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ABSTRACT

Litopenaeus vannamei, is an ideal animal for studying the histological alterations caused
by the exposure of different dietary levels of K* Mg in two types of waters namely raw
IGSW and 100% K* Mg?* fortified IGSW at par with sea water at constant salinity of 10
ppt. Experiment was conducted for a period of 60 days. Three diets were formulated using
commercial shrimp feed with varied K* and Mg?* levels (K* = 5 g/kg, Mg** = 150 mg/kg;
K* = 10 g/kg, Mg®*= 300 mg/kg; K* = 15g/kg, Mg*" = 450 mg/kg) and the same
commercial feed as control diet. Histological alterations were observed such as loss of R-
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cells, B-cells and tubular structural damages of hepatopancreas in shrimps reared in raw
Accepted: IGSW. The potassium through feed helped in the maintenance of cellular structure of gills.
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epithelial cells was observed in shrimps grown in raw IGSW. On the intervention of
potassium in the water, the histological architecture best recovered in treatments.
However, the study indicated that histological structures are shown superior in the fortified
water with fortified feed.

Introduction

Inland ground saline water aquaculture is one
of the new emerging areas of research and has
been developing world over. In India, there

(IGSW) is quite different than natural
seawater, mainly in ionic composition.
Potassium concentration is very low as

are about 8.62 million ha of salt-affected
lands and 1.93 million hectare kilometers area
with ground saline water (Lakra et al., 2014;
Harikrishna et al., 2015), prevalent in North
Western States, mainly in the arid and semi-
arid regions of Rajasthan, Punjab, Haryana,
and Gujarat and to a lesser extent in Delhi,
Uttar Pradesh, Bihar, Madhya Pradesh,
Karnataka, Maharashtra, and Tamil Nadu.
The quality of inland ground saline water

compared to natural sea water at different
salinities. Similarly, high levels of calcium
and variable levels of magnesium in inland
ground saline water (IGSW) are causing
problem to undertake aquaculture ventures
(Lakra et al., 2014).

The IGSW at ICAR-CIFE Rohtak Centre,
Haryana, India has extremely high Na'/K"
ratios (300:1) and potassium supplementation

1739


https://doi.org/10.20546/ijcmas.2017.611.210

Int.J.Curr.Microbiol. App.Sci (2017) 6(11): 1739-1752

in the water decreases the Na'/K" ratio, thus
made it more suitable for shrimp farming
(Antony, 2013., Antony, et al., 2015). High
Na'/K" ratio of the culture medium affects
Na'K*-ATPase activity (Pequeux, 1995; Pan
et al., 2006), thereby, affecting the growth,
survival, and energy partition (Zhu et al.,
2004). The lack of an adequate supply of
potassium in the water has been shown
negative impact on growth and survival of L.
vannamei (McGraw and Scarpa, 2004). It is
apparent that K* levels in the diet affect the
physiology of shrimp. On the other hand lack
of adequate Mg®* or K* affected Na* K*-
ATPase activity in crustaceans (Furriel et al.,
2000; Pequeux, 1995) resulting in osmotic
stress. In order to grow shrimp in the IGSW,
potassium salts are often added in water to
maintain desirable potassium level (Liu,
2001; Li et al., 2002).

The culture of L. vannamei in low salinity
was demonstrated by Davis et al., (2002).
Farmers in the West Alabama have been
successful in raising L. vannamei in IGSW
by raising the K* and Mg?* levels of their
pond waters to correct ionic ratio imbalances
(McNevin et al., 2004). In India, the culture
of L. vennamei was successfully demonstrated
and commercialized in K* and Mg?* fortified
IGSW by Lakra et al., (2014).

In general, two separate strategies have been
utilized by researchers to improve survival
and growth of L. vannamei reared in low
saline water. These strategies include feed
modification, offered to shrimp, usually with
supplements that might theoretically improve
osmo-regulatory capacity (Roy et al., 2010).
Second strategy is the culture of marine
shrimp in  pond system with ionic
supplementation in water (McNevin et al.,
2004). It is reported that the use of fertilizers
for the ionic fortification in inland saline
aquaculture water could be costly. Hence
dietary supplementation of ions such as K*

and Mg®" in the feed could be a cost effective
strategy for inland shrimp culture operation
(Roy and Davis, 2010).

