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INTRODUCTION  

 

Growth and fish larvae survival are mostly reliant on their ability to feed, digest 

their food, and take in nutrients. Since it affects their later survival and growth, fish 

larvae first feeding time is viewed as crucial (Ranjan et al., 2018; Sakyi et al., 2021). 

Studies comparing the early development of various teleost larvae have demonstrated that 

the period of yolk absorption corresponds with the differentiation and development of 
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The adrenocorticotropic homone (ACTH) and corticotropin-releasing 

factor (CRF) have functional roles during Oreochromis niloticus development. 

The present investigation looked at how temperature affected O. niloticus larval 

development regarding growth, survival rate, CRF and ACTH immunoreactivity, 

as well as mucous cell activity. Exposure to temperature enhanced larval growth, 

as demonstrated by the higher increases in terms of larval weight and length 

observed during the experiment at 30 and 35°C. Furthermore, compared to the 

group under control, the contact with these temperatures produced a noticeably 

higher larval survival rate. Temperature-exposed O. niloticus larvae produced 

more CRF in the fully formed stomach; the mucosal layer's synthetic and 

secretory activities increased, as evidenced by a strong immunoreaction and the 

existence of secretory vacuoles in CRF-immunoreactive cells. In addition, goblet 

cells within the growing intestine of treated larvae exhibited increased levels of 

both the quantity and strength of ACTH immunoreactivity. Furthermore, 

temperature exposure influences mucous cell activity. Mucous cell count in the 

alimentary canal increased after exposure to the previously mentioned 

environmental temperatures. In addition, qualitative alterations were 

demonstrated in the composition of mucus, which changed from being primarily 

neutral to having acid mucosubstances or a mix of acid and neutral 

mucosubstances. Hence, increased temperature-induced advanced digestive 

function improves immune-endocrine interaction, food intake during the critical 

period of initial feeding, primary stress response. Additionally, it enhances the 

protective functions of mucins, CRF and ACTH. Consequently, growth is 

increased and the mortality rate is lowered. These data imply that contact with 

the ideal temperature range of 30 to 35°C may be helpful for the spawning and 

growth of O. niloticus fingerlings.  
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some organs, particularly the digestive tract (Fujimura & Okada, 2007; Mousa et al., 

2024).  

The raising of the Nile tilapia (O. niloticus) in the Egyptian hatcheries has given 

rise to sporadic and unpredictable fry production. Raising larvae has proven to be very 

challenging, with significant mortality rates typically occurring in the age of 7- 21 days 

following hatching (Cuevas-Rodríguez et al., 2017; Ali et al., 2020). Given that 

starvation results from the physical inability to eat after endogenous reserves are 

exhausted, the cause of these deaths may be physiological in nature (Ranjan et al., 2018; 

Sakyi et al., 2021). Low survival in the larviculture, however, can also be linked to 

additional variables including poor environmental conditions, ignorance of their 

ontogeny, inadequate nutrition in fish diets, and unknown digestive capacity (Nakauth et 

al., 2016; Neumann et al., 2020). Warmer temperatures typically lead to greater food 

consumption, improved metabolic function, and faster fish larval growth (Fontaine, 

2008; Tine et al., 2022). The growth, survival, immune systems, activities of digestive 

and antioxidant enzymes, and metabolites of juvenile fish are all impacted by water 

temperature (Soriano et al., 2018, Li et al., 2023). The main biological interface that fish 

have with the aquatic environment is the epidermal mucus layer. Fish mucus coats serve 

as the main line of defense against infection (Pickering, 1974; Pickering & Macey, 

1977; Neumann et al., 2020). Additionally, mucus is crucial to several food processing 

activities (Kozarić et al. 2007; Diaz et al. 2008; Okuthe & Bhomela, 2021; Bosi et al., 

2022).   

