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Abstract  The dinoflagellate Prorocentrum minimum, one of the most widespread red tide causing species, affects marine aqua-
culture and ecosystems worldwide. In this study, ridgetail white prawn Exopalaemon carinicauda were exposed to P. minimum cells 
(5 × 104 cells mL−1) to investigate its harmful effects on the shrimp. Antioxidant activities and histological changes were used as indi-
cators of health status of the shrimp. In 72 hours, the mortality of E. carinicauda was not affected, but its antioxidant response and 
histology were statistically different from those of control. Elevated superoxide dismutase (SOD) and glutathione peroxidase (GPX) 
activities and depressed catalase (CAT) activity were observed in gill; while increased SOD, glutathione S-transferase (GST), CAT 
activities and modulated GPX activity were observed in hepatopancreas. Thus, antioxidant activities in gill and hepatopancreas seem 
to respond differentially to harmful alga exposure. Increased malondialdehyde (MDA) content in early a few hours indicates the 
damage of the antioxidant defense system. Although MDA content recovered to a low level thereafter, a series of histological abnor-
malities including accumulation or infiltration of hemocytes, tissue lesions and necrosis were discovered in gill and hepatopancreas. 
Exposure to P. minimum induced sublethal effects on E. carinicauda, including temporary oxidative damage and histological injury.  
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1 Introduction 
Shrimp culture is one of the pillars of China’s marine 

aquaculture. In shrimp farming industry, the economically 
important ridgetail white prawn (Exopalaemon carini-
cauda) mainly distributed in the coasts of Yellow Sea and 
Bohai Sea, China (Li et al., 2002). Recently, the culture 
area of E. carinicauda has been extended because of its 
fast growth, excellent nutritional properties, good repro-
ductive performance and wide environmental adaptability 
(Wang et al., 2005). Phytoplankton is an important con-
stituent in shrimp ponds and plays a role in regulating the 
stability of community structure. However, with the addi-
tion of organic matter and nutrients, the phytoplankton 
growth increases and harmful algal blooms (HABs) may 
develop (Alonso-Rodríguez and Páez-Osuna, 2003). HAB 
events have been described in shrimp ponds in different 
regions of the world (Alonso-Rodríguez and Páez-Osuna, 
2003), and in some cases, harmful algae exposure can 
cause morbidity and mortality and delay the growth of 
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shrimps (Alonso-Rodríguez and Páez-Osuna, 2003; Páez- 
Osuna et al., 2003). According to Alonso-Rodríguez and 
Páez-Osuna (2003), heavy dinoflagellate blooms can af-
fect shrimp by poisoning, causing anoxia and producing 
mucus. 

Harmful algae represent a type of environmental stress, 
which is well known to induce oxidative stress, alter cel-
lular redox balance (Pinho et al., 2005; Liang et al., 2014; 
Huang et al., 2015), and generate highly reactive oxygen 
species (ROS) (Oda et al., 1992, 1997; Kim et al., 2007). 
Cells have evolved antioxidant defense systems to aid 
organisms to eliminating ROS. The involved enzymes 
include glutathione S-transferase (GST), superoxide dis-
mutase (SOD), catalase (CAT), and glutathione peroxi-
dase (GPX). If not scavenged quickly, excessive ROS can 
damage important biomolecules, causing cell damage and 
even death (El-Beltagi and Mohamed, 2013). The dam-
ages may associate with protein oxidation, DNA breaking 
and lipid peroxidation (LPO) (Ott et al., 2007). The 
malondialdehyde (MDA) level is an indicator of LPO 
induced by ROS (Winston, 1991), and reflects the degree 
of cell damage. 

Histopathological evaluation has become an important 
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tool in aquatic toxicology to provide information on the 
health status of organisms, and it has been implemented 
in many biomonitoring programs (Cuevas et al., 2015). 
The changing patterns of cells can be used as an index to 
determine the impact of contaminants (Moore, 1985; 
Boudet et al., 2015). In recent years, histological change 
has been applied in shrimp species as a tool to assess the 
effect of pollutants on aquatic organism (Bhavan and 
Geraldine, 2000; Chang et al., 2006; Wu et al., 2008; 
Boudet et al., 2015; Karthikeyan et al., 2015). Odendaal 
and Reinecke (2003) suggested that histological alteration, 
together with other biomarkers, could be used as tools to 
evaluate the toxicity of environmentally relevant chemi-
cals in both predictive and retrospective ways. 