The exposure of aquatic organisms to even
very low levels of chemicals, salinity or
mineral concentration in their environment
may result in  various histological,
biochemical and physiological changes in
vital organs and/ or tissues (Hinton et al.,
1973; Gupta and Singh, 1982). Similarly,
histological alterations have been
characterized in various crustacean species of
Macrobrachium and  Palaemonetespugio
exposed to various chemicals such as copper,
pentachlorophenol, dithiocarbamates,
mercury, cadmium and zinc (Doughtie and
Rao, 1983; Rao and Doughtie, 1984;
Vijayaraman, 1993). In the shrimp culture
histological analysis of the hepatopancreas
has been used as a practical means for
assessing the nutritional status (Gimenez et
al., 2004). Thus far there have been no studies
to evaluate the histological changes of gills,
intestine and hepatopancreas on L. vannamei
related to different dietary potassium (K*) and
magnesium (Mg?") levels reared in IGSW.
Hence, the present study was commenced to
find the histological changes of L. vannamei
juveniles fed with different dietary potassium
(K") and magnesium (Mg®) levels reared in
IGSW.

Materials and Methods

Preparation and proximate composition of
experimental diets

Three gelatin coated experimental diets were
formulated by using commercial shrimp feed
with varied K* and Mg”* levels (K* = 5 g/kg,
Mg®* = 150 mg/kg —F1 feed, K* = 10 g/kg,
Mg®*= 300 mg/kg- F2 feed, K* = 15g/kg,
Mg®* = 450 mg/kg-F3) and commercial
shrimp feed served as basal diet (F4). The
feed fortification was done with commercially
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available fertilizer Muriate of potash (60%
K", and Magnesium chloride (27% Mg?").
Bloom type (BG) gelatin crystals were used at
the rate of 4 g/ 100 g feed as coating agent
(Roy et al, 2006). The proximate
composition of experimental diets (% dry
matter basis) was done by following standard
methods (AOAC, 1995). Protein content of
experimental  diets  ranged between
33.84+0.01 to 35.34+0.01.

Experimental design and acclimatization

The experiments have been carried out for a
period of 60 days at ICAR-CIFE Rohtak
Center, Lahli-Baniyani Farm, Haryana, India.
Completely Randomized Design (CRD) was
followed in the experiment, consisted of three
treatments with three different dietary
potassium and magnesium levels and a
control with three replicates of each
treatment. Inland ground saline water (IGSW)
with commercial shrimp feed was used as
control group (C), K*- Mg?* fortified water
(FW) with commercial shrimp feed was used
as treatment T1, IGSW with three different
fortified feeds (FF) at K* = 5 g/kg, Mg?*= 150
mg/kg feed (F1 feed), K* = 10 g/kg, Mg**=
300 mg/kg feed (F2 feed) and K* = 15g/Kkg,
Mg**= 450 mg/kg feed (F3 feed) were used as
treatment T2, T3 and T4 respectively, and FW
with FF at K* = 5 g/kg, Mg*= 150 mg/kg
feed, K* = 10 g/kg, Mg®*= 300 mg/kg feed
and K* = 15g/kg, Mg®*= 450 mg/kg feed were
used as treatment T5, T6 and T7 respectively.

The experimental shrimp L. vannamei were
procured from Geekay Hatcheries, Nellore,
Andhra Pradesh, India. The shrimp were
acclimatized and nursed in 500L capacity
FRP tanks at constant salinity of 10 ppt for a
period of 6 days with aeration and ad libitum
feeding. After acclimatization, experiment
was performed in 24 uniform size
polyethylene containers of each 100 L
capacity. Out of which 12 tubs were filled

with raw IGSW water and rest of the tubs was
filled with100% K* Mg?* fortified water. Each
tub was stocked with 10 nos. of L. vannamei
juveniles with mean body weight (g)
3.19+0.18-3.76+0.006.

Histological Study

In order to study the histological changes
occurred, as a result of dietary modification in
raw inland ground saline water, and
potassium and magnesium fortified water, the
shrimps from each tank were collected upon
termination of the 60 days experiment.

Samples of hepatopancreas, gills and intestine
were fixed in Davidsons fixative (95%
ethanol, acetic acid, formalin, de-ionized
water) and passed through the process of
dehydration, block making, sectioning,
staining and microscopic observations. Slides
were examined under a Phase contrast
microscope (Model: Zeiss, Scope Al,
Germany) and photographs were taken at
10X.

