ADAPTIVE HISTOLOGICAL VARIATIONS 

IN THE GUT OF PINTADO (Pseudoplatystoma corruscans) 

FED DIFFERENT PROTEIN LEVELS

Lícia M. Lundstedt

Department of Genetics and Evolution, Federal University of São Carlos

Rod. Washington Luís, km 235; CEP: 13565-905; CP 676.

São Carlos, SP, Brazil

Phone/Fax: 55 (16) 260-8376 / 55 (16) 260-8377

e-mail: plicia@iris.ufscar.br

José Fernando Bibiano Melo* and Gilberto Moraes**

Department of Genetics and Evolution, Federal University of São Carlos

e-mail:* pgaucho@iris.ufscar.br; ** gil@power.ufscar.br
Abstract

The well understanding of the fish gut morphology is essential to comprehend the changes from dietary adaptations. Mucous tissue is directly associated to digestion and absorptive process. Therefore, morphometry is a good tool to adjust a proficient model to evaluate the extension of the absorptive area of the gut and associate it to metabolical aspects. Juveniles pintado (Pseudoplatystoma corruscans) fed different contents of crude protein adapted the mucous intestine increasing the number of the mucous producer, absorptive and enzyme releaser cells. In addition, intestinal muscular layers enlarged to increase motility and optimize absorptive processes.
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Introduction

Aquaculture is one of the most growing segments of the worldwide agribusiness. However, this is an economical activity that involves, besides monetary risks, the environmental one as done irrationally and in unsustainable way. It is extremely important to keep in mind that the productivity is a consequence of biological answers due to the rearing conditions. The knowledge of biological aspects of the species is important to add productivity, animal welfare and environmental sustainability by the best use of the diet nutrients. Nutritional requirements of tropical fishes are not yet established. A better comprehension of feeding physiology will improve the natural stocks, preserve and optimize the fish rearing methods (Takashima and Hibiya, 1995).

Fish histological researches are given several informations about the gastrointestinal tract. Nevertheless, the most of then are focused in the cellular status before the first stages of feeding (Calzada et al., 1998). The literature needs more information regarding morphological adaptations to diet nutrient variations, which could be driven to diet formulation. This should increase production and profitability. Gastrointestinal anatomic characteristics are dependent of the food, habitat, nutritional status, and age. This is expressed by gastrointestinal adaptations (Seixas Filho et al., 2001). Buddington et al. (1997) report that adaptations occur at first during the genetic evolution of the species, at second during the life, and finally, as fast and reversible changing occur. This allows the organism to adapt itself to the diet (bulk and composition) and environmental variations. The knowledge of the interdependence among this fact can provide a better understanding of the species performance in the ecosystem or under captivity.

Pintado (Pseudoplatystoma corruscans) is a carnivorous Siluriformes, from South America basins (Welcomme, 1985; Petrere, 1995), where they can grow up to 120kg (Sato et al., 1988). The species shows a considerable aquaculture potential due to the excellent fillet quality, sportive fishing, and as ornamental fish. These factors plus the antropic actions have affected the decrease of the natural population. 

In this way, for the improvement of culture conditions, such as the reinstatement of natural stocks and the biological and nutritional adaptive aspects must be better known. The aim of this work was to know some morphological adaptive aspects of the intestine of P. corruscans through morphometric quantifications when the fish is submitted to diets with different crude protein levels

