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SUMMARY: In the thermal range of the Pacific waters, known for the geographical distribuSandifiops sagax caeruleus
(Jenyns, 1842) (Pacific sardine), could be exposed to a stressing temperature environment with dilated effect. This wawkhexamin
liver and kidney of sardines acclimated at different temperatures and exposed to the lethal temperature and criticalxineumal ma
trials. The liver and kidney tissues 8&rdinops sagax caeruleasclimated for 25 days at 19, 21, 23 and®@5wvere anatomically
examined after exposure to acute heat stress (AHS) caused by increasing the water temperature &t@ patenaih]l and the chronic
heat stress (CHS) effect by abruptly exposure to constant water temperature different from that of acclimation (AT). Wendisterve
exposed to AHS that the liver tissue had vacuolated or necrotic hepatocytes and infiltration of inflammatory blood Celis(2the
kidney tissue showed degenerative changes in the glomeruli and renal tubules and increased melanomacrophage centefecihe CHS ef
in liver and renal tissues produced damage signs of pyknosis, apoptosis, necrotic areas, and an increase in melanonmersgisage ce
well as outbreaks of bacterial infection. The results demonstrate. thagax caeruleusd not tolerate an abrupt thermal change of more
than 4°C, independently of the ATs, over 50 % died. The consequences of the experimental acute and chronic thermal stress were
histopathological alterations of liver and kidney. It was expected that the chronic stress temperature could produaesipidistuso
histological changes, and indeed it was the most deleterious.
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INTRODUCTION

Sardine $ardinops sagax caeruléus a pelagic Temperature stands out as the factor of greatest
species living in subtropical areas, distributed between tifgluence on the behavior and spatial distribution limits of
latitudes 50 and 60N from the south of Alaska to the Gulf fish (Ziegeweidet al, 2008). A better understanding of
of California, Mexico (Culley, 1971; COSEWIC, 2002). Thechanging temperatures on fish is important, and therefore
analyses of sardine captures and temperatures registdedipratory studies with emphasis on thermal responses,
throughout 21 years (1981-2002) in San Pedro, Ensenaadence the effect of this factor on the physiology and
Bay, Cedros Island and Magdalena Bay, Mexico, enhanbehavior of the sardine.
the knowledge of three stocks which were divided by thermal
barriers. The cold or northern stock was distributed in 13- The thermal tolerance studies of ectotermic
17 °C, the temperate stock in 17-22 and the warm stock organisms have been evaluated with two methods, static
>22 °C (Félix-Uragaet al, 2004). This distribution is and dynamic. The static or lethal temperature (LT)
consistent with the effect of temperature on fish horizontaheasures the time of death of the organism exposed to a
and vertical distribution (Lynn, 2003). series of constant temperatures which occur in a relatively
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short time at the upper extreme temperature €Fgl, 2008). Acute stress involves rapid responses and recovery
1942; Brett, 1956; Kilgouet al, 1985). The dynamic in a short time (hours) after the stressor induction. In
method involves increasing the test temperatures until seleosts, chronic stress is the result of a constant or
end point is reached (Beitinget al, 2000). These test repetitive exposure to the stressor that involves long
are represented by the critical thermal minimum (CTMimeriods of recovery and greater energy expenditure
and critical thermal maximum (CTMax), concepts thafBarandica & Tort).
were proposed by Cowles & Bogert (1944), which
characterize “the thermal point at which locomotory Investigations on the effect of temperature as a
activity becomes disorganized and the animal loses &essor indicate that it can produce tissue damage, as noted
ability to escape from conditions that will promptly leadn rainbow trout, tilapia, and some Cyprinodontidae when
to its death”. they are exposed to temperatures between 30 ahd.45
In these organisms, the lamellar epithelium of the gills
For more than 60 years, studies of thermal toleranegere constricted and the columnar cells collapsed. In
have been made in different aquatic organisms. Tlagldition, the liver presented steatosis, autolytic changes
temperature effect in different fish species has beamd degenerative processes in the tubular cells of the
demonstrated with various responses, furthermokiédney (Rombough & Garside, 1977; Davis & Parker,
affecting the biochemistry, physiology and behavior 0£990).
the organisms (Brett; Wedemeyer, 1997). However, the
effects of stress caused by these types of tests to The thermal tolerance of sardines has been
characterize the thermotolerance responses have dotumented by Martinez-Porchas al. (2009) and
considered the possible histopathological changes Martinez-Porchas & Hernandez-Rodriguez (2010). In
organs such as gill, liver and kidney, among others, thhiese studies, the fish were exposed to two different
could indicate possible internal damages. fluctuating thermal cycles according to the temperatures
recorded in the north, where the colder stock is located
The effect of temperature on tissue can be evaluatéslan Pedro, California; SPc, 13 to 48) and in the
by using histopathology, taking into account biochemicadouth, where the temperate stock thrives (Cedros Island,
physiological and chronological aspects on tissuédexico; Clc, 18 to 23C). The SPc and Clc stock
morphology. At the histological level, necrotic changethermal preference interval was 17.1-19.9 and 16.0-18.8
observed in organisms experiencing chronic exposure@, while the lethal temperatures interval (LT50) was
stressors can be checked within an organ or specific tissies-25.6 and 6.9-24°&, and the critical limits CTMax
or cells, evidenced by the morphology of the cell nucleuand CTMin were 7.1-32.2 and 5.5-30C} respectively.
nucleolus and cytoplasm (Hinton & Lauren, 1990)Thermal tolerance in sardines was also investigated by
Histopathological responses caused by stress agents (WRtebyl et al. (2016), based in the critical thermal
contamination and parasites, among others) have beaaaximum and minimum of the northern sardines
identified in the skin, liver, gills, kidney and skeleton oficclimated at 18C and 17C to determine the “ideal”
fish (Hinton & Lauren). temperature range.