Results and Discussion
Histoarchitecture of the hepatopancreas

The hepatopancreas of treatment T6 (Fig.1-
T6) L. vannamei exhibited well-organized
glandular tubular structure normally observed
in the shrimp. Shrimp hepatopancreas are
composed of many hepatopancreas tubules.
Four kinds of cells dominate the
hepatopancreas tubules, namely E
(“embryonalzellen” or embryonic) cells, R
(“restzellen™) cells, F (“fibrillenzellen” or
fibrous) cells, and B (“blasenzellen”) cells. In
treatment T2 (Fig.1-T2) the number of
hepatopancreas B cells significantly increased
while in treatment T3 (Fig.1-T3) the B- cells
increased more in number. In treatment T4
(Fig.1=-4), the size of B cells become almost
normal. The cells exhibited normal

1741



Int.J.Curr.Microbiol. App.Sci (2017) 6(11): 1739-1752

architecture with differential cells at each
concentration. The interstitial sinuses between
tubules were normal.

The structure of hepatopancreas was not
normal in control due to the deficiency of
potassium and histological changes were
more noticed in treatment T2 (Fig.1-T2)
groups. In treatment T6 (Fig.1-T6) groups the
cellular architecture improved compared to
control as the number of R- cells was much
higher. Abnormal interstitial sinus and lumen
were observed in treatment T7 (Fig.1-T7).
However, treatment T1 (Fig.1-T1) showed
normal cellular structure.

Histoarchitecture of the gills

The cellular structure of gills of L. vannamei
in treatment T6 (Fig.2-T6) exhibited well
organized structure showing primary gill
filament are branched from central axis. The
secondary gill lamella appeared as finger type
structures attached to primary gill lamella
which embedded to supportive rays. The gills
structure of L. vannamei in T2 (Fig.2-T2)
treatment groups exhibited vaculation and
fusion of gill lamella. In T3 (Fig.2-T3)
treatment the fusion of gill lamella and more
space created in lamella cellular space. In
case of treatment T4 (Fig.2-T4) the pillar cells
at interconnecting space or lacunae were
interspersed between the pillar cells increased
and showing deformities.

In treatment T5 (Fig.2-T5) group cellular
structures were not improved but in case of
treatment T6 (Fig.2-T6) group the cellular
structure of primary gill lamella and branchial
arch gill rays were organized, it means
fortification of potassium and magnesium
support the normal gill structure. The
treatment T7 (Fig.2-T7) group exhibited well
organized cellular structure of the gill of L.
vannamei. It was as good as T1 (Fig.2-T1)
treatment group.

The potassium through feed helped in the
maintenance of cellular structure of gills. All
the cells of gill lamella are showing normal
structure, however the structure of gill is
better in water fortified with fortified feed in
comparison to raw IGSW with fortified feed.

Histoarchitecture of the Intestine of L.
vannamei

Dietary interventions have been shown to
have multiple effects on the gastrointestinal
(GI) tract in shrimp models, including
physiological, morphological and
environmental influences.

In the control (Fig.3-C) group the epithelial
cells and cellular structure of villi are
columnar in shape, showing normal intestinal
crypts, villi and laminar propria. In treatment
T1 (Fig.3-T1) the mean height of epithelial
cells in first abdominal segment of shrimp
was significantly greater than those of control
shrimp.

The increase in epithelial cells height was
observed in the first, second and third
abdominal segments of the gut in the shrimp
reared in raw inland ground saline waters
(Figs.3-T2, T3 and T4). The cross sections of
shrimp mid-gut recovered in treatment T5
(Fig. 3-T5) on the intervention of potassium
in the water, the histological architecture was
best recovered in treatment T6 (Fig.3-T6).
The shrimp mid-gut showed mild recovery in
treatment T7 (Fig.3-T7)

This research is the first attempt to describe
about the histological changes of three
different tissues such as hepatopancreas, gills
and intestine of L. vannamei reared in
fortified water (FW) and raw IGSW fed with
or without fortified feed, however literature
surveyed showed that there were no records
on histological changes of shrimp fed with
potassium and magnesium fortified diet.
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Fig.1 Typical organization of the hepatopancreas of control (C) and all treatments i.e., T1, T2,
T3, T4, T5, T6 and T7 at 10X magnification of juvenile L. vannamei. B= B-cells (Blasenzellen
cells) with their large apical secretory vacuoles, IS= Interstitial sinuses, LU= Lumen; ALU=
Abnormal Lumen; E= Embryonic Cells,R= R-cells (Restzellen cells),

F=F-cells (Fibrillenzellen cells)
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Fig.2 Typical organization of the gills of control (C) and all treatments i.e., T1, T2, T3, T4, T5,
T6 and T7 has done at 10X magnification of juvenile L. vannamei. Afp- Afferent vessel, Efp-
Efferent vessels, Cut- Cuticular walls, Sep- septum, Pil- Epithelial pillar cell processes, Nec-