Material and Methods

A group of juveniles’ pintado from CEPTA/IBAMA – Pirassununga, Brazil, was acclimated during 30 days, and was fed with powder of carnivorous fish food. After reaching 12,12g ( 0,4 and 12,5 cm ( 0,12 (weight and length, respectively), 40 individuals were distributed in four 250 L tanks, in a closed system with flow-through water circulation and constant air supply, during 28 days. They were fed with isocaloric diets (4.000 kcal/kg) and crude protein (CP) levels (20%, 30%, 40%, 50%) as displayed in the table 1. Feed corresponding to 8% of the fish biomass was offered twice a day. After that period, the fish were sampled and transferred to 2000 L tanks under the same conditions, where remained for 62 days further. The water was kept at 24.5 ( 1.43ºC, pH 6.8 ( 0.3, dissolved oxygen 6.9 ( 0.42mg/L, conductiveness 95.6 ( 3.1(siemens/cm2, alkalinity 38.2 ( 1.6mg/L, hardness 39.5 ( 2.1mg/L and ammonia 7,66 ( 1,39(gNH4+/L. At the end of the trial period, fish were sampled, anaesthetized (Benzocaine, 100mg/L water), killed by cervical separation, and intestine was collected to morphological analyses. The growth rate was estimated through the biomass at the beginning (Bi) and the end (Bf) of the feeding term. It was expressed as weight gain percent (WG%) defined as WG% = [ (Bf – Bi) / Bi ] x 100.

Histological Analyses of Fish Intestine

Anterior (AI), middle (MI) and posterior (PI) intestine sections were collected and immediately fixed in Bouin solution. After that, the pieces were included in Paraplast (Oxford–Labware, USA) and cut into 5(m histological slices. Tissues were colored by hematoxilin-eosin (HE), H/S and periodic acid of Schiff (PAS) (Ribeiro et al., 1999). Intestine sections were submitted to measurement of: a) external diameter (correlated to the fish weight); b) lumen diameter (mm), c) thickness of muscular layer (mm), d) thickness of mucous layer (mm), e) thickness of epithelium (mm) and f) goblet cells number, counted in 5 vilous of each intestine section. Microscopic analyses were done at a Zeizz – Stemi SV6 magnifying glass, Olympus CBA-K microscope, and Olympus BX50 photomicroscope for material documentation.

Statistics

The statistical test applied to analyze the data set was the non-parametric procedure of Kruskal-Wallis followed by post-test of Dunn’s Multiple Comparisons at the level of P < 0.05. All values are reported as mean ( S.E.M. (n = 6).

Results

The morphometric parameter analyses showed morphologic alterations at the different intestine sections due to CP diet variation (Table 2). The quantity of diet CP did not change the external diameter of each section of the intestine. Nevertheless, MI showed the thinnest diameter when compared with the others. The mucosa epithelium was shorter in the anterior section at 20% of CP. The thickness of the mucosa did not show changes in the anterior and middle sections against the CP. 

However, when compared each one, the anterior section showed the thickest mucosa layer. The thinnest mucosa layer was observed at the posterior section by the fish fed 30% CP. Crude protein increase resulted in higher number of goblet cells at the anterior and posterior sections of intestine. The number was higher at the anterior section; mainly in the fish fed 30% CP. Responsiveness of the middle intestine was observed at the higher amounts of CP. 

The pattern of the muscularis layer of the anterior and middle sections followed the mucosa’s layer pattern. At the posterior section the muscularis layer was the thickest. The only exception was observed for 30% CP, where the thickest layer was observed. There was no significant difference among the treatments for the lumen diameter, considering the same intestine section. However, middle intestine diameter was thinnest. CP increasing resulted significant alterations in the fish growth. The best weight gain percent was observed for animals fed 40% CP, followed by 30, 50% e 20% PB, respectively (Table 2).

Table 1: Ingredient and approximate composition of the experimental diets.

