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ABSTRACT

The study consisted of three experiments to investigate the effects of
melamine (MEL) and cyanuric acid (CYA) in three differences economic aquatic animal
species of Thailand i.e. Asian seabass (Lates calcarifer), Pacific white shrimp
(Litopenaeus vannamei) and hybrid Clarias catfish (Clarias macrocephalus (Glinther) x
C. gariepinus (Burchell)). An identical dosages of MEL and CYA were used in each
experiment as follows: diet 1 (a control diet without MEL and CYA); diets 2-5 (with MEL
and CYA at 2.5+2.5, 5+5, 7.5+7.5, or 10+10 g kg diet); diet 6 (with only MEL at 10 g
kg" diet); and diet 7 (with CYA alone at 10 g kg 'diet).

In experiment 1, seven experimental isonitrogenous (40%) and isolipidic
(12%) diets were formulated. Asian seabass (initial weight of 4.77+0.25 g) were fed
three times a day to satiation at 8:00, 12:00 and 16:00 h for 12 weeks. It was obviously
indicated that those fish received combined MEL-CYA: 7.5+7.5, 10+10 or MEL alone
diets had poor growth and feed conversion ratio (FCR) (P<0.05). Abnormalities were
observed in the liver and kidney of fish with combined MEL and CYA supplementation.
The renal tubules of fish that were fed with diets 2-5 had golden-brown melamine-
cyanurate crystals. Fish given only one type of supplementation (MEL or CYA alone) did
not have such crystals in the kidneys. The highest MEL residue in fillet was detected in
the fish ingested MEL alone (10 g kg™ diet). Levels of heat shock protein (Hsp) 70 were
elevated in the liver of fish that had ingested MEL/CYA, in combination or alone (diets 2-
7) (P<0.05). There were no significant differences between the treatments (P>0.05) in
the level of Hsp70 in the kidneys of the fish. High dosages of MEL-CYA induced the

activities of catalase and glutathione peroxidase in liver and kidneys.



Vi

In experiment 2, seven experimental isonitrogenous (35%) and isolipidic
(8%) diets were formulated. The shrimp with an initial body weight of 2.37+0.02 g were
subjected to these diets for 10 weeks. The results indicated that all the diets with MEL
and CYA singly or in combination had adverse effects on growth and nutrient utilization
relative to the control diet (P<0.05). Total protease and trypsin activities were
significantly lowered by all diets containing a combination of MEL-CYA or MEL alone
(P<0.05). Blood parameters, including total hemocyte count (THC), phenoloxidase (PO)
activity, nitroblue tetrazolium (NBT) reduction, and lysozyme activity, were significantly
decreased (P<0.05) in shrimp receiving MEL alone (10 g kg~ diet) and at high
combination dosages (10+10 g kg'1 diet). Moreover, MEL and CYA induced oxidative
stress, decreased antioxidant responses, increased lipid peroxidation and caused
damaged to hepatopancreas.

In experiment 3, seven experimental isonitrogenous (35%) and isolipidic
(7%) diets were formulated. The hybrid Clarias catfish with an initial body weight
6.00+0.02 g were randomly distributed into seven dietary treatments and each treatment
consisted of 3 replications. Fish were fed twice daily to satiation at 8:00 and 16:00 h for
8 weeks. The results indicated that the supplementation of MEL and CYA had no
significant effect on survival rate (P<0.05). However, body weight and specific growth
rate (SGR) were significantly lower than the control group. There were no significant
differences in FCR among the dietary treatments (P>0.05). The percentages of skin
discoloration of fish were significantly increased (P<0.05) in treatment groups than
control groups. Blood parameters, including white blood cell count (WBC) and NBT
reduction were significantly decreased (P<0.05) in fish exposed to MEL and CYA. When
the combination of MEL and CYA up to 7.5+7.5 and 10+10 g kg' diet, catalase (CAT)
and glutathione peroxidase (GPx) activities in liver and kidney were significantly higher
(P<0.05) than the control groups. The renal tubules of fish that were fed with diets
combination of MEL and CYA had gold-brown melamine-cyanurate crystals.

In conclusion, this study investigated the responses of three differences

of economic aquatic species to MEL and CYA exposures either singly or in combination.
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Results of the present work indicate that MEL and CYA had many toxic effects
evidenced by growth reduction, changed activities of digestive and antioxidant
enzymes, and severe histological damage to target organs i.e. kidney in fish and
hepatopancreas in shrimp. It was expected that the results from this study can provide
basic data for the further studies and it also provided knowledge to farmers for

monitoring the contamination of melamine in aquatic diets in the future.
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CHAPTER 1

1.1 Introduction

In aquaculture industry, feed cost represents more than 50 percent of
operating costs in cultural farming. Among the essential nutrients, protein is the most
expensive component of most aquaculture feeds, which significantly influence growth
performance, product quality and health status of aquatic animal. So, dietary protein is
an important factor for determining quality and value in aquatic feeds. However, in
recent years, feed price has dramatically increased due to inadequate supply and rising
price of raw materials used as protein sources especially, fish meal and soybean meal.
Recently, the replacements of expensive protein sources with alternative protein sources
derived from vegetable and other terrestrial sources without compromising growth
performance or health status of animal are suitable for sustainable development.
However, the major disadvantages of most alternative protein sources are low protein
quality, less digestibility and imbalance of essential nutrients.

Unfortunately, unethical manufacturers are illegally adulterated some
cheaper nitrogen-rich materials in the feeds or feed ingredients for increasing protein
appearance. In the feed industry, protein content in a test sample can be obtained by
determining the nitrogen (N) value of the sample multiplied by 6.25. Melamine is
nitrogenous base-material containing 66% of nitrogen by mass. Therefore, adding of
MEL in foodstuff increases total nitrogen content, which can be converted directly into
protein, as also called “fake protein”. The contamination of farmed aquatic feed with
melamine has already been reported in many countries.

In order to enhance knowledge of the toxicological profile, this research
aims to study the effect of melamine, cyanuric acid and the interaction of these
substances at various levels in diet on growth and health of economically important
aquatic animal species. This study was focused on Asian seabass, hybrid Clarias
catfish and Pacific white shrimp, which representing for finfish, scaleless fish and

crustacean, respectively. It was expected that the results from this study can provide



basic knowledge for the further studies and it also provided data to farmers for

monitoring the contamination of melamine in aquatic feeds in the future.

1.2 Objectives
The objectives of this study were:

1.2.1 To determine the effects of melamine and cyanuric acid on growth
and feed efficiency of Thai aquatic valuable species.

1.2.2 To determine histological alterations, antioxidant enzyme related to
stress in treated fish and shrimp compared to the control.

1.2.3 To determine melamine and cyanuric acid residue in edible parts of

animal which may cause a negatively effects to the consumer.



CHAPTER 2
Review of literatures

2.1 Melamine
2.1.1 Structure and properties of melamine

Melamine (1,3,5-triazine-2,4,6-triamine) is an important raw material in the
plastic industries (NTP, 1983; IARC, 1999; Baynes et al., 2008). Melamine was first
described by German chemist, Justus Liebig in 1834. The name “melamine” is
originated from German word “melamin” where it was created by combining the words
“melam” (a derivative of ammonium thiocyanate) and “amine” (Bann and Miller, 1758).
The appearance of melamine is fine white crystalline powder with chemical formula
C,H,N, and a molecular weight of 126.12 g mol' (Rovina and Siddiquee, 2015).
Melamine is a weak base (pK, = 9) (Gautney et al., 1982). The polarity of this compound
is influenced by the presence of three amine (NH,) functional groups (Figure 2-1.),
which are responsible for its solubility in water (Baynes et al., 2008). The solubility of
melamine in water is 3.24 g L' at 19.9°C, and increasing to 50.5 g L' at 99°C (Gautney
et al., 1982; Zidar et al., 2013). Melamine is widely used for the manufacture of
dishware, laminates, coating materials, flame retardants, pesticides and fertilizer (Zhang

and Horrocks, 2003; Nemil et al., 2005; Rovina and Siddiquee, 2015).

NH,,

N)*N
Mo

HN" N NH

2 2

Figure 2-1. Structure of melamine

Source: Chen et al. (2006)



For industrial scale production, melamine is manufactured using urea as
starting material (Figure 2-2) and the by-products ammeline, ammelide and cyanuric
acid originate during this step under strong acidic and alkaline conditions (Figure 2-3 to

2-5) (IARC, 1999; Hau et al., 2009; Tyan et al., 2009; WHO, 2009).

0 NH,
JL heat, pressure NN
6 H2N NH2 —_— )|\ »;l\ +6NH, + 3 CO,
H,N" 'N° 'NH,
Urea Melamine

Figure 2-2. The reaction for the production of melamine from urea

Source: WHO (2009)

The reaction is typically performed in one or more stages using either a
high-pressure or a low-pressure process. The high-pressure process (Figure 2-3) is
performed in the liquid phase without a catalyst, at pressures of 90-150 bar and
temperatures of 380-450°C. In this step, urea is first decomposed to isocyanic acid and
ammonia (Figure 2-3). The cyanuric acid is then reacted with ammonia to form melamine

(WHO, 2009).



hi§
H,N" "NH, HN=C=0 + NH,
Urea Isocyanic acid

X
HN™ "NH
3 HN=C=0 R
07 'N” O
H
Isocyanic acid Cyanuric acid
X -
HN NH + 3NH3 I JNI\\N + 3H20
0”"N"0 H,N” N7 “NH,
Cyanuric acid Melamine

Figure 2-3. The high-pressure process of melamine production

Source: WHO (2009)

The low-pressure process (Figure 2-4) is carried out in the gas phase in
the presence of a catalyst, such as modified aluminium oxide or aluminosilicate, at
pressures of 1-10 bar and temperatures of 350-450°C. As with the high-pressure
process, urea is first transformed to isocyanic acid. In the second stage of the reaction,
the isocyanic acid is converted on the catalyst to either cyanamide or carbodiimide

(Equation 1-5), which are then converted to melamine (Figure 2-4).

2 HN=C=0  — & (HN=C=HN or HZN—CEN) + CO,

Isocyanic acid Carbodiimide or cyanamide
NH,
_ N ™~N
3 | HN=C=HN or HN—C—=—N E— /]I\ /J\
H,N™ N NH,
Carbodiimide or cyanamide Melamine

Figure 2-4. The low-pressure process of melamine production

Source: WHO (2009)
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NLN 2 N \\N +H,0 " \N +H,0 N \N
| > : | |
N/ Z Z P
, N NH,  HO N NH, HO N 0

H,N NH, HN H
Melamine Ammeline Ammelide Cyanuric acid

Figure 2-5. Formation and structures of melamine and its derivatives

Source: Tyan et al. (2009)

The details of melamine and itsderivatives are as follows: (WHO, 2009).

Cyanuric acid (1,3,5-triazine-2,4,6-triol, C,H,N,O,) is a derivative of
melamine that occurs as a by-product in the melamine synthesis process. Cyanuric acid
has been approved by the US Food and Drug Administration (US-FDA) for using as a
non-protein nitrogen source or feed additive in ruminant (Karbiwnyk et al., 2009; Rovina
and Siddiquee, 2015). In addition, sodium dichloroisocyanurate, a chlorinated derivative
of cyanuric acid is widely used in swimming pools as a stabilizer for prevent
unnecessary loss of chlorine (Patel and Jones, 2007).

Ammelide  (6-amino-2,4-dihydroxy-1,3,56-triazine, =~ C,H,N,0,)  and
ammeline (4,6-diamino-2-hydroxy-1,3,5-triazine, C,H,N,O) are compounds in the
monoamino and diaminooxytriazine groups. Ammeline, a derivative of melamine, is
produced by reacting melamine with concentrated sulfuric acid (H,SO,) under high-
thermal condition (190°C), or by the microbial degradation of melamine. Ammeline is
used in the production of lubricants, however ammelide have no used data (WHO, 2009;
Rovina and Siddiquee, 2015).

Structures and properties of melamine and its derivatives are given in

Table 2-1.



Table 2-1. Structures and properties of melamine and its derivatives

Features and properties Melamine Cyanuric acid Ammelide Ammeline
Chemical formula C,HN, C,H;N,0, C,H,N,O, C,H.N.O
Molecular weight (g mol ™) 126.12 129.07 128.09 127.10
Nitrogen content (% w/w) 66.6 32.6 43.7 55.1

Appearance

Aqueous solubility (g L
PK

PK

b

LogP

Fine white crystalline powder

3.24
5.35
9.0

-0.17

White crystalline solid
2.0
6.88-13.5

0.61

White powder
0.077

0.35

White powder
0.075
9.65

-0.19

Source: WHO (2009); Baynes and Riviere (2010)



2.1.2 The importance of melamine as it relates to agriculture

During 1950-1960, Melamine is used in agriculture as a nitrogen-rich
fertilizer for plants. However, melamine is more expensive than other nitrogen fertilizers
such as urea. Furthermore, the nitrogen mineralization, a biological transformation of
nitrogen to plant-available inorganic forms, of melamine is very slow. For this reason,
melamine is not widely used as a fertilizer for plants (Hauck and Stephenson, 1964).
Later in 1978, melamine is used as a source of non-protein nitrogen for livestock.
However, some case study reported that melamine is slowly decayed and the final
reaction in the animal is less completed than that of other nitrogen sources, such as
urea (Colby and Mesler, 1958). Recently, melamine is not authorized by the US Food
and Drug Administration (FDA) as a non-protein nitrogen source in animal feed (US-

FDA, 2007; WHO, 2009).

2.1.3 Melamine production and marketing

Melamine business is expected to grow up every year. The main
producers of melamine located in China and Europe such as Germany, Netherlands,
Poland, Austria and Russia (Bizzari and Yokose, 2008). China is the largest market of
melamine in terms of production and consumption, accounting for approximately 47%
and 26% of global production and exports, respectively (MEEA, 2011; Xue et al.,
2011a). As compared to countries in Europe and North America, the Chinese market for
melamine production is more stable and less vulnerable to fluctuations, though recent
slowdown of the Chinese economy may affect the local wood-based panel industry with
its adhesive resins and laminates production sectors, which are considered the largest

outlet for melamine application.

2.1.4 Report of melamine contamination in animal feed
According to the reports in 2007, outbreak of renal failure in large
numbers of dogs and cats in the United States and Canada were linked to melamine
contamination in feedstuffs which imported from China, including wheat gluten, rice

protein, and corn gluten. Later, melamine contamination was also reported in wheat



gluten, corn meal, soybean meal, rice bran, rice protein concentrate, squid liver meal,
swine feed, poultry feed and shrimp larval feed (US-FDA, 2007; Squadrone et al., 2010).
In Thailand, Amornthewaphat (2009) reported the survey results of 41 feed mill
companies, which were located in Bangkok, Pathum Thani, Ratchaburi, Samutsakorn,
Samut Prakan, Chonburi, Saraburi, Lop Buri, Phetchaburi, Nakhon Pathom, Lamphun,
Chiang Mai, Ubon Ratchathani and Songkhla. The survey results showed that 47.8
percent of feed mill companies had been detected melamine contaminated in feed

ingredients at concentrations lower than limit of detection.

2.1.5 Methods for melamine examination in samples

Recently, the instruments and methods for melamine examination are developed
for precise results. Major instruments and methods currently used for melamine
determination in sample as follows: enzyme-linked immunosorbent assay (ELISA),
spectrophotometric, GC (gas chromatography), HPLC (high performance liquid
chromatography), LC (liquid chromatography), CE (capillary electrophoresis), UPLC
(ultra performance liquid chromatography) and HILIC (hydrophilic interaction liquid

chromatography).



Table 2-2 Summary of melamine and its derivatives contamination in feed samples.

Level of detection (ppm)

Feed types Sources No. of sampling
Melamine Cyanuric acid Ammelide Ammeline

1 1 Nagative NA NA NA

2 6 Negative - 120 NA NA NA

3 3 Negative — 83.4 6.6 -22.5 Negative — 10.8 Negative — 43.2
Swine feed 4 2 Nagative NS NS NS

5 1 Nagative NS NS NS

6 1 Positive NS NS NS

7 3 Nagative Nagative Nagative Nagative

8 14 Nagative Nagative Nagative Nagative
Poultry feed

9 7 Nagative 2.11-2.63 13.9 Nagative
Fish feed 10 5 53 - 400 Nagative 2.46 Nagative

Positive = detected but unidentified; Nagative = undetected; NA = not analyzed; NS = not specified in the report

Source: US-FDA (2007)

0l



Table 2-3 Instruments and methods for melamine analysis.

Methods Samples LOQ LOD Detection compound References
ELISA Wheat gluten, 10-250 ppm 10 pm Melamine ELISA

Moist feed 2-50 ppm 2 ppm AgraQuant® kit

Dry feed 4-100 ppm 4 ppm Romer Labs

Dairy 2-50 and 10-250 ppm 2 and 10 ppm

Meat 0.01 ppm 0.05 ppm Melamine Wang et al. (2010)
spectrophotometric  Food, ingredients, dairy - - Melamine Rima et al. (2009)

Dairy 0.04-3.5 ppm 0.04-3.5 ppm Melamine Liu et al. (2011)
GC-MS Dairy product 0.001 ppm 0.0003 ppm Melamine and its derivative Li et al. (2009)

Food, feed ingredients 10 ppm 2.38 ppm Melamine Squadrone et al.

(2010)
Egg 20 ppb 10 ppb Melamine Xia et al. (2009)

LOQ, Limit of Quantification: the minimum concentration that can be quantified.

LOD, Limit of Detection: the concentration or minimum weight that can be measured at a certain confidence level.

ELISA: enzyme-linked immunosorbent assay, GC/MS: gas chromatography—mass spectrometry.

Ll



Table 2-3 (cont.) Instruments and methods for melamine analysis.

Methods Samples LOQ LOD Detection compound References
GC-MS-MS Dairy 0.05-0.005 ppm 0.002 ppm Melamine and its Miao et al. (2009)
derivative
Milk powder 0.5 ppb 0.2 ppb Melamine Tzing and Ding (2010)
1 ppb 0.5 ppb Cyanuric acid
UPLC-MS/MS Egg 10 ppb 5 ppb Melamine Xia et al. (2009)
reversed phase HPLC  Dairy product 60 ppb 18 ppb Melamine Sun et al. (2010)
LC-EIS- MS/MS Milk powder 0.5 ppm 0.1 ppm Melamine lbafiez et al. (2009)
LC/MS-MS Soil and plant 0.8-4.4 ppb 0.2-1.3 ppb Melamine Ge et al. (2011)
HILIC-UV Dairy 0.003 ppm 0.005-32 ppm Melamine Zheng et al. (2012)

LOQ, Limit of Quantification: the minimum concentration that can be quantified.

LOD, Limit of Detection: the concentration or minimum weight that can be measured at a certain confidence level.

GC-MS/MS: gas chromatograph-mass spectrometer/mass spectrometer, UPLC-MS/MS: ultra performance liquid chromatography mass spectrometer/mass

spectrometer, reversed phase HPLC: reversed phase high performance liquid chromatography, LC-ESI-MS/MS: liquid chromatography-electrospray

ionization-tandem mass spectrometry, LC/MS-MS:

chromatography-ultraviolet.

liquid chromatograph—-mass spectrometer/mass spectrometer, HILIC-UV: hydrophilic interaction

cl
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2.2 Toxicology, metabolism and mechanism of action of melamine in
combination with or without cyanuric acid
2.2.1 Background

Sugita et al. (1990) cited by Buur et al. (2008) reported that melamine is
a highly polar basic compound, which can be distributed through the various animal
organs via water system. In addition, melamine has octanol: water partition coefficient
(logp,,) is -2.03 (log,,, is the coefficient of dispersion of the substance in the water layer
and the lipid layer). After ingestion, melamine is absorbed through the gastrointestinal
tract into the bloodstream, but this substance is not metabolized in the liver (like other
amino acids), and it is readily excreted as unchanged form by the kidneys (Smith et al.,

1994).

2.2.2 The relationship between melamine and cyanuric acid in animals

Melamine or cyanuric acid singly is generally mild to moderately toxic for
animal. However, the combination of melamine and cyanuric acid is highly toxic and
forms a crystalline residue in the tissue by hydrogen bonding between melamine and
cyanide. Melamine-cyanurate crystals are often found in the kidneys of animal, which
are a major cause of kidney failure (Prior et al., 2013; Reimschuessel et al., 2010). Stine
et al. (2011) reported that piglets received combination of melamine and cyanuric acid
at doses of 0+0, 1+1, 3.3+3.3, 10+10, 33+33 and 100+100 mg kg'1 body weight per
day. The results from this study indicated that melamine-cyanurate crystals were found
in renal medulla and renal cortex in the renal tubule. However, the crystals were not
detected in pig that receiving with melamine alone at a concentration of 200 mg kg'1 of

body weight.

2.2.3 Cases study in aquatic animal
2.2.3.1 Scaleless fish (catfish)

Janlek et al. (2009) reported abnormalities of hybrid Clarias catfish
receiving melamine in diet at the levels of 0.5-3 percent for 8 weeks. The results showed

that, poor growth, abnormalities skin color (Figure 2-6) and histophatological change
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were recorded in fish fed diets containing melamine. The levels of melamine in the diets
had strongly correlated to melamine residues in fish flesh. Melamine residues were

found between 63-450 mg kg’1 of sample in fish flesh after 8 weeks of feeding trial.

Figure 2-6. Abnormalities skin color of hybrid Clarias catfish fed with melamine

contaminated feed. Fish fed control diet had a normal appearance (A: control)
compared to those fed a diet containing melamine (B: 3 percent and (C): T2-T7,
Melamine 0.5-3 percent, respectively)

Source: Janlek et al. (2009)

Xue et al. (2011b) studied the effects of melamine (MEL) on growth
performance and skin color of darkbarbel catfish (Pelteobagrus vachelli). Experimental
diet with 0.2, 0.5 and 1% MEL supplementation were given to juvenile darkbarbel catfish
with an initial weight of 14.30£0.10 g for 8 weeks. The results showed that, specific
growth rate (SGR) was significantly lower than that of the control group. Darkbarbel
catfish fed the diets with 0.5 and 1% MEL showed the abnormal skin color, which

significantly paler than control fish (Figure 2-7).
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0.2% MEL

0% MEL

Figure 2-7. Abnormalities skin color of darkbarbel catfish fed with melamine
contaminated feed.

