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Abstract 23 

In vertebrates, stress and thyroid systems interact closely, most likely because of the involvement 24 

of both systems in energy metabolism. However, studies on these interactions, especially during 25 

larval development, are scarce. Recently, cDNAs coding for corticotropin-releasing hormone 26 

(CRH) and CRH-binding protein (CRH-BP), two key players in the regulation of the 27 

neuroendocrine stress response, were characterized for the flatfish Senegalese sole (Solea 28 

senegalensis). To investigate the interactions between stress and thyroid systems in this species, 29 

the effects of food deprivation during early development of S. senegalensis were assessed. 30 

Growth was arrested in food-deprived post-larvae, which was also reflected by decreased carbon 31 

and nitrogen contents, indicating increased catabolism. Food deprivation induces chronic stress, 32 

as illustrated by enhanced whole-body cortisol levels, as well as an upregulation of crh and a 33 

decrease of crh-bp expression levels. Furthermore, whole-body total T3 concentrations of food-34 

deprived post-larvae were reduced, although tshβ subunit expression levels remained unaffected. 35 

Our results suggest that food deprivation is a chronic stressor that induces energy-releasing 36 

catabolic processes that compensate for the reduced energy intake, and inhibits anabolic 37 

processes via the peripheral thyroid system. 38 

 39 
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1. Introduction 44 

It is an obvious fact that the only way in which heterotrophic organisms can take in energy is via 45 

food intake. This process, therefore, is extensively regulated, and fasting and starvation induce a 46 

number of physiological processes that have evolved to safeguard energy homeostasis in animals 47 

(Gorissen et al., 2006; McCue, 2010). Two endocrine systems that are intimately involved in 48 

energy metabolism and energy expenditure are the hypothalamo-pituitary-interrenal (HPI) axis 49 

and the hypothalamo-pituitary-thyroid (HPT) axis, producing and secreting cortisol and thyroid 50 

hormones, respectively. Cortisol is an important glucocorticoid hormone and is involved in the 51 

redistribution of energy during a stress response (Aluru and Vijayan, 2007; de Boeck et al., 2001; 52 

Wendelaar Bonga, 1997). The potently bioactive thyroid hormone 3,5,3’-triiodothyronine (T3) 53 

greatly affects energy expenditure, as its genomic actions generally increase basal metabolic rate in 54 

vertebrates (Danforth Jr. and Burger, 1984; Eales, 2006; Yen, 2001). It is very well conceivable 55 

that an adequate response of an animal to food deprivation involves concerted, not isolated 56 

actions of cortisol and thyroid hormone, being two endocrines basically involved in energy 57 

metabolism.  58 

 59 

In fishes, depending on the species, the hypothalamic factors thyrotropin-releasing hormone 60 

(TRH) and corticotropin-releasing hormone (CRH) can modulate both the HPI- and the HPT 61 

axis by stimulating the release of thyroid stimulating hormone (TSH) and/or adrenocorticotropic 62 

hormone (ACTH) from the pituitary, which in turn stimulate their respective target glands to 63 

release cortisol and thyroid hormone (Bernier et al., 2009). The biological activity of CRH is 64 

further regulated by a soluble binding protein, corticotropin-releasing hormone-binding protein 65 

(CRH-BP), which is considered to be a potent modulator of CRH bioactivity (Huising et al., 66 

2004; Huising et al., 2008; Sutton et al., 1995). The dual role of hypothalamic factors in 67 

stimulating two endocrine axes confers a central role for the hypothalamus in the orchestration 68 

of the response to fasting or starvation. Indeed, in the common carp, Cyprinus carpio, central 69 

and peripheral interactions between the HPI and HPT axes have already been demonstrated 70 

(Geven et al., 2009; Geven et al., 2006). It has been suggested that the TRH neurons in the 71 

mammalian hypothalamic paraventricular area (analogous to the teleostean preoptic area) are key 72 

in integrating and relaying central and peripheral related to energy homeostasis (Hollenberg, 73 