	
	Experimental Diets

	
	20% CP
	30% CP
	40% CP
	50% CP

	Ingredient, percent
	
	
	
	

	Fish meal
	15.58
	34.75
	55.00
	74.50

	Meat meal
	11.00
	10.00
	8.00
	6.50

	Corn
	59.4
	41.00
	22.03
	3.18

	L-Lysine 
	0.45
	0.28
	-
	-

	Vegetable Oil 1
	7.35
	7.40
	7.5
	7.85

	Cellulose
	4.75
	5.10
	6.00
	6.50

	Feeding stimulants 2
	0.40
	0.40
	0.40
	0.40

	Vitamin-mineral Premix 3
	0.50
	0.50
	0.50
	0.50

	Vitamin C
	0.05
	0.05
	0.05
	0.05

	Pellet binder 4
	0.50
	0.50
	0.50
	0.50

	Antioxidant 5
	0.02
	0.05
	0.02
	0.02

	
	
	
	
	

	Approximate Composition
	
	
	

	Dry Matter (%)
	90.98
	91.57
	92.15
	92.78

	Energy (kcal/kg)
	4,086.7
	4,086.9
	4,079.3
	4,087.4

	Crude Protein (%)
	20.07
	30.01
	40.03
	50.07

	Starch6
	36.23
	25.01
	13.44
	1.94

	Crude Fiber (%)
	6.29
	6.01
	6.19
	6.02

	Crude Fat (%)
	13.36
	13.25
	13.1
	13.21

	Calcium (%)
	2.76
	3.86
	4.87
	5.91

	Phosphorus (%)
	1.54
	2.09
	2.6
	3.12

	Lysine (%)
	1.36
	1.99
	2.58
	3.36

	Methionine+cistina
	0.72
	1.06
	1.41
	1.75

	Vitamin C (%)
	0.04
	0.04
	0.04
	0.04


1 Canola oil; 2 Betaine; 3 Suprevit Peixes (Supremais), 1,000g: Vit. A 1200,000 IU; Vit. D3 200,000 IU; Vit. E 12,000 IU; Vit. K3 2,400 mg; Vit. B1 4,800 mg; Vit. B2 4,800 mg; Vit. B6 4,000 mg; Vit. B12 4,800 mg; Folate 1,200 mg; Calcium pantotenate 12,000 mg; Vit. C 48,000 mg; Biotin 48 mg; Choline 65.000 mg; Niacin 24,000 mg; Iron 10,000 mg; Copper (Cu) 600 mg; Manganese 4,000 mg; Zinc 6,000 mg; Iodine 20 mg; Cobalt 2 mg; Selenium 20 mg.

4 Carboxymethylcellulose; 5 BHT (3,5-di-ter-butyl-4-hydroxytoluene)

6Value established considering the cornstarch content as 61%. 
Table 2: Intestine morphometric parameters and weigh gain percent of Pseudoplatystoma corruscans fed different dietary composition.