Source: Xue et al. (2011b)

Pirarat et al. (2012) studied the effects of melamine and cyanuric acid in
walking catfish, Clarias batrachus at concentrations of 5,000 and 20,000 mg kg"1 for
melamine or cyanuric acid alone and at concentrations of 2,500 and 10,000 mg kg'1 for
mixing. The results indicated that fish exposed to melamine and cyanuric acid
developed darkening of the skin as early as 3 days post feeding (Figure 2-8).
Inflammation of the kidney tissue as well as severe renal death and melamine-cyanurate
were found in renale tubules of the kidney of fish that receiving only combined dosage
of melamine and cyanuric acid (Figure 2-9). Alanine transaminase, aspartate

transaminase, creatinine and uric acid, indicator of liver and kidney functions were
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related to the crystal-associated granulomatous inflammation in the liver and kidney of

treated fish.

o
ol el 4

i 3

Figure 2-8. (A) Clinical signs of walking catfish after exposed melamine and cyanuric
acid for 8 weeks. (B) Kidneys from fish fed on control diet (left side), 1% melamine + 1%
cyanuric acid (centre) and 0.25% melamine + 0.25% cyanuric acid (right side).

Source: Pirarat et al. (2012)

Figure 2-9. Histophatological changes in the kidney of walking catfish after exposed
melamine and cyanuric acid for 8 weeks. (A) Kidney from fish fed with 2% melamine
showing degeneration of the renal tubular epithelium. (B) Kidney from fish fed with 1%
melamine + 1% cyanuric acid showing crystals with in degenerate or necrotic renal
tubules.

Source: Pirarat et al. (2012)
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2.2.3.2 Fin fish

Xue et al. (2011a) studied pharmacokinetic parameters for melamine
alone or blend with cyanuric acid in rainbow trout (Oncorhynchus mykiss). The results
from this study indicated that, half-life (t,,) of melamine in rainbow trout was 32.2-32.9 h.
Withdrawal of cyanuric acid was much more rapid than that of MEL with much lower t,,
of 7.92 h

Phromkunthong et al. (2013) studied toxicity of melamine in red tilapia
(Oreochromis niloticus (L.) x O. mossambicus (Peters)) in concentrations of 0.5-3%. The
results indicated that, dietary melamine had an adverse effect on the growth, feeds
efficiently and fish performance. Moreover, clinical signs such as fin erosion, anorexia,
sluggish swimming behaviour, and abnormalities color of skin were found in this study
(Figure 2-10). Melamine residue in the fish flesh had positively correlate to dietary
melamine concentration in the diets. Histopathological alterations were evident in the

kidney, liver and gills of fish exposed to melamine.
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Figure 2-10. Photomicrographs of kidney in red tilapia which were exposed feeds
containing different levels of melamine. (A) Normal appearance of renal tubules in
control fish. (B) Enlargement of renal tubules (asterisk) occurred in the kidney of the fish
fed with 30 g melamine kg™ feed.

Source: Phromkunthong et al. (2013)

Phromkunthong et al. (2015) studied the adverse effects of diaetary
melamine and cyanuric acid in red tilapia. The results indicated that, he renal tubules of
fish ingested MEL-CYA combination had melamine-cyanurate crystals. Dietary
melamine and cyanuric acid induced the activity of catalase in liver and the activity of
glutathione peroxidase in liver and kidneys. The renal tubules of fish ingested MEL-CYA

combination had melamine—cyanurate crystals.
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Diet 1 Diet 2 Diet3 Diet 4 Diet5 Diet 6

Figure 2-11. Changes in the external features of red tilapia which were exposed
melamine and cyanuric acid feeds for 8 weeks. (A) T1, control fish received melamine-
free feed, T2-T7, fish received feeds incorporated with melamine at 5, 10, 15, 20, 25
and 30 g kg'1 feed, respectively. (B) Normal appearance and body colour of fish fed on
control feed. Fish that received melamine-containing feeds had deformities such as
depigmentation (C) and darkening (D) of skin.

Source: Phromkunthong et al. (2015)
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Figure 2-12. Photomicrographs of kidney of red tilapia. (A) Control group showing. (B)
MEL-CYA combination groups (2.5+2.5) had crystals in renal tubule (yellow arrow). (C)
renal tubules and tubular epithelial cells containing bundles of actin filaments (F) (400x%)
were detected in fish fed on combined MEL-CYA groups (2.5+2.5). (D) Large space
between renal tubules and tissue (yellow arrowhead) (400x) was found in fish fed on
combined MEL-CYA groups (7.5+7.5).

Source: Phromkunthong et al. (2015)

2.2.3.3 Crustacean

Limsuwan et al. (2009) reported abnormalities of white shrimp after
received diet with melamine and cyanuric acid derived from feed ingredients. The feed
contained melamine between 100-120 mg kg'1 and Cyanuric acid 80-100 mg kg'1. The
commercial diets for white shrimp that was produced from companies and free from
melamine and cyanuric acid served as control. The results showed that, shrimp fed with
melamine found abnormalities when observed with naked eye. The swelling of

hepatopancreas was bigger than normal and found many crystals in the antennal gland.
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Figure 2-13. Water sac syndrome or big head syndrome were detected in shrimp
exposed to MEL and CYA contamination (A) Whitish spots/patches (arrow) observed
from shrimp after received melamine and cyanuric acid for 60 days. (B) White
spots/patches on hepatopancreas after removing carapace (arrow).

Source: Limsuwan et al. (2009)

Figure 2-14. Higher magnification of the anternal gland showed fragmented dense
melamine/cyanuric acid crystals (arrows) (H&E, bar = 50 um)

Source: Limsuwan et al. (2009)
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CHAPTER 3

A study on growth, histopathology and oxidative stress in Asian seabass on

diets with various loadings of melamine and cyanuric acid adulterants

3.1 Abstract

This study was conducted to investigate the effects of of melamine (MEL)
and cyanuric acid (CYA) at different doses on growth, histopathology and oxidative
stress of Asian seabass (Lates calcarifer Bloch). Diet 1 (without supplementation of MEL
and CYA); diets 2-5 (with MEL and CYA at inclusion levels 2.5+2.5, 5+5, 7.5+7.5 and
10+10 g kg™ diet); diet 6 (with only MEL at 10 g kg™ diet); and diet 7 (with only CYA at
10 g kg'1 diet) were formulated. Results from this study indicated that average body
weight, specific growth rate (SGR) and feed conversion ratio (FCR) in fish fed the diet
with combined MEL-CYA: 7.5+7.5, 10+10 or MEL alone diets were significantly different
to control group (P<0.05). Significant histological alterations of liver and kidney were
observed in fish fed with combined MEL and CYA supplementation. Gold-brown
melamine-cyanurate crystals were detected in the renal tubules of fish fed with
combined MEL and CYA supplementation. Fish that were fed either one of the chemical
did not have such crystals in the kidneys. MEL was highest in the fillets of fish fed MEL
alone (10 g kg’1 diet). The expression of heat shock protein (Hsp) 70 in the liver
presented a significant difference in fish supplemented with MEL/CYA, in combination or
alone (diets 2-7) (P<0.05), whereas there were no significant differences (P>0.05) in the
level of Hsp70 in the kidneys between the treatments and control group. The activities of
catalase and glutathione peroxidase in liver and kidneys were significantly increased

with dietary MEL-CYA supplementation at high doses.

3.2 Introduction
The toxicity of melamine (MEL) has been reported widely in humans and

animals after an outbreak of renal failure in dogs and cats in North America in 2007
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(Brown et al., 2007; Cianciolo et al., 2008; Reimschuessel and Puschner, 2010). Since
MEL was detected in food and animal feeds, World Health Organization (WHO) and U.S.
Food and Drug Administration (US-FDA) began assessing the risk and safety levels to
comprehend the effects that ingestion of contaminated edible tissues can have on
human health (Reimschuessel et al., 2010; US-FDA, 2007; WHO, 2008). Melamine
(1,3,5-triazine-2,4,6-triamine) is a nitrogen rich molecule that is used to produce many
consumer products, and it has a high about 67% content of nitrogen by molecular
weight (Bischoff, 2011). Therefore, the addition of MEL in foodstuff can increase the
apparent protein content, as feed protein concentration is traditionally measured by
analysis of total nitrogen content (US-FDA, 2007). A toxicity study of MEL in hybrid
catfish [Clarias macrocephalus (Gunther) x Clarias gariepinus (Burchell)] showed the
adverse effects of this toxic substance on growth and blood components, and
histological alterations (Janlek et al.,, 2009). In addition, MEL also presented negative
effects on growth and dorsal skin melanin content in darkbarbel catfish, Pelteobagrus
vachelli (Richardson) (Xue et al., 2011). Phromkunthong et al. (2013) found that red
tilapia ingesting MEL at high dosages had poor growth performance and feed
efficiency. Furthermore, histopathological alterations were detected in the kidney, liver
and gills of the melamine treated fish. The accumulation of MEL residues in fish reflected
its dietary levels.

An incident of melamine and cyanuric acid (CYA) contamination has
been found in feed ingredients (Karbiwnyk et al., 2012; Stine et al., 2012). Data on
toxicity of this combination in aquatic animals are particularly scarce. Even though MEL
and CYA at low concentrations are known to be relatively nontoxic when taken
individually, some recent research indicates the potential of toxic interaction for the MEL
and CYA combination (Pirarat et al., 2012; Puschner et al., 2007; Reimschuessel et al.,
2008). Several studies of renal failure reported in pets and farm animals, including
aquatic species and ruminants that received MEL and CYA at high dosages, found
crystals in the kidneys, similar to the pathological signs of renal failure (Brown et al.,

2007; Nilubol et al., 2009; Puschner et al., 2007; Reimschuessel et al., 2008; Sun et al.,
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2010; Thompson et al., 2008). To understand the effects of MEL and its derivative (CYA)
more clearly, Phromkunthong et al. (2015) studied the effects of MEL or CYA and MEL-
CYA combination on tilapia, through histopathological observations and using stress
biomarkers. They also found that the combination of MEL and CYA induces crystal
nephropathy. The purpose of our current study was to assess the toxicity of MEL and
CYA alone and in combination when fed to Asian seabass, to describe its effects on
pathophysiological changes or stress biomarkers, and to evaluate the bioaccumulation
of the toxic chemicals in edible tissues to assess the safety of Asian seabass as food.
Because the protein content of animal feed affects its price, there is incentive to add
MEL or CYA to the feed. However, singly or in combination these could either harm the
animals, or become a food safety problem. The food safety risk is highest with animals
that are farmed and significantly consumed as food. Each such species individually
provides a pathway and poses a risk, with varying characteristics in animal health
effects and in transmission to humans. For food safety, these different pathways should
be individually assessed. Ideally we would like to find a species that will not transmit,
either because it is sensitive to the contamination, or because the profile of
accumulation prevents it. Alternatively, we need to know if some species are a
particularly high food safety risk. This paper is the second in a series that assesses such
pathways in the aquaculture of Thailand. The first one assessed tilapia, while this one
focuses on seabass. The results show significant differences between these two species

in their transmission characteristics.

3.3 Materials and methods
3.3.1 Experimental set-up and fish
Healthy fingerling of Asian seabass, Lates calcarifer Bloch (4.77+0.25 g,
mean+SD) were obtained from the National Institute of Coastal Aquaculture (NICA),
Songkhla, Thailand and maintained in dechlorinated freshwater in a 1,000 L fiberglass
tank at the Kidchakan Supamattaya Aquatic Animal Health Research Center (KS-
AAHRC), Department of Aquatic Science, Faculty of Natural Resources, Prince of

Songkla University, Songkhla, Thailand for 4 weeks. Before initiating the experiment, all
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the fish were fed until satiation with MEL/CYA non-supplemented diet (diet 1, see Table
1) during the acclimatization period. A total of 504 fish with average weight of 8.62+0.01
g (meantSD) were randomly allocated to 28 glass aquaria (184 L) with 18 fish per
aquaria. Each experimental diet was hand-fed 3 times a day at 8:00, 12:00 and 16:00 h
to visual satiation. Feces and uneaten feed of each tank was siphoned daily, which was
replaced by dechlorinated freshwater from a storage concrete pond. During the
experiment, the ranges of water temperature was 27-28°C, pH was 7.5-7.7, and the
dissolved oxygen was higher than 6.0 mg L™, All the previous water quality parameters
are within the acceptable range for seabass rearing as recommended in Thai

agricultural commodity and food standard TACFS 7412-2007 (2007).

3.3.2 Preparation of diets

MEL (99.5% purity) used in this study was supplied by Chang Chun
Petrochemical Co. Ltd., Taiwan. CYA (98 % purity) was obtained from Sigma-Aldrich (St
Louis, MO, USA). The seven experimental diets were: control diet (without
supplementation of MEL or CYA), and in the other diets the MEL-CYA supplementations
(in g kg™ feed) were 2.5+2.5, 5+5, 7.5+7.5, 10+10, 10+0 and 0+10. Fishmeal, soybean
meal and shrimp head meal were used as the protein source (Table 3-1). The 3 mm
diameter pellets were prepared at KS-AAHRC using a Hobart mixer (Model A200T, USA)
and dried for 4 h in a hot air oven at 60°C, and stored at =20 °C until used. All
experimental diets were analyzed in triplicate for proximate composition at KS-AAHRC
using the procedures of AOAC (1995) (Table 3-2). Nitrogen content (N x 6.25) was
determined by Kjeldahl method using Kjeltec protein analyzer (KjeltecTM 8100, FOSS,
Tecator, Sweden). Crude lipid was determined using Soxhlet method (Soxtec System
HT1043, Sweden). Ash was was determined by muffle furnace (Gallenkamp Box
Furnace, UK) at 550 °C for 6 h. Moisture was determined by drying the samples at
105°C until constant weight. MEL and CYA content in the diets were determined by LC-

MS/MS (Central Laboratory (Thailand) Co Ltd., Bangkok, Thailand) using the standard
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methods of US-FDA LIB No.4422 with HILIC chromatography (Smoker & Krynitsky,
2008).

3.3.3 Sampling and growth monitoring

Asian seabass were individually weighed at the start for all treatments.
During the 12-week feeding period, fish were manually fed to apparent satiation three
times daily at 08:00, 12:00 and 16:00 h. Daily feed intake for each group was recorded
fortnightly. At the end of the 12-week period, the fish were starved for 12 h and then
individually weighed after anesthetizing with eugenol (1:20,000) (Index-education Co
Ltd., Thailand). The specific growth rate (SGR) and feed conversion ratio (FCR) were
calculated for each tank according to the following formulae:
Specific growth rate (SGR) (% day’1)
= 100 [Ln(Mean final body weight, g) - Ln(Mean initial body weight, g)] / /duration (84
days)
Feed conversion ratio (FCR)

= dry feed intake (g) / [final biomass (g)-initial biomass (g)+biomass of the dead fish (g)]

3.3.4 Samples for proximate composition, MEL/CYA content of fish

Initial samples of 10 fish were collected and stored at -20°C, until
determining the whole body proximate compositions. At the end of the feeding trial,
twelve fish from each treatment group (3 fish per replicate tank) were randomly
collected for whole body proximate analysis. Twenty fish from each treatment group (5
fish per replicate tank) were sampled to determine MEL and CYA contents in fillet. The
fillets of were rinsed with distilled water, dried in an oven at 60°C for 72 h and
homogenizing the sample with a mortar and pestle. The ground samples were placed in

polyethylene bags and stored in a freezer at =20 °C until analyzed.



Table 3-1. Formulations and proximate compositions of the experimental diets.

Ingredients composition

Diets (MEL-CYA, g kg™ diet)

Diet 1 Diet 2 Diet 3 Diet 4 Diet5 Diet6  Diet7
(g kg™ diet)
(Control) (2.5+2.5)  (5+5) (7.5+7.5) (10+10) (10+0) (0O+10)
Fishmeal 380 380 380 380 380 380 380
Soybean de-hulled 110 110 110 110 110 110 110
Shrimp head meal 100 100 100 100 100 100 100
Wheat flour 190 190 190 190 190 190 190
Rice flour 89.8 89.8 89.8 89.8 89.8 89.8 89.8
Wheat gluten 37 37 37 37 37 37 37
Vitamin & Mineral premix1 1.5 1.5 1.5 1.5 1.5 1.5 1.5
Fish oil : soybean oil (1:1) 60 60 60 60 60 60 60
Mono-calcium phosphate 10 10 10 10 10 10 10
Choline chloride 1 1 1 1 1 1 1
Inositol 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Antioxidant (BHT) 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Microcrystalline Cellulose 20 15 10 5 0 10 10
Melamine (MEL)? 0 2.5 5 7.5 10 10 0
Cyanuric acid (CYA)° 0 2.5 5 7.5 10 0 10

' Vitamin & Mineral premix deliver the following in unit kg’1 diet: Retinal (A) 8,000 IU; Cholecalciferol (D3)

1,500 IU; Tocopherol (E) 100 mg; Menadione sodium bisulfite (K3) 5 mg; Thiamine (B1) 10 mg; Riboflavin

(B2) 15 mg; Pyridoxine (B6) 15 mg; Cobalamin (B12) 0.02 mg; Niacin 80 mg; Calcium pantothenate 40

mg; Ascorbic acid (C) 150 mg; Biotin 0.5 mg; Folic acid 4 mg; Cu 5 mg; Fe 30 mg; Zn 40 mg; Mn 25 mg;

Co 0.05 mg; I 1 mg; Se 0.25 mg.

? Melamine : Chang Chun Petrochemical CO.,LTD, Taipei Taiwan (purity 99.5%).

3Cyanuric acid (98%) : Sigma, ALDRICH CO., LTD.



Table 3-2. Proximate compositionof the experimental diets. (g kg'1 as dry matter basis, analyses of three batches of diet

given as mean+SD)

Diets (MEL+CYA, g kg diet)
Ingredients

A Diet 1 Diet 2 Diet 3 Diet 4 Diet 5 Diet 6 Diet 7
(g kg diet)

(Control) (2.5+2.5) (5+5) (7.5+7.5) (10+10) (10+0) (0+10)

Nitrogen content
407.75£1.03 434.16£2.13 442.01£1.03 449.44+1.03 472.63+4.38 446.62+3.06 435.29+0.33

(Nx6.25)
Crude lipid 120.62+1.09 122.62+6.05 115.07£0.96 109.29+0.13 118.10+1.14 107.82+2.20 116.72+0.16
Crude ash 128.84+2.62 133.14+1.92 138.07+5.59 130.67+3.76 122.19+0.54 131.22+0.64 134.90+2.54
Gross energy

§ 16.37 16.37 16.37 16.37 16.37 16.37 16.37
(MJ kg™ diet)
MEL content’ 0 2.3 4.5 7.3 9.7 10.1 0
CYA content' 0 2.2 4.2 7.1 9.5 0 9.6

' LC-MS/MS using a modified method of US-FDA LIB No. 4422 with HILIC chromatography (Smoker and Krynitsky, 2008)

€e
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3.3.5 Histological study

Twelve fish from each treatment group (3 fish from each replicate tank)
were sampled for the histological examination. At this dissection, liver and kidney
samples were fixed in Bouin's fixative solution. After 24 h, the tissue samples were
dehydrated in graded ethanol series, and embedded in paraffin according to standard
methods. Transverse sections (3 um) were prepared using sliding microtome, mounted
onto slides and later were stained with hematoxylin and eosin (H&E) (Bancroft, 1967).
Stained sections were examined with an Olympus PROVIS AX-70 microscope (Olympus
Corporation, Japan) and images were captured with an Olympus DP71 digital camera

(Olympus Corporation, Japan).

3.3.6 Determination of stress enzyme and Hsp70 in liver and kidneys
3.3.6.1 Sample preparation
Eight fish per treatment were sacrified with a lethal overdose of eugenol.
Livers and kidneys were immediately dissected on an ice-chilled plate and then all the
samples were kept in liquid nitrogen for further analysis. Each organ was individually
weighted and homogenized in chilled acetate buffer, pH 7.5, plus 20% protease
inhibitor (Amresco, USA). The homogenates were centrifuged at 12,879 x g for 10 min
at 4°C and the supernatants were collected and used to determine the enzyme activity
and Hsp70 level. Soluble protein concentration of supernatant in each sample was
determined by the Bradford method (Bradford, 1976) with bovine serum albumin
(Sigma, USA) as the standard.
3.3.6.2 Determination of Hsp70
The supernatant of each sample (as mentioned above) was gently mixed
with SDS loading dye and boiled at 95°C for 5 min. After cooling in an ice bath, the total
protein concentration of each sample was determined following the method of Bradford
(1976). The mixture was loaded on a 12% polyacrylamide gel at a constant total protein
concentration of 60 ug per lane, following the modified method of Kéhler et al. (2009).
Separated proteins were transferred to nitrocellulose membrane (Santa Cruz

Biotechnology, USA) using semi-dry blotting (Thermo Scientific, USA). The membrane
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was then incubated with 50% horse serum in TBS (50 mM Tris pH 7.5, 150 mM NaCl) for
blocking non-specific protein binding for 1 h, and then washed in TBS for 5 min. The
membrane was incubated overnight with diluted primary antibody against Hsp70
(mouse anti-human IgG, Thermo Scientific, USA). After washing in TBS for 5 min, the
membrane was incubated with peroxidase coupled secondary antibody (goat anti-
mouse IgG, Dianova, Germany) for 2 h. After repeated washing for 5 min in TBS, 4-
chloro-1-naphthol was used to visualize the antibody-detected protein bands. Finally,
the intensities of the Hsp70 bands were determined by image analysis using ImageJ
software (NIH, Bethesda, MD).
3.3.6.3 Enzymes assays

For determination of catalase (CAT) and glutathione peroxidase (GPx)
activities were measured using commercial assay kits (Cayman, USA) with absorbance
readings performed in a microplate reader according to the manufacturer’s protocol.

The specific enzyme activity was calculated and expressed as U mg protein'1.

3.3.7 Determination of serum biochemistry

At the end of feeding trial, the blood sample from eight fish per treatment
were randomly sampled by caudal venipuncture, and each blood sample was divided
into two portions. The first blood portion was transfered into sterilized micro-centrifuge
tube containning 1% ethylenediaminetetraacetic acid (EDTA) as an anticoagulant in
order to determine red blood cells, white blood cells, hematocrit (Blaxhall and Daisley,
1973) and hemoglobin concentration (Cyanmet-haemoglobin) (Larsen and Snieszko,
1961). The second blood portion was centrifuged at 2,236 x g, for 10 min, at 4°C, and
the serum was collected and stored at =80 °C for analysis of blood urea nitrogen (BUN)
and serum electrolytes (Na", ClI'and K") using a Beckman CX-3 delta automatic analyzer
(Beckman Coulter, Inc., CA, USA) following the method as described by Chayanunnukul
et al. (2007). Serum lysozyme activity was determined based on turbidimetric
measurement of the lysozyme-sensitive gram-positive bacterium Micrococcus
lysodeikticus (Sigma, USA) folowing the method as described by Demers and Bayne

(1997). Serum protein content was determined by the method of Bradford (1976).
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3.3.8 Statistical analysis
Statistical analyses were performed using SPSS version 11.5 for
Windows. The data was tested for normality by Shapiro-Wilks test and homogeneity of
variance was tested by Levene’s F test. Independent-samples t-test was conducted to
compare significant differences between the treatment group means and the control
group, followed by Duncan’s multiple range test. Differences were considered

statistically significant at P<0.05.