2008; Lechan and Fekete, 2006), and this could well be the case in teleosts. A similar role can be 74 

proposed for CRH (Bernier, 2006; Flik et al., 2006). 75 

 76 



In aquaculture, it is important to reach optimal production conditions. This generally implies that 77 

a distress-free environment is ideal, since exposure to stressors can lead to allostatic overload (or 78 

distress), which negatively affects growth, development and immune functions leading to diseases 79 

and reduced animal welfare (Ashley, 2007; Conte, 2004; Ellis et al., 2002). In teleosts, the larval 80 

phase is defined by a rapid increase in biomass and changes in morphology, behaviour, and 81 

physiology. These aspects depend on the vigour of the individual, abiotic factors such as light, 82 

temperature and salinity, and feeding conditions. Moreover, larvae in aquaculture have to adjust 83 

to changes in feeding regime such as the transition of live to inert food. In some species, the 84 

HPI-axis is already active in early life stages (Stouthart et al., 1998). Therefore, exposure to 85 

stressors during early development can induce chronic stress and disrupt thyroid function which 86 

can have profound effects on development and later life stages (Flik et al., 2006).  87 

 88 

The Senegalese sole (Solea senegalensis Kaup) is a flatfish with high economic value in North 89 

Africa and the Iberian Peninsula, and is cultured at a commercial scale (Dinis et al., 1999; Imsland 90 

et al., 2003). In the last few years, several studies on S. senegalensis juveniles have focused on 91 

changes in thyroid and stress systems related to various physiological processes of this species 92 

(Arjona et al., 2008; Costas et al., 2011b; Ponce et al., 2010; Salas-Leiton et al., 2010), including 93 

metabolic and thyroidal changes imposed by fasting in juveniles (Arjona et al., 2010; Costas et al., 94 

2011a). In addition, changes in metabolism and endocrine function during larval development 95 

have been assessed in this species (Fernández-Díaz et al., 2001; Gamboa-Delgado et al., 2011; 96 

Klaren et al., 2008; Yúfera et al., 1999).  97 

 98 

Recently, we characterized the cDNAs coding for S. senegalensis CRH and CRH-BP peptides, 99 

obtaining new molecular tools to study the endocrine stress response and interaction with the 100 

thyroid system (Wunderink et al., 2011). We here describe the effects of food deprivation on the 101 

stress and thyroid axes during early development of S. senegalensis. Understanding the genetic 102 

and physiological mechanisms involved in the interactions between these axes could help to 103 

improve larval resistance and growth in this species. 104 

 105 

 106 
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2. Material and Methods 108 

2.1. Animals and experimental design 109 

S. senegalensis larvae were obtained from the Centro Oceanográfico de Santander, Instituto 110 

Español de Oceanografía (Santander, Spain) on the 9th of May 2008 and were transported to the 111 

laboratories of the Instituto de Ciencias Marinas de Andalucía, CSIC (Puerto Real, Cádiz, Spain). 112 

Larvae were transferred to two 300-L tanks containing seawater (33 ppt salinity) and kept at an 113 

initial density of 60-70 larvae per litre. Larval culture was similar as previously described (Klaren 114 

et al., 2008) and was as following: a continuous water flow of 0.3-0.6 L/min and a 12 h light : 12 115 

h dark photoperiod were maintained. At an age of 3 days post hatching (dph), larvae were fed on 116 

rotifers (Brachionus plicatilis O.F. Müller 1786), strain S-1 (size range: 120-300 μm; (Yúfera, 117 

1982), at a prey density of 5-10 individuals/mL; and on freshly hatched Artemia nauplii from 6 118 

dph onwards. Microalgae (Nannochloropsis gaditana) at a final concentration of 3·105 cells/mL, 119 

were also added to the rearing tanks from first feeding.  120 

 121 

Post-larvae of 50 dph (June-July 2008) were divided in two groups, one fed (control) and the 122 

other food-deprived during 12 days, that were kept in triplicate 300-L tanks, under the same 123 

conditions as described above. Samples were taken from each tank at 3, 6, 9 and 12 days after 124 

starting the food deprivation period. To determine dry weight, and carbon and nitrogen contents 125 

of tissues, post-larvae (n = 20 per tank) were anaesthetized, rinsed with distilled water and stored 126 

at -20 °C until further analysis. Post-larvae were rinsed with distilled water, adhering water was 127 

removed with a tissue, and post-larvae were pooled to obtain a total sample weight of 0.25 – 0.50 128 

g for whole-body total thyroid hormone analysis, and 0.1 – 0.5 g for cortisol analysis, respectively. 129 

All samples were immediately frozen in liquid nitrogen and stored at -80 °C until further analysis. 130 