The dinoflagellate Prorocentrum minimum is one of the 
most widespread red tide causing species which may 
damage marine aquaculture by affecting the survival and 
growth of aquatic organisms (Alonso-Rodríguez and Páez- 
Osuna, 2003; Azanza et al., 2005; Tango et al., 2005). 
The toxicity of P. minimum is not clear (Landsberg, 2002; 
Vlamis et al., 2015), but several death events have been 
associated with P. minimum at high concentrations (> 103 
cells mL−1) (Landsberg 2002; Alonso-Rodríguez and Páez- 
Osuna, 2003; Azanza et al., 2005; Heil et al., 2005; Si-
erra-Beltrán et al., 2005). The damage may be explained 
by both indirect biomass effects (e.g., low dissolved oxy-
gen) and toxic effects (Azanza et al., 2005; Heil et al., 
2005; Sierra-Beltrán et al., 2005). P. minimum is often 
found in shrimp ponds (Alonso-Rodríguez and Páez- 
Osuna, 2003; Xu et al., 2010), and P. minimum at high 
concentrations seems to cause shrimp stress, affecting its 
growth and making it more vulnerable to viral diseases 
(Alonso-Rodríguez and Páez-Osuna, 2003). However, 
little information is available regarding the effect of P. 
minimum on shrimp. 

This study was carried out under oxygenated condi- 
tions to determine the toxic effect of P. minimum expo-
sure on shrimp E. carinicauda, based on histological 
change and enzyme activities involved in antioxidant re-
sponse. This study will provide new insights into the 
toxic mechanism of P. minimum on shrimp. 

2 Material and Methods 
2.1 Animals 

Healthy adult shrimp E. carinicauda (mean weight = 

1.62 g ± 0.16 g) were collected from a commercial farm in 
Ganyu, Jiangsu, China. They were acclimated in 200 L 
plastic containers, containing aerated seawater (salinity 
30 and pH 8.2) at 25℃ ± 1.0℃ for one week prior to 
experiment. During acclimation, E. carinicauda were fed 
with commercial prawn pellets three times a day, and 
seawater was renewed every two days． 

2.2 Microalga 
The dinoflagellate P. minimum was isolated from a 

farm in Laoshan, Qingdao, China, where a P. minimum 
bloom occurred. In this bloom, the cell concentration 

reached 5×104
 cells mL−1. The alga was batch-cultured in 

5 L glass flasks in filtered sea water (0.45 µm) supple-
mented with f/2 medium at 25℃ and under irradiance of 
52 µmol photons m−2

 s−1 and a 14L:10D photoperiod. Alga 
was fixed with Lugol’s solution and counted by a plank-
ton counting chamber with a 100 µm orifice before ex-
periment.  

2.3 Experimental Design and Sample Collection  
Cells of P. minimum at late exponential growth phase 

were used. At a concentration of 5×104 cells mL−1, P. 
minimum was used in toxic exposure treatment, and fil-
tered seawater was used as control. The two groups were 
run in triplicate, and each randomly consisted of 70 
healthy individuals of E. carinicauda. E. carinicauda 
were fed with commercial prawn pellets three times a day. 
The water was renewed every two days. 

Eight individuals were taken randomly at 0, 3, 6, 12, 24, 
48, and 72 hours each replicate. Individuals were care-
fully dissected. Their gill and hepatopancreas were col-
lected, frozen in liquid nitrogen, and then stored at −80℃. 
Five individuals were collected each replicate at the end 
of experiment (72 h) for histological evaluation.  

2.4 Biochemical Parameter Assays 
The samples were homogenized (1:10, w/v) in cold 

phosphate buffer saline (pH 7.4) and centrifuged at 3000 

× g and at 4℃ for 10 min. The supernatant was trans- 
ferred and used for biochemical assays. The biochemical 
parameters were determined with commercial test kits 
(Jiancheng, Ltd., Nanjing, China) and measured on an 
Infinite M2000 ProTM plate reader (Tecan, Germany). 

GST was determined according to Habig et al. (1974) 
by monitoring the conjugation of reduced glutathione 
with 1-chloro-2, 4-dinitrobenzene (CDNB) at 340 nm. 
SOD activity was determined according to the xanthine/ 
xanthine oxidase method by Marklund and Marklund 
(1974). CAT activity was measured by monitoring resid-
ual H2O2 absorbance at 405 nm (Goth, 1991). The activity 
of GPX was estimated with dithio-binitrobenzoic acid 
method (Rotruck et al., 1973), using H2O2 and GSH as 
substrates. The protein content was measured with the 
method described by Bradford (1976) using bovine serum 
albumin as a standard. The MDA content was measured 
using the thiobarbituric acid test according to Ohkawa  
et al. (1979). 