The gut of O. niloticus has been shown to contain CRF- and ACTH-

immunoreactive cells since day 0 post-hatching (Mousa et al., 2024). According to this 

research, these peptides may be crucial for defense mechanisms, osmoregulation, and 

neuroendocrine integration during development. Additionally, the CRF system may 

possibly lead to teleost feeding regulation (Qi et al., 2019, 2020). Furthermore, CRF is 

considered the main stimulating factor and is required for the release of ACTH during the 

stress response for the purpose of stimulating the adrenal gland's release of 

glucocorticoids (Flik et al., 2006; Lai et al., 2021; Du et al., 2023). Moreover, cortisol, 

the primary interrenal steroid hormone in teleosts, has been thouroughly examined for its 

role in a number of physiological processes, including digestibility, osmoregulation, 

stress response, and carbohydrate metabolism (Clarke & Hirano, 1995; McCormick, 

1995; Mancera & McCormick, 1999; Pfalzgraff et al., 2021).   

This study aimed to investigate the potential impact of an ambient temperature 

regarding the development of O. niloticus larvae, specifically in relation to its effects on 

mucus cell activity, ACTH and CRF immunoreactivity in addition to larval growth and 

survival. 
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MATERIALS AND METHODS  

 

Study location 

The present investigation was conducted from the first day of January 2022 to 

September the 30
th

, 2022 at El-Matareyya Aquatic Resources Research Station.  

Spawning and larval production 

To ensure a high-quality and sufficient number of eggs, brood stocks were 

stocked in two ponds prior to spawning. The two sexes were kept apart in separate ponds 

since January and were fed a diet containing 40% crude protein every day. We used 150– 

250g of a medium-sized tilapia brood stock. In hapas designated for spawning, the semi-

natural spawning took place on May 1
st
 (temperature: 23– 25°C). 30 fine-mesh 1-m2 

spawning hapas were stocked with brood O. niloticus at a ratio of two males and four 

females per hapa. Every day, the breeding process was observed. Following the breeding 

process, the fertilized eggs were gathered, placed into plastic funnels for hatching, and 

given approach to a running water stream. 

The design of the experiment  

 Three groups were created from newly hatched larvae (three aquaria for every 

group). Each aquarium had roughly 500 larvae, or 10 larvae per liter. The first group 

(control) was reared at an ambient temperature (23– 25°C) lacking any treatment. Two 

other groups for temperatures of either 30 or 35°C were utilized. The temperature 

treatment lasted for thirty five days. Every day, the aquaria were cleaned, the water was 

changed, and the dead larvae were taken out after being counted. Pressurized air was 

utilized to gently aerate the water. Furthermore, an ambient photoperiod was utilized to 

maintain all aquariums. Natural food for the larvae was the fresh plankton collected from 

a fertilized pond using a plankton net. 

Processing and sampling of larvae 

 The standard weight (W) and length (SL) of larvae for each group were taken at 

hatching, 2, 4, 7, 14, 21, 28, and 35 days old. An arbitrary sample of twenty larvae was 

taken. The larvae were measured and weighed individually after being anesthetized and 

dried from water using paper towels. When the experiment was over, the total average 

length and weight for every group and the survived number of larvae was calculated.  

The larvae were anesthetized in a clove oil solution (40mg/ l) before in toto 

fixation in Bouin's fixative for 48 hours at room temperature to facilitate histological 

examination. After fixation, the specimens were moved to 70% alcohol and dehydrated 

using various ethanol solutions with different grades. At that time, they were cleaned in 

xylene before embedding in paraplast (M.P. 56– 58˚C). Serial transverse and longitudinal 

sections, each measuring 5μm in thickness, were then cut and placed on glass slides. 

Alcian blue (AB)/Periodic Acid-Schiff Reagent (PAS) pH 1.0 (Pearse, 1949; Bancroft 

& Cook, 1984) was used to stain a subset of the serial sections' slides for the 

histochemistry of mucous cells. When mucous cell histochemistry was performed at 

AB/PAS pH 1.0, the positive reactions for acid mucins were blue or blue greenish, for 
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neutral mucins, they were red, and for a combination of neutral and acid mucins, reddish 

purple.  

Technique for immunohistochemistry 

Antibodies 

The National Institutes of Health provided rabbit antiserum against human ACTH. 

Dr. Nigel Brooks (MRC Reproductive Biology Unit, Centre for Reproductive Biology, 

Edinburgh, Scotland) generously donated rabbit anti-ovine CRF. 

