD, GPx and MDA in the fish reared in the pond and tanks.
Different letters show significant difference between the pond and tank

SOD (U/L)

GPx (U/L)

TBARS (uM/L)

Pond

35.1£5.89

45.5+7.32b

6.85*1.98a

Tank

VETERINARY SCIENCE

23.7+4.553

30.0+5.21a

5.21+1.57a
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Gill section of the fish reared in Gomishan pond is presented in Figure 1. The fish
had various histopathological symptoms including primary and lamella hyperplasia,
lamellar fusion and epithelial lifting. In the kidney section, the fish showed glomerulus
shrinkage and/or disappearance, melanomacrophage aggregates and hematopoietic tis-
sue necrosis (Figure 2). These fish showed necrosis and melanomacrophage aggregates
in liver (Figure 3) and goblet cell hypertrophy in gut (Figure 4).

Fig. 1. Gill section of the fish reared in the pond. PHP: primary lamella hyperplasia; L: epithelial lifting; LF:
lamellar fusion; SHP: secondary lamella hyperplasia. Hematoxylin-eosin staining (20x)

Fig. 2. Kidney section of the fish reared in the pond. GD: glomerulus disappearance;
M: melanomacrophage aggregates; GS: glomerulus shrinkage; HN: hematopoietic tissue necrosis.
Hematoxylin-eosin staining (20x)
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Fig. 3. Liver section of the fish reared in the pond. N: necrosis; M: melanomacrophage aggregates.
Hematoxylin-eosin staining (20x)

Fig. 4. Gut section of the fish reared in the pond. Arrow heads show hypertrophy of the goblet cells.
Hematoxylin-eosin staining (40x)

The present study showed that saltwater earthen ponds of Gomishan site had dif-
ferent environment conditions compared to freshwater farms of rainbow trout culture.
In these ponds, due to higher pH and static water [13—15], unionized ammonia is
higher than the freshwater systems. Higher ammonia along with saltwater are stressful
for rainbow trout, thus, affect the fish health [13—16].

The pond fish showed higher antioxidant enzymes’ activity but did not elevated
TBARS, compared to the tank fish. This suggests activation of antioxidant system, but
not oxidative stress occurrence [17]. Several factors might be involved in antioxidant
system activation. Ammonia was found to induce oxidative stress in fish leading to
elevated TBARS [18]. Accordingly, oxidative conditions were not so severe as to cause
oxidative stress in the pond fish, and activation of antioxidant system counteracted such
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mild oxidative condition. Beside ammonia, osmotic stress causes oxidative condition,
triggering the fish antioxidant system [19, 20]. Therefore, higher water ammonia and
salinity contributed to activation of antioxidant system of the pond fish. Moreover, con-
sidering the wide difference between the pond and tank media, other possibility such
as pathogens, pollutants, etc. could be considered.

Gill is the main organ for hydromineral control in freshwater fish [4]. It has been
reported that freshwater fish exposed to saltwater expressed some morphological
changes in gill structure [21]. Hyperplasia is a defensive mechanism to thicken gill
membrane for reducing exchange capacity between the internal and external media of
the fish body. This reduces the entrance of harmful substances, including hyperosmotic
water and ammonia, from water to the fish body [22]. Epithelial lifting provides dis-
tance between the fish internal body and ambient water to reduce harmful substances
entrance to the fish body [22]. However, lamellar fusion occurs in adjacent secondary
lamella and extensively decreases respiratory capacity [22].

Beside gill, kidney is involved in water and ions regulation in fish [21]. When
freshwater fish enter hyperosmotic media, water is passively excreted from the fish
body and the animal must actively drink along with suppressing glomerulus filtration.
Accordingly, fish have small glomerulus in freshwater [23]. The fish reared in Gomis-
han ponds had both shrinked and disappeared glomerulus to adapt higher water salinity.
However, melanomacrophage aggregates and necrosis in hematopoietic tissues suggest
that there was other problem in these fish. The liver section showed similar symptoms,
supporting such hypothesis. One of the reasons might be higher water ammonia, which
causes damage in fish kidney [24]. On the other hand, other toxicants such as metals
might contribute to these damages, as they are present in the Caspian Sea water [25].

The pond-reared fish showed increased number and size of goblet cells in gut.
These cells are responsible for mucus secretion and increase in their number and size
translated to higher mucus secretion [26]. The reason for these changes is not clear,
however, the pond water has microbial community different from the tank water. It is
possible some microbes stimulate the fish gut and lead to higher mucus secretion [27].
On the other hand, despite the tank fish that eat solely pellet feeds, the pond fish eat on
both pellet feed and natural foods in pond (e.g. insects, worms, etc.). Thus, it is expected
the pod fish have gut structure different from the tank fish.