	
	Experimental Diets

	Parameters
	20% CP
	30% CP
	40% CP
	50% CP

	External diameter

	AI
	0.084 ( 0.0065
	0.087 ( 0.014
	0.086 ( 0.015
	0.085 ( 0.013

	MI
	0.047 ( 0.0007
	0.059 ( 0.01
	0.033 ( 0.006
	0.052 ( 0.011

	PI
	0.058 ( 0.006
	0.062 ( 0.008
	0.043 ( 0.009
	0.054 ( 0.006

	Mucosa epithelium thickness

	AI
	0.025 ( 0.001 b
	0.031 ( 0.001a
	0.031 (0.001 a
	0.03 ( 0.0005 a

	MI
	0.03 ( 0.0008
	0.031 ( 0.0011
	0.032 ( 0.0017
	0.030 ( 0.0018

	PI
	0.030 ( 0.0006
	0.030 ( 0.0012
	0.034 ( 0.0017
	0.032 ( 0.0013

	Mucosa thickness

	AI
	0.84 ( 0.042
	0.83 ( 0.071
	0.888 ( 0.11
	0.82 ( 0.03

	MI
	0.53 ( 0.061
	0.38 ( 0.037
	0.45 ( 0.064
	0.404 ( 0.02

	PI
	0.39 ( 0.014 a
	0.23 ( 0.034b
	0.43 ( 0.065 a
	0.45 ( 0.071 a

	Goblet Cells Number

	AI
	7.0 ( 0.004c
	5.3 ( 0.56c
	27.8 ( 2.5a
	19 ( 1.32b

	MI
	5.7 ( 0.36b
	3.86 ( 0.4b
	11.1 ( 3.2a
	9 ( 0.15a

	PI
	20.5 ( 1.7a
	12.1 ( 0.8b
	25.3 ( 4.7a
	20.1 ( 3.7a

	Total thickness of muscularis layer

	AI
	0.087 ( 0.008
	0.088 ( 0.0023
	0.091 ( 0.0045
	0.092 ( 0.0095

	MI
	0.073 ( 0.0024
	0.07 ( 0.0029
	0.087 ( 0.006
	0.072 ( 0.0075

	PI
	0.16 ( 0.014a
	0.059 ( 0.004b
	0.114 ( 0.012a
	0.122 ( 0.026a

	Lumen diameter

	AI
	1.68 ( 0.12
	1.5 ( 0.08
	1.63 ( 0.25
	1.23 ( 0.12

	MI
	0.87 ( 0.06
	1.13 ( 0.23
	0.81 ( 0.13
	0.76 ( 0.02

	PI
	1.25 ( 0.16
	1.596 ( 0.34
	1.043 ( 0.02
	0.88 ( 0.14

	
	
	
	
	

	WG%
	106,62d
	198,34b
	273,73a
	165,08c

	
	
	
	
	


CP: crude protein; AI: anterior intestine; MI: middle intestine; PI: posterior intestine; WG%: weight gain percent. Different letters in the same line means statistical differences (P<0,05) (mean ( S.E.M.) (n = 6)

Discussion 

The intestine histology of aquaculture species is important to understand pathological alteration related to infectious diseases, or promoted by nutritional source (Gargiulo et al., 1998). Mucosa is pivotal in digestion, absorption and metabolical processes (Kuperman and Kuz’mina, 1994). It represents a selective barrier to nutrients and avoids several toxins and or pathogens. Moreover, it plays a part in the electrolytic balance, immune response, and endocrine functions (Buddington et al., 1997). Gastrointestinal morphology of the teleost usually show specific variations related to diet, food habit, phylogeny, and body shape (Kapoor et al., 1975; Anderson, 1986; Kuz’mina, 1991; Gargiulo et al., 1998). However, additional measurements are necessary to define a model to forecast the absorptive surface area, combining metabolism and diet quality for fish Buddington et al. (1997).

Seixas Filho et al. (2001) observed intestinal rectilinear arrangements in pintado, compatible with the most carnivorous fish. The authors emphasized the final-intestine folds as possible adaptation to omnivorous feeding habit, preferentially carnivorous. Furthermore, the interrelationship between the mucosa arrangements and the food transport speed suggests that the arrangement retards the advance of the fecal bolus resulting better nutrient absorption. Histological analyses of pintado intestine fed different protein levels showed some particularities. As previously reported (Flores Quintana et al., 1997) it was observed a well develop mucosa, submucosa, muscularis layers, serous membrane and the presence of a rectal valve. Simple and cylindrical cells, innumerous microvilous, and the presence of goblet perform the intestine epithelium (Pereyra et al., 2002). 

Morphometric Parameters

During the development of Coregonus lavaretus L mucosa length and volume are not controlled by diet composition (Segner et al., 1989). However, in Coregonus schinzi pale the diet influences the intestinal morphology Dabrowski and Kaushik (1985).

Total gut diameter 

Juveniles pintado fed different diet composition adapts digestive enzymes to the diet composition (Lundstedt et al., 2004). The lower proteolytic activities were observed in the middle section of the intestine. This can be straightly related to the total gut diameter, thinner than others, likely related to an absorptive adjustment of this portion. Supporting this idea the lowest number of goblet cells were observed. The Nile tilapia (Oreochromis niloticus) sex reversed and fed with soy concentrated protein shown a wider total gut diameter at the middle section of intestine Lundstedt (1999). The author suggests that besides the hormone anabolic effect, the protein quality may conduct to morphologic alterations.