The response of stress on organisms has been The increase of the ocean surface temperature, the
evaluated at different levels of biological organizatiofEl Nifio” phenomenon and the food abundance affects
from behavior to cellular level. Different stressors sucthe reproduction and distribution of the sardine (Hammann
as ultraviolet radiation, toxins, pathogens, nutritionadt al, 1988; Bakun & Broad, 2003; Félix-Uragaal.).
deficiencies, hypoxia, acidosis, cold and heat, amordne study by Pribyét al indicated that Pacific sardine of
others, cause cellular stress proteins (Chéad, 1989). the northern stock has an ideal physiological thermal range
It has been documented that these proteins (heat-shdejpending on the acclimation temperature, based on an
proteins HSPs) have a role as molecular chaperonasalysis of tissue and blood samples. Little is known how
involved in different processes such as intracelluldhe temperature stressor affect sardines at morphological
localization, secretion, regulation, degradation of othéevels, biochemical and physiological processes
proteins, apoptosis and inflammations (Feder & Hofman(Martinez-Porchast al, 2009). In this work, we study
1999; Moseley, 2000; Srivastava, 2002). the effect of acute and chronic heat stress on the

histopathology of liver and kidney iBardinops sagax

Fish stress responses can be of different durabilicperuleuswith two methods utilized in the evaluation of
depending on the stressor, time of exposure ailtermal tolerance in laboratory conditions: critical thermal
homeostasis recovery (Wedemeyer; Barandica & Torhaximum and the upper lethal temperature.
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MATERIAL AND METHOD For the study of AHS (CTMax), we used a 56 L
aquarium containing 21.5 L volume of seawater and a 1000
Watt heater fixed to an aeration stone to spread the heat
Sardines were captured in the summer at the port e¥enly. To maintain a continuous temperature rise no water
Ensenada, Baja California, Mexico, (31° 52’ Lat. North. 116w was added. The experiment began when the aquarium
37’ Long. West) and transported in polyethylene bags witlater reached the acclimation temperature, then two fish
sea water saturated with oxygen to the Ecophysiologyere incorporated. The temperature increase°@f tin*
Laboratory of the Aquaculture Department of CICESE (Centevas started after 20 min to reduce the impact stress caused
for Scientific Research and Higher Education of Ensenadaby handling. These experiments were repeated six times with
different fish for each acclimation temperature. All fish lost
To determine the thermal stress experiments and thquilibrium (LE) during the experiment which defines the
acclimation temperatures, we used the sardine distributiontical point of CTMax (Paladinet al, 1980), and four
stock adapted to a 17 to 2€ range described by Félix- random sardines were sacrificed to dissect the liver and
Uragaet al The temperature tolerance limiting the specieidney with a scalpel to assess the histological changes
distribution area (25 °C) was determined in our laboratoproduced by the effect of AHS.
in previous experiments (unpublished data).
The effect of CHS (LT50) was evaluated based on
The sardines (N = 352) (weight 39.441.81 g; and the model of Kilgouret al Five aquaria (56 L), each with
length 15.74t 0.51 cm) were distributed in eight 380 L cir-three fish, were abruptly exposed to the chronic heath stress
cular tanks (N = 44 fish per tank) at the collection temperatua¢ different constant temperatures (Table II) and with a
of 18 °C. Afterwards, the initial temperature of each pair aontinuous 120 ml mihwater flow to refill the total volume