3.4 Results
3.4.1 Growth and feed efficiency

The results of growth performance and feed efficiency are presented in
Table 3-3. At the end of the 12 weeks feeding trial, the average body weight and
specific growth rates (SGR) of fish fed combination of MEL/CYA diets (diets 2-5) or MEL
alone (diet 6) were significantly diferences than that of fish fed the control diet (P<0.05).
Feed conversion ratio (FCR) were significantly diferences in fish fed diets containing
7.5+7.5 and 10+10 g kg'1 diet MEL-CYA (diets 4 and 5, respectively) or MEL alone at
10+0 g kg’1 diet (diet 6) (P<0.05). No significant difference was observed in the survival

rates between the actual treatment groups and the control group (P>0.05; Table 3-3).

3.4.2 Proximate composition and melamine and cyanuric acid content in fillet

Results of the whole-body proximate compositions of fish are presented
in Table 3-4. The dry matter content of fish fed diets supplemented with 7.5+7.5 or
10+10 g kg'1 MEL-CYA (diets 4 and 5, respectively), or MEL or CYA alone (diets 6 and
7), was significantly differences than those of fish fed control diet (diets 1) (P<0.05).
Significant differences were found in the nitrogen content of fish fed diets supplemented
with 10+10 g kg'1 MEL-CYA (diets 5) and MEL alone (diets 6) compared with fish fed
control diet (diet 1). Fish that received diets with MEL-CYA (diets 2-7) had a significantly
lower lipid content than those of fish fed control diet (P<0.05). There was no significant
differences in ash contents of whole body among all treatments (P>0.05). The nitrogen

content in the fish fillet was the highest in fish fed diets supplemented with 10+10 g kg’1
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MEL-CYA (diets 5) (P<0.05). The melamine concentration in fish fillet was the highest in
fish fed MEL alone (diet 6) (Table 3-4). CYA was not detected in the fillet of fish from any

of the actual treatments (Table 3-4).



Table 3-3. Growth, feed efficiency and survival of Asian seabass on diets with various levels of MEL and CYA over 12 weeks (Values are given

as mean£SD; n = 4 replicate tanks per dietary treatment; each replicate had 18 fish)

Diets (MEL-CYA, g kg "'diet)

Parameters Diet 4 Diet 5 Diet 6 Diet 7
(7.5+7.5) (10+10) (10+0) (0+10)
Survival (% cumulative)
98.61+2.78 93.06+6.99 91.67+7.17 95.83+8.33 90.28+13.13 97.22+5.56 93.06+5.32
Week 0-12
(69/72) (65/72) (70/72) (67/72)
Average body weight (g fish”)
Week 0 8.62+0.01 8.62+0.01 8.62+0.02 8.62+0.00
Week 12 76.52+5.62* 76.38+4.35* 73.51+4.13* 75.69+0.89* 36.12+4.10*  84.48+1.84
Specific growth rate, SGR (% day'7)
Week 0-12 2.565+0.07* 2.59+0.02* 1.70+0.14* 2.72+0.03
Feed conversion ratio, FCR
Week 0-12 1.30+0.05* 1.35+£0.02* 1.57+0.12* 1.20+0.06
Estimated MEL and/or CYA dose over the exposure period (mg kg-1 BWday’7)
Week 0-12 212.27 292.91 242.75 316.08

Statistically significant differences (P<0.05) between a particular treatment group and control.

Survival count / initial count is given in parentheses for each treatment.

8¢



Table 3-4. Proximate composition of whole fish, protein content in fillet, and melamine and cyanuric acid residues in fillet of Asian

seabass on diets with various levels of MEL and CYA over 12 weeks (on dry matter basis)

Diets (MEL-CYA, g kg™ diet)

Parameters Diet 1 Diet 2 Diet 3 Diet 4 Diet 5 Diet 6 Diet 7
(Control) (2.5+2.5) (5+5) (7.5+7.5) (10+10) (10+0) (0+10)

Whole fish (g kg’7) (meanZSD; n=3 fish from each of the 4 replicate tanks)
Dry matter 241.0£1.01 231.6+1.02 231.2+157 224.8+0.50* 220.7£1.21* 209.8+2.30* 223.1£0.76*
Nitrogen content 654.9+0.30 666.0+1.59 669.0+1.76 663.1+2.57 672.6+1.01* 666.5+0.38* 661.4+2.14
Lipid 186.0+0.59 145.0£2.14* 142.2+0.65* 137.2+1.26* 133.0+1.35* 130.1+0.87* 129.4+0.63*
Ash 164.1+2.64 174.7£1.17 161.4+1.28 195.0+0.60 186.3+0.13 165.2+0.90 181.9+2.98
Fillet (g kg'7) (mean£SD; n=3 fish from each of the 4 replicate tanks)
Nitrogen content 800.2+1.07 823.4+0.64 840.9+1.24 852.6+2.01 861.8+0.10* 843.1£1.32 821.940.51
Melamine residue (mg kg™') (pooled sample; n = 20 fish from each treatment)
Fillet nd 27.96 15.47 13.54 10.40 114.33 nd
Cyanuric acid residue (mg kg") (pooled sample; n = 20 fish from each treatment)
Fillet nd nd nd nd nd nd nd

Asterisks indicate statistically significant differences (P<0.05) between an actual treatment group and the control group

nd = non detectable

6¢
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3.4.3 Histopathology

The trunk kidney of fish fed on the control diet (dier 1) showed normal
appearance with reddish-brown color (Figure 3-1a), while the trunk kidney of fish fed
combination of MEL/CYA diets (diet 2-5) exhibited to yellow-green (Figure 1b).
Observations under light microscopy of wet mount slides presented the fish that fed
combination of MEL/CYA diets (diets 2-5) had golden-brown crystal spherulites in
kidney tissue (Figure 3-1b, bottom right inset). In addition, golden-brown crystal and
discoloration of trunk kidney were not found in kidneys of fish fed diets containing MEL
alone (diet 6) or CYA alone (diet 7) (Figure 3-1c, 3-1d, respectively).

Histological examination of trunk kidney in fish fed the control diet (diet 1)
exhibited normal renal tubules and and well defined glomeruli in the renal hematopoietic
tissue (Figure 3-2a). Histopathology recorded for the kidneys of fish fed on MEL-CYA
combination diets exhibited severity correlated with exposure concentration. Significant
histopathological alterations, including tubular dilation, Irregular golden-brown or
needle-like shape crystals were found in several areas throughout the affected kidneys
from 48 fishes (100% of fish cases) that received diets containing a MEL-CYA
combination (diets 2-5) (Figure 3-2b). From a subjective evaluation of the
photomicrographs, even though the number of crystals was not counted, the amount of
crystals in a given area of the kidney increased with increasing exposure concentration.
Furthermore, actin-filament-bundle formation in renal tubular epithelial cells and
deformation of renal tubules were detected. In severe cases, golden-brown crystals
were detected within renal tubular degeneration (Figure 3-2c). Enlarged renal tubules
were also detected in the kidneys from fish that received diets containing a MEL-CYA
combination (diets 2-5) (Figure 3-2d). Multifocal melano-macrophages were detected in
fish fed diets containing MEL alone (diet 6) (Figure 3-2e) or CYA alone (diet 7) (Figure 3-
2f). Most kidneys of fish fed on CYA alone had spaces between renal tubules and
tissues, and the tubular architecture and epithelium throughout the proximal and distal
convoluted tubules were affected by CYA. It was noted that no golden-brown crystals

were detected in the kidneys of fish fed with MEL alone (diet 6) or CYA alone (diet 7).
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The liver tissues of Asian seabass fed the control diet had normal cellular
structure with ordinary spherical nuclei. Furthermore, cell boundaries of hepatocytes
from this treatment group were noticeable (Figure 3-3: a). However, the livers of fish
received diets containing a MEL-CYA combination (diets 2-5) presented cell necrosis
characterized by increased cytoplasmic eosinophilia and formation of pyknotic nuclei of
some hepatocytes. With these treatments, regular shaped nuclei located in the central
region of the hepatocytes were detected along with small and pycnotic ones. In
addition, focal necrosis and cellular vacuolization were found side by side with normal
hepatocytes (Figure 3-3: ¢ and Figure 3-3: d). The dramatic change in the liver of fish
fed the diet containing MEL-CYA 10+0 g kg'1 was vacuolization of the hepatocytes
which almost covered the inspected area (Figure 3-3: e). Similar to the histopathological
signs which noted in fish fed diets containing a MEL-CYA combination (diets 2-5),
pyknotic nuclei and increased cytoplasmic eosinophilia of some hepatocytes were

detected in the fish fed diet with CYA alone (diet 7) (Figure 3-3: f).
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Figure 3-1. Adverse effects of dietary MEL and/or CYA appeared in the kidneys of
seabass that ingested the toxic substances. (a) Kidney of a fish fed on the control diet
had normal red color. (b) The kidney color changed to yellow-green with exposure to
combined MEL and CYA (10+10 g kg ' diet). The bottom right inset in Figure 1(b) shows
gold-brown crystal spherulites after combined MEL-CYA treatment, observed with light
microscopy. ((c), (d)) Kidneys of fish fed on diets 6 and 7 that contained MEL alone (c)

or CYA alone (d) show normal characteristics without discoloration.



43

Figure 3-2. Photomicrographs showing pathologies of kidneys in Asian seabass on diets
containing various levels of MEL and/or CYA. (a) Normal appearance of renal tubules
(RT), glomerulus (G) and Bowman'’s space (BS) in the control group (400x; Scale bar =
50 um). (b) Trunk kidney from fish fed on a MEL-CYA combination (10+10 g kg'1 diet)
showing irregular golden-brown crystals (CT) in the renal tubules and presenting tubular
dilation (asterisk) (200%; Scale bar = 100 um). (c) Tubular epithelial cells containing
bundles of actin filaments (F) were detected in fish fed on combination of MEL-CYA. In
this severe case the kidney shows crystals, degenerated renal tubules (DR) and
shrinkage of glomerulus (G) with expansion of the cavity (arrowhead) (400x; Scale bar =
50 um). (d) An enlargement of the renal tubules and the tubular dilation (asterisk)
including degenerated tubular epithelium (DE) and pyknotic nuclei (PN) in the kidney of
fish receiving MEL alone (400%; Scale bar = 50 um). (e) and (f) Melanomacrophage (M)
were found in fish fed on a high dose of MEL alone (diet 6) (e) (200x; Scale bar = 100
um) and with CYA alone (diet 7) (f) (200x; Scale bar = 100 um).
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ngure 3-3. PhotoAiérographs showing pathologi of liverin Asin sabas fed én diets
containing various levels of MEL and/or CYA (a) Histology of a normal liver from fish fed
on the control diet, nucleus (N) and sinusoid space (S). (400%; Scale bar = 50 ym). (b)
Photomicrograph of a liver section of fish fed on MEL-CYA: 2.5+2.5 g kg'1 diet shows
cell necrosis (CN) including pyknotic nuclei and loss of cellular boundaries (400x; Scale
bar = 50 um). Similar symptoms were found with the treatments MEL-CYA: 7.5+7.5 and
10+10 g kg'1 diet ((c) and (d), respectively, 400%; Scale bar = 50 um). (e) Vacuolization
was a distinctive feature observed in fish fed on MEL-CYA: 10+0 g kg'1 diet (arrow head)
(400x; Scale bar = 50 um). (f) Pyknotic nuclei were detected in the hepatocytes of fish
fed on diet 7 with MEL-CYA 0+10 g kg~ diet (400x; Scale bar = 50 pm).
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3.4.4 Stress-70 proteins (Hsp70) and antioxidant enzyme activities

The expression of stress-70 protein (Hsp70) is given in Figure 3-4. The
expression of Hsp70 increased significantly in the liver of fish fed on MEL-CYA diets
(diets 2-7) (P<0.05), whereas expression of Hsp70 in the kidney were not significantly
influenced by the dietary treatments (P>0.05) (Figure 3-4).

The results of the antioxidant enzyme activities in liver and kidneys are
given in Figure 3-5 and 3-6. Catalase (CAT) activity in the liver was increased in fish fed
diets containing a MEL-CYA combination (diets 2-5) (P<0.05), whereas the CAT activity
in the kidney was significantly influenced only by diets 4 and 5 (P<0.05) (Figure 3-5).
Glutathione peroxidase (GPx) activity in the liver was higher in fish fed diets containing
10+10 g kg’1 diet MEL-CYA (diets 5) and MEL alone (diet 6) (P<0.05) (Figure 3-6). GPx
activity in kidneys of fish fed diets containing 5+5, 7.5+7.5 and 10+10 g kg'1 diet MEL-
CYA (diets 3, 4 and 5, respectively) was elevated (P<0.05) (Figure 3-6).
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Figure 3-4. Expression of Hsp70 in the liver and kidneys of seabass

after the various dietary treatments.
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3.4.5 Blood chemistry components

The effects of dietary MEL-CYA on blood parameters are given in Table
3-5. Red blood cell and white blood cell counts, hemoglobin and hematocrit were
significantly lowered in fish fed diets incorporating MEL-CYA from 5+5 to 10+0 g kg’1
diet (P<0.05). Na“ and Cl ions in serum were elevated in fish fed diets incorporating
MEL-CYA from 7.5+7.5 g kg’1 diet onwards (P<0.05) (Table 3-5). Serum protein was
increased with MEL-CYA 10+10 g kg'1 and MEL alone diet (P<0.05) (Table 3-5). The
lysozyme activity of fish fed diets supplemented with MEL-CYA at different
concentrations (diets 2-7) was significantly differences than those of fish fed control diet

(P<0.05) (Table 3-5).



Table 3-5. Blood parameters of Asian seabass on diets with various levels of MEL and CYA over 12 weeks.

Diets (MEL-CYA, g kg 'diet)

Parameters Diet 1 Diet 2 Diet 3 Diet 4 Diet 5 Diet 6 Diet 7
(Control) (2.5+2.5) (5+5) (7.5+7.5) (10+10) (10: 0) (0+10)

Complete blood count (meanz£SD; n=2 fish from each of the 4 replicate tanks)
Red blood cells (x10° cell mL™) 4.04+0.11 3.98+0.30 3.59+0.31* 3.58+0.43* 3.50£0.30* 3.10£0.37* 3.98+0.72
White blood cells (x10” cell mL") 5.35+£1.40 4.63+1.22 3.87+0.64* 3.83+0.39* 2.59+0.86* 2.1240.92* 2.2140.28*
Hemoglobin (g dL’) 11.6820.69 11.25£1.55 10.17+1.12% 10.68+0.68* 10.60+0.83* 8.90+0.42* 11.45£0.75
Hematocrit (%) 58.62+9.93 53.58+7.36 48.72+5.05* 48.24+3.13* 50.25+6.98* 41.62+2.26* 52.83+5.62
Blood Chemistry Components (meanz£SD; n=2 fish from each of the 4 replicate tanks)
Blood Urea Nitrogen, BUN (mg%) 6.40+£1.56 6.20+£0.57 7.40+0.30 7.83+£1.10 6.75+£0.49 7.35%£1.34 6.40+0.28
Serum sodium, Na” (mmol L’W) 176.45£2.19 175.60+0.28 175.10£3.11 172.45+0.49% 170.7520.78* 171.35+2.76* 170.00+4.53*
Serum potassium, K* (mmol L™ 1.72+0.84 2.26x0.52 1.44+0.01 1.27+£0.21 1.6620.27 2.23+£0.69 4.80+£0.47*
Serum chloride, CI" (mmol L’1) 150.05£0.78 152.27+1.88 152.30+£0.98 147.20+1.51% 144.83+2.95% 147.05+2.19* 153.50+5.66
Serum protein (mg mL’W) 74.60+8.67 80.93+7.29 76.84+£12.36 79.38+6.88 88.32+11.72* 87.69+9.44* 79.44+£11.21
Lysozyme activity (U min™) 22.13+£3.94 25.41+£3.06* 25.58+3.07* 32.38+5.03* 26.53+4.42* 31.87+4.44* 32.45+4.71*

Asterisks indicate statistically significant differences (P<0.05) between a particular treatment group and the control group

14
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3.5 Discussion

Recently, farmed fish for human consumption are fed compound diets
specially formulated for their nutritional needs. Unadulterated and properly formulated diets
prepared using pure natural ingredients are expected to deliver the essential nutrients to the
animals, which gets simplified into high quality products. However, adulterants in the
feedstuffs remain a critical problem, and there are recent reports on MEL and CYA
adulterants in aquatic feeds (Andersen et al., 2008; Karbiwnyk et al., 2009; Stine et al.,
2012). The Rapid Alert System for Food and Feed (RASFF) recently published on
adulteration of animal feeds (organic soy expeller) originating from China. These feeds were
delivered to France, Germany and the United Kingdom, and had MEL concentrations in the
range 1.6-410 mg kg" (European Commission 2008; INFOSAN 2008). MEL was not the only
adulterant in these cases, another derivative compound, CYA, was also detected
(Phromkunthong et al., 2015). Therefore, WHO (2008) approved a tolerated daily intake
(TDI) of 0.2 mg kg~ of body weight for MEL and 1.5 mg kg~ of body weight for CYA for
humans. Furthermore, Codex Alimentarius Commission (2010) recommended that the MEL
concentration in animal feed should not exceed 2.5 mg kg'1 diet. Nowadays, MEL or CYA
may be appear in animal feeds at concentrations above that recommendation, and report
on the adulteration by MEL or CYA are restricted. Studies on the toxicity of MEL in
combination with CYA and their metabolism, absorption and distribution in animals are still
limited. There are few reports describing the dose response relationship of MEL in
combination with CYA administration in the diets of aquatic animals. The data reported here
can also help risk monitors dealing with probable feed-linked contamination in aquatic food.

In our previous study, Phromkunthong et al. (2015) reported that the SGR
of red tilapia was significantly lower in fish that received MEL alone in the diet relative to
control, whereas no significant effects were found with combined MEL-CYA in the diet.
Likewise, in the present study, the SGR of Asian seabass receiving MEL alone was
significantly lower than those of fish fed with control diet, demonstrating that these fish are
more sensitive to MEL than mammals. For Asian seabass even a 2.5 g kg1 diet

supplementation of MEL and CYA each in the diet, here equivalent to the average daily
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intake of 77 mg kg’1 of body weight per day, reduced the growth performance of seabass. In
comparison, tilapia was less sensitive to MEL and CYA, as its growth was not significantly
affected by these contaminants in combinations of 2.5+25 - 7.5+7.5 g kg’1 diet each
(Phromkunthong et al., 2015). Further, the results from this study clearly indicate that the
supplementation of high doses of MEL-CYA from 7.5+7.5 to 10+10 g kg'1 diet (equivalent
average daily intakes of 212 to 293 mg kg’1 of body weight per day, respectively) negatively
affected FCR. This is similar to the results obtained from our previous studies where MEL
alone and combination of MEL-CYA were toxic to red tilapia (Phromkunthong et al., 2013;
2015). However, it is demonstrated that growth performance and FCR of red tilapia received
combined MEL-CYA were not significantly different from the control in our previous study
(Phromkunthong et al., 2015). Only the tilapia receiving MEL alone suffered in growth
performance and FCR. This suggests, since combined MEL-CYA negatively affected the
growth performance of Asian seabass, that this Asian seabass is more sensitive to MEL-
CYA than the red tilapia. Our results confirm those in the studies of Liu et al. (2009) and Xue
et al. (2011) evaluating the toxicity of MEL to Japanese seabass (Lateolabrax japonicu) and
to darkbarbel catfish (Pelteobagrus vachelli), respectively. However, no irregular findings,
such as skin discoloration or other anomalies, were recorded in the current study on MEL or
its derivative as feed adulterants.

In the present study, the nitrogen contents of the whole body and the fillet
of fish significantly increase with MEL-CYA 10+10 g kg’1diet, and with MEL alone (equivalent
average daily intakes 293 and 243 mg kg'1 of body weight per day). The highest amount of
MEL residue was detected in fillet of fish fed with MEL alone at 10 g kg'1diet. Similar results
were noted in rainbow trout that had lower MEL residue in muscle when receiving
combination of high-dose MEL and CYA than with only MEL in the diet (Pacini et al., 2013). It
is noted that CYA residues were not found in the fillet of fish regardless of treatment. This
differs from our previous study for tilapia (Phromkunthong et al., 2015) where high amount of
CYA residue in the fillet was detected with CYA 10 g kg'1diet (equivalent average daily
intake 316 mg kg'1 of body weight per day). This demonstrates that Asian seabass excretes

CYA more efficiently than tilapia. The growth performance and FCR effects of this treatment
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confirm this hypothesis. It is generally noticed that the crystal nephropathy associated with
the co-administration of MEL and CYA causes renal dysfunction at dosages much lower
than the lethal doses of MEL or CYA alone. The WHO (2008) recommended a TDI of 0.2 mg
kg’wof body weight for MEL and 1.5 mg kg’1 of body weight for CYA for humans. Examining
the abovementioned TDlIs, the MEL residue levels in the fillet of fish were possibly toxic to
humans. Furthermore, the decreased lipid content in the whole-body of fish fed with diets
containing MEL-CYA confirms this, according to the results of our previous studies
(Phromkunthong et al., 2013; 2015). Similarly, Deng et al. (2010) reported that decreased
lipid content in the liver of tilapia could be generated by high oxidative stress triggered by
aflatoxin B1 exposure. This could be possible to the utilization of lipids as the major energy
source during the detoxification pathways (Marie ef al., 2012; Zheng et al., 2011).