For the purpose of RNA isolation, post-larvae (n = 9) were rinsed with distilled water and put in 131 

a five-fold volume of RNAlaterTM RNA stabilization solution (Ambion®) for 24 h at 4 °C and 132 

then stored at -20 °C until further analysis. All experimental procedures complied with the 133 

Guidelines of the European Union (2010/63/EU) and Spanish legislation (RD 1201/2005 and 134 

law 32/2007) for the use of laboratory animals.  135 

 136 

2.2. Dry weight and chemical analyses 137 

Dry weight of post-larvae was determined on freeze-dried individuals (n = 7-9 per sample per 138 

tank) using a microbalance Mettler Toledo XP2U with 0.1 μg precision. Carbon (C, reflecting the 139 

content of lipids and carbohydrates) and nitrogen (N, reflecting protein content) contents were 140 

determined with an elemental analyzer (Thermoquest, mod. Flash 1112), using sulphanilamide as 141 



a standard. Samples were lyophilized and homogenized. Each sample, consisting of a pool of 7 142 

post-larvae compromising 1 mg of dry biomass per measurement, was measured in triplicate. 143 

Before measurement, samples were pre-incubated during 30 min at 50 °C to remove residual 144 

humidity. 145 

 146 

2.3. Cortisol extraction and analysis 147 

Cortisol was extracted as previously described (Hiroi et al., 1997). Samples (0.1 – 0.5 g wet 148 

weight) were homogenized in five-fold volume of ice-cold phosphate-buffered saline (PBS, 0.01 149 

M, pH 7.3). The homogenate (300 μL) was extracted twice by mixing thoroughly with 3 mL 150 

diethyl ether for 2 min and put on dry ice afterwards. The unfrozen diether layer was collected, 151 

pooled and evaporated at room temperature. The residue was resuspended in 300 μL 152 

tetrachloromethane and mixed for 4 min. Then, 300 μL PBS containing 0.1% gelatine was added, 153 

mixed for 2 min and centrifuged at 1550 g (3000 rpm in a Heraeus type 3360 rotor) for 10 min at 154 

4 °C. The aqueous layer was aspirated and aliquots of 10 μL were taken for use in 155 

radioimmunoassay (RIA) as previously described (Metz et al., 2005). 156 

 157 

2.4. Thyroid hormone extraction and analysis 158 

Thyroid hormones were extracted as previously described (Klaren et al., 2008; Tagawa and 159 

Hirano, 1987). Samples (0.25 – 0.50 g wet weight) were homogenized in 2.5 mL ice-cold 99:1 160 

(v/v) methanol:ammonia containing 1 mM of 6-n-propyl-2-thiouracil (PTU). Homogenate and 161 

extraction media were thoroughly mixed for 10 min on ice, and then centrifuged at 2000 g (15 162 

min, 4 °C). This procedure was repeated twice, supernatants were pooled and lyophilized. The 163 

residue was resuspended in 875 μL of a 6:1 (v/v) mixture of chloroform and 99:1 164 

methanol:ammonia containing 1 mM PTU, and 125 μL barbital buffer (50 mM sodium barbitone 165 

in distilled water, pH 8.6). Samples were mixed for 10 min, the upper phase was aspirated and 166 

lyophilized. Residues were redissolved in 175 μL barbital buffer containing 0.1 % bovine serum 167 

albumin. Aliquots of 25 and 50 μL were taken for T4 and T3 analysis, respectively. Total T4 (tT4) 168 

and T3 (tT3) concentrations were measured in duplicate with a competitive ELISA (Human 169 

Gesellschaft für Biochemica und Diagnostica GmbH, Wiesbaden, Germany) previously validated 170 

(Klaren et al., 2008). 171 

 172 

 173 

 174 

 175 



2.5. RNA extraction and cDNA synthesis 176 

Total RNA was extracted using the commercial kit RNeasy® (Qiagen) according to the 177 

manufacturer’s instructions. Incubation with RNAse-free DNAse I (Qiagen) eliminated potential 178 

genomic DNA contamination. RNA concentrations were measured by spectrophotometry and 179 

the quality of RNA was assessed using the Agilent RNA 6000 Pico or Nano Assay Kits on an 180 