tanks was increased °IC per day until reaching the approximately three times in 24 h to eliminate the metabolites
acclimation temperatures (AT) of 19, 21, 23 and 25 with produced by fish waste. Aeration was continuous and the
mean deviatiort 0.51°C, where they remain for 25 days.water temperature was maintained with a 1000 Watt
The water flow rate was 47.5't to change the total volume immersion heater connected to an electronic controller to
three times in 24 h. Each water temperature was maintairlazep the temperature almost constaift.( to 0.3C). Each
with a 1000 Watts titanium heater connected to an electronical was carried out twice (N= 24-30). Experimental
controller. The control condition of 1€ is in the sardine temperatures for each condition were set up with the
thermal preference 17-2C interval found by Martinez- difference in the temperature interval (i.€3 used for the
Porchast al The tanks were cleaned daily to remove feceagcclimation (19-25C). This difference was added to each
food remnants and dead fish. Oxygen content arAT, and according to the fish tolerance, it was increased or
temperature were recorded with an YSI model 88ecreased IC (Table Il). When each fish died, the time
multiparameter (Yellow Spring, Ohio). Average and starwas recorded and immediately the liver and kidney was
dard deviation of water temperature and oxygedissected for histological analysis.
concentration during the acclimation period are shown in
Table I. Organisms were fed with a diet made of trout with The entire kidney (N = 30) and only the posterior
50 % protein at a rate of 2.5 % of their body weight in twpart of the liver were removed to avoid contamination with
daily rations. Before the start of each experiment, the fithe gallbladder and its ducts (Lagletr al, 1984). The
were kept without food for 24 h to avoid metabolicsamples were fixed in 10 % formalin for 24 h, later changed
interference. to 70 % alcohol and treated conventionally for paraffin
embedded tissues with an automated processor (Leica brand
At the end of the acclimation period, randomlyHistokinette model TP1040). Only the middle part of the
selected organisms of each temperature were either expokigthey was analyzed because the cephalic region contains
to critical thermal maximum CTMax-acute heat stress (AHS$hainly haematopoietic tissue. The renal and hepatic samples
or to the lethal temperature (LT50)-chronic heat stress (CH®gre cut 4 mm thick on a microtome American Optical
utilized in the studies of thermic tolerance in aquati¢Spencer model 820). Three medial and sagittal cuts of each
organisms. Four sardines from the control group of each Adtgan were stained with the Hematoxylin-Eosin technique
were sacrificed with an anesthetic overdose (ZShaw & Battle, 1957) and preserved with synthetic resin
phenoxyethanol) to remove the liver and kidney fofCytoseal). The histological preparations were analyze in a
histological procedures. The histopathological analysis w@®iss microscope (model Axiolab). The histological
used to contrast and to determine which experimentdéscription of acclimated fish at different temperatures and
temperature exposure was the most deleterious for the litken exposed to acute and chronic heat stress will be
and kidney of sardines. represented as AT + AHS or CHS.
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Table I. Values of temperature and oxygen concentration during In the control fish, the kidney had structures with
the acclimation period dardinops sagax caeruleus. normal appearance (Fig. 2A). In all acclimation conditions,
Acclimation Temperature Oxygen concentration haematopoietic tissue and melanomacrophage centers
temperature (°C) O (mg 0>L™) slightly augmented.