2.5 Histological Observation 
Shrimp were carefully dissected with their gill (wrap- 

ped up with wax paper to prevent scatter) and hepatopan-
creas immediately fixed in Davidson’s solution for 24 h, 
and then transferred to 70% ethanol. After dehydrated 
with alcohol at a series of concentration, tissues were 
embedded in paraffin. Sections 5 µm in thickness were 
obtained with a conventional microtome and stained with 
hematoxylin and eosin (H.E.). The histological change 
was observed using a light microscope (Olympus BX60 
microscope).  
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2.6 Statistical Analysis 
The results were expressed as means ± standard devia-

tion (SD) (n = 8). After testing the homogeneity of vari-
ances, statistical difference between treatments was ana-
lyzed by a one-way analysis of variance (ANOVA) fol-
lowed by a multiple comparison of LSD test. The level of 
significance was set at P < 0.05 (*) and P < 0.01 (**). All 
statistical analyses were performed using SPSS statistical 
package (ver. 19.0, SPSS Company, Chicago, USA). 

3 Results 
3.1 Effect of P. minimum on the Mortality 

of E. carinicauda 
The mortality of E. carinicauda did not significantly 

differ between toxic (1.43% ± 1.43%) and control (0.48%  

± 0.82%) treatments (P > 0.05), suggesting that P. mini-
mum exposure did not affect shrimp mortality.  

3.2 Effect of P. minimum on Antioxidant Activity 
Compared with the control, GST activity in gill only 

significantly increased in 6 h (P < 0.01). Then it decreased 
but no significantly from 12 h to 72 h (P > 0.05; Fig.1). In 
hepatopancreas, GST activity increased significantly (P < 

0.01) and peaked at 3 h (1.73 fold of control). Then it de-
creased but remained significantly higher than that of 
control (P < 0.01; Fig.1). 

SOD activity was significantly affected by P. minimum 
exposure (P < 0.01, Fig.2). Compared with that of control, 
SOD activity in gill and hepatopancreas showed a similar 
pattern, significantly increasing first (P < 0.01), peaking at 
3 h (1.89 and 1.9 fold of control, respectively); and then 
decreasing and rising again until the end of experiment, 
always significantly different from that of control (P < 

0.01).  
The activity of CAT in gill and hepatopancreas was 

significantly affected (P < 0.01) by P. minimum exposure 
and showed different responding patterns (Fig.3). Com-
pared with control, CAT activity in gill was depressed 
significantly at 3 h (P < 0.01), remaining significantly 
lower than that of control until 12 h (P < 0.01); then be-
came similar to that of control from 24 to 72 h (P > 0.05). 
In hepatopancreas, CAT activity of exposure group in-
creased and remained higher than that of control in 72 h 
(P < 0.01). 

The activity of GPX in gill and hepatopancreas showed 
significant difference (P < 0.01) between exposure and 
control groups (Fig.4). Compared with control, GPX ac-
tivity in gill was significantly higher from 6 h to 72 h (P < 

0.01) while in hepatopancreas it increased significantly in 
 

 
Fig.1 Effect of P. minimum exposure on GST activity (U (mg prot)−1) in gill and hepatopancreas of E. carinicauda. Data 
are expressed as means ± SD (n=8). *, P < 0.05, and **, P < 0.01. 

 
Fig.2 Effect of P. minimum exposure on SOD activity (U (mg prot)−1) in gill and hepatopancreas of E. carinicauda. Data 
are expressed as means ± SD (n=8). *, P < 0.05, and **, P < 0.01. 
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3 h, maximized at 6 h (1.42 fold of control, P < 0.01), 
reached that of control at 12 h (P > 0.05) and finally de-
creased to the lowest at 24 and 48 h (0.47 fold and 0.51 

fold of control, respectively; P < 0.01). GPX activity in 
hepatopancreas increased again and reached that of con-
trol at 72 h (P > 0.05). 

 

 
Fig.3 Effect of P. minimum exposure on CAT activity (U (mg prot)−1) in gill and hepatopancreas of E. carinicauda. Data 
are expressed as means ± SD (n=8). *, P < 0.05, and **, P < 0.01. 