Agilent 2100 Bioanalyzer (Agilent Technologies). First-strand cDNA synthesis was carried out 181 

using the qScriptTM cDNA Synthesis kit (Quanta BioSciences). 182 

 183 

2.6. Real-time quantitative PCR 184 

Primers for use in real-time quantitative PCR (RQ-PCR) were designed for S. senegalensis crh, 185 

crh-bp and tshβ subunit (accession numbers: FR745427, FR745428 and AB297482, respectively) 186 

by use of the Primer3 software (v. 0.4.0.) available at http://frodo.wi.mit.edu/primer3/, accessed 187 

in May 2011 (Rozen and Skaletsky, 2000). Primer oligonucleotide sequences are shown in Table 188 

1. To perform RQ-PCR reactions, 8 μL cDNA, forward and reverse primers (200nM each) and 189 

10 μL PerfeCtaTM SYBR® Green FastmixTM (Quanta BioSciences) were used. RQ-PCR (10 min at 190 

95 °C, 40 cycles of 30 s at 95 °C and 45 s at 60 °C) was performed on a Mastercycler® EPgradient 191 

S RealPlex2 (Eppendorf). S. senegalensis β-actin (accession number: DQ485686) was used as an 192 

internal control amplicon and a calibrator sample was measured on every RQ-PCR plate to 193 

correct for inter-assay differences. PCR amplification efficiencies were similar for all genes. 194 

Expression levels R were calculated with the ΔΔCt method (Livak and Schmittgen, 2001). 195 

 196 

2.7. Statistical analyses 197 

Data were statistically analyzed by one-way ANOVA or Kruskal-Wallis one-way ANOVA on 198 

ranks followed by a Bonferroni post-hoc test where appropriate. Differences between two 199 

treatments at same sample point were tested using Student’s t-test for unpaired data. Statistical 200 

significance was accepted at P < 0.05. 201 

 202 

203 



3. Results 204 

Post-larvae from the control group increased in weight over time, whereas food-deprived 205 

postlarvae did not grow and showed a significantly lower body weight (Fig. 1). Biomass quality, 206 

assessed by the dry mass content of carbon and nitrogen, changed upon food deprivation (Table 207 

2). C content significantly increased in fed post-larvae, whereas that of food-deprived post-larvae 208 

decreased. N content also diminished in food-deprived post-larvae, though only significantly at 209 

12 days of food deprivation. Consequently, the C to N ratio (C/N) was lower in food-deprived 210 

post-larvae compared to control group (Table 2). 211 

 212 

Whole-body cortisol values were significantly elevated in post-larvae that did not receive food for 213 

12 days (Fig. 2). Whole-body levels of tT4 were not affected (Fig. 3A), whereas those of tT3 were 214 

significantly lower in food-deprived post-larvae (Fig. 3B). Food deprivation significantly 215 

upregulated crh expression (Fig. 4A), downregulated crh-bp expression (Fig. 4B), but did not 216 

affect tshβ subunit expression (Fig. 4C). 217 

218 



4. Discussion 219 

Our study shows that food deprivation has pronounced effects on stress and thyroid axis 220 

activities in S. senegalensis post-larvae. The increases in body weight and C content in fed 221 

postlarvae suggest that during early growth fed post-larvae accumulated reserves in the form of 222 

lipids and/or carbohydrates. These are necessary to fuel developmental processes, e.g. the body 223 

transformation that starts approximately occurring between 10 to 20 dph (Fernández-Díaz et al., 224 

2001; Yúfera et al., 1999). Post-larvae stopped growing when deprived of food, and their poor 225 

nutritional status was reflected by a decrease in the body content of C and N, indicating a direct 226 

start of catabolism of carbohydrates and proteins, from tissues to release energy. A C/N ratio 227 

between 3.76 and 4.00 seems to be common during larval development in marine species (Tucker 228 

Jr, 1989; Yúfera et al., 1993), though larger values have been reported for S. senegalensis, 229 

indicating a higher energy content in the biomass of this species (Gamboa-Delgado et al., 2011; 230 

Yúfera et al., 1999). However, the low C/N ratio in food-deprived post-larvae compared to 231 

control group suggests that the biomass of food-deprived post-larvae has a lower energy content.  232 

 233 

Reports on the effects of food deprivation on stress in adult fish and their interaction with 234 

thyroid hormone are scarce. Elevated whole-body cortisol concentrations were found in 235 

zebrafish as a result of crowding and food deprivation (Ramsay et al., 2006), and reduced stress 236 

resistance was demonstrated in food-deprived Atlantic cod (Gadus morhua) (Olsen et al., 2008). 237 

Similarly, food-deprived S. senegalensis juveniles significantly enhanced plasma cortisol levels 238 