19 18.97+0.35 7.68 +0.82

21 20.90 £0.42 6.82+1.14 Acute Heat Stress (AHS)The equilibrium loss responses

23 22.88+0.63 6.71+1.10 of acclimated sardines at 19, 21, 23 y 25 were

25 24.85+0.64 6.60 +1.07 respectively at 30.& 0.79, 31.6+ 0.41, 31.8+ 0.83 and
Averaget Standard deviation. 32.8+ 0.65°C, with significant differences (P<0.05),

except at 21 and Z%.
Table Il. Experimental temperatures at wh&hsagax caeruleus

acclimated to four temperatures were abruptly exposed to the
chronic heath stress (CHS).

AT (°O) Experimental temperature (°C)
p p

The histological description of the liver and kidney
corresponds to the sardine equilibrium loss. In histological
preparations from the liver, vacuoles in the hepatocytes
19(4)  23(6) 24(6) 25(6) 26(6) 27(6) and leucocytes within sinusoids were observed (Fig. 1E).
214 25(6) 26(6) 27(6)  28(6) _ Sardines acclimated at 2&8 + AHS, had necrotic areas
2@ 26(60 27(0)  28(6)  29(6) and infiltration of inflammatory cells (Fig. 1 D and E).
25(4) 27(6) 28(6) 29(5  30(6)
AT; acclimation temperature. The parenthesis indicates the number of fish The histological sections of the kidney, had
used for histology. haematopoietic tissue (Fig. 2B) and melanomacrophage
centers (Fig. 2D). All organisms exposed to the chronic
heath stress showed pyknotic nuclei in renal tubules (Fig.
Four histological cuts of the fish liver from each2C); the Bowman intercapsular space is bigger compared
condition AT and AHS conditions, were examined to measuwéth the control organisms, and shrunken glomeruli (Fig.
35 to 38 hepatocytes nuclei in a microscope Zeiss Scope 2C) were also identified at 2C + AHS. The kidney cuts
through the CarlZeiss/Zen 2012 program. All data weref the sardines that were acclimated at 23 antC2&nd
evaluated for normality using Kolmogorov-Smirnov test. Aubsequently exposed to AHS, had degenerating or
t-test (Sigma Stat 3.5) was applied to compare the effectddgenerated glomeruli, sometimes empty Bowman
the temperature over CTMax, the hepatocytes nuclei linkirigtercapsular space with debris (Fig. 2D).
the controls (AT) and the respective acute heat stress (AHS)
condition. The hepatocytes nucleus diameters of the liver The comparison between the hepatocyte diameters
from fish that were exposed at AHS and the control grougf the control groups versus AHS showed differences
were compared with an ANOVA test. A multiple comparisonbetween 24C (P=0.018) and 23C (P<0.001). The nucleus
test (Dunnett’s method) 18 versus 21, 23y 268 was used diameter of the hepatocytes increase between the ATs and
taking into account that the AT of 4@ differs only 2C  the AHS in 19 and 21 °C, and it decrease between the ATs
which is the value of the final preferendum reported bsnd AHS at 23 and 25 °C conditions (Table Il). The liver
Martinez-Porchast al The Spearman-Karber program wasepatocyte diameter of the control group of fish acclimated
used to calculate the LT50. at 19C were significantly different @.05) from those
acclimated at 21, 23 and 26.