 

 
Fig.4 Effect of P. minimum exposure on GPX activity (U (mg prot)−1) in gill and hepatopancreas of E. carinicauda. Data 
are expressed as means ± SD (n=8). *, P < 0.05, and **, P < 0.01. 

3.3 Effect of P. minimum on Lipid Peroxidation  
The content of malondialdehyde (MDA) was signifi- 

cantly affected by P. minimum exposure (P < 0.01, Fig.5). 
Compared with the control, MDA content in gill and  

 

hepatopancreas was induced sharply, reaching the peak at 
3 h (2.37 fold and 1.59 fold of the control, respectively; P 

< 0.01). Then, it stated to decline and reached a lower 
level than control at the end of experiment (72 h, P < 

0.01).  

 
Fig.5 Effect of P. minimum exposure on the content of MDA (nmol (mg prot)−1) in gill and hepatopancreas of E. carini-
cauda. Data are expressed as means ± SD (n=8). *, P < 0.05, and **, P < 0.01. 
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3.4 Effect of P. minimum on Histological Change  
After 72 hours of exposure to P. minimum, structural 

change was shown in gill of E. carinicauda (Fig.6). In the 
control, the gill showed healthy connective tissues (CT) 
in the septa of filaments and in the axes (Fig.6a). In addi-
tion, the gill lamellae (L), with uniform interlamellar 
space (ILS), were covered by a monolayer epithelium as a 
thin cuticle that consisted of pillar cells (PC) and hemo-
cytes (HC) (Fig.6b). The gill of exposure group showed 
significant pathological change. The hemocytes (HC) 
increased in number, and accumulated in the hemocoelic 
 

space (Fig.6c). After exposed to P. minimum, some distal 
filaments were completely disordered, resulting in ab-
normal gill tips (AG) (Fig.6c). The gill lamellae showed 
lifting of lamellar epithelium (LLE), swelling (SL), and 
even fusion (FL) of gill lamellae. Histopathologies were 
followed by hemocytic infiltration in the hemocoelic 
space (Fig.6d). In addition, abnormal connective tissues 
(CT) with sloughing epithelium were shown in the axes 
of the gill (Figs.6e). Necrotic cells (NC), with nuclei be-
coming pyknotic or karorrhexis, were seen in gill lamel-
lae and axes (Fig.6d, f). Exposure to P. minimum altered 
the well-organized structure of gill.

 
Fig.6 Effect of P. minimum exposure on the gill of E. carinicauda. (a–b) Typical structure of the gill (control): healthy 
connective tissues (CT), gill lamellae (L) with uniform interlamellar space (ILS), optimum number of hemocytes (HC) in 
hemocoelic space, pillar cells (PC) specialized epithelial cells. (c–f) Histopathologies (exposure group): accumulation or 
infiltration of hemocytes (HC) in hemocoelic space, non-uniform interlamellar space of gill lamellae (L), lifting of lamel-
lar epithelium (LLE), swelling (SL) and even fusion (FL) of gill lamellae, abnormal gill tips (AG) and necrotic cells (NC) 
in gill lamellae, abnormal connective tissues (CT) with sloughing epithelium and necrotic cells (NC) in gill axes. 
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Fig.7 Effect of P. minimum exposure on the hepatopancreas of E. carinicauda. (a) Typical structure of the hepatopancreas 
(control) with star-shaped lumen (L) and healthy connective tissues (CT). (b) Typical structure of hepatopancreas tubules: 
contain undifferentiated embryonic cells (embryonalzellen, E cells), secretory cells (blasenzellen, B cells), fibrous cells 
(fibrillenzellen, F cells), and absorptive and storage cells (restzellen, R cells). (c–d) Histopathologies (exposure group): 
abnormal structure of the hepatopancreas with irregular lumen (L) and unhealthy connective tissues (CT), increased 
number of R-cells and necrotic cells (NC). 

The histological change in hepatopancreas was showed 
in Fig.7. In control, the hepatopancreas of healthy shrimp 
consisted of a well-organized structure with healthy con-
nective tissues (CT) and star-shaped lumen (L) with a 
single layer of epithelial cells (Fig.7a). Cells of healthy 
organisms show a typical differentiation into embryonic 
cells (E cells) at the distal blind end; absorptive and stor-
age cells (R cells), and fibrous cells (F cells) at middle 
and proximal zones; and secretory cells (B cells) at the 
proximal zone (Fig.7b). Exposure to P. minimum had 
induced some histological changes in the hepatopancreas 
of shrimp (Fig.7c). The connective tissues with sloughing 
epithelium scattered in the space of tubular, increase in 
the space of adjacent tubules, conspicuous atrophy and 
necrosis of tubules, irregular lumens lost of the star shape 
seeming like compressed, reduction in the abundance of 
B cells, and increase in the number of R and necrotic cells. 
In addition, some morphological changes were seen in 
tubular epithelial cells: a decrease of the epithelial cell 
height, cell rupture and cells detached from the basal 
lamina (Fig.7d). 