Mucosal Epithelium thickness
Lundstedt et al. (2004) showed that utilization of proteic fraction by the pintado is independent of level inclusion in the diet. However, the raise of crude protein, under digestive proteolytic enzymes activities, should enlargement the availability of theses nutrients. The sum of these factors can explain the lower measurement of epithelium at the intestine anterior section for the animals fed 20% CP. The unresponsiveness of middle section to this parameter summed to the Lundstedt et al. (2004) data, concerning digestive enzymes profile, are very strong indicatives that region is a potentially absorptive region.

Thickness of mucous layer 

The most complex mucosa folds are presents in carnivorous fish (Khanna and Mehrota, 1971; Kapoor et al., 1975). The pattern observed among the feeding regimens of pintado emphasizes its ability of nutrient uptake, mainly protein, independently of diet composition. However, compared the gut sections the folds in the anterior one is twice longer than all others. Fish fed 30% CP had the lowest mucosa folds in posterior section. Nevertheless, for protein higher than 30% the mucosa folds increased again. Hence, the benefits caused by enzyme secretion do not change anymore and this adaptation did not follow the increase of crude protein after 30%. Therefore, the unique strategy was enhancing the thickness of the folds.

When the enzymatic availability and digestive effectiveness are increased, the absorptive capacity should be reduced. Moreover, thickness of mucosa diminished from the anterior to posterior intestine and showed a significant reduction at the posterior section for the animals fed 30% CP. This is likely linked to the role of digestive enzymes in fish fed 30% CP, making available more nutrients (Lundstedt et al., 2004).
Goblet Cells Number 

Goblet cells are characterized by presenting glucoprotein grain, with the function of mucous secretion for the protection of nude surface of enterocytes. De Silva and Anderson (1995) reported that the number of goblet cells of posterior intestine section could vary with the food habit or starvation. The raise of crude protein resulted in the increase of goblet cells number in the anterior section of pintado intestine, mainly in the animal fed 30% CP. The number of goblet cells at the anterior intestinal section accents its protective function against the content coming from the stomach. At the middle portion the responsiveness was observed just for the highest levels of crude protein.

Total thickness of muscularis
The pattern of muscularis layers followed equally and coherently the pattern of intestine mucosa folds. It is expected that higher efficiency of mucosa folds occurs when the motility is increased. Muscularis layer thickness was larger in the posterior section of the pintado intestine. This fact is probably related with the peristalsis activity to exclude the fecal bolus. Sis et al. (1979) reported the enlargement of muscularis layers in the terminal portion of channel catfish (Ictalurus punctatus) intestine. Besides, the authors testified the absence of the pyloric caeca and the muscularis mucosa. These characteristics increase the similarities between I. puncatus and P. corruscans.

Lumen Diameter 

There was no meaningful difference of lumen diameter among the treatments, considering the same intestine section. However, the lumen diameter was slightly thinner in the middle section, following coherently the others parameters analyzed.

Weight Gain Percent

The balance of energetic compounds in a fish diet is fundamental to prevent growth disturbances. Diets deficient in energetic compounds, such as lipids and carbohydrates, lead to using proteins as the energy source for basal needs (Lundstedt et al., 2004). The best weight gain was observed for the fish fed 40% CP. Correlation between dietary protein and growth rate is not always reported (Kohla et al., 1992). The worst growth was showed by the fish fed 20% CP; probably this amount of protein did not attended the essential amino acids exigencies. Likely, 50% CP mobilized the energetic stocks to support the energetic demand of the species and the growth was petty. 

Conclusion

There was an adaptive morphological response of the intestinal sections of pintado P. corruscans fed different level of crude protein. These responses occurred in order of protection, increase the number of absorptive and enzymatic cells, improvement of absorptive processes, and increase of thickness of muscularis layer to augment the motility and absorptive process in the posterior intestine section. Moreover, the best weight gain was observed for the fish fed 40% CP. 
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