RESULTS Chronic Heat Stress (CHS)Table IV shows the chronic
heat stress trial of the acclimation versus experimental
temperatures, where 50 % of the fish died. The effect of

The liver of the control organisms (AT) unexposedHS in the liver and kidney was similar to the organisms
to AHS and CHS acclimated to 19, 21, 23 and@5howed exposed to AHS, but the degree of injury was related to
the normal arrangement of hepatocytes and sinusoids (Fige experimental temperature and exposure time.

1A), and the presence of scarce haematopoietic cells and

melanomacrophages. Hepatocytes with changes in the nucleus,  In organisms acclimated at 23 to 25 °C and exposed

nucleolus and distended cytoplasmic appearance were26 to 30 °C experimental temperature, the alterations

observed in sardines acclimated at 25 °C. The nucleus diaméemd in the liver by chronic heat stress exposure were:
increased in the AT the 19 and 23from 10.01 to 11.3@m  abundant and extensive necrotic areas (Fig. 1F), increased

(Table I11) with significant differences €@0.001) qualitatively. melanomacrophages dispersion, clots into the vessels (Fig.

The nucleolus appeared twice its size (Fig. 1B and C).  1G), pyknotic and apoptotic hepatocytes (Fig. 1H),
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vacuolated hepatocytes (Fig. 1F and
G), and bacterial infection (Fig. 11)
sometimes surrounded by
hepatocytes forming nodules.

The microscopic changes in
kidney tissue of fish from each
acclimation temperature and
exposed to different experimental
temperatures were: extensive
glomeruli and tubular necrosis (Fig.
2E), scattered cells in
melanomacrophage centers (Fig.
2F), extravased erythrocytes (Fig.
2G) and bacterial infection (Fig.
2H). At the cellular level, the tubular
cells showed pyknosis and
cytoplasmic lysis (Fig. 2G up) or
chromatin fragmentation (Fig. 2G
lower). Alterations in the kidney
increased with rising experimental
temperature and exposure time. In
some kidney tissue, necrotic
coagulation, complete loss of tissue
organization and cells limits were
observed, and all the nuclei were
pyknotic (Fig. 2H). The sardines
that were exposed from 23 to 30 °C
(Fig. 2I), had the greatest frequency
of histological changes.
Additionally, in liver and kidney
tissue of the highest temperature
stress exposure, the
melanomacrophage centers were
disaggregated because the cells lost
its pigments and fibroblasts nearby
in the perivascular area.

The percentage of survival

y . ; of sardines during the acclimation

AL A 20 3 SRR i 8 - pm| period at temperatures of 19, 21, 23
Fig. 1. Representative cross section, of the lives.cfagax caeruleua controls and exposed to @nd 25°C was 98.8, 94.3, 92.1 and
acute and chronic heat stress. Hematoxylin-Eosin. A) Control 19 °C. Normal arrangemerft®f %, respectively. External
hepatocytes (h) and sinusoids (arrow), erythrocytes (€), 500X; B) In acclimation temperature (@8ponses of sardine exposed to
of 25 °C, hepatocytes with changes in nucleus (black arrow) and cytoplasmic appearance, leucgeyieée and chronic heat stress were
within sinusoids (arrow) 500X; C) 25 °C AT, hepatocytes with an increase in the size of the nugRd#§quamation and  mucus
(n) and nucleolus (black arrow ), in the cytoplasm the organelles appear distended, inﬂammﬁ%&uction.
cell (arrow) 1250X; D) AHS, necrotic area (N) 500X; E) AHS, vacuolated and necrotic hepatocytes
(N), infiltrated inflammatory cells (arrow), leucocytes within sinusoids (s), melanomacrophage cell
(m), 1250X; F) CHS, vacuolated hepatocytes (hv), necrotic area with inflammatory cells (1), 500X;
G) CHS, unusual presence of melanomacrophages (arrow) surrounding a big blood vessel (bv) with
a clot. Pyknotic and vacuolated hepatocytes (ph), 500X; H) CHS, area with hepatocytes in apoptosis
(aa), observe chromatin fragmentation (arrow), 1250X, 1) CHS, a focus of bacterial infection (b),
necrotic hepatocytes (N), only in organisms acclimated at 25 °C and exposed to 26 to 30 °C,1250X.
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Fig. 2. Representative saggital section of
the kidney ofS. sagax caeruleus controls
and exposed to acute and chronic heat
stress. Hematoxylin-Eosin. A) Control 19
°C, melanomacrophage center (mc),
glomeruli (g), intraglomerular space (is),
Bowman capsule (bc); B) AHS, pyknotic
nuclei (black arrow), in renal tubules,
increased haematopoietic tissue (ht); C)
AHS, renal corpuscle in degeneration with
shrunken glomeruli (sg) and augmented
Bowman space (bs), observe vascular pole
(v) and urinary pole (u), 500X; D) AHS,
tubule in degeneration (td), some glomeruli
in complete degeneration (gd), debris (d),
and melanomacrophage center (mc), 500X;
E) CHS, a group of renal corpuscles in
degeneration with retracted glomeruli (gd)
and debris (d), haematopoietic tissue (ht),
necrotic tubule (nt) 500X; F) CHS,
scattered melanomacrophages (m) with
vacuoles and phagocyted material,
inflammatory cells (1), and necrotic tubule
(nt) 1250X; G) CHS, both types of cell
death in tubules, cells with necrotic
changes (n) and apoptotic changes (d),
observe lyses in necrotic cells, and
detached apoptotic tubular cells with
chromatin fragmentation (black arrow),
extravased erythrocytes (e) in the
intertubular space, 1250X; H) focus of
bacterial infection (bi); I) CHS, in some
cases, the kidney lost the tissue
organization, all the nuclei are pyknotic
(black arrow), rests of tubules (t),
glomeruli (g) and haematopoietic tissue
(ht) could be observed, 500X.