4 Discussion  
The mortality of shrimp E. carinicauda (ridgetail white 

prawn) seems not to be affected by the exposure to toxic 

dinoflagellate P. minimum (5 × 104
 cells mL−1) for 72 hours. 

However, antioxidant response and histological change 
were significantly affected by exposure. 

The glutathione S-transferase (GST) plays a vital role 
in detoxification and protection of tissues from oxidative 
damage in aquatic organisms (Goto et al., 2009). The 
phycotoxin microcystins (MCs) increased the GST activ-
ity, after injection with a sub-lethal dose of an extract of 
toxic Microcystis aeruginosa, in shrimp Litopenaeus 
vannamei (Gonçalves-Soares et al., 2012). In the present 
study, GST activity in gill of shrimp was only induced at 
6 h of exposure to P. minimum. Whereas GST activity in 
hepatopancreas was increased throughout the experiment, 
suggested that GST played an important role in shrimp 
hepatopancreas during the exposure period, and possibly 
after exposure. 

The superoxide dismutase (SOD) plays an important 
role in transforming the superoxide radical (O2−) into 
H2O2 and O2, thereby protecting organisms from oxida- 
tive stress (El-Beltagi and Mohamed, 2013; Winston, 
1991). In the present study, SOD activity was signifi- 
cantly stimulated by P. minimum exposure, and remained 
a higher level until the end of the experiment (72 h). Sig-
nificantly increased SOD activity at 3 h indicated that 
large amounts of O2− were induced by exposure to P. 
minimum, and the antioxidant activity was evoked to pro-
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tect the organism. The temporary decline in SOD activity 
may associate with temporary oxidative damage.  

Both catalase (CAT) and glutathione peroxidase (GPX) 
can convert H2O2 into H2O and O2 (El-Beltagi and 
Mohamed, 2013), protecting tissues and cells from LPO 
and H2O2 (Ran et al., 2007). Thus, CAT and GPX could 
reduce tissue injury by removing H2O2. In our study, the 
CAT activity was depressed in gill but increased in hepa-
topancreas. Meanwhile, the GPX activity showed almost 
an opposite pattern. In hepatopancreas, GPX activity in-
creased to the peak in 6 h suggesting its effective protec-
tion at earlier time. The modulated GPX activity after that 
may be associated with the injury of hepatopancreas cells. 
These results suggested that CAT and GPX function in 
hepatopancreas and gill, respectively. Similarly, after ex-
posure of fish Corydoras paleatus to different concentra-
tions of microcystin-RR, the activity of CAT was en-
hanced in liver at all concentrations, but it was not de-
tected in gill (Cazenave et al., 2006). These preliminary 
results raise intriguing questions about the differential 
antioxidant response in diverse organs (Cazenave et al., 
2006; Jos et al., 2005). Thus, more studies are needed to 
elucidate the differential antioxidant response in gill and 
hepatopancreas.  

The gill and hepatopancreas are the main organs for 
organism protection from oxidative damage. In the pre-
sent study, elevated SOD activity, depressed CAT activity 
and increased GPX activity were observed in gill, while 
increased SOD, GST, CAT activities and modulated GPX 
activity were observed in hepatopancreas. These results 
indicated that different antioxidant responses activated in 
gill and hepatopancreas after exposed to toxic P. mini-
mum. This finding is consistent with those obtained from 
fish C. paleatus exposed to different concentrations of 
microcystin-RR (Cazenave et al., 2006).  

Reactive oxygen species (ROS) play important roles in 
host defense. However, overproduction and residuals can 
lead to cellular damage and lipid peroxidation (LPO) 
(Ryter et al., 2007; El-Beltagi and Mohamed, 2013). As 
an important product of LPO, malondialdehyde (MDA) is 
often used to reflect the degree of cell damage (Jia et al., 
2014; Li et al., 2015; Ren et al., 2015; Wang et al., 2015; 
Wei and Yang, 2015). High levels of MDA were observed 
in gill and hepatopancreas of shrimp E. carinicauda at the 
beginning of experiment (3–12 h). Then MDA declined to 
lower levels than that of control. Oscillations in MDA 
level suggested a temporary oxidative damage in the de-
fense system of shrimp from exposure group.   

