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ABSTRACT 

Breakfast skipping has been linked to low energy and inadequate nutrition. The metabolic responses in the female 

versus male are yet to be understood. This study examined how the female versus male metabolomes respond to 

breakfast skipping. The animals were divided into four groups (n=10, Wistar rats): female rats who ate all three 

meals (ControlF), female rats who skipped the first active-phase meal (NFAMF), male rats who ate all three meals 

(ControlM), and male rats who skipped the first active-phase meal (NFAMM). All animals were fed the same 

amount of food daily for 4 weeks. Fasting blood glucose, serum levels of insulin, ghrelin, lipid variables, lipid 

peroxidation, antioxidant markers, liver and muscle GLUT4, and glycogen were assayed. There was a significant 

increase in the serum insulin, HbA1c, ghrelin, LDL, MDA levels, and liver GLUT4, of female rats when compared 

to male rats. There was a significant increase in the liver and muscle glycogen, as well as muscle GLUT4 in the 

NFAMF rats when compared to the NFAMM rats. These results indicate that breakfast skip had a greater effect 

on female metabolism than males. 
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INTRODUCTION 

 

Feeding schedule modifications are a growing side 

effect of global industrialization. Thus breakfast, the 

first and most crucial meal of the day, is frequently 

skipped. Food is necessary for survival and depending 

on the availability of food, animals decide what to 

consume. The timing of meals however can 

synchronize several organs and tissues, including 

those involved in food digestion, absorption, or 

metabolism, such as the liver, adipose tissue, 

intestines, pancreas, and stomach [1].  

The practice of having breakfast has been 

contentious since the early times. This is because 

breakfast ingredients, that is, bread, honey, cheese, oil, 

and wine do not require preparation or additional 

cooking, so the meal was characterized by 

convenience. It was meant for those who had to travel 

long distances after rising, such as farmers who had to 

tend to their livestock and crops, since convenience 

was crucial. As a result, breakfast was considered a 

meal for young children and the elderly. It was also 

acceptable to the working classes. Europeans started 

to recognize breakfast as a crucial meal for general 

health in the 16th century [2]. Breakfast is currently 

defined as the first meal of the day that breaks the fast 

after the longest period of sleep and is consumed 

within 2 to 3 hours of waking; it is comprised of food 

or beverage from at least one food group and may be 

consumed at any location. This concept was suggested 

by a United States review of a collaborative effort [3].  

The fact that breakfast is consumed after an 

overnight fast, makes it essential. Breakfast eating 

may improve energy balance, insulin sensitivity, and 

glucose levels as well as increase satiety and help 

people lose weight [4]. Studies have reported an 

association between breakfast skipping and metabolic 

disturbances like obesity, hypercholesterolemia, and 

impaired glucose tolerance [5]. Others include 

unhealthy behaviors like inactivity and nutrient-

deficient eating, which can raise the risk of developing 

metabolic syndrome [6]. Metabolic problems and 

excess body weight have been linked to skipping the 

first active meal of the day. According to reports, 

skipping breakfast more frequently affects women 

during their adolescent years, even harming their 

reproductive system [7-9]. We just conducted a study 

and discovered that female rats were more negatively 

impacted by skipping breakfast than male rats in terms 

of their reproductive hormones [10]. Consequently, 

this study aims to compare the effects of skipping the 

first active meal in male and female rats and the effects 

of delaying the first active meal on metabolic factors 

such as fasting blood sugar, insulin, ghrelin, liver, and 

muscle glycogen. 

 

MATERIALS AND METHODS 

 

Ethics statement 

The ethical approval for this study was obtained from 

the College of Medicine, University of Lagos Animal 

Care and Use Research Ethics Committee 

mailto:ooyelowo@unilag.edu.ng


Oyelowo et al. (2024); Consequences of delayed first active meal, a breakfast skipping model on insulin  

Nigerian Journal of Scientific Research, 23(2): 2024; journal.abu.edu.ng; https://njsrabuzaria.com.ng                            330 

 

(CMUL/ACUREC/11/22/1111). Experimental 

procedures relating to the use of animals were 

conducted in strict accordance with internationally 

accepted standards and regulations. Male and female 

Wistar rats were used for the experiment because the 

study sought to compare the metabolism of both sexes 

after a breakfast skip. Wistar rats that were six weeks 

old, both male and female, were purchased from the 

Central Animal Home at the University of Lagos. The 

animals were housed at an appropriate temperature, 14 

h:10 h dark-light (DL) cycle, with free access to food 

and water only throughout the night. The animals were 

habituated to the lighting and feeding circumstances 

for two weeks before the start of the experiment. The 

onset of darkness was labeled as Dark-Light Time 0 

(DLT 0), and the onset of light as Dark-Light Time 14 

(DLT 14), following the dark/light pattern. 