e o8
f“t E ‘.‘

o

Table Ill. Test comparison of the hepatocytes nucleus diamet8r sfgax
acclimated at different temperatures (AT) and exposed to the acute heath stress

(AHS).

Condition °C N M (um) SD t P
AT 19 35 10.012 0.995

AHS 19 38 10.107 0.759 t=-0.459 (P=0.647)
AT 21 35 11.129 0.908

AHS 21 36 11.605 0.740 t=2.426 (P=0.018)
AT 23 35 11.347 0.938

AHS 23 35 10.323 0.735 t=-5.085 (P=0.001)
AT 25 37 11.040 1.222

AHS 25 36 10.557 0.881 t=1.932 (P=0.057)

N, number of measurements; M, mean; SD, Standard deviation; t, value; P, probability.
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Table IV. Chronic heat stress experiments (CHS). Time (min) when 50 % of the experimental

fish S. sagax caerulelsample died after being exposed to different temperatures.
Acclimation Experimental temperatures (°C)

temperatures (°C)

23 24 25 26 27 28 29 30
19 1252 749 730 698 79 - - -
21 - - 610 453 454 242 - -
23 - - - 470 279 231 233 -
25 - - - - 216 215 120 92

DISCUSSION

The effect of temperature has been studied in figtytoplasmic lysis) in glomeruli and renal tubules as well as
evaluating their tolerance through the LT50 (static methotiepatocytes. In addition to the necrotic changes, emerge
and CTMax (dynamic method); however, the damage of thagpoptotic alteration like chromatin fragmentation,
factor concatenated with stress in different organs of aytoplasmic condensation and detached cells.
organism was unknown. In this study, we subjected sardines
(S. sagax caeruleyso four acclimation temperatures, and Cell death found in the tissues of fish exposed to acute
only those acclimated at 2&, showed liver tissue changesand chronic heat stress can be considered a physiological
in the nuclei and nucleoli. response to eliminate those that have been damaged, and