Cell necrosis, PL- Primary lamellae, SL- Secondary lamella
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Fig.3 Typical organization of the intestine of control (C) and all treatments i.e., T1, T2, T3, T4,
T5, T6 and T7 has done at 10X magnification of juvenile L. vannamei.
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Therefore, some records were found on the L.
vannamei exposed to cadmium and zinc. Wu
et al., (2009) demonstrated that acute
exposure to high concentrations of Cd and Zn.
The exposure of aquatic organisms to even
very low levels of chemicals, salinity or
mineral concentration in their environment
may result in various physiological,
biochemical and histological changes in vital
organs and/ or tissues (Hinton et al., 1973;
Gupta and Singh, 1982). Similarly,
histological alterations have been found in
crustaceans such as Palaemonetespugio and
various species of Macrobrachium exposed to
various chemicals such as  copper,
dithiocarbamates, mercury, cadmium,
pentachlorophenol, and zinc (Vijayaraman,
1993; Doughtie and Rao, 1983; Rao and
Doughtie, 1984).

Hepatopancreas plays several important roles
in metabolic processes of crustaceans (Caceci
et al., 1988). It acts as a digestive organ
possesses (Caceci et al., 1988; Dall and
Moriarty, 1983). It is essentially composed of
branched tubules and of different types of
epithelial cells (E-cells, R-cells, F-cells and
B-cells) lining the tubules. Therefore, it is
likely that exposure to different salinity and
potassium fortification, would be reflected in
alterations in the structure of the tubules and
epithelial cells. Some studies related to heavy
metals such as cadmium and Zinc (Cd and
Zn) showed, alterations within the
hepatopancreas of L. vannamei caused
retardation of growth (Wu and Chen, 2005),
similar effects have been also found in the
present study because of deficiency of K* -
Mg®* minerals either in feed or water.
Hepatopancreas and liver are very sensitive
organs to water pollutants and different types
or composition of feed (Bautista et al., 1994).
Similarly in the present study it was found
that even different concentrations of K* -
Mg** minerals, reflected alterations in
structure of epithelial cells and tubules of
hepatopancreas.

Hepatopancreas is essentially composed of
branched tubules with different cells (E-cells,
R-cells, F-cells and B-cells) lining the
tubules. The B-cells are the main site for the
synthesis of digestive enzymes (Caceci et al.,
1988). The nutrients mobilization in the
tubules of hepatopancreas, supply more
energy for the osmoregulation of shrimp in
low and high salinities, therefore shrimps
comes under environmental stress (Li et al.,
2007). The R-cells is the main site for the
nutrient reserve in the hepatopancreas (Caceci
et al., 1988). Therefore, if number of R-cells
reduced in low salinity, it might be due to the
high energy demand for osmoregulation
which utilizes reserved nutrients from R-cells
(Li et al., 2007). This suggested that salinity
with K" fortification has impact on the
physiology in turn on the histological
alterations in shrimp. The finding of our
study, similar result, and the cellular
architecture improved compare to control as
the number of R- cells was much higher in
treatment T6 groups and, in treatment T2 and
T3 the number of hepatopancreatic B-cells
significantly increased compared to T6
treatment but it might be due to deficiency of
K* - Mg*minerals either in feed or in water
because lack of adequate Mg®* or K* can
affect Na* K*-ATPase activity in crustaceans
(Furriel et al., 2000; Pequeux, 1995) resulting
in osmotic stress. The histological changes in
the mid-gut gland was observed growth
depression of the crustacean (Vogt et al.,
1985; Catacutan et al., 1989 and Storch et al.,
1984) when fed a diet deficient in either folic
acid, riboflavin and ascorbic acid.

In particular, Correia et al., (2002), Yang et
al., (2007) and Manisseri and Menon (1995)
reported about the copper induced histological
damage of hepatopancreas in the amphipod
Gammarus locusta, the crab Eriocheirsinensis
and of the shrimp Metapenaeusdobsoni
respectively, in addition Zn, Cd and Pb causes
several alterations in the structure of
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hepatopancreatic cells in the isopod
Porcellioscaber (Kohler et al., 1996).
Therefore, it is likely that exposure to
different salinity and potassium fortification
was reflected in alterations in the structure of

the tubules and epithelial cells.