(Costas et al., 2011a). Thus far, the effects of food deprivation on the HPI-axis have not been 239 

established during early development. In food-deprived S. senegalensis post-larvae crh 240 

expression is upregulated but crh-bp expression is downregulated, resulting in a net increase in 241 

whole-body cortisol levels. These changes of the HPI-axis are typical of a chronic stress situation 242 

as it has been shown in a previous study on S. senegalensis juveniles (Wunderink et al., 2011). 243 

We can thus assume that food deprivation already for a few days is a chronic stressor for S. 244 

senegalensis postlarvae.  245 

 246 

Compared to control group, food-deprived post-larvae showed lower whole-body total T3 247 

concentrations. A decrease in thyroid hormone levels has also been shown for mammals, birds, 248 

and fish species like tilapia (Oreochromis niloticus), rainbow trout (Oncorhynchus mykiss) and 249 

sea bream (Sparus aurata) submitted to starvation (Darras, 1995; Leatherland and Farbridge, 250 

1992; Power et al., 2000; Van der Geyten et al., 1998). The observations that crh expression 251 

increased and that of crh-bp decreased, whereas after food deprivation T3 levels decreased, 252 



indicates that CRH most likely does not function as a TSH-releasing factor in Senegalese sole. It 253 

is interesting to note that the expression of tshβ subunit was not affected, suggesting that the 254 

drop in T3 levels is strongly regulated extrathyroidally, probably by changes in peripheral 255 

deiodinase activities. These enzymes catalyze the removal of iodine atoms from the T4 256 

prohormone resulting in the bioactive hormone T3 by outer-ring deiodination (ORD), or 257 

producing the inactive metabolite reverse T3 (rT3) by inner-ring deiodination (IRD). 258 

Furthermore, the IRD pathway can also inactivate T3 by catalyzing the conversion of T3 to 259 

diiodothyronine (3,3’-T2). In teleosts, three types of deiodinases have been characterized, dio1 260 

(coding for Dio1, catalyzing both ORD and IRD), dio2 (coding for Dio2, catalyzing ORD only) 261 

and dio3 (coding for Dio3, catalyzing IRD only) (Isorna et al., 2009; Orozco and Valverde, 2005). 262 

Indeed, a decrease in plasma T4 and T3 levels in fasted tilapia was caused by decreased hepatic 263 

Dio2 activity, and thus implying a decrease in T4-to-T3 conversion (Van der Geyten et al., 1998), 264 

and likely Dio2 activity had decreased in the food deprived S. senegalensis post-larvae of this 265 

study as well. 266 

 267 

The interaction between stress and thyroid systems during larval development is poorly 268 

understood. In juveniles, it is known that thyroid hormones can inhibit the HPI-axis as has been 269 

shown for common carp (Cyprinus carpio), in which T4 induced an upregulation of crh-bp 270 

expression in the hypothalamus (Geven et al., 2006). On the other hand, contradictory results are 271 

found on the effects of cortisol on the thyroid system: stimulation of hepatic in vitro conversion 272 

of T4 to T3 in brook charr (Salvelinus fontinalis) (Vijayan et al., 1988), enhancement of T4 273 

release by renal tissues in common carp (C. carpio) (Geven et al., 2009; Vijayan et al., 1988), 274 

reduction in plasma T3 levels in coho salmon (Oncorhynchus kisutch), rainbow trout (O. 275 

mykiss), and in Nile tilapia (Oreochromis niloticus) (Brown et al., 1991; Redding et al., 1984), 276 

and a reduction of plasma fT4 levels in Senegalese sole (Arjona et al., 2011). In addition, the 277 

administration of the synthetic glucocorticoid dexamethasone, that mimics cortisol action, 278 

decreased hepatic Dio1 and Dio2 activities in Nile tilapia (Walpita et al., 2007). The overall 279 

function of a stress response is to prepare the organism to cope with the stressor, and to this end 280 

energy is redistributed by mobilizing glucose and fatty acids, and the catabolism of proteins and 281 

fat to increase gluconeogenesis (Kühn et al., 1998; Wendelaar Bonga, 1997). Thyroid hormones, 282 

on the other hand, are more involved in anabolic processes, like growth, and react strongly on 283 

changes in nutritional status (Eales, 2006; Van der Geyten et al., 1998). Therefore, it is plausible 284 

that the stress system inhibits these anabolic processes through inhibiting the thyroid system, 285 