indeed the histological cuts reveal more melanomacrophages

When fish are under environmental stress, they camd neighboring macrophagic cells. In cell death processes,
undergo internal anatomical changes that are detrimentalapoptosis and necrosis are involved (Takashima & Takashi,
adaptive, and if these alterations are not corrected ©995). Apoptosis is a genetic programmed cell death, an
compensated, the body weakens, losing its ability to copesential mechanism for normal tissue function and
with other stressors (Wedemeyes).sagax caeruleusas development (Studzinski, 1999). When cells lose their ability
able to compensate for the heat change throughout tlseundergo apoptosis in response to a physiological stimulus,
acclimation process; however at 25 °C, the results suggestvhen apoptosis increase dramatically, the result can be
that the hepatic cells lost their adaptation capability. Theetrimental (Jacobson & McCarthy, 2002). Apoptotic cell
change of nucleoli could be a hallmark of damage becauseath involves shrinkage of the cell, chromatin
the nucleolus has been considered as a stress sensor (Maggmentation, formation of membrane-bound apoptotic
& Grummt, 2005). Indeed, at 2& acclimated temperature bodies and rapid phagocytosis by neighbouring cells
fish survival was 49 %, while in the other temperatures, (Takashima & Takashi). In this study, extensive death by
was higher than 90 %. apoptosis was observed in hepatic and renal tissues

undergoing chronic extreme thermal stress.

Sardines acclimated in the 19 to Z5interval and
exposed to acute stress formed more melanomacroph&geerosis produced in the tissues of organisms is the state in
centers, pyknosis and degenerative changes (necrotic) inttech the cells are damaged and eventually die. In the
glomeruli and tubules. Similar changes such as cell necroaiscleus, hipercromatosis, pyknosis, and cariolysis occur and
in renal tissue were observed in other stressors studiesthie cytoplasm becomes homogeneously stained with eosin
the Anguilla anguilla (Olivereau & Olivereau, 1977), (Takashima & Takashi). In this state, the cell contents are
Oncorhynchus tshawytscfiéiryu & Moffitt, 2001), Chana released into the extracellular fluid irritating the adjacent
punctatugBhuiyanet al, 2001) Mugil sp.,Cyprinus carpio cells causing inflammation (Studzinski).
andBarbassp. (Gonzéalez de Canaktsal, 2003). However,
high stocking density cultivation as a stressdParalabrax Hinton & Lauren argued that internal kidney lesions are
maculatofasciatudid not reveal histological necrosis in theconsidered good indicators of contamination because
kidney (Zacariast al, 2009). adjacent to the renal tissue lies the adrenal tissue that

synthesizes the stress hormones adrenaline, noradrenaline

In kidney and liver tissues of sardines exposed tand glucocorticoids released when an animal experiences
chronic heat stress, the histopathogical changes were mseeeral types of stress. The kidney tissue changes found in
pronounced with the temperature increase. The degenerative sardines in our study could be also used as indicators of
changes included necrotic signs (pyknotic nuclei antthermal stress effect.
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Anderson (1990) argues that stress can compromi2g°C (Martinez-Porchast al) which could explain the low
an animal's defense mechanisms, affecting the physiologisalrvival obtained in fish that were acclimated at the
processes that constitute the specific and nonspecificimmueenperature of 25C, and where the most notable
responses, and thereby increasing the vulnerability bistopathological changes were observed. Martinez-Porchas
organisms. Our morphological study revealed thet al and Pribylet al conclude that the Pacific sardine
participation of elements of nonspecific iImnmune responggobably has a limited ability to tolerate warm temperatures.
such as humoral, tissue and cell factors (Fernaatlaz, In this context, the present study seems to confirm that
2002). The skin responses of sardines exposed to acute assumption because the survival rate was less than 50 % for
chronic heat stress showed desquamation and muaasdines acclimated at 26.
production. At the histological level, we found in the liver
and kidney increase melanomacrophage centers and The results of this study show that the tests used to
haematopoietic tissue. Melanomacrophage aggregates havaluate thermal tolerance by static or dynamic method cause
been suggested as indicators of health status in wild fialierations in the tissues of organisms, as observed in the
and may contain not only melanin, but also haemosidetfiimer and kidney of the Pacific sardine. This effect can be
and lipofuscin (Hinton & Lauren). These authors suggestagnified if organisms acclimate near sublethal
that the aggregates vary in number and size caused by tém@peratures.
effect of food insufficiency, toxicity, disease and age, among
others. In this research, more melanomacrophage centers
were observed in relation to the temperature exposure, BEKNOWLEDGMENTS . This work was supported by
in the extreme heat, they disaggregated and lost pigmeritee Federal Government of México with regular funding of
Additionally, histology of sardines acclimated at 23 and 2fhe Centro de Investigacién Cientifica y Educacion Supe-
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fibroblasts are a characteristic of an inflammatory responfa their technical support. The authors thank Yanet Guerre-
as a protective reaction to physical stimuli, chemicals amd Renteria for his support with histology and Dafne Estefany
parasites that strongly affect the tissue. During the deferBenilla Cerquedo for improving the images.
reaction of the organisms, macrophages, histiocytes and
monocytes are increased at the site of inflammation process
that ends with the hyperplasia of fibroblasts (Takashima BERNANDEZ-LOPEZ, J. R.; HERNANDEZ-RODRIGUEZ, M.;