Immunohistochemical reactions 

As previously mentioned (Mousa & Mousa, 1999), vectastain ABC (Avidin-

biotin peroxidase complex) Kit (Vector Laboratories) was typically used for 

immunohistochemical staining. Sections underwent a brief process that involved 

deparaffinization in xylene, rehydration using graded ethanol, and two 10-minute 

washings in phosphate-buffered saline (PBS; pH 7.4).  Every incubation was carried out 

at 4°C, and each step was followed by washing in PBS. The sections underwent an 

incubation at 4°C for an entire night, with the primary antibodies at dilutions of 1:500 for 

ACTH and 1:1000 for CRF. Next, the sections were incubated with Vector Laboratories' 

biotinylated secondary antibody for 60 minutes, and for forty-five minutes with avidin-

biotin-conjugated peroxidase. After that, the sections were cleaned before staining (3- 5 

minutes) using 3, 3-diaminobenzidine tetrahydrochloride (DAB) (Sigma) with 0.01 

percent H2O2 in 0.05 M Tris-buffered saline (pH 7.6). The sections underwent a series of 

procedures following the enzyme reaction: tap water washing, alcohol dehydration, 

xylene clearing, and DPX mounting. 

Statistical analysis 

The statistical program Statistical Package (SPSS) for Social Sciences was 

utilized in the data processing. The "t" test for paired samples was employed to contrast 

the means. P< 0.05 was the threshold for the recognized statistical significance. 

 

RESULTS  

 

I. Temperature effect on larval growth and survival 

i) Growth in length 

 According to the findings depicted in Table (1), the growth of larvae was 

enhanced when exposed to temperature of 30°C for 35dph. Furthermore, as Table (1) 

illustrates, treatment having a high temperature (35°C) brought about a noticeably higher 

rise in larvae length compared to both low and control temperatures. 

ii) Growth in weight 

 As shown in Table (2), the larvae exposed to 30°C had a considerably higher 

average body weight compared to the group under control (ambient temperature). 

Additionally, an elevated temperature-exposure (35°C) resulted in significantly higher 

values of larval body weight than a low temperature-exposure or a control temperature 

(Table 2). 
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Table 1. Effect of exposure for temperature (Temp1 30°C or Temp2 35°C), for 35 days 

post hatching, on total length (mean±SD mm) of O. niloticus larvae 
 

Time after  hatching 

(day) 

Treatment 

Control 

 

Temp1 

 

 

Temp2 

 

 

0 

2 

4 

7 

14 

21 

28 

35 

 

8.0±0.06 

8.4±0.05 

8.9±0.06  

9.3±0.06  

12.5±0.67  

16.0±0.28  

24.0±1.29  

31.5±7.34  

 

8.0±0.07 

8.5±0.05  

9.0±0.10
 a
  

9.4±0.07 
a
 

13.0±0.23 
a
 

17.0±0.67 
a
 

28.0±1.75 
a
 

36.0±1.38 
b
 

 

8.0±0.07 

8.5±0.05  

9.0±0.1
a 

9.6±0.08 
a
 

14.0±0.63 
a
 

20.0±0.67 
a
 

32.0±1.79 
a
 

41.8±0.72
 a
 

 a: Significant differences when compared to control (P< 0.005). 

 b: Significant differences when compared to control (P< 0.05). 

 

Table 2. Effect of exposure for temperature (Temp1 30°C or Temp2 35°C), for 35 days 

post hatching, on total weight (mean±SD mm) of O. niloticus larvae 
 

Time after 

hatching (day) 

Treatment 

Control Temp1 Temp2 

 

0 

2 

4 

7 

14 

21 

28 

35 

 

10.0±0.28 

10.8±0.13 

12.0±0.40  

14.0±0.46  

28.0±1.72  

110±6.64  

260±10.13  

530±26.56  

 

10.0±0.29 

11.0±0.11
 a
 

13.0±0.36
 a
  

15.3±0.20 
a
 

36.1±1.74 
a
 

160±9.18 
a
 

320±17.40
 a
 

725±47.74 
a
 

 

10.0±0.29 

11.0±0.11
a
 

13.0±0.36
a
  

15.8±0.20 
a
 

37.0±1.92 
a
 

190±9.87 
a
 

450±20.20
 a
 

1000±70.45
 a
 

a: Significant differences when compared to control (P< 0.0005). 