which could explain the responsiveness of thyroid hormones to stress caused by food 286 

deprivation. 287 

 288 

In conclusion, food deprivation induces chronic stress, as indicated by elevated cortisol levels, 289 

enhanced crh expression and down-regulation of crh-bp expression in S. senegalensis post-290 

larvae. In addition, total T3 concentrations were reduced in food-deprived post-larvae. Our 291 

results confirm the hypothesis that chronic stress, viz. food deprivation, induces catabolic 292 

processes to produce energy to cope with a stressor, and inhibits anabolic processes through 293 

inhibiting the thyroid system. 294 
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 458 
Legends to Figures 459 
 460 

Figure 1. Dry weight of fed (control, ●) and food -deprived post-larvae for 12 days (□).  461 

Statistically significant differences compared to the control group at the same time point are 462 

indicated by asterisks (***P < 0.001). Different letters indicate significant differences between 463 

time points within each treatment (P < 0.05). Data are expressed as mean ± SEM, n = 21-27. 464 

 465 

Figure 2. Whole-body cortisol levels in fed (control, ●) and food -deprived post-larvae for 12 466 

days (□). Each point represents the average of three pooled samples compromising 0.1-0.5 g wet 467 

biomass per sample. Statistically significant differences compared to the control group at the 468 

same time point are indicated by asterisks (**P < 0.01). The letter b indicates significant 469 

differences between time points within each treatment (P < 0.05). Data are expressed as mean ± 470 

SEM. 471 

 472 

Figure 3. Whole-body total T4 (A) and T3 (B) concentrations in fed (control, ●) and food  473 

deprived post-larvae for 9 days (□). Each point represents the average of three pooled samples  474 

compromising 0.25-0.50 g wet biomass per sample. Statistically significant differences compared 475 

to the control group at the same time point are indicated by asterisks (P < 0.05). Data are 476 

expressed as mean ± SEM. 477 

 478 

Figure 4. Expression values of crh (A), crh-bp (B) and tshβ subunit (C) in fed (control, ●) and  479 

food-deprived post-larvae for 12 days (□). Statistically significant differences compared to the  480 



control group at the same time point are indicated by asterisks (**P < 0.01; ***P < 0.001). Data 481 

are expressed as mean ± SEM, n = 9. 482 

483 



Tables 484 

 485 

Table 1. Oligonucleotide sequences used for RQ-PCR analysis. 486 

Gene Primer Sequence (5’  3’) 
crh 

 

qssCRH_Fw CCTGACCTTCCACCTGCTAC 
 qssCRH_Rv GAGATCTTTGGCGGAGTGAA 
crh-bp qssCRHBP_Fw GGCAATGGCATAGACACCTC 
 qssCRHBP_Rv CACTGGACACCAGCCTCAC 
tshβ subunit qssTSH_Fw CATCGACTCCAACCCTGTCT 
 qssTSH_Rv ACTCTGTCCGCACTGGTTCT 
β-actin qssBact_Fw TCTTCCAGCCATCCTTCCTCG 
 qssBact_Rv TGTTGGCATACAGGTCCTTACGG 
 487 

 488 

 489 

Table 2. Percentages of carbon (C) and nitrogen (N) content, and their ratio (C/N) of normally 490 

fed post-larvae (control) and in post-larvae deprived of food for 12 days. Each value represents 491 

the average of three pooled samples (n = 7) comprising 1 mg larval biomass per measurement. 492 

Statistically significant differences compared to control group at same time point are indicated by 493 

asterisks (***P < 0.001). Different letters indicate significant differences between time points 494 

within each treatment (P < 0.05). Data are expressed as mean ± SD. 495 

Time 
(days) Control Food deprived 

 C (%) N (%) C/N C (%) N (%) C/N 

3 41.25 ± 0.31a 10.54 ± 0.25a 3.91 41.23 ± 0.68a 10.90 ± 0.28a 3.78 

6 44.12 ± 0.70b 10.60 ± 0.20a 4.16 39.33 ± 0.60ab,***  10.60 ± 0.26ab 3.72 

9 44.46 ± 0.20b 10.59 ± 0.24a 4.20 37.93 ± 0.72b,*** 10.08 ± 0.36ab 3.76 

12 43.50 ± 0.58b 10.54 ± 0.25a 4.13 37.01 ± 1.02bc,*** 9.78 ± 0.42b 3.79 

496 
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