Gills of aquatic organisms are vital organs
help in regulation of osmotic and ionic
balance and transportation of respiratory
gases. Toxic substances may damage gill
tissues, thereby disrupting the osmoregulatory
function and reducing the oxygen
consumption of aquatic organisms (Ghate and
Mulherkar, 1979). The morphology of gill
filaments is similar to other species of penaeid
shrimps (Woodward et al., 1988). When gills
exposed to low salinity exhibited several
alterations that include detachment and lifting
of the epithelial linings from the surfaces of
the gill filament (primary lamellae) and
respiratory (secondary lamellae) lamellae.
This leads to extensive haemorrhage from the
gills. Due to prolonged exposure, the
neighbouring secondary lamellae fused
together and the entire gills appeared as solid
mass of undifferentiated cells in 15%o salinity
exposed with inland ground saline water
(Pathak, 2013). Subsequently, the ladder-like
arrangement of the pillar cells-blood
capillaries of the gills also collapsed, causing
asphyxiation and the death of the shrimp (L.
vannamei). Pathak (2013) also reported that
rearing of shrimp even in low levels of
salinity (5%o) and higher K* (75% and 100%)
can result in histological changes in
hepatopancreas and gills, whereas, in case of
medium with higher salinity of 10%o and 15%o
with 75% and 100% K" fortification yielded
better results. Therefore, it is suggested that
the aquatic environment with 10%. and 15%o
with 75% and 100% K is best for the rearing
of the shrimp in inland ground saline water
systems and there is major histological
alterations observed in low levels of salinity
and even at higher K* fortification. The

results of the present study is corroborating
with the results of Pathak (2013). In decapods
histological alterations of gill tissues have
been reported due to higher concentration of
heavy metals such as Cd, Zn, Cu and Pb in
Penaeusduorarum (Couch,1977),
Macrobrachiumrosenbergi(Li et al., 2007),
Procambarusclarkii (Torreblance et al., 1989)
and E. sinensis (Yang et al., 2007). These
metals caused alterations in functional and
structural changes of gills, resulting hypoxia
(Li et al., 2007). In the histological study of
current experiment, changes in gill filaments
were observed after exposure to different
concentration of potassium and magnesium in
feed either in fortified water or in raw IGSW.

Histological study of intestine is important
because they correlate different
morphological structure with physiological
functions such as digestion of food, nutrient
assimilation and adaptation to changes of
salinity (Yamamoto and Hiraro, 1978; Cataldi
et al., 1998) also useful in nutritional stress
condition and assessing disease status
(Williams and Nickol, 1989). The alimentary
canal of a decapod crustacean arises from an
ectodermal stomodeum, an endodermal
mesenteron, and an ectodermal proctodeum
(Vonk 1960; Shiino 1968; Johnson 1980).
Result of Eckmann (1985) shows that the
histological alterations of the intestinal
epithelium in the foregut and mid-gut of
whitefish (Coregonussp) larvae when fed on
excess ration of zooplankton. Intestinal micro
villi provide a vast absorptive surface area,
the increase in micro villi density and/or
length can increase nutrient absorptive ability
(Sang and Fotedar, 2010). Fontagne, et al.,
(1998) observed in common carp, that due to
deficiency of dietary phospholipid, resulting
an increase in height of mucosal epithelium, a
reduced total liver volume, mean hepatocyte
volume and an accumulation of fat droplets in
the enterocytes of the anterior intestine. A
reduction of the enterocyte height has been
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used as an indicator of starvation in larvae
(Segner et al., 1993; McFadzen et al., 1994;
Theilacker and Watanabe, 1989). Regarding
the good growth of carp larvae fed Artemia or
phosphatidylcholine-enriched diets (Geurden
et al., 1998), result showed the decrease of
enterocyte height was not due to underfeeding
conditions, and it might be because of active
lipid absorption with diffuse appearance.
Salma et al., (2011) reported about the
histological changes in intestine of beluga
(Husohuso) by exposure of two different
bacterial strains. Similarly in the current
experiment, alterations were observed in the
height of epithelial cells. Those shrimps
which were reared in fortified water fed with
fortified feed, shown best recovery in the
structure of epithelial cells of the intestine
especially in T6 group, it is due to providing
K* - Mg®* minerals both in feed and ambient
water, therefore reared shrimps are not in
osmotic stress, resulting better growth and
survival.

The results of the present study indicated that
the fortification of commercial feed with
potassium and magnesium is highly beneficial
to maintain the regular structure of
hepatopancreas, gills and intestine of shrimps,
resulting into the normal growth particularly
when reared in raw inland ground saline
water.
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