 

iii) Survival rate 

 Table (3) presents data indicating that larval rearing was enhanced by 30°C 

temperature exposure, as demonstrated by low mortalities noticed throughout the 35-day 

treatment period. The temperature-exposed larvae showed a noticeably higher survival 

rate in comparison to the group under control. Furthermore, compared to low 

temperatures, exposure to temperature of 35°C produced a noticeably reduced survival 

rate. According to Table (3), the average survival rates for larvae subjected to lower, 

higher, and control temperatures were 80, 76.5, and 40.7%, respectively. 
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Table 3. Effect of exposure for temperature (Temp1 30°C or Temp2 35°C), for 35 days 

post hatching, on survival rate (%) of O. niloticus larvae 
 

Time after  

hatching (day) 

Treatment 

Control Temp1 Temp2 

 

7 

14 

21 

28 

35 

 

95±0.28 

70.2±1.21 

50.6±1.26  

45.5±1.21  

40.7±1.20  

 

95±1.05 

87.9±1.37
 a
  

85±1.39
a
  

80±1.53 
a
 

80±1.53 
a
 

 

94±1.28 

85.2±1.38
 a
  

77.5±1.25 
a
 

76.6±1.62 
a
 

76.5±1.40 
a
 

a: Significant differences when compared to control (P< 0.005). 
 

II. Temperature effect on CRF and ACTH immunoreactivity 

Using immunohistochemistry, the distribution of CRF and ACTH 

immunoreactivity was examined in developing the larvae of O. niloticus from all 

experimental groups between 0 and 28dph. The immunohistochemical analysis indicated 

that the developing stomach was the primary site of CRF immunoreactivity, while the 

intestine was the only site of ACTH immunoreactivity (Figs. 1- 4). CRF 

immunoreactivity in the stomach was limited to the mucosal epithelium (Figs. 1- 4). 

However, developing intestinal goblet cells showed ACTH immunoreactivity. (Fig. 2c, f).  

Temperature exposure for O. niloticus larvae increased the CRF secretion, as 

evidenced by the degranulated appearance of CRF-ir cells (Fig. 1e, f). The larvae exposed 

to temperature had a more developed stomach than the control group at the same stage of 

growth (Fig. 1). In the well-developed stomach, a strong immunoreaction with CRF was 

seen after four days of being exposed to low temperatures in contrast to the group under 

control (Fig. 2a, b, d, e). Furthermore, in temperature-exposed larvae, ACTH-ir cells 

demonstrated a rise in both quantity and immunoreactivity (Fig. 2c, f). The well-

developed stomach of larvae exposed to temperature (30 °C) for 15 days showed an 

increased secretory activity of the CRF-ir cells, as demonstrated by the vacuolated 

appearance of immunoreactive cells in multiple folds of the mucosal layer (Fig. 3a- f). At 

28dph, a further rise in the CRF production was noted in the larvae exposed to 

temperature (Fig. 4a- f). Strong immunoreaction and the presence of secretory vacuoles 

in CRF-ir cells indicate that the synthetic and secretory activities were enhanced in the 

mucosal layer of the multiple folds in the stomach of temperature-exposed larvae (Fig. 

4d, f). 

III. The impact of ambient temperature on the activity of mucous cells 

 Several mucous cells are distributed in the esophageal region of O. niloticus 

during its larval development (Fig. 5a, b). The majority of these cells exhibit positive 

staining for both periodic acid Schiff (PAS) and alcian blue (AB). Temperature exposure 
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has an impact on mucous cell activity in larvae (Fig. 5d, e). At 35dph, size and quantity 

of mucous cells in the esophageal region of temperature-exposed larvae increase. While 

few of these cells are weakly stained with PAS, most of them are strongly positive for AB 

(Fig. 5e). Additionally, the quantity and size of intestinal mucosa mucous cells of larvae 

were increased after 35 days of exposure to temperature. In comparison to control larvae, 

these cells exhibit a stronger PAS stain (Fig. 5c, f). 