The blood biochemical parameters are significant for health status,
toxicology, and bio-monitoring of fish (Li et al., 2010; McDonald and Milligan, 1992). In this
study, blood parameters including blood cell counts, hemoglobin and hematocrit
significantly decreased in fish fed with MEL-CYA from 5+5 g kg’1 diet (equivalent average
daily intake 138 mg kg’1 of body weight per day) onwards. Especially the white blood cell
counts decreased with the CYA at 10 g kg'1diet, suggesting it as a useful indicators of these
contaminants in diet for Asian seabass. The decrease in red blood cell counts of fish fed
MEL-CYA combination diets is resulted by the damage to erythrocyte membranes (Rai et
al., 2014). Moreover, the erythrocyte hemolytic is induced by MEL-CYA particles is a
complex process, as demonstrated by the sigmoidal shape of hemoglobin release. A
sufficient amount of substances require to accumulate on the erythrocyte membrane before
hemoglobin release occurs (Wang et al., 2010). Haney et al. (1992) suggested that when
red blood cells are hemolyzed by the leukocytosis activity in erythrocytic anemia, with
subsequent erythroblastosis, the red blood cell, the hemoglobin and the hematocrit
decrease. Furthermore, our present study demonstrates that a combination of MEL and
CYA, administered in the Asian seabass diet at levels of 7.5+7.5, 10+10 and MEL alone at
10 g kg'1diet, decreased Na" and CI ion in the serum, while K" increased with CYA alone at

10 g kg'1diet. The electrolyte balance was disrupted with associate to Na', CI or K’
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changes. Oner et al. (2008) reported reduced Na' levels in serum of freshwater fish, O.
niloticus after exposed to Ag. The electrolyte imbalance are possibly linked to dysfunction of
the renal tubules, whereby electrolytes are excreted in excess in the urine (Barham et al.,
1980). Increased serum K" may be explained as an indication of the response in intracellular
acid-base balance to pathological response to stress (Wedemeyer et al., 1990). Further,
Puschner et al. (2007) reported an increase in serum ion gap of cats that received a
combination of MEL and CYA, whereas they did not find abnormal changes in Na*, Cl or K"
in the serum. Elevated serum protein was recorded in fish fed with MEL-CYA 10+10 g kg
'diet and with MEL alone. This is similar to the results of Saravanan et al. (2010) who
reported that fish exposed to gamma-hexachlorocyclohexane, also known as lindane had
increased plasma protein levels relative to control group. In addition, Teixeira et al. (2010)
reported a significant differenc in the plasma protein of tilapias exposured to high-thermal
stress. Lysozyme (N-acetylmuramide glycanhydrolase) is a nonspecific immune modulator
against pathogen infections and toxic substances, and its activity increases in fish blood
after exposure to harmful substances (Alexander and Ingram, 1992). Serum lysozyme
activity in this study increased with all actual treatments as might be estimated.

The survival of fish in all the treatments in this study was 90-98% and did not
significantly differ between treatments despite treatment specific renal damage. Serum
biochemistry demonstrated that the BUN levels did not significantly differ between the
treatments, and this finding agrees with previous results on walking catfish (Clarius
batrachus) (Pirarat et al., 2012).

The 70 kilodalton heat shock proteins (Hsp70) family, are constitutively
expressed in cells under normal or unstressed conditions and function as molecular
chaperones and protein folding, to maintain other proteins from forming inappropriate
aggregates (Kammenga et al., 2000; Sgrensen et al., 2003). Aside from this function, the
Hsps are also associated in the general protection of stressed cells (Basu et al., 2002;
lwama et al., 1999). In general, the Hsps are constitutively display even in non-stressed cells
as they have important functions in normal cell regulation process (Koéehler et al., 2009).

Many studies have reported that on exposure of cells and organisms to stressors the cells
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produce Hsp70 so that its increased level would protect them against cellular damage
caused by oxidative stress (Gupta et al., 2010; Koehler et al., 2007; Padmini and Rani,
2008; Taleb et al., 2008). Hsps has been intensively studied in model organisms including
fish by inducing them to stress under laboratory conditions. However, few Hsps studies
include nutrition and feeding experiments where the fish is exposed to toxic substances.
The results in our study demonstrate that the liver produced Hsp70 in response to MEL/CYA
administration, whereas it was not detected in the kidney. These results agree with the
findings of Phromkunthong et al. (2015), where Asian seabass seems to have organ-specific
responses to toxic substances in its diet.

Case reports on adulterant-induced stress with oral administration of
contaminants, such as MEL/CYA in aquatic feeds, are scarce. Therefore, in this study we
used an antioxidant enzyme as a relevant biomarker for detecting cellular responses against
toxic substances. Asian seabass on combined MEL-CYA diets had higher catalase activity
in the liver, and treatment effects were also found in the kidneys of fish fed with combined
MEL-CYA 7.5+7.5 and 10+10 g kg’1 diet. Furthermore, increased GPx activity was recorded
in the liver of fish fed with combined MEL-CYA 10+10 g’1kg diet, and this activity was
increased also in the kidneys of fish fed with MEL-CYA 5+5, 7.5+7.5 and 10+10 g kg'1diet,
suggesting that these contaminants elevated oxidative stress of the fish. Generally,
evaluation of the antioxidant enzyme activity indicates that a excessive amount of free
radicals have to be eliminated (Pacini et al., 2013; 2014; Ross et al., 2001). Therefore, the
increased CAT and GPx activities indicate attempts to combat free radicals and to prevent
oxidative damage (Winston and Di Giulio, 1991). Triazines may generate hydrogen peroxide
(H,0,) that can cause oxidative stress in exposed tissues. Altered activities of CAT may
counter the free radicals induced by MEL-CYA diets. However, the enzyme analyses were
operated with the kidneys of fish already used for crystal examination, so that the alterations
in CAT activity may be a response to the tissue damage by the crystals (Pacini et al., 2014).
The results of this study are similar to the study by Phromkunthong et al. (2015). In addition,
this study similar to the report by Rai et al. (2014), where they present that MEL induces cell

responses to oxidative stress in fishes. However, with MEL alone in the diet, GPx activity in
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the liver was significantly decreased. We speculate that GPx activity might be inhibited by
high toxic levels of these contaminants, levels above the tolerance range, which could partly
clarify the higher MEL residue and the poorer survival rate in the treatment with MEL alone
(Phromkunthong et al., 2015).

In this study, melamine-cyanurate crystals were detected in the kidneys of
fish that fed diets supplemented with a combination of MEL-CYA, and the melamine-
cyanurate crystals were distributed widely in almost all the renal tubules. The the melamine-
cyanurate crystals have also been detected in the other internal organs in walking catfish,
including heart, liver, spleen and the corpuscle of Stannius, and they may be related with a
granulomatous inflammatory response (Pirarat et al., 2012). Phromkunthong et al. (2015)
also reported crystals in the kidneys of red tilapia exposed with a combination of MEL and
CYA, similar to the results in cats that induced renal failure (Puschner et al., 2007). These
spherulites cause intratubular obstruction and subsequent acute renal dysfunction (Conger
et al., 1976; Dobson et al., 2008; Reimschuessel et al., 2008). In addition, a combination of
factors, such as inflammation, tubular obstruction by proteinaceous material secondary to
casts, apoptosis, and obstruction by the crystals themselves, is necessary for the
development of acute renal failure (Puschner et al., 2007). In both mammals and fish, renal
failure can generally occur within the first few days of exposure to MEL and CYA (Dobson et
al., 2008; Kim et al., 2010; Puschner et al., 2007; Reimschuessel et al., 2008). The incidence
of lesions increased with dose, but no crystals were detected in the kidneys of Asian
seabass that received MEL or CYA alone (diets 6 and 7). The results in our study are similar
to the studies conducted in rainbow trout (Pacini et al., 2014), walking catfish (Pirarat et al.,
2012) and red ftilapia (Phromkunthong ef al., 2015), acknowledging some differences
between the species. On the other hand, Reimschuessel et al. (2010) reported that 3.33%
(1/30) of fish received with MEL alone had renal crystals that were similarly recorded in the
MEL-CYA exposed animals. They also found crystals in the kidney of pig receiving MEL
alone. There are few reports of crystal formation in the kidneys of animals when MEL or CYA
were given orally administered alone. It is demonstrated that the induction of renal failure

induced by insoluble complex of melamine-cyanurate crystals did not affect the survival of
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Asian seabass in this study. The fish might have eliminated some of the nitrogenous waste
products through the gills without burdening the kidney, as noted by Pirarat et al. (2012).
Thus, the potentiality of fish to tolerate renal damage may be better than of most mammals
(Reimschuessel et al., 2008). The results of the present study are similar to the finding of
Phromkunthong et al. (2015).

Dietary MEL and CYA induced hepatotoxicity in Asian seabass in this
present study. Pirarat et al. (2012) found that the administration of high combined doses of
MEL and CYA elevated serum alanine transaminase and aspartate transaminase in walking
catfish, indicating liver dysfunction. Similarly, Liu et al. (2009) reported that feeding 10 g kg
diet of MEL increased serum alkaline phosphatase in Japanese seabass, whereas alanine
transaminase and aspartate aminotransferase activities in serum were not affected. The
results in our present study corroborate the findings from Phromkunthong et al. (2013)
where lesions in liver occured in red tilapia receiving MEL in the diet. In addition, Neerman
et al. (2004) also found hepatocyte necrosis and increased alanine transaminase activity in
mice after injection with melamine dendrimer at 40 mg kg1 of body weight. It is noted that
liver alterations of fish in our present study were found in the fish with all the actual
treatments, whether receiving MEL-CYA either individually or in combination. Studies on the
effects of MEL and CYA on liver of teleost fish are rare. The alteration in the liver of fish by
the diet containing MEL alone at 10 g kg'1 diet was vacuolation of hepatocytes. Similar
changes were found in red tilapia with an orally administered of MEL (5 g kg’1 diet)

(Phromkunthong et al., 2013), and the toxicity of MEL may be species specific in fishes.

3.6 Conclusions

The results of this study indicated that the dietary combination of MEL
and CYA, or MEL alone at a comparatively high dose level, had adversely effects in
Asian seabass. Furthermore, MEL residue was detected in fillet of fish in these all
treatments too. CYA alone in the diet affected feed efficiency as well as liver and kidney
histopathology of the fish. The combination of MEL and CYA induced melamine-

cyanurate crystals in the renal tubule. HSP70 and antioxidant enzyme activities elevated
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in fish receiving a diet with combined dose of MEL and CYA. The results from this study

can be used for a risk assessment of MEL and CYA in Asian seabass.
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CHAPTER 4

Dietary exposure to melamine and cyanuric acid induced growth reduction,
oxidative stress and histopathological changes of hepatopancreas

in Pacific white shrimp

4.1 Abstract

Adverse effects of melamine (MEL) and cyanuric acid (CYA) have been
reported in several animal species, but regarding shrimp only limited information is
available on these substances alone or in combination. Therefore, this study examined
the toxicological effects of dietary MEL and CYA individually and in combination on
growth performance, feed utilization, immune responses, oxidative stress, and
histopathological changes of hepatopancreas in Pacific white shrimp. Seven
isonitrogenous (350 g kg™') and isolipidic (80 g kg diets were formulated, namely diet 1
(a control diet without MEL and CYA); diets 2-5 (with MEL and CYA at 2.5+2.5, 5+5,
7.5+7.5 and 10+10 g kg'1 diet); diet 6 (with only MEL at 10 g kg'1 diet) and diet 7 (with
CYA alone at 10 g kg’1 diet). The shrimp with initial body weight 2.37+0.02 g were fed
with experimental diets for 10 weeks. The results of this study indicate that all the diets
with MEL and CYA individually or in combination had adverse effects on growth and
feed utilization relative to the control diet (p<0.05). Total protease and trypsin specific
activities in hepatopancreas were significantly lowered by all diets containing MEL
(p<0.05). Hemolymph immunoparameters, including total hemocyte count (THC),
phenoloxidase (PO) activity, respiratory burst, and lysozyme activity, were significantly
decreased (p<0.05) in shrimp fed MEL+CYA at high combination dosages (10+10 g kg
diet) and MEL alone (10 g kg™ diet). Moreover, MEL and CYA induced oxidative stress
in the hepatopancreas, which can cause severe damage to the cells of

hepatopancreas, decreased antioxidant responses and increased lipid peroxidation.
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4.2 Introduction

Recently, feed contamination is a worldwide serious issue with regard to
consumer health, economic losses, and reliability of food products (Maule et al. 2007;
Pettersson 2012; O’Keefe and Campabadal 2015). In general, melamine (MEL) and its
derivatives including cyanuric acid (CYA), ammeline (AMN), and ammelide (AMD), are
commonly used as the starting materials for the production of thermoplastic materials,
such as tableware, particle board, laminating resins, coating materials, and flame
retardant equipments (Casu et al. 1997; Roviello et al. 2015). Furthermore, the US Food
and Drug Administration (US-FDA 2007) reported illegal addition of MEL and CYA to
animal feed in many countries. MEL is a nitrogenous material with 66.6% of nitrogen by
mass. Therefore, adulteration by the illegal addition of of MEL in a feedstuff increases
the total nitrogen content typically determined by the Kjeldahl method to estimate the
protein content, so MEL is also referred to as a “fake protein” (US-FDA 2007;
Reimschuessel et al. 2008). Thus, protein-rich ingredients are the critical targets for MEL
adulteration that has been evidenced in many high-protein feedstuffs, such as fishmeal,
soybean meal, gluten (from cereal grains), squid meal, and shrimp meal; and also
contamination of pets and aquatic feeds for farmed fish and shrimp has been
documented (Ehling et al. 2007; WHO 2009). Adverse effects of MEL and its derivatives
have been reported in different fish species; these included growth reduction,
immunosuppression, dysfunctional behavior, hepatotoxicity and nephrotoxicity
(Reimschuessel et al. 2010; Xue et al. 2011; Pirarat et al. 2012; Pacini et al. 2013;
Phromkunthong et al. 2013; 2015a; 2015b; Mahardika et al. 2017). Thus, feed
adulteration with MEL and CYA is one of the critical concerns in aquaculture industries.
To date, due to the toxic effects of MEL and CYA and other adverse health effects
impacting consumers, many countries have banned the use of MEL and CYA in animal
feeds and incorporated these substances into a list of food additives and substances
prohibited in animal feeds. In European countries, the maximum acceptable level of
MEL in feed has been set at 2.5 mg/kg (European Commission 2013). In 2016, the

Department of Livestock Development, Thailand has banned dried squid meal imported
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from Vietnam after laboratory tests reported the presence of CYA (Byrne 2016), and
there is evidence that MEL or CYA are still being used illegally in some area of the world.

Pacific white shrimp (Litopenaeus vannamei) is commercially important
species in the aquaculture sector (World Bank 2013). This species has high global
demand due to good taste and high nutritional content (FAO 2016). For producing high
quality shrimp, the feed used in shrimp production system is a major key to success. In
recent years, industrial shrimp feed production has dramatically focused on the
alternative protein sources without negative effects on growth performance, production
cost and health status of the shrimp (Amaya et al. 2007; Carvalho et al. 2016). Shrimp
feed needs to have complete and high protein content to enhance growth and nutrient
utilization, so it is a possible target for adulteration by MEL and its derivatives
(Karbiwnyk et al. 2010). To date, there are a few case reports of MEL and its derivatives
adulteration in shrimp feed. Lightner et al. (2009) reported diagnostic test results on
black tiger shrimp, Penaeus monodon, and Pacific white shrimp from India and
Indonesia. Golden to greenish-brown needle-like crystals were found in the antennal
glands of shrimp, a probably adverse effect from MEL and CYA exposure. In contrast,
JAVMA (2007) reported that MEL has been intentionally incorporated into shrimp feeds
as binding agent in the USA, to improve water stability. However, after an MEL incident
in 2007, its use as a pellet binding agent was discontinued.

To date, a few reports have examined the toxic effects of MEL and CYA
to crustaceans, especially the penaeid shrimp (Lightner et al. 2009; Karbiwnyk et al.
2010). Hence, this present study examined the effects of MEL and CYA
supplementation, individually or in combination, in practical diet for Pacific white shrimp.
The effects on growth performance, feed utilization, immune responses, oxidative stress,
and histopathological changes of hepatopancreas were evaluated. This study improves

the understanding of Pacific white shrimp responses to MEL and CYA exposures.
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4.3 Materials and methods
4.3.1 Experimental conditions and setup

This study was conducted at Kidchakan Supamattaya Aquatic Animal
Health Research Center (KS-AAHRC), Department of Aquatic Science, Faculty of
Natural Resources, Prince of Songkla University. Natural sea water with 30%o salinity
was provided by commercial shrimp farm located in Singhanakhon District, Songkhla
Province, Thailand, stocked in a 7-m’ concrete pond. After disinfection, sea water was
diluted with de-chlorinated freshwater to 15%0 brackish water that was used for the
entire experiment. During the 10-weeks of feeding trial, the water quality parameters
including temperature, DO, alkalinity, and pH were monitored for suitability to a marine
shrimp culture according to Thai Agricultural Standards TAS 7401-2009 (2009). The
feeding trial was conducted in 200 L rectangular fiberglass tanks. Each tank was
provided with an aerator and water draining system, and was covered with a plastic net

to prevent escape of the shrimp.

4.3.2 Test shrimp and feeding

Pacific white shrimp, L. vannamei (0.5-1.0 g average weight) were
acclimated in a 3-m” indoor concrete pond with 15%o brackish water and fed with the control
diet (diet 1 without MEL or CYA) four times daily for 3 weeks. At the initiation of feeding
experiment, 18 shrimp with an average body weight of 2.37 + 0.02g were randomly stocked
into 35 fiberglass tanks (containing 150-L 15%. brackish water). Each tank was then
randomly assigned to one of five replicates of the seven dietary treatments. The shrimp were
fed experimental diets to apparent satiation four times daily at 8:00, 12:00, 16:00 and 20:00,
for 10 weeks. The care and handling of the white shrimp were performed according to the
guidelines of the Canadian Council on Animal Care (CCAC 2005) and with Thai Agricultural
Standards TAS 7401-2009 (2009).

4.3.3 Diet preparation
Seven isonitrogenous (350 g kg crude protein) and isolipidic (80 g kg

crude lipid) experimental diets were formulated to meet the nutritional requirements of
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Pacific white shrimp. Fish meal, soybean meal and corn gluten were used as the major
protein sources. MEL (99.5% purity) was supplied by Chang Chun Petrochemical Co. Ltd.,
Taiwan. CYA (98% purity) was purchased from Sigma-Aldrich (MO, USA). The experimental
diets are detailed in Table 4-1. Diet 1 without MEL or CYAsupplementation; MEL and CYA
were added (g kg'1 diet) at levels 2.5+2.5 (diet 2), 5+5 (diet 3), 7.5+7.5 (diet 4), 10+10 (diet
5), 10+0 (diet 6), and 0+10 (diet 7), respectively. The diets were processed at the KS-
AAHRC using Hobart mixer A-200 (OH, USA). All the dry ingredients were finely ground
through a 30-mesh seive and weighed. After mixing for fifteen minutes, lipid sources (fish ail,
soybean oil, and lecithin) and distilled water (400 mL kg'1 feed) were added with continuous
mixing. The mixture was pelleted (3-mm diameter) and dried to below 10% moisture. The
dry pellets were then packed in low-density polyethylene bags and stored in a freezer at -
20°C. Proximate compositions of experimental diets were analyzed according to the
standard methods of AOAC (1995). The proximal compositions are presented in Table 4-2.
MEL and CYA content in the diets were determined by LC-MS/MS using a modified method
of US-FDA LIB No. 4422 with HILIC chromatography (Smoker and Krynitsky 2008), as

described in previous study (Phromkunthong et al. 2013; 2015a).



69

Table 4-1. Ingredients compositions of the experimental diets

Diets (MEL+CYA, g kg diet)

Ingredients
L Diet 1 Diet 2 Diet 3 Diet 4 Diet5 Diet6  Diet7
(g kg diet)
(Control)  (2.5+2.5)  (6+5)  (7.5+7.5) (10+10) (10+0) (0+10)

Fish meal 200 200 200 200 200 200 200
De-hulled soybean meal 250 250 250 250 250 250 250
Squid liver meal 30 30 30 30 30 30 30
Corn gluten 50 50 50 50 50 50 50
Canola meal 28.5 28.5 28.5 28.5 28.5 28.5 28.5
Wheat flour 320 320 320 320 320 320 320
Wheat gluten 30 30 30 30 30 30 30
Fish oil 15 15 15 15 15 15 15
Soybean oil 1 1 1 1 1 1 1
Lecithin 20 20 20 20 20 20 20
Vitamin & mineral premix1 2 2 2 2 2 2 2
Di-calcium phosphate 22 22 22 22 22 22 22
Choline chloride 1 1 1 1 1 1 1
Inosital 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Melamine (MEL) 0 2.5 5 7.5 10 10 0
Cyanuric acid (CYA)° 0 2.5 5 7.5 10 0 10

Microcrystalline
30 25 20 15 10 20 20
cellulose

" Vitamin and mineral premixed (unit kg™~ feed): Retinal (A) 7,000 IU; Cholecalciferol (D3) 3,000 IU; Tocopherol (E)
1,500 mg; Menadione sodium bisulfite (K3) 30 mg; Thiamine (B1) 25 mg; Riboflavin (B2) 20 mg; Pyridoxine (B6) 25
mg; Cobalamin (B12) 0.02 mg; Niacin 100 mg; pantotenic acid 80 mg; Ascorbic acid (C) 200 mg; Biotin 1 mg; Folic
acid 10 mg; Cu 25 mg; Fe 30 mg; Mn 30 mg; | 1 mg; Co 0.2 mg; Zn 100 mg; Se 0.35 mg

*Melamine: Chang Chun Petrochemical Co., Ltd., Taipei Taiwan (purity 99.5%)

3Cyanurio acid (98%): Sigma, Aldrich Co., Ltd.