 

Experimental design 

The following divisions were made in the meal model 

since rats are active at night. The four groups were: 

• Female rats who had all three meals 

(ControlF),  

• Female rats who had a no-first-active meal 

(NFAMF),  

• Male rats who had all three meals 

(ControlM), and  

• Male rats who had a no-first-active meal 

(NFAMM). 

 

The rats in each group received the same daily total 

amount of food, which included a standard caloric diet 

of 20.0% protein, 62.9% carbohydrate, and 7.0% fat 

(3.95 kcal/g). At DLT0-2 (33% of the total), DLT6-8 

(33% of the total), and DLT12-14 (33% of the total), 

the rats in the Control group were fed three times 

daily. In the NFAM (no first active meal) group, the 

rats were fed twice daily between DLT 6 and 8 (50% 

of the total) and DLT 12 and 14 (50% of the total) 

[11]. The pattern of light and dark persisted. 

Throughout the four-week research, each rat's daily 

food intake and weekly body weight were measured 

using a scale balance. The total food intake was 

constrained to allow each rat to consume the full 

amount of food during each 2-hour feeding session. 

The total amount of food given to the rats in each 

group was the same every day and increased week 

after week. This total food intake was around 70-80% 

of the amount that rats of the same age fed ad libitum 

would have consumed. The body weights of the 

animals were measured weekly and before sacrifice. 

 

Blood collection and serum preparation 

At the end of the 4th week of the experiment, animals 

were fasted overnight and blood from the tail was used 

to determine the fasting blood glucose level (Accu-

Chek Glucometer, Roche, Germany) at the time of 

sacrifice. The rats were then bled into bottles of 

ordinary serum using a heart puncture. The blood was 

centrifuged at 3000 rpm for 15 minutes after being 

allowed to clot for at least 45 minutes.  

 

Insulin and ghrelin estimation 

Insulin and ghrelin were determined using enzyme-

linked immunoabsorbent assay (ELISA) kits 

following the manufacturer’s instruction (insulin: Rat 

Insulin ELISA Cat# IN374S, ghrelin:  Rat Ghrelin 

ELISA kit, Cat# E-EL-R0842 Elabscience, China). 

 

Serum lipid profile estimation 

The total cholesterol (TC), triacylglycerol (TAG), and 

high-density lipoprotein cholesterol (HDL-C) were 

measured using commercial kits (Randox Laboratory 

Ltd, Crumlin, Co. Antrim, UK). Low-density 

lipoprotein cholesterol (LDL-C) concentration was 

estimated according to the formula of Friedewald et 

al. [12]. 

LDL-C = TC – (HDL-C) – (TAG/5) 

 

Serum lactate dehydrogenase and liver enzymes 

estimation  

Serum lactate dehydrogenase (LDH), alkaline 

phosphatase (ALP), aspartate transaminase (AST), 

and alanine transferase (ALT) were measured by 

standardized enzymatic colorimetric methods using 

reagents obtained from Randox Laboratory Ltd. 

(Antrim, UK). 

 

Lipid peroxidation and antioxidant levels 

Serum lipid peroxidation was determined by 

measuring Thiobarbituric Acid Reactive Substances 

(TBARS/MDA) produced during lipid peroxidation 

according to the method of [13]. Tissue catalase 

activity was assessed according to the method of [14]. 

Assessment of tissue superoxide dismutase (SOD) 

activity was determined according to the method of 

[15], and the reduced glutathione (GSH) level was 

measured by spectrophotometric assay kit (Oxford 

Biomedical Research, USA). 

 

Hemoglobin A1c assay 

The glycated hemoglobin A1c (HbA1c) concentration 

was determined using a rat HbA1c kit (Crystal Chem), 

following the manufacturer’s instructions. 

 

Measurement of skeletal muscle and liver glycogen 

contents 

The estimation of glycogen concentration in the 

muscle and liver was measured by the 

amyloglucosidase method Hattori et al., [16]. Briefly, 

these tissues were homogenized in perchloric acid 

below freezing using dry ice to inhibit the breakdown 

of metabolites (Power Homogenizer Portable S-203, 

AS ONE Corporation, Osaka, Japan). After 

homogenization, ultrapure water was added and the 

tissues were re-homogenized. The lysates were 

separated by centrifugation (250 rpm, 15 min, 4 °C) 

and the supernatants were stored at -80 °C. These 

samples were added to 50 mM NaAC buffer and 
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rotary incubated at 120 rpm for 60 min at 37 °C to 

disassemble glycogen. Glucose reagent was added to 

these samples and incubated for 20 min at room 

temperature. Glycogen concentrations were analyzed 

using a fluoro-spectrophotometer. 

 

Glucose transporter 4 (GLUT4) muscle and liver 

estimation  

The muscle and liver were homogenized in 9-volumes 

of ice-cold 0.1 mM phosphate buffer saline (pH 7.4) 

to prepare 10% homogenate. The homogenate was 

then centrifuged for 5 min at 5000×g to get the 

supernatant used for the measurement. These 

parameters were estimated using Rat GLUT4 

(Glucose Transporter 4) CAT # E-EL-R0430 ELISA 

Kit, Elabscience, China. The technique outlined in the 

kits' manufacturer's handbook was adhered to. 