 

 
 

Fig. 1. The sagittal O. niloticus sections of larvae were immunostained using a rabbit polyclonal 

antibody against ovine CRF. (a, c and e) X100, (b, d and f) X400. Only the mucosal 

epithelium (arrows) of the stomach (S) exhibited CRF immunoreactivity. (a) and (b) 

Larvae from the control group 36 hours after hatching. (c) and (d) Larva from 30°C 

exposed group 36 hours after hatching. Remarkably, the group exposed to 30°C showed 

increased production of CRF.  (e) and (f) Larva from the group exposed to 35°C 36 hours 

after hatching. The group exposed to 35°C showed a rise in CRF secretory activity 
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Fig. 2. O. niloticus larvae's sagittal sections were immunostained with rabbit polyclonal 

antibodies against ovine CRF (a, b, d, and e) or rabbit antibodies against human 

ACTH (c and f). (a and d) X100, (b, c, e and f) X400. The mucosal epithelium 

(arrows) of stomach (s) exhibited CRF immunoreactivity, whereas the 

developing intestine's goblet cells (arrowheads) displayed ACTH 

immunoreactivity. (a), (b) and (c) Larva from control group; that are four days 

old. (d), (e) and (f) 4 days-old larva exposed to 30°C. The group that was 

exposed to 30°C indicated an increase in both CRF and ACTH production 
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Fig. 3. 15-day-old O. niloticus larvae's sagittal sections were immunostained with a rabbit 

polyclonal antibody against ovine CRF. (a, c and e) X100, (b, d and f) X400. 

Only the mucosal epithelium (arrows) of the stomach (S) exhibited CRF 

immunoreactivity. (a) and (b) Larva from control group. (c) and (d) Larvae 

from the group exposed to 30°C. (e) and (f) Larva from 35°C-exposed group. 

The well-developed stomach of temperature-exposed larvae exhibited enhanced 

secretory activity of CRF-ir cells, as indicated by the vacuolated appearance of 

immunoreactive cells (arrowheads) in the multiple folds of the mucosal layer (c-

f). 
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Fig. 4. Sections of the sagittal plane of 28-day-old O. niloticus larvae immunostained 

against ovine CRF using a rabbit polyclonal antibody. (a, c and e) X100, (b, d and 

f) X400. CRF immunoreaction was obtained in the mucosal epithelium (arrows) 

of the stomach (S). (a) and (b) Larva from control group. (c) and (d) 30°C-

exposed group larva. (e) and (f) Larva from 35°C-exposed group. Strong 

immunoreaction (arrows) and the existence of secretory vacuoles (arrowheads) in 

CRF-ir cells (c-f) indicate that both the synthetic and secretory activities were 

increased in the mucosal layer of the numerous folds in the stomach of treated 

larvae 
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Fig. 5. The distribution of digestive tract mucous cells displayed in sagittal sections of O. 

niloticus larvae, at 35dph, stained with AB-PAS-OG. (a and d) X100, (b, c, e and f) 

X400. (a) and (b) Esophageal region of control group larvae. The mucous cells exhibit 

weak staining with both PAS (arrowheads) and AB (arrows). c) Intestine of control 

group larvae. Numerous mucous cells are present, have a goblet shape, and possess a 

positive PAS stain. (d) and (e) Esophageal region of 30°C-exposed group larvae. The 

size and number of mucous cells in the temperature-exposed larvae increase; most of 

these cells exhibit strong AB (arrow) staining, while a small percentage also exhibit 

PAS (arrowhead) staining. f) Intestine of 30°C-exposed group larvae. Observe that the 

temperature-exposed group's mucous cells are abundant and highly PAS-stained 
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DISCUSSION 

 

In an earlier paper (Mousa et al., 2024), CRF- and ACTH-immunoreactive cells 

were observed in the O. niloticus gut from day 0 post-hatching (dph). Considering this 

study, these peptides may be crucial for defense mechanisms, osmoregulation, and 

neuroendocrine integration during development. In the current investigation, we looked at 

how temperature affects the behaviors of CRF, ACTH, and mucus-secreting cells during 

O. niloticus larval development, and how that affects the growth and survival of larvae. 

  Temperature-exposed O. niloticus larvae exhibited an increase in the number of 

CRF cells produced in the developed stomach. Strong immunoreaction and the presence 

of secretory vacuoles in CRF-immunoreactive cells indicate that the synthetic and 

secretory activities were increased in the mucosal layer of numerous folds in the stomach 

of the treated larvae. CRF possibly involved in controlling teleost feeding (Qi et al., 