Table 4-2. Proximate composition of the experimental diets (g kg’1 as dry matter basis, analyses of three batches of diet)

Diets (MEL+CYA, g kg™ diet)
Ingredients

A Diet 1 Diet 2 Diet 3 Diet 4 Diet 5 Diet 6 Diet 7
(g kg diet)

(Control) (2.5+2.5) (5+5) (7.5+7.5) (10+10) (10+0) (0+10)

Nitrogen content
367.97£1.46 381.12+2.12 399.78+0.75 415.51+2.32 437.01£1.38 411.53+1.15 387.67+0.91

(Nx6.25)
Crude lipid 77.71£1.33  78.24+2.12  75.95+1.47  77.70£0.82 78.47+0.13 73.90+1.75 75.43+1.34
Crude ash 65.17+£1.43  63.90+0.52 70.24+2.11  67.88+2.70 63.09+4.01 65.81£1.29  67.90+1.52
Gross energy

; 15.86 15.86 15.86 15.86 15.86 15.86 15.86
(MJ kg diet)
MEL content’ 0 2.3 4.5 7.3 9.7 10.1 0
CYA content' 0 2.2 4.2 7.1 9.5 0 9.6

' LC-MS/MS using a modified method of US-FDA LIB No. 4422 with HILIC chromatography (Smoker and Krynitsky, 2008)

0.
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4.3.4 Growth performance

At the beginning and at the end of the dietary treatment trial, the shrimp
in each tank were counted and bulk weighed after immersing in low temperature water
(22°C) to reduce their physical activity. The mean final weight, number of shrimp, and
feed intake were recorded. for each tank to calculate growth parameters, feed utilization
and survival according to Kim et al. (2011) as follows:

Weight gain (g) = final body weight (g) - initial body weight (g)

Average daily gain (ADG, g shrimp” day”) = [final body weight (g) -
initial body weight (g)] / days

Specific growth rate (SGR, % day"1) = [(In final body weight (g) - In initial
body weight (g)) / days] x 100

Feed conversion ratio (FCR) = feed consumption (g) / weight gain (g)

Feed intake (FI, g shrimp’1 day’1) = [feed consumption (g) / number of
shrimp] / days

Survival (%) = 100 x (final count of shrimp) / (initial count of shrimp)

4.3.5 Chemical composition analyses

At the beginning of the experiment, 20 shrimp were sampled and they
were stored at -20°C until analysis of the initial proximate composition. At the end of the
10-weeks feeding trial, 15 shrimp per treatment group were randomly sampled for
analyze the whole body composition. Moisture, nitrogen content, crude lipid and ash
content in the whole body of shrimp were analyzed following the standard methods of
AOAC (1995). Briefly, Dry matter was determined by drying the samples in hot air oven
(Memmert UF110, Germany) at 105°C until constant weight. Nitrogen content (N x 6.25)
was determined by Kjeldahl method using Kjeltec protein analyzer (KjeltecTM 8100,
FOSS, Tecator, Sweden). Crude lipid was determined by methylene chloride extraction
using Soxhlet system (Soxtec™ 8000, China). Ash was measured by combustion in a

muffle furnace (Gallenkamp Box Furnace, UK) at 550°C for 6 h.

4.3.6 Hemolymph analysis and immunological response
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At the final sampling at week 10, hemolymph from individual shrimp (n=10/test
group) was collected without the use of anticoagulants, after the final weights of the shrimp
in all treatment groups were measured. Haemolymph was taken from the base of the 3"
walking leg of each shrimp, using a 1 mL syringe with 25gauge needle, and then
immediately placed into sterile micro-centrifuge tubes. Soluble protein concentration in the
supernatant was determined according to the method of Bradford (1976) using bovine
serum albumin (BSA, Sigma-Aldrich) as a standard. Hemolymph parameters related to
immune functions were analyzed by the methods described below.

4.3.5.1 Total hemocyte count (THC)

THC was determined according to the method of Supamattaya et al.
(2005). Briefly, 50 pL of haemolymph was diluted with 450 uL pre-cooled (4°C) trypan
blue solution (0.5% trypan blue in 2.6% NaCl) in sterile micro-centrifuge tubes.
Hemocytes were counted using a haemocytometer (Bright-Line™, NY, USA) under a
compound microscope (Olympus CH30, Tokyo, Japan) and recorded as the number of
cells (total hemocytes mL™).

4.3.5.2 Phenoloxidase (PO) activity

PO activity was determined according to the method of Liu et al. (2004)
with minor modifications. Briefly, haemolymph (100 pL) was mixed with an equal volume
of cacodylate (CAC) buffer (10mM sodium cacodylate, 0.45M NaCl, 10mM CaCl,, 0.26M
MgCl,, pH 7.4) in sterile micro-centrifuge tube and flushed with liquid nitrogen. The
glaced mixture was homogenized using sterile plastic pestle, and centrifuged
(AvantiTM3O, Beckman Coulter, CA, USA) at 12879xg for 10 min at 4 °C. The supernatant
(25 pL) was collected and transferred to each well of a flat-bottomed 96-well plate. An
enzyme reaction was started by adding 25 upL trypsin (Sigma-Aldrich, Buchs,
Switzerland) (1 mg mL" in CAC buffer) and the well plate was incubated at 25°C for 2
minutes. After incubation, 50 pl of L-dihydroxyphenylalanine (L-DOPA, Sigma-Aldrich,
Shanghai, China) (3 mg mL™" in CAC buffer) and 150 ul of CAC buffer were added. The
optical density at 490 nm was measured in kinetic mode every minute for a total of 30

minutes using a microplate spectrophotometer (PowerWave,, Bio-Tek Instruments, VT,
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USA). One unit of PO activity was defined as increasing the absorbance by 0.001/min,
and the results are reported as unit min”’ mg protein'1.
4.3.5.3 Respiratory burst activity

Respiratory burst activity was estimated following the method of Hsu and
Chen (2007). Briefly, hemolymph (100 uL) was incubated with nitro-blue tetrazolium
(NBT, Sigma-Aldrich, MO, USA) solution (0.3% in 1.5% NaCl). The mixture was
discarded and the pellet was fixed with absolute methanol, and washed three times with
100 pL 70% methanol. After air drying in laminar air flow, formazan was dissolved by the
addition of 120 yL 2 M KOH and 140 uL dimethyl sulfoxide (DMSQO). The optical density
at 630 nm was measured using a microplate reader, and is expressed as NBT-reduction
in 100 yL haemolymph.

4.3.5.4 Lysozyme

Lysozyme activity was measured by its ability to clearance of target
bacterial suspension during incubation. The suspension of 0.02% lyophilized
Micrococcus lysodeikticus (Sigma-Aldrich, MO, USA) in 50 mM phosphate buffer saline
at pH 6.2 was used as the substrate. Lysozyme activity was determined following the
method of Shen et al. (2010). Briefly, hemolymph (25 pL) was mixed with 175 yL of the
substrate in a flat-bottomed 96-well plate. The reaction was carried out at room
temperature, and the absorbance at 490 nm was measured in kinetic mode every
minute for a total of 10 minutes, using a microplate reader. One unit of lysozyme activity
was defined as reducing the absorbance by 0.001 per min (Ellis 1990), and results are

reported in unit mL".

4.3.6 Antioxidant enzyme analysis
Antioxidant enzyme activities of catalase (CAT), glutathione peroxidase
(GPx), and superoxide dismutase (SOD), were determined at end of the feeding trial. At
the same time with hemolymph collection, the gill and the hepatopancreas of the same
individual were dissected rapidly in an ice-cooled petri dish, and were then transferred
to cryogenic vials (Corning®, Mexico City, Mexico) that were immediately stored in liquid

nitrogen. Prior to analysis, the target tissue was individually homogenized (1:4, 1:2 w/v
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for hepatopancreas and gill tissues, respectively) in ice-cold acetate extraction buffer (4
mM magnesium acetate, 80 mM potassium acetate, 20 mM Hepes, pH 7.5, 20%
protease inhibitor, Amresco), and was then centrifuged at 12879xg at 4 °C for 15 min.
The supernatant was transferred into a sterile micro-centrifuge tube for enzyme activities
assay. Soluble protein content in the samples was determined by the method of
Bradford (1976) using bovine serum albumin (Sigma-Aldrich, MO, USA) as the protein
standard.

CAT activity was measured based on formaldehyde production from
reacting the tissue extract with hydrogen peroxide (H,O,) (Trasvifia-Arenas et al. 2013).
Formaldehyde concentration was measured from colored complexes it forms with
chromogenic agent, Purpald® (4-amino-3-hydrazino-5-mercapto-1,2,4-triazole, Sigma-
Aldrich, WI, USA), and was measured at 540 nm. The CAT activity was calculated using
a standard curve calibrated with various known levels of formaldehyde concentrations
(*=0.9993) and the results are expressed in unit min" mg protein™.

GPx and SOD activities were measured using a colorimetric assay kits
(Cayman Chemical Company Inc., Ml, USA). These enzyme activities were measured
according to the assay protocols. Specific activities of the enzymes are expressed in
unit min” mg protein”.

Ten shrimp per treatment group were euthanized by immersion in cold
water until no movement of their appendages was observed. The shrimp were wiped
with blotting paper to remove excess water and then individually weighed. The
hepatopancreas was immediately collected and weighed to determine the hepato-
somatic index (HSI) as follows:

HSI = 100 x [hepatopancreas weight (g)/shrimp body weight (g)]

Lipid peroxidation (LPO) in the hepatopancreas was measured
as thiobarbituric acid reactive substances (TBARS) level, based on the reaction
between the 2-thiobarbituric acid (TBA) and malondialdehyde (MDA). Measurements of
LPO were performed according to the method as described by Senphan and Benjakul

(2012). Hepatopancreas (~0.3 g) (n=10/feed group) were blended and gently mixed
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with TBA solution (0.375% (w/v) TBA (Sigma-Aldrich, Steinheim, Germany), 15% (w/v)
trichloroacetic acid (TCA) and 0.25M HCI). The homogenized mixtures were heated in a
95°C shaking water bath for 10 min, and were immediately cooled to room temperature
with running tap water, and centrifuged at 4800xg for 10 min at 4 °C. The optical density
of the samples was measured by a microplate reader at 532 nm. MDA concentration in
each sample was calculated according to the eight-point standard curve (’=0.9997) for
1,1,3,3-tetramethoxypropane (TEP) (Sigma-Aldrich, Steinheim, Germany), and the

results are expressed in nanomole (nmol) of MDA per gram of wet weight tissue.

4.3.7 Digestive enzyme analysis

The activities of digestive enzymes in shrimp hepatopancreas were
measured at the end of feeding trial. The hepatopancreas (n=10/treatment) was
dissected, weighed and homogenized with 50 mM Tris—=HCI (pH 7.5). The homogenized
mixture was then centrifuged at 12879xg at 4 °C for 15 min. For the different enzyme
analyses, the supernatant was aliquoted in triplicate into cryogenic vials, to determine
total protease, trypsin, and amylase. The vials were kept at -70 °C until analysis.

Total proteinase activity was estimated as suggested by Avila-Villa et al.
(2012). Briefly, sample extract (20 yL) was mixed with 500 uL of 2% azocasein (Sigma-
Aldrich, MO, USA) and 240 pL of 50 mM Tris—HCI buffer (pH 7.5) in a test tube. The
mixture was incubated at 25°C for 30 min. The reaction was stopped by adding 500 plL
of 20% TCA and then the sample was centrifuged at 6500xg for 5 min. The optical
density of the sample was measured using a microplate reader at 450 nm. The activity is
expressed in Unit mg protein’1. One unit of protease activity was defined based on the
amount of enzyme that catalyzes the release of the azo dye, causing the change in
absorbance at 450 nm of 0.001 per minute under assay conditions.

Trypsin activity was measured following the method of Garcia-Carrefio
and Haard (1994) with some modification. Benzoil-Arg-p-nitroanilide (BAPNA) (Sigma-
Aldrich, Tokyo, Japan) was used as the substrate. The reaction was started by mixing
sample extract (30 pL) with 320 pL of 0.1 mM BAPNA. After incubating at 37°C for 20

min, the reaction was stopped by adding 50 pL of 20% TCA, and the mixture was then
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centrifuged at 6500xg for 5 min. The absorbance was measured in a microplate reader
at 410 nm. Trypsin activity was estimated as [(Abs410nm/min x volume (mL) of reaction
mixture x dilution factor) / (8800 x volume (mL) of enzyme x mg protein of the sample
extract)], where the constant 8800 is the extinction coefficient of p-nitroanilide at 410 nm
under assay condition. The activity is expressed in Unit mg protein'1. One unit of trypsin
activity was defined as 1 pmol of p-nitroanilide released per minute under the specified
conditions.

Amylase activity was measured with the 3,5-dinitrosalicylic acid (DNS)
method (Rick and Stegbauer 1974) using 1% (w/v) starch solution as substrate. First, the
sample extract (100 pL) was mixed with 100 pL of substrate and 1.8 mL phosphate
buffer (0.1 M, pH 7) in a test tube. The mixture was incubated at 37 °C for 30 min. After
incubation, the reaction was stopped by adding 2 mL DNS (Sigma-Aldrich, Bangalore,
India), and then the sample was heated in boiling water for 5 min. After cooling with
running tap water, the reaction mixture was diluted with distilled water and the optical
density of the sample was measured at 540 nm. Amylase activity was calculated using a
standard curve calibrated with various known levels of maltose. One unit of enzyme

activity was defined as 1 mg of maltose liberated in 1 min at 37°C.

4.3.8 Histological examination

At the end of the feeding trial, ten shrimp per treatment group were
selected after euthanasia. Shrimp heads were cut in half lengthwise, and then
immediately preserved in Davidson’s fixative (Lightner et al. 2009). After fixation,
samples were embedded in tissue embedding cassette and then were processed by
automatic tissue processors (Leica, Nussloch, Germany). The samples were embedded
into paraffin blocks and cut to 3-um thickness with a sliding microtome (R. Jung AG,
Heidelberg, Germany). The sections were stained with haematoxylin and eosin (H&E)
(Bancroft 1967; Humason 1979). After staining, the sections were examined using light
microscope (Olympus CH30, Olympus Corporation, Tokyo, Japan), and then a selected
area in the stained section was imaged with an Olympus DP71 digital camera (Olympus

Corporation, Tokyo, Japan).
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4.3.9 Statistical analysis

The data are presented as mean + standard deviation (SD). The
statistical analyses used SPSS version 11.5 for Windows. One-way analysis of variance
(ANOVA) was assessed for comparison between groups, and the means were
compared with LSD post hoc method. Mean differences were considered statistically

significant at p<0.05.

4.4 Results
4.4.1 Growth performance and feed efficiency

Survival rate of shrimp fed the control diet was significantly higher than that of
shrimp fed the MEL alone diet (p<0.05), but these were not significantly different from the
other treatments (p>0.05) (Table 4-3). Furthermore, the diets including MEL or CYA (singly or
in combination) did not cause any obvious external abnormality. However, the FCR was
significantly higher (p<0.05) in shrimp fed the diets 2-7 compared to those fed the control diet
(Table 4-3). Shrimp receiving high doses of MEL (alone or with CYA, diets 4-6) had
significantly (p<0.05) lower feed consumption than that of shrimp fed the control diet. The
growth performances are shown in Table 4-3. The diets 2-7 gave significantly (p<0.05) lower

final body weight, ADG, and SGR than the control treatment.

4.4.2 Proximate composition of whole shrimp body

The proximate composition of shrimp (whole body) is presented in Table
4-4. At the end of feeding trial, shrimp fed with the experimental diets, either individually
or combined at various dose levels of MEL-CYA, had significant (p<0.05 differences on
the whole body composition, including dry matter, crude protein, and crude lipid,
deviating from the control group. It was noted that protein in the shrimp carcass was
significantly (p<0.05) elevated whereas lipid content was significantly (p<0.05) reduced
by the actual dietary treatments. However, crude ash was not significantly (p>0.05)

different between the treatments.



Table 4-3. Growth parameters and nutrient utilization of Pacific white shrimp fed experimental diets for 10 weeks

Diets (MEL+CYA, g kg™ diet)

Parameters Diet 1 Diet 2 Diet 3 Diet 4 Diet 5 Diet 6 Diet 7
(Control) (2.5+2.5) (5+5) (7.5+7.5) (10+10) (10+0) (0+10)

Survival (% cumulative)
Week 0-10 95.00+¢2.89  88.33+6.38  87.92+3.70  90.67+3.65 90.67+5.96  84.67+2.98  90.00+3.33
Average body weight (g shr/mp'7 )
Week 0 2.37+0.02 2.37+0.02 2.37+0.02 2.37+0.01 2.37+0.01 2.37+0.02 2.37+0.02
Week 10 13.65£0.43  11.62+0.34* 11.69+0.05* 11.3340.68* 11.38+0.29* 10.65+0.43* 12.44+0.12*
Average daily gain (g shr/mp’7 day’1 )
Week 0-10 0.15+0.01 0.13+0.00* 0.13£0.01*  0.12+0.01* 0.12£0.00*  0.11£0.01* 0.14+0.00*
Specific growth rate (% o’ay'7)
Week 0-10 2.46+0.07 2.27+0.05*  2.31+0.08*  2.23+0.09*  2.24+0.04*  2.18+0.09* 2.30+0.15*
Feed conversion ratio
Week 0-10 1.31+£0.04 1.54+0.05* 1.41+0.03* 1.43+0.03* 1.43+0.05* 1.58+0.15* 1.48+0.07*
Feed intake (g shr/m,o'7 day'7)
Week 0-10 0.22+0.01 0.22+0.02 0.20+0.03 0.17+0.02* 0.17+0.03*  0.16+0.04* 0.21+0.02

Mean+S.D. from five replicates. Statistically (*) significant differences (P<0.05) between a particular treatment group and control.
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Table 4-4. Whole body chemical composition of Pacific white shrimp fed experimental diets for 10 weeks

Diets (MEL+CYA, g kg™ diet)

Parameters Diet 1 Diet 2 Diet 3 Diet 4 Diet 5 Diet 6
(Control) (2.5+2.5) (5+5) (7.5+7.5) (10+10) (10+0)

Diet 7
(0+10)

Whole body composition (g kg wet weight basis) (mean+SD; n=3 shrimp from each of the 5 replicate tanks)
Dry matter 245.33+0.21 248.70+0.92*  239.30+0.95*  231.23£0.21* 224.70+0.30* 221.83+0.85*

Nitrogen content
181.78+£0.19 202.75£0.70*  203.63+0.50*  195.25+1.18* 195.45+0.45* 192.08+1.07*

(N x6.25)
Crude lipid 23.31+0.46 17.91£0.40% 17.48+0.18* 15.20£0.28* 13.93+0.45% 13.38+0.20%
Crude ash 23.50+0.40 23.41+0.36 23.38+0.56 23.66+1.26 24.13+0.42 23.37+0.39

235.47+0.55*

193.40+0.89*

17.12£0.58*
23.66+0.74

Mean+S.D. from five replicates. Statistically (*) significant differences (P<0.05) between a particular treatment group and control.

6.
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4.4.3 Hemolymph analysis and immunological response

Hemolymph analyses for the different treatment groups are presented in
Table 4-5. Relative to the control group, the total hemocyte counts (THC) of shrimp
receiving MEL were significantly decreased (p<0.05), but no signficant (p>0.05)
difference was caused by CYA alone in the diet. PO activity in the shrimp received
combined doses of MEL and CYA increased from the 5+5 to the 10+10 g kg’1 diet, and
MEL dosing alone at 10 g kg'1 diet had significantly (p<0.05) lower PO than the control
diet. However, no signficant (p>0.05) difference was found in shrimp fed 2.5+2.5 g kg’1
diet or with CYA dosing alone at 10 g kg’1 diet. Respiratory burst activity in shrimp fed
the control diet was found signficantly (p<0.05) higher than with the actual treatments.
Significantly (p<0.05) decreased lysozyme activity was found in the shrimp fed 10+10 g
kg'1 diet combined dose of MEL and CYA, or MEL dosing alone at 10 g kg'1 diet.

4.4 4 Antioxidant enzyme activities
The antioxidant enzyme activities are presented in Table 4-6. Catalase

(CAT) activity in both hepatopancreas and gill of shrimp fed the diet with MEL+CYA at
5+5 or 10+10 g kg diet, or with MEL alone at 10 g kg™ diet, were significantly (p<0.05)
lower than with the control diet. Glutathione peroxidase (GPx) activity in hepatopancreas
was significantly (p<0.05) lower in shrimp fed MEL+CYA at 7.5+7.5 or 10+10 g kg'1 diet,
or with MEL alone at 10 g kg'1 diet compared to those fed the control diet, whereas the
GPx activity in gill was significantly (p<0.05) affected only in the shrimp fed 10+10 g kg’1
diet combined dose of MEL+CYA or with MEL alone at 10 g kg'1 diet. Superoxide
dismutase (SOD) activities in both hepatopancreas and gill were significantly (p < 0.05)
lower in shrimp fed the MEL+CYA at 10+10 g kg~ diet, or MEL alone at 10 g kg™ diet.

The levels of lipid peroxidation (LPO) in the hepatopancreas was significantly
(p<0.05) increased in the shrimp fed the combination MEL+CYA, increasing from
7.5+7.5 to 10+10 g kg™ diet, or MEL dosing alone at 10 g kg™ diet (Table 4-6). The
hepato-somatic index (HSI) in shrimp fed combined dose of MEL+CYA increased from
the 7.5+7.5 to the 10+10 g kg™ diet, giving significantly (p<0.05) lower HSI than the
control diet (Table 4-6).
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4.4.5 Digestive enzyme activities
Digestive enzyme activities in hepatopancreas are presented in Table 4-
6. Total protease and trypsin activities were significantly lower (p<0.05) in the shrimp fed
combined MEL+CYA doses or the CYA dosing at 10 g kg’1 diet compared to those fed
the control diet. Furthermore, the shrimp fed combined MEL+CYA doses from 7.5+7.5 to
10+10 g kg’1 diet had significantly (p<0.05) decreased amylase activity. Total protease,

trypsin and amylase were affected by MEL dosing alone at 10 g kg'1 diet (p<0.05).

4.4.6 Histopathological changes

Histopathological alterations in the hepatopancreas of shrimp after 10-
week dietary treatments containing MEL and CYA individually or in combination are
presented in Figure 4-1. The normal cells of hepatopancreas, tubular morphology and
B-(blister-like) cells, F-(fibrillar) cells, and R-(resorptive/absorptive) cells were found in
the control group (Fig.4-1A). Degenerative hepatopancreatic tubules, severe atrophic
changes, and lacking B-, F- and R-cells were found in shrimp fed combined MEL+CYA
doses from 2.5+2.5 to 10+10 g kg1 diet (Fig.4-1B-D). With MEL or CYA individually,

degenerated and shrunken hepatopancreatic tubules were recorded (Fig.4-1E-F).