Takashi). The most conspicuous histopathology changB&AS-MANZANO, P. & BUCKLE-RAMIREZ, L. F.  Efecto del

: : ; : : rés térmico agudo y crénico sobre el tejido hepatico y renal de la
observed in the liver and kidney were in sardines eXpOS%?rdina del Pacific@ardinops sagax caerule(@®nyns, 1842)nt. J.

to chronic heat stress. Morphol., 36(1)212-220, 2018.

The purpose of research of thermal tolerance lies in RESUMEN: En el rango térmico de las aguas del Pacifico,
knowing the temperature(s) at which a species grows bettenocido por la distribucion geografica Sardinops sagax caeruleus
and in assessing its adaptive capability. Our results highlig‘HF”ynsl 1842) (sardina del Pacifico), esta especie podria estar expuesta

the sardines’ ability of acclimation to new thermal condition& Un ambiente de temperatura estresante con efecto dilatado. Este traba-
%?ixamina el higado y el rifidn de las sardinas aclimatadas a diferentes

provided that the ?hanges Gl grgdual. The e_Xpe“med peraturas y expuestas a la temperaturas letales y critica maxima.
responses to physiological adaptation were evident in tigs tejidos hepatico y renal Gardinops sagax caeruleaslimatadas
acclimation process, but fish exposed to chronic heat streggante 25 dias a 19, 21, 23 y @5 se examinaron anatémicamente
did not tolerate an abrupt thermal change of more tli@y 4 después de la exposicién al estrés de calor agudo (AHS) causado por el
independently of the ATs, over 50 % died. Based on ttigmento de la temperatura del agua a una velocidat@lpdr minuto
results of this study and considering that the temperate stoé‘ke' efecto de estrés de calor crénico (CHS) por la exposicion brusca a

.. . P L una temperatura constante del agua diferente a la de la aclimatacion
was distributed in 17 to 22C (Félix-Uragaet al), it is (AT). Observamos en peces expuestos a AHS que el tejido hepético

likely that with continuing global warming, sardines Willienia hepatocitos vacuolados o necréticos y la infiltracién de células
move further north to find temperatures near its optimuganguineas (2%) y el tejido renal presentaba cambios degenerativos
range of 16 to 20C as reported by Martinez-Porchasal  en losglomérulos y tdbulos renales y aumento aimtros de
(2009). InS. sagax caeruleuacclimated to thermal mglanpmacréfagoi. El efe_cto C_HS en los t_ejid,os hepéticg) y renal pro-
fluctuations, the upper incipient lethal temperature was nefi© Signos de dafio de picnosis, apoptosis, areas necroticas y un au-

219



HERNANDEZ-LOPEZ, J. R.; HERNANDEZ-RODRIGUEZ, M.; RIVAS-MANZANO, P. & BUCKLE-RAMIREZ, L. F. Thermal effect of acute and chronic stress on hepatic and renal tissue of
the Pacific SardineSardinops sagax caerule(@nyns, 1842)nt. J. Morphol., 36(1:212-220, 2018
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