In conclusion, the fish in the earthen pond faced stressful conditions, which might
be due to water salinity and ammonia. It is necessary to apply managerial practice to
suppress such problems and augment the fish health and welfare.
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OueHka rmcTonaToJiIorMm XXM3HeHHO Ba)XXHbIX OPraHoB
M YCJZIOBUI OKMUCIIUTEJIbHbIX NMPOLLEeCCOB LUTOMNJ1a3Mbl
paayxHon dopenu Oncorhynchus mykiss,
BbipalleHHON B MNNIMHAHOM npyAy C MOPCKOW BOAOM

C.M. Xoceiinu*, b. I'apasu, 0. Upu

LleHTp M3y4yeHust pecypcoB ruIpoOHOHTOB BO BHYTPEHHHX BOJIAX,
WpaHckuii HHCTUTYT U3y4YeHHUs] pIOHOTO XO03SHCTBa,
OpraHu3anus ceabCKOX03IHCTBEHHBIX UCCIICOBaHMIA U 0Opa3oBanws, [ opean, Upan

*seyyedmorteza.hoseini@gmail.com

AnHoTanust. [{enb TaHHOTO HMCCIENOBaHMs 3aKII0YANIACh B CPABHCHUM THCTOMATOJNOTHH kalp, mo-
YeK, IeYCHHN 1 KUILIEYHNKA, U OLIEHKE aKTUBHOCTH CHCTEMbI aHTHOKCHAAHTHON 3aLUTHI PALy KHOH (hopenn
(Oncorhynchus mykiss), BeIpaiieHHO# B TIMHSHBIX IpyAax ¢ MOPCKOi Bozoil B r. I'omumian B Vpawue.
Jlyist aToro B MIMHSAHBINA npy mwiomaaso 3 ra nomectiwu 10000 ocoGeid u 150 peIO pactpenenuim B Tpex
pesepByapax u3 crexinoBosiokHa (2000 ). Dopenp BbIpalMBaIM B TEUEHHUE TPEX MECALEB, MOCIE YEro
Y pbIO, KyJIbTUBHPYEMBIX B MPYJY U pe3epByapax, ObUIH B3SThl 00pa3iibl KPOBH, B TO BPEMs KaK 00pas3Iibl
TKaHe# jxa0p, MOYeK, MMeUYSHH U KUILICYHNKa ObLTA B3AThI JJISI THCTOJIOTMYECKOTO aHAIN3a TOJBKO Y TPYI0-
BBIX pbIO. Temmeparypa BOABI, COAEp)KaHUE PACTBOPEHHOTO B BOJE KHCIOpoAa M 3HaueHne pH B mpymy
U pe3epByapax UMEH HECYIIECTBEHHBIC PA3NIMIKs; OIHAKO TAaKHE MapaMeTphbl KaK COJCHOCTh BOJBI H CO-
JiepyKaHue aMMHaKa MMenH Ooiee BEICOKME TTOKa3aTeNy B IPYAy. AKTUBHOCTh IUTOILIA3MaTHYECKOH CyIe-
POKCHAANCMYTA3bl U [Ty TaTHOHIIEPOKCUA3h] Y PBIO, KYIbTHBHPYEMBIX B ITIMHAHBIX Mpyaax, Obuia 3Ha4YH-
TEIBHO BHIIIE 0 CPABHEHHUIO C OCOOSMY, BBIPAIICHHBIMY B CTEKIIOBOJIOKOHHBIX pe3epByapax. Tem He Me-
Hee, MeXAy MpPyJOM M pe3epByapaMH He ObUIO 3HAYHUTENBHOH PasHHIBI IO KOJIMYECTBY BEIIECTB,
pearupyronmx ¢ THoOapOUTypoBoii knucnoToi. Ilocne npoBeeHHs THCTOIOINYECKOT0 aHAIN3a Y PBIO ObLTH
BBISIBJICHBI TakHWe MAaTOMOPQOJIOTHYECKHE M3MEHEHMs Kak HepBHUYHAs TUIEpPIUIashsl JaMeml, CIUsHHEe
JIaMeJJT U SMUTENHANbHBIN TuGTHHT. Ha monepedHoM CeYeHHH MOYeK y PhI0 HAOIIOAA CMOPIIMBAHUE
WJTM NCUE3HOBEHHE KITyOOUKOB, CKOIUICHHSI METaHOMaKpodaroB 1 HEKpO3 TeMOIIOATHYECKOH TkaHu. Kpome
TOT0, y 9THUX PbIO OBLTH OOHAPYKEHBI CIISABI HEKPO30B U CKOTUICHHUS MEIAHOMAKpO(aros B MIEUCHH, a TAKKE
runepTpodusi OOKATOBUIHBIX KIETOK KHIIEYHUKA. Pe3ysIbTaThl HeceIoBaHui MOKa3bIBAIOT, YTO B TIIHHS-
HOM IIpyJy pbI0a OKa3aach IT0J] BO3JCHCTBHEM CTPECCOBEIX (PaKTOPOB, CPEAH KOTOPBIX MOTYT OBITH Tapa-
METPBI COJIEHOCTH BOABI M COZieprkaHus aMMuaka. Ho HeoOX0oquMo yUUTEIBAThE U APYTHE BO3MOKHBIE TTPH-
YHHBI, HATPUMEP, 3aTrPA3HAIONINE BEIICCTBA M PA3IMIHBIC PEKUMBI KOPMIICHHSI.
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