Table 4-5. Blood parameters of Pacific white shrimp fed experimental diets for 10 weeks

Diets (MEL+CYA, g kg diet)

Parameters Diet 1 Diet 2 Diet 3 Diet 4 Diet 5 Diet 6 Diet 7
(Control) (2.5+2.5) (5+5) (7.5+7.5) (10+10) (10+0) (0+10)

Total hemocyte counts
. . 3.92+0.44 2.83+0.57* 3.11+£0.59* 2.37+0.42% 2.30£0.39* 2.92+0.58* 3.58+0.37
(THC, x10" cells mL")

Phenoloxidase (PO)
activity 132.69+10.99 129.26+23.58 105.78+23.56* 81.74+14.20* 80.56+29.08* 78.76+13.65* 115.59+26.75
(Unit min”’ mg protein'1)
Respiratory burst activity

0.063£0.008  0.055+£0.007*  0.054+0.004*  0.055+0.006* 0.055+£0.002* 0.054+0.005* 0.054+0.003*
(OD 630 nm)
Lysozyme activity

. 16.75+£3.44 16.50+£3.45 16.59+3.58 13.41+4.05 1217+2.71* 12.67+2.25* 16.33+4.52
(Unit mL™)

Mean+S.D. from ten individual shrimp. Statistically (*) significant differences (P<0.05) between a particular treatment group and control.
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Table 4-6. Antioxidant and digestive enzyme activities in hepatopancreas of Pacific white shrimp fed experimental diets for 10 weeks

Diets (MEL+CYA, g kg™ diet)

Parameters Target organs Diet 1 Diet 2 Diet 3 Diet 4

(Control) (2.5+2.5) (5+5) (7.5+7.5)

Diet 5
(10+10)

Diet 6
(10+0)

Diet 7
(0+10)

Antioxidant enzyme activities (Unit mg protein”)

CAT Hepatopancreas 189.17+25.83 159.50+37.82  136.61+26.32* 135.61+34.76*
Gill 72.69+11.49 60.86+20.80 48.65+£11.68* 49.30+£19.88*

GPx Hepatopancreas 5237.67+421.88 492792461559 471916141649 4656.57+339.32*
Gill 684.63+101.97 564.66+142.52 593.87+103.82 555.10+159.37

SOD Hepatopancreas 5.58+1.14 4.85+0.36 4.13+0.85 4.44+1.33
Gill 6.75+0.35 6.02+0.87 5.89+0.769 5.77+0.86

Lipid peroxidation (LPO) in hepatopancreas (nmol g’7 wet weight tissue) and hepato-somatic index (HSI)(%)

LPO Hepatopancreas 9.86+2.53 11.47+2.08 11.59+2.74 13.03+2.51*

HIS Hepatopancreas 6.14+0.66 6.24£1.40 5.57+0.64 5.21+0.90*

Digestive enzyme activities (Unit mg /orotein’7)

Total protease Hepatopancreas 0.160+0.026 0.128+0.037* 0.107+0.026* 0.110+0.024*
Trypsin Hepatopancreas 0.176+£0.018 0.137+0.026* 0.131+£0.043* 0.124+0.021*
Amylase Hepatopancreas 23.25+2.68 22.85+5.00 20.34+£4.52 18.35+3.49*

138.82+£35.91*
44.43+13.79*

4105.59+£500.56*

512.00+65.45"
3.30+0.98*
5.59+0.69*

13.10+2.75%
5.20+0.88*

0.120+0.016*
0.131+0.020*
19.11£2.57*

136.82+44.89*
46.60+9.20*

4193.15+538.86*

544.14+119.54*
2.18+0.59*
5.56+0.37*

13.04+2.64*
5.41+0.48*

0.123+0.021*
0.128+0.023*
16.53+3.56"

165.59+£28.16
61.23£16.53
4864.21+£518.49
589.13+80.61
4.39+0.91
6.30£0.40

9.95+£2.69
6.00£1.24

0.137+0.031
0.148+0.034

23.49+4.69

Mean+S.D. from ten individual shrimp. Statistically (*) significant differences (P<0.05) between a particular treatment group and control.

CAT: catalase, GPx: glutathione peroxidase, SOD: superoxide dismutase

€8
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Fig.4-1. Photomicrographs of haematoxylin and eosin (H&E) stained sections of
hepatopancreas from Pacific white shrimp fed diets containing various levels of MEL
and/or CYA for 10 weeks. (A) The sections of hepatopancreatic tubules of shrimp received
the control diet showing normal structure of B (“blasenzenllen”) cells, R (“restzellen”) cells
and F (“fibrillenzellen” or fibrous) cells (Magnification x200; Scale bar = 100 um); (B)
Tubular degeneration and atrophy were observed in shrimp fed combined MEL+CYA
doses at 2.5+2.5 g kg‘1 diet (L=lumen, Magnification x200; Scale bar = 100 uym); (C)
Development of severe atrophic changes of hepatopancreatic tubule were found in
shrimp fed combined MEL+CYA doses at 5+5 g kg'1 diet (L=lumen, Magnification x200;
Scale bar = 100 um); (D) shrimp receiving MEL+CYA doses at 10+10 g kg'1 diet showed
degenerative changes in the hepatopancreas (L=lumen, Magnification x200; Scale bar =
100 um); (E-F) Degenerative changes and shrunken hepatopancreatic tubules (blue
arrow) were found in shrimp receiving MEL dosing alone (10+0 g kg'1 diet) (E) or CYA
dosing alone (0+10 g kg’1 diet) (f) (Magnification x200; Scale bar = 100 um).
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4.5 Discussion

Since the pet food crisis in 2007, MEL and its analogues including CYA
have been illegally used to elevate the apparent total protein content, thereby
adulterating certain protein-rich feed ingredients (Brown et al. 2007; Puschner et al.
2007; Stine et al. 2011). There have been reports of MEL and related analogues in feed
ingredients and in animal feeds for swine, poultry, fish, and shrimp (Andersen et al.
2008; Stine et al. 2012). Negative effects from such adulteration in animals have been
reported, having as symptoms nephrotoxicity, growth retardation, discoloration, and
immune suppression (Baynes et al. 2008; Reimschuessel et al. 2008; 2010; Xue et al.
2011; Phromkunthong et al. 2013; 2015a; 2015b). However, data relating to the toxicity
in penaeid shrimp of MEL or CYA exposures is limited. In the present study, the toxicity
of MEL and CYA to Pacific white shrimp was carried out under laboratory conditions for
10 weeks. The results from this study demonstrate depressed growth and negative
effects by dietary MEL-CYA. In the present study, shrimp fed combined MEL+CYA
doses from 2.5+2.5 to 10+10 g kg’1 diet had adverse effects on growth and feed
conversion ratio. As previously reported, growth retardation is a clinical sign of the
toxicity of combined MEL and CYA that has been reported in mice (Lv et al. 2013) and in
some farmed fish species, such as Asian seabass (Phromkunthong et al. 2015b) and
red tilapia (Phromkunthong et al. 2013; 2015a). Furthermore, the combination of MEL
and CYA is highly toxic than exposure to either chemical separately (Karbiwnyk et al.
2010). However, in the present study, the body weight of shrimp receiving MEL alone at
10 g kg’1 diet was significantly lower than that of the shrimp fed the control diet. In
another experimental study the growth performance and feed utilization of black tiger
shrimp (Peneaus monodon) were not significantly affected by dietary MEL doses
ranging from 0.005 to 0.5 g kg'1 diet for 11 weeks (Samranrat et al. 2011). Therefore, the
recommended dosage of MEL for Pacific white shrimp should not exceed 0.5 g ng diet.
Furthermore, the results in this study indicate that shrimp exposure to dietary CYA
decreased growth. To date, available data on adulteration by CYA alone in shrimp feed

is limited. In our previous study, Phromkunthong et al. (2015b) reported no significant
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difference in the growth of Asian seabass between receiving CYA alone at 10 g kg’1 diet
and control. That the reported results tend to differ qualitatively demonstrates that
sensitivity to these contaminants strongly depends on the species. In fish and mammals,
the toxic effects of MEL and CYA individually or in combination are directly linked to
renal pathology and functions (Dorne et al. 2013). One possible reason for the growth
retardation and poor nutrient utilization is directly related to the hepatopancreas
dysfunction, which is an important organ for several metabolic pathways of nutrient
utilization in crustaceans, including digestion, absorption, and storage (Burgos-
Hernandez et al. 2005; Zhao et al. 2017). Activities of the digestive enzymes are an
important indicator of the diet composition, nutrient quality, feeding habits, digestive
functions, and nutrient utilization, which directly relate to shrimp growth (Li et al. 2008a;
Zokaeifar et al. 2012; Duan et al. 2017).

The metabolic function of digestive enzymes in shrimp can be influenced
by nutrient composition in the diet (Cordova-Murueta and Garcia-Carrefio 2002; Song et
al. 2017). In the present study, the reductions of digestive enzyme activities (especially
of protease) were marked in shrimp receiving MEL alone or in combination with CYA.
However, available reports on effects of MEL+CYA on the digestive enzymes in shrimp
are limited. In some cases exposure to toxic substances (e.g. pesticides, toxins and
heavy metals) can adversely affect the digestive organ and function (Li et al. 2008b;
Chiodi Boudet et al. 2015). Moreover, the results in this study found that shrimp fed
combined MEL+CYA doses up to 7.5+7.5 ¢ kg'1 diet or MEL dosing alone had
significantly decreased enzyme activities, indicating poor nutrient utilization. Similar to
these results, Seebaugh et al. (2011) reported a significant decrease in digestive
enzyme activities of shrimp that was related to reducing food consumption.

Furthermore, hepatopancreas is a vital organ for the detoxification of
toxic substances in shrimp and is sensitive to stress responses (Bautista et al. 1994; Yu
et al. 2016). Exposure to chronic stress induces reactive oxygen species (ROS)
production leading to an imbalance between ROS production and antioxidant defense,

which results in cellular oxidative damage (Yang et al. 2010; An et al. 2015; Lee et al.
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2016). In this study, the activities of CAT, GPx and SOD were significantly decreased in
both gill and hepatopancreas of shrimp fed the highest combined level of MEL-CYA
(10:10 g kg diet) or MEL alone (10 g kg™ diet). This demonstrates that the main toxic
effects of MEL and CYA take place via oxidative stress, resulting in dysfunction of the
related detoxification organs and cellular oxidative damage in shrimp, which adversely
affects growth performance (Li et al. 2008a). Strong evidence of oxidative stress
induced by the combination of MEL and CYA in the diet has been reported by Lv et al.
(2013), who found that the SOD activity in mouse kidney was decreased after 13-weeks
exposure to a mixture of MEL and CYA. Furthermore, You et al. (2012) found
significantly decreased total antioxidant capacity (T-AOC) and SOD activity in mouse
testes after oral administration of MEL and CYA mixture for 28 days.

Malondealdehyde (MDA) is generally used as lipid peroxidation
indicators in cells and tissues of animals (Zenteno-Savin et al. 2006; Liu et al. 2011;
Chiodi Boudet et al. 2015; Liang et al. 2016). The results from this study showed that the
MDA content in the hepatopancreas of shrimp fed combined MEL+CYA doses up to
7.5+7.5¢ kg'1 diet, or MEL dosing alone, was significantly increased from that with the
control diet. This indicates oxidative damage induced by these substances. Similarly,
Lee et al. (2016) reported an increased of MDA levels in mouse kidney after co-
exposure to MEL and CYA, which also caused apoptosis in the renal tubular cells and
suppressed antioxidant enzyme activities. In MEL-exposed animals, An et al. (2015)
reported increased MDA levels in the hippocampus after oral administration of MEL to
male Wistar rats (dosage 300 mg kg'1 animal day'1 for 28 days). Moreover, there are
several reports on significantly increased MDA levels by oxidative stress in many
aquatic animals. Liang et al. (2016) reported that MDA levels in the hepatopancreas of
Pacific white shrimp significantly increased after exposure to ammonia for 96h.

The hepato-somatic index (HSI) is an important parameter indicative of
hepatopancreas conditions, as well as of glycogen reserve. In the present study, HSI
was significantly decreased in shrimp fed MEL alone or in combination with CYA at

7.5+7.50r 10+10 g kg'1 diet, relative to the control group. This demonstrates that long-
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term dietary supplementation with MEL and CYA to shrimp caused extra energy
expenditures in detoxification. Moreover, reduced energy storage may have been
induced indirectly through anorexia caused by MEL or CYA (Khalil et al. 2017).

Hemolymph is an important indicator of shrimp performance, welfare,
health status, and rearing conditions, and is closely linked to the innate immune system
(Li et al. 2008a; Chen et al. 2015; Qiu et al. 2016). In crustaceans, THC and PO system
play an important roles in the immune system, especially in shrimp (Sritunyalucksana
and Soderhall, 2000; Li et al. 2008a; Wanlem et al. 2011). In this study, the immune
parameters in shrimp fed diets supplemented with MEL alone or in combination with
CYA at the highest dose (10+10 g kg'1 diet) had decreased THC and PO activities.
Moreover, Yin et al. (2016) reported that MEL alone or its combination with CYA
appeared to be toxic to the immune response of mice.

The results from this study demonstrate that nitrogen (protein) content in
the whole body of shrimp treated with a combination of MEL and CYA, or either of these
singly, was significantly increased as compared to those of shrimp fed the control diet.
In general, the nitrogen content in the whole body of an animal, including shrimp and
fish, is determined by the dietary protein quality, digestibility, and feeding (Halver and
Hardy 2002; Kureshy and Davis 2002). The increased nitrogen retention indicates
improved protein utilization positively affecting growth performance (Glencross et al.
2007). In present study, in contrast to growth, increased nitrogen content was found in
shrimp received with MEL and CYA individually or in combination. These results are
similar to previous reports regarding red tilapia (Phromkunthong et al. 2013; 2015a) and
Asian seabass (Phromkunthong et al. 2015b), indicating that the protein contents in the
whole body and in various parts of fish, such as fillet or viscera, was directly affected by
dietary MEL+CYA. Therefore, the increased nitrogen content of shrimp whole body in
the MEL+CYA treated group may be attributed to the accumulation of nitrogen from
these substances. Karbiwnyk et al. (2010) reported accumulation of CYA in edible
tissues of shrimp fed with 1666 or 3333 mg kg"1 diet CYA (approximately 55 and 124 mg

kg'1 body weight) in their diet, respectively. However, the mechanism of these
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substances in a shrimp is not well understood. Therefore, the
pharmacokinetics/dynamics of MEL and CYA need to be further studied.
Histopathological analysis of hepatopancreas has been used as a
practical indicator for assessing the nutrient utilization and toxic substance
accumulation in the shrimp (Qiu et al. 2016). According to this study, MEL and CYA
directly affect the hepatopancreas. In fish, the formation of melamine-cyanurate crystals
in kidney is the main pathological sign of chronic exposure to MEL and CYA
contamination, and leads to renal nephropathy (Reimschuessel et al. 2010; Pirarat et al.
2012; Phromkunthong et al. 2015a; 2015b). Base on the previous report in Thailand, “big
head syndrome” or “water sac syndrome” have been reported to be pathological signs
in shrimp exposed to MEL and CYA contamination (Limsuwan et al. 2009; WHO 2009).
Similarly, Lightner et al. (2009) also reported that shrimp received MEL and CYA in their
diets could have insoluble crystals in the antennal glands, obstructing and impairing the
excretory system and causing swollen cephalothorax. Moreover, the results of present
study indicate severe histopathological alterations including severe atrophic changes

and cell necrosis in hepatopancreas of shrimp exposed to MEL and CYA.

4.6 Conclusions

This study examined the responses of Pacific white shrimp, L.
vannamei, to MEL and CYA exposures either individually or in combination in order to
understand the mechanisms of toxicity. Results of this study indicate that growth
performance and nutrient utilization were adversely affected by MEL and CYA exposure,
with reductions in body weight gain, ADG, SGR and an increase in the FCR. Exposure to
these substances also damaged the cells of hepatopancreas, leading to the generation
of oxidative stress, increased lipid peroxidation and decreased antioxidant and
suppress immune responses, which indicare that the hepatopancreas of shrimp is
highly sensitive to MEL and CYA. In summary, these results provide some basic
knowledge for a toxicological risk assessment of MEL and CYA in the context of shrimp

farming. It is noted that further studies should evaluate the accumulation of these
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substances in the edible part of shrimp to address public concerns of health risks to

consumers.
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CHAPTER 5

Effects of Melamine and Cyanuric Acid on Growth Performance, Blood Immune
Parameters and Histological Alterations in Hybrid Clarias Catfish

(Clarias macrocephalus (Giinther) x C. gariepinus (Burchell))

5.1 Abstract

Since the contamination of animal feeds with melamine (MEL) and
cyanuric acid (CYA) has been announced in many countries, it resulted in a significant
economic impact and consumer confidence. Several studies have been performed to
investigate the pathological effects of these substances in various kinds of aquatic
animal. Therefore, the objective of this study was to investigate the effects of MEL and
CYA singly and in combination on growth performance, blood immune parameters and
histological alterations in hybrid Clarias catfish (Clarias macrocephalus (Gunther) x C.
gariepinus (Burchell)). The experiment comprised of 7 treatments with 3 replicates each.
Seven isonitrogenous (350 g kg™') and isolipidic (70 g kg") diets were formulated as
follows diet 1 (a control diet without MEL and CYA); diets 2-5 (with MEL+CYA at 2.5+2.5,
5+5, 7.5+7.5, or 10+10 g kg diet); diet 6 and diet 7 (with only MEL or CYA at 10 g kg~
diet, respectively). Fingerling catfish with an initial weight of 6.00+0.02 g were randomly
assigned into glass aquaria at a stocking density of 15 fish per aquaria. Experimental
diets were given twice daily to apparent satiation for 8 weeks. The results from this study
indicated that final body weight and specific growth rate (SGR) were significantly
(P<0.05) lower in fish that exposed with combined MEL+CYA or each alone relative to
the control. Compared to control, feed intake was significantly decreased (P<0.05) in
fish exposed with combined MEL+CYA diets or each alone, while FCR remained
unaltered (P>0.05) with all treatments. Fish received with combined MEL+CYA diets or
each alone developed darkening of the skin, while fish fed control diet did not showed
any significant abnormality of skin color. Dietary MEL-CYA did not affect (P>0.05) the
red blood cell counts, hemoglobin and hematocrit values among fish fed different diets.

In contrast, significant decreases were recored in white blood cell counts and NBT
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reduction value of MEL-CYA treated group compared to control, except for lysozyme
activity which significant differences (P<0.05) were found in MEL+CYA at 7.5+7.5,
10+10 and MEL alone 10 g kg’1 diet compared to control. Dietary MEL-CYA induced
hepato-renal toxicity in fish. The melamine-cyanurate crystals were detected in renal
tubules of fish that exposed with combined MEL+CYA diets, whereas fish received only
MEL or CYA alone did not have such crystals in the kidneys. In addition, dietary MEL-
CYA induced oxidative sress and lipid peroxidation, evidenced by the significant
changes of the liver and kidney antioxidant enzymes, including superoxide dismutase
(SOD), catalase (CAT) and glutathione peroxidase (GPx) and heat shock protein
(Hsp70) intensity. These findings raise concerns about MEL-CYA contamination in
aquatic feed and these substances should be strictly monitored to ensure feed safety,

therefore, reducing risk to either animals or consumers.

5.2 Introduction

Melamine (1,3,5-triazine-2,4,6-triamine; abbreviated as MEL) is organic
nitrogenous compound which contains up to 67 percent of nitrogen by mass (Bischoff,
2011). For industrial purposes, MEL is extensively used as starting materials for
manufacture of thermoplastic materials, kitchenware, fire retardant and coating
compound (Onac et al., 2018). According to U.S. Food and Drug Administration (US-
FDA, 2007), the use of MEL is not approved for supplementation in either foods for
human or animal feeds. Unfortunately, due to higher amount of nitrogen content, MEL
has been illegally used by unethical manufacturer for commercial purposes to falsely
increased protein apparent in requiring samples. In general, the routine analysis of
protein content in sample is performed by multiplication amounts of nitrogen with
conversion factor and then converting into protein content (US-FDA, 2007). This method
has the possible disadvantage of not being recognized the derivation of nitrogen
sources. Therefore, high protein feed ingredients are highly susceptible to MEL
contamination. Major outbreaks of MEL contamination have been reported between

2004 and 2007 in United States and Canada when wheat gluten, rice protein and corn
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gluten imported from China were found contaminated with MEL (Brown et al., 2007). In
recent years, the toxicity of MEL and its derivatives i.e. cyanuric acid (CYA) has been
extensively studied to understand the mechanism of MEL toxicity. Several studies
reported that MEL induces a pathological damage in liver and kidney, which are
important organs for detoxification and excretion in animal. Also, MEL has been
associated with impaired nutrient utilization that related to growth retardation.

Hybrid Clarias catfish is a favorite fish for consumers due to their good
taste, inexpensive and nutritional value. In 2016, the production of hybrid Clarias catfish
in Thailand was 102,400 tonnes, accounting for 28% of the total freshwater fish
production (Department of Fisheries, 2018). Therefore, this fish make an appropriate
representative for examining the effects of MEL and/or CYA on freshwater fish. Recently,
oncerns about the contamination of MEL and its derivatives in aquatic feeds are linked
to a large variety of products in aquaculture industries. Therefore, the aim of this study
was to evaluate the toxicity of MEL and CYA, either singly or in combination in hybrid
Clarias catfish through the analysis of parameters related to growth performance, feed

efficiency, oxidative stress-related enzymes and histopathology of liver and kidney.

5.3 Materials and Methods
5.3.1 Test animals

Hybrid Clarias Catfish, Clarias macrocephalus (Gunther) x C. gariepinus
(Burchell) were obtained from standard commercial farm located in Songkhla province,
Thailand. Prior to the experiment, fish were acclimated under laboratory conditions in
1,000 L fiberglass tank and they were fed with control diet (MEL-CYA-free diet) twice
daily (08:30 and 15:30) to apparent satiation. After acclimatization for two weeks, fish
were fasted for 24 h, hand sorted and weighed after being anesthetized with eugenol
(50 mg L™). Fish with an average body weight 6.00+0.02 g (mean+SD, n = 315) were
randomly allocated in 184 L glass aquarium tanks at a density of 15 fish per tank. Three
replicate tanks were assigned to each treatment. Fish were hand-fed to apparent
satiation twice daily (08:30 and 15:30) for 8 weeks. The water quality during

experimental period were maintained within the acceptable ranges according to the
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guidelines for good aquaculture practices for freshwater animal farm (Thai agricultural
commodity and food standard TAS 7417(G)-2016), water temperature and pH were
measured daily and their values were in the range of 25-32°C and 6.5-8.5, respectively.
Dissolved oxygen (DO) was kept at about 7 mg L, total ammonia concentration was
below 0.5 mg L. This experiment was conducted following to the guidelines of the
Committee on Care and Use of Experimental Animal for handling and sampling to

minimize the stress on fish.

5.3.2 Experimental diets

MEL (purity > 99.5%) was supplied by Chang Chun Petrochemical Co.
Ltd., Taiwan and CYA (purity > 98%) was obtained commercially from Sigma-Aldrich (St
Louis, MO, USA). Seven experimental diets were formulated met all nutritional
requirement of hybrid Clarias catfish according to the recommendations by the
Department of Fisheries, Thailand. MEL-CYA (in g kg diet) were supplementations as
follow: control diet (without supplementation of MEL or CYA, diet1), 2.5+2.5 (diet 2), 5+5
(diet 3), 7.5+7.5 (diet 4), 10+10 (diet 5), 10+0 (diet 6) and 0+10 (diet 7), with a
corresponding substitution in cellulose content. Diets were pelleted using Hobart
Legacy® Mixer (OH, USA). After processing, pellets were packed in low-density
polyethylene bags and stored in a refrigerator until used. Proximate composition of the
experimental diets was analyzed according to the standard methods of AOAC (1995).

