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Introduction
Cholecystokinin (CCK) is a peptide hormone that plays an important role in intestinal phase of the digestion process, by 
being involved in the regulation of pancreatic enzyme secretion among others (Rønnestad et al., 2017). Peptides and free 
amino acids in the chyme act as signals that initiate the release of CCK, which in turn causes the release of pancreatic 
digestive enzymes into the gut lumen. Daily fluctuations of CCK and trypsin activity has been addressed especially in 
fish larvae. However, daily interaction of this hormone with pancreatic enzymes in juvenile fish under different feeding 
schedules has been scarcely studied. Therefore, the aim of the present work was to evaluate the influence of different 
feeding protocols, in terms of timing and frequency, on daily rhythm of CCK hormone and two pancreatic enzymes in 
juveniles of Senegalese sole (Solea senegalensis). 

Materials and methods
Senegalese sole juveniles were randomly distributed into four groups with two replicates (for each group N = 118, initial 
body mass 51.61 ± 0.9 g), in 250-L tanks, with flow-through water system at 19.5 ± 1.0 °C, and a photoperiod of 11L/13D. 
All groups were fed a daily ration of 2 % body mass, with the same experimental diet but different daily feeding protocols 
(P): P1) one diurnal meal at 08:30 h (local time); P2) six diurnal meals at 08:30, 10:00, 12:00, 14:00, 16:00 and 18:00 
h; P3) six nocturnal meals at 20:00, 22:00, 24:00, 02:00, 04:00 and 06:00 h; and P4) 12 meals during 24 h (at all times 
mentioned for P2 and P3). After two weeks, fish were sampled (four and five individuals for CCK and enzymatic activity 
measurements respectively) every 4 hours during a 24 h cycle. 

CCK concentration was measured in epithelial tissue of the proximal intestine using the Fish CCK8 ELISA Kit 
(MyBioSource, Cat. No. MBS069488). Trypsin and chymotrypsin activity were assessed in the proximal intestine using 
BAPNA and GAPNA as substrates (pH 8.5), respectively. Besides One-way ANOVA, data were subjected to a cosinor 
analysis (EL TEMPS®) to test for circadian rhythms (p < 0.05).

Results
Fish with a single diurnal (P1) and 12 diurnal-nocturnal (P4) meals had maximum and minimum daily average CCK levels, 
respectively. While, P1 and fish with exclusively nocturnal meals (P3) showed the minimum and maximum daily average 
trypsin activity, respectively (Table I). Trypsin and chymotrypsin daily activity patterns were similar in all the experimental 
protocols. Only in P1, cosinor analysis showed significant daily rhythm for all the studied parameters, with acrophase at 
13:33, 13:36, and 13:46 h, for CCK, trypsin and chymotrypsin, respectively. However, a general phase shift was obtained 
in the rest of the feeding protocols, with CCK peaks preceding the maximum enzymatic activity levels (Fig. 1).

Discussion and conclusion
The inverse relationship in total quantity and temporal displacement of daily CCK and digestive enzyme activity patterns 
supports the involvement of CCK in the pancreatic proteases secretion and the existence of a regulatory loop between these 
parameters. Moreover, this displacement depended on the feeding protocol; increasing the feeding frequency led to longer 
delay between CCK secretion and proteases activity peaks. In all the experimental protocols, expect for P1 with a single 
daily meal, two daily CCK and the subsequent protease activity peaks were obtained. 
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