Antioxidant capability of an organism under certain 
conditions can reflect its health status (Xu and Pan, 2013). 
Histopathological evaluations were performed to deter- 
mine whether it is applicable to the species E. carini- 
cauda after exposure to toxic algae. In aquatic organisms, 
gill is a crucial organ that plays an important role in the 
transport of respiratory gases and regulates the osmotic 
and ionic balance of organisms (Ghate and Mulherkar, 
1979). The gill of shrimp is in direct contact with the en-
vironment and represents the first line of defense, being 
frequently affected by extreme environments, such as 

heavy metals and various toxic compounds (Ghate and 
Mulherkar, 1979; Mallatt, 1985; Bhavan and Geraldine, 
2000). In the present study, exposure to toxic dinoflag- 
ellate P. minimum induced serious effects on the gill of 
ridgetail white prawn. The histopathologies observed in 
the shrimp gill were similar to the gill change reported in 
prawns exposed to organic or inorganic pollutants (Ghate 
and Mulherkar, 1979; Victor et al., 1990; Bhavan and 
Geraldine, 2000; Li et al., 2007). Mallatt (1985) stated 
that the swelling and lifting of the lamellar epithelium and 
the hyperplasic changes in gill lamellae might simply 
reflect a physiological adaptation to stress. However, the 
adaptation might result in reduced oxygen consumption 
and disruption of the osmoregulatory function of aquatic 
organisms (Ghate and Mulherkar, 1979). 

The hepatopancreas in crustaceans is analogous to the 
liver in vertebrates, and it is a sensitive organ liable to be 
damaged by waterborne pollutants. Thus, the occurrence 
of pathologies in hepatopancreas is often used to monitor 
the effects of different toxic compounds (Vogt, 1987; 
Bhavan and Geraldine, 2000; Wu et al., 2008; Boudet et al., 
2015). In the control of this study, the hepatopancreas 
comprised a mass of blind tubules with little intertubular 
space occupied by hemolymph. The well-organized struc- 
ture in the shrimps from control was similar to those from 
other shrimp species (Bhavan and Geraldine, 2000; Li  
et al., 2007; Wu et al., 2008). Exposure to toxic P. mini-
mum altered the well-organized structure of hepatopan-
creas. Similarly, structural change was observed after the 
exposure of white shrimp Palaemonetes argentinus and L. 
vannamei to heavy metals, comprising infiltration of 
hemocytes, separation of necrotic cells from the basal 
lamina, and formation of necrotic tubules (Wu et al., 2008; 
Boudet et al., 2015). Histopathologies are related to en-
vironmental quality, demonstrating the high sensitivity of 
hepatopancreas to the change in environmental quality 
(Boudet et al., 2015). In the present study, most of the 
histological changes in hepatopancreas of E. carinicauda 
exposed to P. minimum were in the tubules, and most of R 
cells were observed in these tubules. The R cells are the 
most readily and severely affected among different cell 
types in the tubular epithelium of hepatopancreas (Wu  
et al., 2008; Boudet et al., 2015). R cells do not only ab-
sorb and store nutrients, but also they are involved in de-
toxification (Vogt, 1987; Bhavan and Geraldine, 2000; 
Sousa and Petriella, 2000; Sousa et al., 2005). The in-
creased GST activity and R cells indicate that the detoxi-
fication process might be involved in the shrimp hepato-
pancreas defense against harmful algal exposure.   

The gill and hepatopancreas of shrimp E. carinicauda 
are sensitive to toxic dinoflagellate P. minimum, showing 
temporary oxidative damage and histological lesions. The 
antioxidant defense systems were activated in different 
ways in these two organs, higher GPX activity in gill and 
higher GST and CAT activities in hepatopancreas. In 
conclusion, the antioxidant response combined with his-
tological evaluation could be highly sensitive to evaluate 
the negative effect of harmful algae on shrimp, including 
ridgetail white prawn E. carinicauda. The exposure to 
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toxic dinoflagellate P. minimum caused damage in gill 
and hepatopancreas. The typical physiological activity 
and health of E. carinicauda are likely to be seriously 
affected. However, further studies are needed to clarify 
the detailed mechanism of toxic effect of P. minimum on 
shrimp. 
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