Details of feed ingredients and diet proximate composition are presented in Table 1.

5.3.3 Growth performance
At the end of the experiment, all fishes in each tank were individually
weighted using a digital balance after anesthesia with 50 mg L" clove oil. Growth
parameters including weight gain (WG, g fish™), specific growth rate (SGR, % day ),
feed conversion ratio (FCR), were calculated using below equations. Survival rate (SR,
%) was recorded by counting daily mortality in each tank and was calculated for each

treatment by following the equations
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Specific growth rate (SGR, % day ") = 100 [Ln(Mean final body weight, g)
- Ln(Mean initial body weight, g)] / feeding days

Feed conversion ratio (FCR) = dry feed intake (g) / [final biomass (g) -
initial biomass (g) + biomass of the dead fish (g)]

Survival (SR, %) = 100x (final amount of fishes) / (initial amount of fishes)

5.3.4 Sampling and chemical analyses

At the beginning of the experiment, 20 fishes were scarified with an
overdose of anesthetic and they were stored frozen (-20°C) until analysis of the initial
proximate composition. At the end of the feeding trial, 3 fishes from each tank (9 fishes
per treatment group) were collected after fasting for 24 h to analyze the whole body
composition. Nitrogen, crude lipid, moisture and ash content in the whole body were
determined following the procedures of AOAC (1995). Briefly, Dry matter was
determined by drying the samples in hot air oven (Memmert UF110, Germany) at 105°C
until constant weight. Nitrogen content (N x 6.25) was determined by Kjeldahl method
using Kjeltec protein analyzer (KjeltecTM 8100, FOSS, Tecator, Sweden). Crude lipid was
determined by methylene chloride extraction using Soxhlet method (Soxtec™ 8000,
China). Ash was measured after combustion in a muffle furnace (Gallenkamp Box

Furnace, UK) at 550°C for 6 h.
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Table 5-1. Compositions of experimental diets

Diets (MEL+CYA, g kg diet)

Ingredients
Diet 1 Diet 2 Diet 3 Diet 4 Diet5 Diet6 Diet7
(g kg™ diet)
(Control)  (2.5+2.5) (5+5) (7.5+7.5) (10+10) (10+0) (0+10)
Fishmeal 250 250 250 250 250 250 250
De-hulled soybean meal 250 250 250 250 250 250 250
Ground pea nut 150 150 150 150 150 150 150
Rice bran 100 100 100 100 100 100 100
Rice flour 147 147 147 147 147 147 147
Fish oil : soybean oil (1:1) 20 20 20 20 20 20 20
Vitamin & mineral premix1 1.5 1.5 1.5 1.5 1.5 1.5 1.5
Di-calcium phosphate 10 10 10 10 10 10 10
Choline chloride 1 1 1 1 1 1 1
Inositol 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Alpha-starch 50 50 50 50 50 50 50
Microcrystalline Cellulose 20 15 10 5 0 10 10
Melamine (I\/IEL)2 0 2.5 5 7.5 10 10 0
Cyanuric acid (CYA)° 0 2.5 5 7.5 10 0 10

'Vitamin & Mineral premix deliver the following in unit kg'1 diet: Retinal (A) 8,000 IU; Cholecalciferol (D3) 1,500 IU;
Tocopherol (E) 100 mg; Menadione sodium bisulfite (K3) 5 mg; Thiamine (B1) 10 mg; Riboflavin (B2) 15 mg;
Pyridoxine (B6) 15 mg; Cobalamin (B12) 0.02 mg; Niacin 80 mg; Calcium pantothenate 40 mg; Ascorbic acid (C)
150 mg; Biotin 0.5 mg; Folic acid 4 mg; Cu 5 mg; Fe 30 mg; Zn 40 mg; Mn 25 mg; Co 0.05 mg; | 1 mg; Se 0.25 mg.
*Melamine : Chang Chun Petrochemical CO.,LTD, Taipei Taiwan (purity 99.5%).

*Cyanuric acid (98%) : Sigma-Aldrich CO., LTD.



Table 5-2. Proximate composition of experimental diets (g kg'1 as fed basis, analyses of three batches of diet given as mean+SD)

Diets (MEL+CYA, g kg™ diet)
Proximate composition

E Diet 1 Diet 2 Diet 3 Diet 4 Diet 5 Diet 6 Diet 7
(g kg diet)

(Control) (2.5+2.5) (5+5) (7.5+7.5) (10+10) (10+0) (0+10)

Nitrogen content
355.62+2.55 373.51+9.19 381.69+2.52 416.10+4.03 430.16+£1.67 390.68+0.61 373.10+9.68

(Nx6.25)
Crude lipid 69.39+1.89  73.94+0.57 72.03+0.46 72.62+0.25 70.53+1.59 71.63+2.57 67.48+1.61
Crude ash 91.69+1.76 90.89+1.37 86.18+0.73 85.76+1.03 83.68+0.23 89.67+0.28  83.03+0.43
Gross energy

1 17.13 17.13 17.13 17.13 17.13 17.13 17.13
(MJ kg diet)
MEL content’ 0 25 4.7 8.0 9.9 10.8 0
CYA content’ 0 26 4.9 7.7 10.5 0 10.6

' LC-MS/MS using a modified method of US-FDA LIB No. 4422 with HILIC chromatography (Smoker and Krynitsky, 2008)

90l
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5.3.5 Hematological Characteristics

At the end of experiment, 3 fishes from each tank were euthanized by an
overdose of clove oil. Blood samples were immediately collected from the puncture of
caudal vein using 1 mL syringe with 25 gauge needles and were transferred into 1.7 mL
sterile micro centrifuge tubes. Red blood cell count, (RBC) and white blood cell count
(WBC) were counted using Bright-Line™ Hemacytometer (Hausser Scientific, USA) after
diluted 1:200 with Yokoyama's solution by using diluting pipette (Boeco, Germany)
(Blaxhall and Daisley, 1973). Hemoglobin levels (Hb, g dL™') were analyzed following the
Drabkin's cyanmethemoglobin method. A standard curve was performed using two-fold
serial dilutions of human hemoglobin at ranging from 13.100 to 0.205 g dL" and the
absorbance was measured with a Multiskan™ GO microplate spectrophotometer
(Thermo Fisher Scientific, USA) at 540 nm (Larsen and Snieszko, 1961). The hematocrit
(Ht, %) values were analyzed by microcentrifuge technique, using heparinized micro-
hematocrit capillary tube (Vitrex, Denmark). Briefly, blood samples were placed in
capillary tube and centrifuged by micro-hematocrit centrifuge (model 4203; ALC
International, ltaly) at 10,000 rpm for 5 min and the values were calculated as
percentage of packed red blood cells in a centrifuged column of whole blood (Blaxhall
and Daisley, 1973). The nitroblue tetrazolium (NBT) reduction was determined
according to the method as described by Anderson and Siwiki (1995). Briefly, 50 yL of
the blood was mixed with 30 uL of acid citrate dextrose (ACD) in flat-bottom 96 well
plate and incubated at 37°C for 1 h to allow adhesion of cells. After incubation time, the
supernatant was discharged and the cells were washed three times with 0.01 M
phosphate buffered saline, pH 7.2. Afterward, 50 pL of 0.2% NBT (Sigma, USA) in
0.85% normal saline was added into the wells and incubated at 37°C for 1 h. Then, the
supernatant was discharged and the cells were fixed with 50 pL of absolute methanol
for 3 minutes and then washed three times with 100 uL 70% methanol. The plates were
dried in the laminar flow cabinet for 5 minutes before 120 pL of 2 N potassium hydroxide

(KOH) and 140 uL of dimethyl sulphoxide (DMSO) were added into the wells to dissolve
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the formazan crystals. The absorbance was measured at 620 nm using 120 pyL of 2 N
KOH and 140 pL of DMSO as blank. NBT reduction was reported as OD 620 nm.
Remaining part of blood samples were allowed to clot for 15 minutes at
room temperature. The clot samples were centrifuged at 5,300xg for 15 min at 4°C
(Beckman Coulter, Inc., Allegra X-30R, Germany) and supernatant (serum) was
collected for biochemical parameters analysis. Lysozyme activity was determined by the
turbidimetric methods according to Demers and Bayne (1997) based on lysis of gram
positive bacterial cell walls, Micrococcus lysodeikticus (Sigma, USA). In brief, 25 pL of
serum was mixed with 175 uL of bacterial suspension (0.2 mg/mL in 0.05 M phosphate
buffer, pH 6.2). The absorbance (AOD) at 450 nm was measured at 1 minute intervals
for 10 minutes using Multiskan™ GO microplate spectrophotometer (Thermo Fisher
Scientific, USA). One unit of lysozyme activity was expressed as the amount of enzyme

producing a decrease in absorbance of 0.001 min" ml” of serum.

5.3.6 Determination of antioxidant enzyme, Hsp70 and lipid oxidation in liver and
kidneys
5.3.6.1 Sample preparation
At the end of the experiment after fasted for 24 h, 3 fishes from each tank
were randomly captured and euthanized by an overdose of clove oil. Samples of liver
and kidney were collected into cryogenic tubes (Corning, Mexico) and kept in liquid
nitrogen until analyzed. Each tissue was weighted and homogenized using a sterile
pestle in ice cold acetate buffer, pH 7.5, plus 20% protease inhibitor (Amresco, USA)
under an ice bath. Afterward, the homogenates were centrifuged at 12,879 xg at 4°C for
10 min. The supernatant was transferred into 1.7 mL microcentrifuge tube and kept at -
80°C until analyzed.
5.3.6.2 Determination of antioxidant enzyme
The activity of superoxide dismutase (SOD, EC1.15.1.1) and glutathione
peroxidase (GPx, EC 1.11.1.9) in fish tissues were determined by the assay kit (Cayman
Chemical, USA) according to the instructions given by the manufacturer. The activity of

catalase (CAT, EC1.11.1.6) was determined following to the method as described by
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Trasvifia-Arenas et al. (2013) using Purpald® (4-amino-3-hydrazino-5-mercapto-1,2,4-
triazole, Sigma-Aldrich, USA) as chromogen. Specific activities of the enzymes are
expressed in unit mg protein’1.
5.3.6.3 Determination of Hsp70

Western blot analysis was performed according to the modified method
of Kohler et al. (2009). The homogenates samples were mixed with a sodium dodecy!
sulfate (SDS) loading buffer (10 mM Tris, 3% SDS (w/v), 0.3% mercaptoethanol (w/v),
20% glycerol (w/v), 0.005% bromophenol blue (w/v)), and boiled for 5 min. Equal
amount of protein samples (100 micrograms) were loaded to a 12% polyacrylamide gel,
and electrophoresis was conducted at 80 V for 15 min followed by 120 V for 60 min.
Then, separated proteins were transferred to nitrocellulose membrane (Santa Cruz
Biotechnology, USA) using semi-dry blotting (Thermo Scientific, USA) at 180 mA for 1 h.
The membranes were blocked 50% horse serum in TBS (50 mM Tris pH 7.5, 150 mM
NaCl) for 1 h, and then washed three times with TBS. The membranes were incubated
overnight at 4°C with a primary antibody against Hsp70 (mouse anti-human IgG, Thermo
Scientific, USA). Afterward, the membranes were incubated for 2 h at 4°C with
secondary antibody (goat anti-mouse IgG, Dianova, Germany). For detection, 4-chloro-
1-naphthol was used as the peroxidase substrate and the relative intensities of the
Hsp70 bands were measured by Imaged software (NIH, Bethesda, MD).

5.3.6.4 Determination of lipid oxidation in liver and kidneys

Lipid peroxidation was determined as thiobarbituric acid reactive
substances (TBARS) assay according to the method of Buege and Aust (1978), which
measures the reaction of malondialdehyde (MDA) with thiobarbituric acid (TBA) to
produce pink compounds. Briefly, each sample (~0.1 g) was homogenized with TBA
reagent (0.375% (w/v) TBA (Sigma-Aldrich, Germany), 15% (w/v) trichloroacetic acid,
TCA and 0.25N HCI). The reaction mixtures were heated at 95°C for 15 minutes. After
cooling down in cold water, samples were centrifuged at 5,300 xg for 10 minutes at 4
°C, and optical density was measured by a microplate spectrophotometer at 532 nm. A
standard curve was prepared using 1,1,3,3-tetramethoxypropane (TEP) and the levels of

TBARS were expressed as micromole of MDA equivalents g"1 tissue.
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5.3.7 Histopathological alteration

At the end of 8 weeks, 3 fish from each tank were collected after
euthanasia with an overdose of clove oil. Liver and kidney were immediately dissected
for estimation of histopathological alteration. All tissue samples were fixed by immersion
in 10% neutral buffer formalin for 48 h and stored in 70% ethanol until processing.
Afterward, the samples were processed by standard histological procedures using an
automatic tissue processor (Leica TP1020, Germany), and then embedded in paraffin
(Leica EG1150C, China). The samples were sectioned at 5 ym thicknesses using a
rotary microtome (Leica EG1150H, China) before stained with Haematoxylin & Eosin
(H&E) (Bancroft, 1967). The histopathological examination of processed slides was
evaluated through Olympus PROVIS AX-70 microscope (Olympus Corporation, Japan)
and images were captured with an Olympus DP71 digital camera and software

(Olympus Corporation, Japan).

5.3.8 Statistical analysis
Statistical analyses of all collecting data were analyzed by using SPSS
statistical software version 11.5 for Windows. Data are presented as meanzstandard
deviation (SD). Data were tested for normality (Shapiro-Wilks test) and homogeneity of
variance (Levene's F test) prior to one-way analysis of variance (ANOVA). The
differences between means were compared by the Tukey test at a 95% interval of

confidence (P<0.05).

5.4 Results
5.4.1 Growth performance
Growth and survival rate of hybrid Clarias catfish measured at the end of
experiment are presented in Table 5-3. Survival rate of fish in all treatments ranged from
91.11 to 100%, and there were no significant differences (P>0.05) among treatments
(Table 5-3). Growth performances of fish were significantly affected by dietary MEL and
CYA levels. Fish fed control diet obtained significant higher (P<0.05) average body

weight and SGR compared to those in other groups (Table 5-3). No significant



111

differences (P>0.05) among treatments were founded for FCR values (Table 5-3). A
significantly lower (P<0.05) feed intake (FI) was observed during the first six weeks of
the experiment in fish fed with MEL and CYA supplemented diets, either singly or
combination compared to fish fed the control diet. During week 6-8, Fl of fish fed control
diet was significantly higher (P<0.05) than fish fed with MEL-CYA combination, or with
MEL alone. However, no significant different (P>0.05) was found from fish fed with CYA

alone (Table 5-3).

5.4.2 Assessment of skin discoloration

During this experiment, fish fed control diet did not showed any
abnormality of skin color (Figure 5-1A). However, skin discoloration, including darkening
of skin of hybrid Clarias catfish was markedly affected by dietary MEL and CYA
supplementation (Figure 5-1B-G). After receiving experimental diet for 2 weeks,
occurrence of skin discoloration was recorded in all treatment groups (Fig 5-1: B-G and
Table 5-4). During week 4-6, fish fed MEL+CYA at 10+10 g kg™ diet has the highest
percentage of skin discoloration (Figure 5-1: E and Table 5-4), however, there were no
significant differences (P>0.05) when compared to those of fish fed MEL+CYA at 5+5,
7.5+7.5 and 10+0 g kg’1 diet (Figure 5-1C, D and F, respectively and Table 5-4). At the
end of experiment, the percentage of skin discoloration of fish fed MEL+CYA at 2.5+2.5
g kg diet was 53.85% (Figure 5-1B), which significantly increased (P<0.05) to 79.52,
81.06, 87.62 and 76.75% for fish fed MEL+CYA at 5+5, 7.5+7.5, 10+10 and 10+0 g kg1

diet, respectively (Figure 5-1C-F and Table 5-4).



Table 5-3. Growth, feed efficiency and survival rate of hybrid Clarias catfish fed diets with different levels of MEL and CYA for 8 weeks (values are

given as mean£SD; n = 3 replicate tanks)

Diets (MEL-CYA, g kg diet)

Parameters

Diet 1 (Control) ~ Diet2 (2.5+2.5)  Diet 3 (5+5) Diet4 (7.5+7.5) Diet5 (10+10)  Diet6 (10+0)  Diet 7 (0+10)
Survival (% cumulative)
Week 0-8 100.00+0.00° 95.56+7.70° 97.78+3.85° 93.3346.67° 91.11+10.18° 95.56+7.70° 97.78+3.85°
Average body weight (g fish”)
Initial 6.00+0.01° 6.00+0.03" 6.00+0.01° 6.00+0.04° 6.00+0.04° 6.0040.04° 6.0120.02°
Final 54.29+2.77° 41.16+2.79° 41.68+4.56° 40.95+0.55° 43.84+1.24° 36.32+4.25° 44.52+2.71°
Specific growth rate, SGR (% day’’)
Week 0-8 3.93+0.09° 3.43+0.12% 3.45+0.20% 3.43+0.02%° 3.55+0.06™ 3.21+0.20° 3.57+0.10°
Feed conversion ratio, FCR
Week 0-8 1.26+0.09° 1.38+0.11° 1.28+0.13° 1.39+0.09° 1.28+0.04° 1.47+0.10° 1.42+0.04°
Feed intake, FI (g fish”)
Week 0-2 7.36+0.68° 4.73+0.96° 5.21+0.26° 5.15+0.13° 5.31+0.35° 4.34+0.20° 5.75+0.62°
Week 2-4 12.33+1.12° 8.41+0.68" 8.35+0.44° 8.40+0.14° 8.42+0.41° 7.39+0.22° 8.25+0.28"
Week 4-6 19.49+0.38" 13.29+1.31° 11.72+2.50° 12.98+0.14° 13.88+0.51° 12.28+0.58" 13.96+0.91°
Week 6-8 19.60+1.85° 15.53+0.88° 14.40+0.64° 14.90+0.76° 15.56+1.67° 14.36+0.40° 16.32+2.03%

Values within the same row sharing a common superscript are not significantly different by the Tukey test (P>0.05).

47"



Table 5-4. Percentage of skin discoloration of hybrid Clarias catfish fed diets with different levels of MEL and CYA for 8 weeks (values are

given as meanzSD; n = 3 replicate tanks)

Diets (MEL+CYA, g kg™ diet)

Parameters
Diet 1 (Control) Diet 2 (2.5+2.5) Diet 3 (5+5) Diet 4 (7.5+7.5) Diet5 (10+10) Diet 6 (10+0) Diet 7 (0+10)

Percentage of skin discoloration (%)

Week 2 0+0° 17.78+3.85° 51.11+3.85° 48.89+3.85° 51.28+4.01° 46.67+6.67° 46.67+6.67°

Week 4 0+0° 35.56+3.85° 71.11£3.85° 71.49+6.27° 73.23£1.79° 65.30+4.76° 58.86+12.16°
Week 6 0+0° 48.89+3.85" 75.56+3.85™ 78.84+5.65° 80.63+2.44° 72314520  61.42+11.36™
Week 8 0+0° 53.85+7.45° 79.52+0.82° 81.06+3.16° 87.62+4.83°  76.75+3.34°  61.42+11.36™

Values within the same row sharing a common superscript are not significantly different by the Tukey test (P>0.05).

chl
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Figure 5-1. Clinical signs and external features of hybrid Clarias catfish after fed diets with different
levels of MEL and CYA for 8 weeks. (a) Normal appearance of skin color of fish fed on control diet.
Darkening of skin was markedly affected by dietary MEL+CYA supplementation as followed (b)
25+25gkg’: (c) 5+5gkg™: (d) 7.5+7.5 gkg; (€) 10+10 g kg™ (f) 10+0 g kg; (g) 0+10 g kg .
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5.4.3 Whole body composition

The whole body composition of the fish fed with different dietary MEL and
CYA levels are presented in Table 5-5. Dry matter content of fish fed control diet was
significantly higher (P<0.05) than fish fed with MEL-CYA at 7.5+7.5, 10+10 and 10+0 g
kg'1 diet (Table 5-5). Higher nitrogen content (P<0.05) in whole body was found among
fish fed MEL-CYA at 5+5, 7.5+7.5, 10+10 and 10+0 g kg’1 diet compared to those fed
the control diet. Fish fed the diet with MEL-CYA at 7.5+7.5, 10+10 and 10+0 g kg'1 did
not differ in lipid content in whole body and were lower (P<0.05) than that observed in
fish fed control diet (Table 5-5). However, no significant differences (P>0.05) of ash

content in whole body was observed among all groups (Table 5-5).

5.4.4 Blood parameters

The effects of dietary MEL-CYA on blood parameters are presented in
Table 5-6. Dietary MEL-CYA did not affect (P>0.05) the hemoglobin and hematocrit
values among fish fed different diets. Similarly, RBC counts did not show any significant
differences (P>0.05) among treatments (Table 5-6). However, fish fed control diet
showed the highest (P<0.05) WBC counts and NBT reduction compared to the other
treatments (Table 5-6). Fish fed with the control and CYA alone at 0+10 g kg’1 diets had
the highest (P<0.05) serum lysozyme activity, whereas the lowest ones were found
among fish fed the diet with MEL-CYA at 7.5+7.5, 10+10 and 10+0 g kg'1 diet (Table 5-
6).

5.4.5 Antioxidant enzyme activities and stress-70 proteins (Hsp70)

The effects of dietary MEL-CYA supplementation on the antioxidant
enzyme activities are shown in Figure 5-2 to 5-4. No significant differences (P>0.05) of
superoxide dismutase (SOD) activities in both liver and kidney were found between
control and MEL-CYA supplementation group (Figure 5-2). Catalase (CAT) activity in the
liver of fish fed the diet with MEL-CYA at 7.5+7.5 and 10+10 g kg'1 diet was significantly
higher (P<0.05) than that in the control group, while only fish fed the diet with 10+10 g

kg"1 diet had significantly increased (P<0.05) CAT activity in the kidney compared with
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control group (Figure 5-3). Glutathione (GPx) activity in the liver was gradually increased
with the increasing levels of dietary MEL-CYA up to 5+5 g kg'1 diet, whereas the highest
GPx activity in the kidney of fish fed the diet with MEL-CYA at 10+10 g kg’1 diets and
MEL alone (10 g kg~ diets) which were significantly higher (P<0.05) than the control
group (Figure 5-4).