2019, 2020). Furthermore, CRF is the principal neurohormone regulating ACTH 

secretion in the stress reaction, which causes glucocorticoids to be secreted from the 

adrenal glands (Lai et al., 2021; Du et al., 2023). The current data provide a strong 

support for this, as ACTH immunoreactivity in the goblet cells of the developing 

intestines demonstrated a rise in the quantity and strength of immunoreaction in 

temperature-exposed larvae. Cortisol, the principal interrenal steroid hormone in teleosts, 

has been thoroughly researched for its function in a number of physiological functions, 

such as carbohydrate metabolism, stress response, digestibility, and osmoregulation 

(McCormick, 1995; Mancera & McCormick, 1999; Pfalzgraff et al., 2021). 

It is worthy to mention that CRF and ACTH are among the primary players in the 

stress response (Mola et al., 2004). The identification of CRF- and ACTH-like materials 

by immunohistochemistry in the same digestive tract regions of O. niloticus where the 

gut-associated lymphoid tissue (GALT) will differentiate, raising the possibility that CRF 

and ACTH are involved in early defense mechanisms in O. niloticus, prior to the 

emergence of immune responses mediated by cells in GALT. A greater primitive function 

in vertebrates for this peptide, according to similar findings, may be as a dual 

hypophysiotropic agent acting on both the interrenal (adrenal) and thyroid axes (Boorse 

& Denver, 2004). Thyroid hormones are known to raise the survival and hasten the 

immune system's development in the teleost larvae (Gavlik et al., 2002; Mousa et al., 

2002; Lam et al., 2005). This corresponds to the existing findings because the increased 

production of the CRF following temperature exposure (30°C) may enhance the thyroid 

hormone secretion and strengthen the survival and growth rates of larvae exposed to 

temperature. 

The provided data here point to the importance of CRF and ACTH in immune 

response, food consumption, and growth during O. niloticus development. Accordingly, 

larval growth and survival are increased by temperature exposure. Increased food intake, 

better metabolic performance, and quicker growth of fish larvae are typically connected 

to warmer temperatures (Fontaine, 2008; Tine et al., 2022). Water temperature affects 
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the juvenile fish growth, survival, immune systems, digestive, and action of metabolites 

and antioxidant enzymes (Soriano et al., 2018, Li et al., 2023). 

The ability and desire of fish to eat, additionally how they digest food, absorb 

nutrients within the digestive system, and store excess energy, are all influenced by 

temperature (Volkoff & Rønnestad, 2020). Compared to the control treatment, the 

prolonged temperature elevation improved lipid digestion. However, growth performance 

was compromised though this did not seem to be related with the increased plasma 

cortisol levels (Pfalzgraff et al., 2021). Chronically high plasma cortisol levels have an 

atrophic effect on digestive tissues, which impairs nutrient absorption, reduces 

metabolizable energy available, and increases routine energy expenditure, all of which 

raise the cost of growth (Pfalzgraff et al., 2021). 

Mucous cell activity is also impacted by the temperature to which larvae of O. 

niloticus are exposed. During the temperature exposure, mucous cells multiplied in the 

alimentary canal, and the combination of the mucus changed qualitatively. Similar results 

were recorded in larvae of Cyprinus carpio (Mousa et al., 2002). The epidermal mucous 

layer serves as fish's primary biological interface with the water. Fish mucus coats are the 

primary defense mechanism against pathogens (Pickering & Macey, 1977; Neumann et 

al., 2020). Additionally, mucus is essential for several food processing activities (Diaz et 

al. 2008; Okuthe & Bhomela, 2021; Bosi et al., 2022).   

Finally, the effects of environmental temperature on CRF and ACTH 

immunoreactivity have been noted during the development of O. niloticus gut. It was 

deduced that these peptides may have significant roles during development, including 

neuroendocrine integration, food intake, early defense mechanisms, and growth. 

Additionally, the significance of temperature during the O. niloticus larval rearing has 

emerged. 
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