The relative Hsp70 intensity in the liver was significantly lower (P<0.05) in
fish fed with control diet than in the fish fed the diet with dietary MEL-CYA at 5+5,
7.5+7.5, 10+10 g kg diets and MEL alone (10 g kg™ diets) (Figure 5-5). The relative
Hsp70 intensity in the kidney were increased (P<0.05) in fish fed the diet with 10+10 g
kg'1 and MEL alone than the fish fed with CYA alone (Figure 5-5). However, there were

no significant differences (P>0.05) when compared with control group (Figure 5-5).

5.4.6 Lipid oxidation in liver and kidneys

Thiobarbituric acid reactive substances (TBARS) in the liver of fish fed
with MEL-CYA 10+10 g kg™ dietand MEL alone was significantly increased, and it was
significantly higher (P<0.05) than that of fish fed with control diet (Figure 5-6). TBARS in
the kidney of fish fed the diet with 5+5, 7.5+7.5, 10+10 and MEL alone at 10+0 g kg'1

significantly increased (P<0.05) compared with the control (Figure 5-6).



Table 5-5. Proximate whole body composition (g kg'1) of hybrid Clarias catfish fed diets with different levels of MEL and CYA for 8 weeks (values are given as

mean+SD; n=3 fish from each of the 3 replicate tanks)

Diets (MEL-CYA, g kg™ diet)

Parameters Diet 4 Diet 5
Diet 1 (Control) Diet 2 (2.5+2.5) Diet 3 (5+5) Diet 6 (10+0) Diet 7 (0+10)
(7.5+7.5) (10+10)
Dry matter 249.97+3.63° 236.86+0.74"° 233.27+1.23°° 217.55¢9.95"  211.41+3.39° 222 45+10.36% 255.97+1.82°
Nitrogen, Nx6.25 600.44+1.47° 623.25+6.29°%° 637.72+9.28"° 645.88+10.78°  649.57+7.88° 634.03+2.27%° 615.89+2.02%
Lipid 246.92+0.34° 225.80+6.54° 224.35+10.28"° 209.63+1.63"  191.42+2.67° 192.48+4.74° 233.55+7.79°
Ash 133.9620.17° 135.27+6.73° 138.44+11.52° 134.43+4.50° 138.01+7.61° 136.92+4.83° 134.1624.70°

Values within the same row sharing a common superscript are not significantly different by the Tukey test (P>0.05).

L1



Table 5-6. Blood parameters of hybrid Clarias catfish fed diets with different levels of MEL and CYA for 8 weeks (mean + SD; n=9 fish from each of the 3 replicate

tanks).

Diets (MEL-CYA, g kg diet)

Parameters
Diet 1 (Control) Diet 2 (2.5+2.5) Diet 3 (5+5) Diet 4 (7.5+7.5) Diet 5 (10+10) Diet 6 (10: 0) Diet 7 (0+10)
RBC (x10° cell mlI™) 2.79+0.23° 2.46+0.27% 2.25+0.14° 2.27+0.09° 2.29+0.20° 2.11+0.22° 2.46+0.13%
WBC (x10" cell mI™) 7.25+0.62° 5.06+0.49° 4.76+0.63° 5.01+0.76° 4.27+0.68 4.42+0.27° 6.15+0.26"
Hemoglobin (g dL™) 14.92+0.57° 13.71+1.62° 13.59+0.73° 13.86+1.82° 14.18+1.18° 13.72+1.54° 14.68+1.59°
Hematocrit (%) 37.30+1.08 35.19+4.02° 33.41+2.23° 33.93+4.96™ 38.36+2.60" 35.24+2.29%° 36.60+5.66°"

NBT reduction (OD 620 nm) 0.095+0.021°

Lysozyme activity (U mL™) 17.10+1.45°

0.051+0.005°
15.28+0.73%

0.054+0.006°
15.24+1.60"

0.050+0.007° 0.062+0.006°

13.09+1.18% 12.09+1.85°

0.059+0.004°
13.1441.77%

0.061+0.005°
16.83+1.21°

Values within the same row sharing a common superscript are not significantly different by the Tukey test (P>0.05).
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Figure 5-2. Superoxide dismutase (SOD) activity in liver and kidneys of hybrid Clarias

catfish fed diets with different levels of MEL and CYA for 8 weeks.
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Figure 5-3. Catalase (CAT) activity in liver and kidneys of hybrid Clarias catfish fed diets

with different levels of MEL and CYA for 8 weeks.
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Figure 5-4. Glutathione peroxidase (GPx) activity in liver and kidneys of hybrid Clarias

catfish fed diets with different levels of MEL and CYA for 8 weeks.
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Figure 5-5. Relative Hsp70 intensity in liver and kidneys of hybrid Clarias catfish fed
diets with different levels of MEL and CYA for 8 weeks.
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5.4.7 Histological alterations

The histological alterations of the fish liver sections are presented in
Figure 5-7. The livers of fish fed the control diet exhibited regular morphology of
hepatocytes with normal-shape and size (Figure 5-7a). However, abnormal appearance
of hepatocytes was observed in fish fed dietary graded levels of MEL-CYA, showing a
higher occurrence of cytoplasmic vacuolization with a displacement of cell nuclei
(Figure 5-7b-e). However, there were no differences of hepatocytes in fish fed CYA
alone at 0+10 g kg™ compared to the control (Figure 5-7f).

The histological alterations of the fish kidney sections are presented in
Figure 5-8. Fish fed control diet exhibited normal appearance of kidney structure with
well-defined glomerulus and renal tubules (Figure 5-8: a). However, severe
histopathological alterations were found in fish fed the MEL-CYA combination diets,
showing irregular golden-brown crystals (CYS) in the renal tubules (Figure 5-7: b-d). An
enlargement of the renal tubules and the tubular dilation were observed in fish fed high
level of MEL and CYA combination (Figure 5-8e-f). Melanomacrophage were found in

fish fed MEL or CYA alone (Figure 5-8e-f).
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Figure 5-7. Photomicrographs of liver in hybrid Clarias catfish fed on diets containing

various levels of MEL and/or CYA. (a) Section of liver from fish fed on the control diet
exhibited regular morphology of hepatocyte (400x; Scale bar = 20 um). Enlarged
hepatocytes and apparent cytoplasmic vacuolization (black arrow) as the histological
changes were found in fish fed MEL-CYA: 2.5+2.5 (b), 5+5 (c) and 10+10 g kg'1 diet
(d) (400%; Scale bar = 20 um). (e) Similar symptoms were observed in fish fed on
MEL-CYA: 10+0 g kg'1 diet (arrow head) (400x; Scale bar = 20 um). (f) Normal
hepatocytes were observed in fish fed on MEL-CYA at 0+10 g kg'1 diet (400x%; Scale
bar = 20 ym).
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Figure 5-8. Photomicrographs of kidneys in hybrid Clarias catfish fed on diets containing
various levels of MEL and/or CYA. (a) Normal appearance of renal tubules (RT),
glomerulus (G) was found in control group (200x; Scale bar = 50 ym). (b) Trunk kidney
from fish fed on a MEL-CYA at 2.5+2.5 g kg'1 diet showing irregular golden-brown
crystals (CYS) in the renal tubules (100x; Scale bar = 100 ym). (c) Golden-brown
crystals and degeneration of glomerulus (DG) were detected in fish fed on combination
of MEL-CYA at 7.5+7.5 g kg diet. (d) An enlargement (asterisk) and degeneration of
renal tubules (DR) were observed in fish fed on combination of MEL-CYA at 10+10 g kg’
' diet. (200x; Scale bar = 50 pum). The appearance of the tubular enlargement and
melano-macrophage (M) were found in fish fed on MEL alone (10+0 g kg'1 diet) (e)
(100x; Scale bar = 100 um) and with CYA alone (0+10 g kg'1 diet) (f) (200x; Scale bar =
50 p)
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5.5 Discussion

The contamination of MEL and its derivative compounds becomes a
major concern in aqua-feed industry. Recently, the contaminations of these compounds
in either food or feed products are restricted by the public health government agency in
many countries. In this study, these compounds were not detected in any of the feed
ingredients, which were confirmed by non-detection of these compounds in control diet.
Therefore, the presence of MEL and/or CYA in the diets was a result of the incorporation.

The results from this study indicated that the toxicity of MEL combined
with CYA had an adversely affects growth performance, including average body weight
and SGR in hybrid Clarias catfish after exposure to 2.5+2.5 g kg’1 diet of MEL and CYA
for 8 weeks. A similar decrease in average body weight and SGR has been reported in
previous study on Asian seabass after exposure to the diet with the identical
combination doses (Phromkunthong et al., 2015b). In the current study, the SGR was
lower in fish that received MEL alone (10 g kg'1diet) relative to control. The similar result
in terms of growth retardation after exposure to MEL at a level 10 g kg’1 support to the
findings of Srisathaporn et al. (2014) in fingering hybrid catfish (initial body weight ~9.7
g fish’ﬂ) exposed to MEL alone at doses 5, 10 and 20 g kg1 diet for 8 weeks, resulting in
significant lower final weight in fish exposed to 10 g kg'1 of MEL compared to control.
Similar results in different species with the same doses were also found in Asian
seabass (Phromkunthong et al., 2015b) and red tilapia (Phromkunthong et al., 2013;
2015a). Whereas in this study, the significant lower on body weight and SGR were noted
with CYA alone (10 g kg'ﬂdiet) relative to control. This finding is in contrary to previous
studies in Asian seabass and red tilapia, which noted that the growth of these fish were
not affected by dietary supplementation of CYA at 10 g kg'1diet (Phromkunthong et al.,
2015a; b), suggesting that hybrid Clarias catfish are more sensitive to CYA than those
Asian seabass and red tilapia.

In the present study, growth retardation may be caused by lower feeding
rate and impairing nutrient utilization due to damage caused by toxic effects of dietary

MEL and CYA to the liver, which is an important organ for nutrient metabolism, storage
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and detoxification. Therefore, hepatotoxicity can cause negative effects on performance
of fish. In this study, the increase lipid vacuolization in the liver point towards a reduction
in dietary lipid utilization also directly related to poor feed efficiency due to malfunction
of liver (Abdel-Tawwab, 2016; Romano et al., 2016; Yin et al., 2019). Also, Pirarat et al.
(2012) reported that alanine transaminase (ALT) and aspartate transaminase (AST),
biomarkers for liver health and function, in serum of walking catfish were significantly
increased, indicating abnormal liver function.

In the current study, dietary MEL and CYA supplementation significantly
affected on protein and lipid content in whole body. In this study, the protein and lipid
content in whole body fish showed opposite trend in response to the increase in dietary
MEL and CYA supplementation. Generally, protein (as nitrogen) content has positively
and significantly contributed to growth performance. However, in contrast to growth, fish
fed with a combination of MEL and CYA, or either of these singly, obtained significantly
higher nitrogen content in the whole body compared to the control group, indicating that
the increased nitrogen content of fish whole body in the MEL and CYA treated group
may be directly linked to the accumulation of these substances. Similar effects on higher
nitrogen content in whole body of MEL and CYA treated group have also been reported
in Asian seabass and red tilapia (Phromkunthong et al., 2013; 2015a; 2015b). For lipid,
the reduction of lipid content in whole body might be strongly related to the impairing
nutrient utilization due to malfunctions of liver. Moreover, fish generally utilize lipid as the
energy source in detoxification process, resulting in decrease of lipid content in whole
body of fish. The significant decreases of lipid content in whole body of fish after
exposure to toxic substances has been reported in previous studies for rainbow trout
exposed to deoxynivalenol (Hooft and Bureau, 2017), Nile tilapia exposed to zinc
(Abdel-Tawwab, 2016) Nile tilapia exposed to aflatoxin B1 (Hussain et al., 2017), Asian
seabass exposed to MEL+CYA (Phromkunthong et al., 2015b).

In the current study, dietary MEL-CYA induced darkening of the skin due
to higher content of melanin pigment. Similar results were also reported by Janlek et al.

(2009) in hybrid catfish (Clarias macrocephalus (Gunther) x Clarias gariepinus
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(Burchell)) and Pirarat et al. (2012) in walking catfish (Clarius batrachus). Literature
regarding the effect of MEL and CYA on color alterations of skin is scarce. One possible
reason may be related to stress and secretion of stress-induced hormone. Two pituitary
melanotropic hormones, including alpha-melanocyte-stimulating hormone (O-MSH) and
melanin-concentrating hormone (MCH) play an important role for color alterations of fish
(Yamanome et al., 2007; Takahashi et al., 2014). O-MSH can influence the synthesis of
melanin, a brown-black pigments, in the skin of fish by an action upon the melanocyte
cells. Shishioh-lkejima et al. (2010) reported that over-secretion of O-MSH by
melanotrophs in the anterior pituitary was found in animal model under continuous
chronic stress, resulting in hyper-pigmentation. However, the contrary finding was
reported in darkbarbel catfish by Xue et al. (2011) who found that the dorsal skin of
darkbarbel catfish fed the diets with 5 and 10 g kg'1 MEL supplementation was paler
than control. Thus, the skin discoloration, which could be induced by direct brain
impairment or high oxidative stress affected by MEL and CYA exposure, could also
contribute to the abnormal hormone secretion. This speculation needs to be proven by
future studies with high-performance technique i.e. molecular technique or the
expression of pigmentation related genes.

Hematological parameters are often used to determine the health
condition or effects of exposures to contaminants of fish (Tan et al., 2007; Fazio, 2019).
In the present study, no significant differences between control and MEL-CYA treated
groups were found in RBC, hemoglobin or hematocrit. However, the decrease of WBC
was found in fish fed with MEL and/or CYA than those received control diet. The
decrease of WBC is critical for fish health because these cells are play an important role
for immune responses against infectious agents or pathogens in fish. The decrease of
WBC recorded in this study was confirmed by the activities of phagocytes, which
quantified using the NBT reduction method. Moreover, we found that a significantly
lower lysozyme activity in combination group of MEL and CYA with high dose (up to
7.5+7.5 g kg~ diet) and MEL alone (10 g kg™ diet) compared with control group. In fish,

a close relationship between lysozyme and white blood cells including neutrophils and
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monocytes has been recognized by Pratheepa et al. (2010), who reported that lysozyme
production is mainly based on the neutrophils and monocytes present in the blood. The
suppression of immune response due to MEL and CYA exposure could be related to
cytokines, a small secreted proteins which are key regulators of the immune system
(Wang and Secombes, 2013). Cytokines are synthesized and released by innate
immune cells under the conditions of cell stress or pathogenic invasion (Lopez-Castejon
and Brough, 2011; Zou and Secombes, 2016). Yin et al. (2017) noted that co-
administration of melamine and cyanuric acid appears to inhibit the secretion of
cytokines in serum of ovalbumin-sensitized mice. Thus, the reduction of cytokines
observed are likely to cause adverse effects on immune functions. Unfortunately, an
anti-inflammatory cytokines were not assayed in this study, although this speculation
needs to be proven by future studies.

The exposure to toxic substances has been linked to organ damage and
dysfunction. The target organs for MEL and CYA in animal were liver and kidney (EFSA,
2010; Pirarat et al., 2012; Phromkunthong et al., 2015a; 2015b). The formations of
melamine-cyanurate crystals in renal tubules have been reported in animal exposed to
MEL and CYA. The obstruction of renal tubular by melamine-cyanurate crystals causes
tubular damage and disorder of organ function, which can lead to kidney (renal) failure,
as known crystal nephropathy (Reimschuessel et al., 2008; 2010; Lee et al., 2016). In
mammal, Lv et al. (2013) reported that crystals were found in the kidney of mice fed on
MEL in combination with CYA, resulting in kidney damages due to oxidative stress and
hypoxia. In the current study, formations of melamine-cyanurate crystals were detected
in renal tubules in the kidneys of fish that received diets with combination of MEL-CYA.
Crystal formation within the renal tubules may be dependent on the concentrations of
MEL and CYA (Reimschuessel et al., 2010)Similar finding are also reported in channel
catfish (Reimschuessel et al., 2010), walking catfish (Pirarat et al., 2012), rainbow trout
(Reimschuessel et al., 2010; Pacini et al., 2014) and red tilapia (Phromkunthong et al.,
2015a). In present study, exposure of fish to MEL or CYA alone resulted in marked

abnormalities which were characterized by enlargement and degeneration of renal
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tubules and cell necrosis in the kidney. These pathological findings confirm previous
observations in red tilapia exposed to MEL alone (Phromkunthong et al., 2013).
Moreover, this study showed that the formation of melano-macrophage in kidneys of
fish. Melano-macrophage play an important role in the response of fish to infectious
agents, including viruses, bacteria, parasites and toxic substances (Agius and Roberts,
2003), or indicating the presence of apoptotic area in the target tissues (Zeng et al.,
2019). Capps et al. (2004) reported that macrophage aggregates were presented in the
hemopoietic region of the kidney in zebrafish (Danio rerio) after exposed to perchlorate
for 8 weeks. However, melamine-cyanurate crystals were absent in the kidneys of fish
that received the diet with MEL or CYA alone. Reimschuessel et al. (2009) reported that
spherulite crystals formed in the kidneys of fish, resulting in intratubular obstruction and
renal damage.

The expressions of antioxidant enzymes including superoxide dismutase
(SOD), catalase (CAT) and glutathione peroxidase (GPx) in the liver and kidney of the
fish after 8 weeks of exposure to dietary MEL and CYA supplementation provide further
evidence that these substances induce oxidative stress in these target organs. The
oxidative stress in living organisms and cells is indicated by generation of reactive
oxygen species (ROS), induction of lipid peroxidation, and altered activity of antioxidant
enzymes (Woo et al., 2009; Vinagre et al., 2012; Birnie-Gauvin et al., 2017). Deng et al.
(2010a, 2010b) reported that a reduction in the hepatic liver contents and hepatic
lesions, which could be due to oxidative stress, caused by AFB1 exposure. In the
current study, an increased activity of CAT and GPx in liver and kidney tissues were
found in liver and kidney of the highest MEL+CYA combination diet suggest that the
receiving of these toxic substances induces the oxidative stress of the fish. The results
in our study are in agreement with Jin et al. (2010) reported significant increased
catalase activity in the liver of zebra fish (Danio rerio) after exposure to triazine herbicide
(atrazine) for 14 days and also similar to the finding in red tilapia (Phromkunthong et al.,
2015a). The results from the antioxidant enzymes alterations were closely related lipid

peroxidation as evaluated by thiobarbituric acid-reactive substances (TBARs). The
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significant increases in amount of TBARs in liver and kidney of the highest MEL+CYA
combination diet may be a response to oxidative stress caused by MEL-CYA exposure.
Heat shock protein, in particular the 70 kDa (Hsp70) has been widely
used for biomarkers of cellular stress in aquatic organisms. Hsp70 play an important
roles for protect cells from various conditions of stress. Elevated levels of various HSPs
have been measured in tissues of fish exposed to abnormality-producing agents. Under
stress condition, HSP could help cells resist deadly conditions and adapt to stress
(wama et al., 1999; Basu et al., 2001). In the current study, an increase in relative
Hsp70 intensity in liver and kidney of MEL-CYA exposed group is probably an indication
of tissue damages. Phromkunthong et al. (2015b) reported a significant increase in
Hsp70 in the liver of Asian seabass when exposed to MEL and CYA. Similar findings
were also reported by same author in red tilapia in response to MEL and CYA exposure

(Phromkunthong et al., 2014).

5.6 Conclusion

In conclusion, the results of the present study confirmed that MEL and
CYA had negative impacts to hybrid Clarias catfish, the clinical signs as growth
retardation, feed efficiency reduction, skin discoloration, target organs (liver and kidney)
dysfunction and histological damage are commonly recorded. The combination of MEL
and CYA induces crystal nephropathy. Antioxidant enzymes and Hsp70 play important
roles to protect tissues from these substances. To our knowledge, the information will be
helpful to understand the toxic effects and clinical signs of target organs induced by

MEL and CYA in hybrid Clarias catfish.
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CHAPTER 6

Conclusions and recommendation

The past decade, the illegal adulteration of melamine and its derivatives
had been reported in various animal feed products. The presence of these compounds
in feed samples can increase protein content due to a false positive of nitrogen
detection in typical protein assays. Melamine has an impact on animal health in
numerous ways. Melamine by itself was classified as moderate toxic. However, the
combination of melamine with cyanuric acid formed insoluble crystals in kidneys, which
can occur more toxic than each substance alone. The melamine-cyanurate crystals
induced renal toxicity due to the the accumulation of insolubal crystals in the kidneys.
Therefore, MEL should not be present in any feed product. Recently, the contamination
of melamine can be monitored by verification of industrial process regulations.

This thesis demonstrates a series of experiments investigating the effects
of melamine and cyanuric acid in 3 economic aquatic animal species of Thailand
including Asian seabass, Pacific white shrimp and hybrid Clarias catfish. Overall, the
results of this study can be summarized as follows:

For Asian seabass

* Dietary MEL and CYA or MEL alone had adverse effects on growth and
feed utilization in Asian seabass.

* The supplementation of combined MEL and CYA induced gold-brown
crystals in the kidney.

» Stress-70 proteins and antioxidant enzyme activities increased in fish
ingested diets included with MEL and CYA.

* The highest MEL residue in fillet was detected in fish ingested MEL

alone. In contrast, CYA were not detected in all treatment.
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For Pacific white shrimp

* Dietary MEL and CYA or MEL alone had adverse effects on growth and
feed utilization in Pacific white shrimp.

« Total hemocyte count (THC) and phenoloxidase (PO) activity were
significantly decreased in shrimp receiving MEL alone and at high combination
dosages.

» The activities of antioxidant and digestive enzyme in shrimp fed the
highest combination level of MEL-CYA or MEL alone were significantly decreased in
both gill and hepatopancreas.

» Severe histological damages to the hepatopancreas were detected in

shrimp ingested diets included with MEL and CYA.

For hybrid Clarias catfish

» Growth performance were significantly lower in fish that exposed with
combined MEL+CYA or each alone relative to the control.

» Dietary combined malmine and cyanuric acid or each alone decrease
feed palatability.

+ Abnormalities of skin color were detected in melamine and cyanuric
acid exposed group.

» Supression of blood related-immune parameters including white blood
cell counts, NBT reduction and lysozyme were noted in melamine and cyanuric acid
exposed group.

* The melamine-cyanurate crystals were detected in renal tubules of fish
that exposed with combined MEL+CYA diets.

+ Dietary MEL-CYA induced oxidative sress and lipid peroxidation in liver

and kidney of fish.
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