 

Statistical analysis  

Data were presented as means ± SEM. Statistical 

analysis was carried out by two-way analysis of 

variance (ANOVA) supported by the Newman-Keuls 

test when pair-wise comparison was done between the 

groups. The analysis was done using version 5.0 

(GraphPad Software, San Diego California, USA). 

The level of statistical significance was placed at 

P<0.05. 

 

RESULTS 

 

Food intake and body weight 

During the four weeks of skipping breakfast, the 

NFAM female rats' feed consumption significantly 

decreased in comparison to the NFAM male rats. 

During the first week, the female rats fed the active 

meal (Control) consumed more feed than the male 

Control rats. However, by the fourth week, the female 

Control rats' feed consumption had significantly 

decreased in comparison to the male Control rats 

(Table 1).  

At week one there was a significant increase 

in the body weight of the NFAM female rats when 

compared to the NFAM male rats as well as in the 

Control female rats when compared to the Control 

male rats. By week four, the body weight of the 

NFAM female rats had significantly decreased 

compared to the NFAM male rats.  In addition, by 

weeks three and four, the body weight of the female 

rats fed at the active mealtime (Control) was 

significantly lower than that of the Control male rats 

(Figure 1).  

 

Table 1: Effect of No-first active meal on feed intake in male and female Wistar rats 

 ControlM NFAMM ControlF NFAMF 

Week 1 101.20±0.83 165.00±2.96 132.20±2.21* 141.80±1.50# 

Week 2 105.86±0.34 78.00±3.74 100.14±2.77 59.00±1.68# 

Week 3 95.14±1.24 81.57±1.09 92.4±1.02 62.71±1.04# 

Week 4 126.00±0.53 79.29±1.66 99.14±3.12* 58.43±0.84# 

Values are expressed as mean ± SEM of 10 rats per group, *p <0.05   vs control male, # P<0.05 vs NFAM male. 

NFAM (No-first active meal).  
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Figure 1: Effect of No-first active meal on body weight in male and female Wistar rats. Values are expressed as 

mean ± SEM of 10 rats per group, *P <0.05   vs control male, # P<0.05 vs NFAM male. NFAM (No-first active 

meal). 

 

Fasting blood glucose and Insulin 

There was a significant decrease in the fasting blood 

glucose level of the control female rats when 

compared to the control male rats, as well as a 

significant decrease in the serum fasting blood glucose 

level of the NFAMF rats when compared to NFAMM 

rats. 

There was a significant increase in the serum insulin 

level of the control female when compared to the 

control male as well as a significant increase in the 

serum insulin level of the NFAMF group when 

compared to the NFAMM group (Figure 2).  
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Figure 2: A Effect of No-first active meal on fasting blood glucose level in male and female Wistar rats. B Effect 

of No-first active meal on insulin level in male and female Wistar rats. Values are expressed as mean ± SEM of 

10 rats per group, *P <0.05   vs control male, # P<0.05 vs NFAM male. NFAM (No-first active meal).  

Lipid profiles  

There was no significant difference in the serum HDL 

level of the control female rats when compared to the 

control male rats as well as in the serum HDL level in 

the NFAMF rats when compared to NFAMM rats. 

There was also no significant difference in the serum 

cholesterol level of the control female rats when 

compared to the control male rats. There was no 

significant difference in the serum cholesterol level of 

the NFAMF rats when compared to the NFAMM rats. 

There was however a significant increase in the serum 

LDL level of the control female rats when compared 

to the control male rats as well as in the serum LDL 

level of the NFAMF rats when compared to NFAMM 

rats. There was a significant decrease in the serum 

triglyceride level of the control female rats when 

compared with the control male rats, but a significant 

increase in the serum triglyceride level of the NFAMF 

rats when compared with NFAMM rats. 
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Figure 3: A Effect of No-first active meal on HDL in male and female Wistar rats. B Effect of No-first active 

meal on cholesterol level in male and female Wistar rats.C Effect of No-first active meal on LDL in male and 

female Wistar rats. D Effect of No-first active meal on TG level in male and female Wistar rats. Values are 

expressed as mean ± SEM of 10 rats per group, *P <0.05   vs control male, # P<0.05 vs NFAM male. NFAM (No-

first active meal).  

Liver enzymes  

There was a significant increase in the serum AST 

level of the control female rats when compared to the 

control male rats as well as in the NFAMF rats when 

compared to NFAMM rats. There was a significant 

increase in the serum ALT level of the control female 

rats when compared to the control male rats however 

there was no significant difference in the serum ALT 

level of the NFAMF rats when compared to NFAMM 

rats. There was a significant decrease in the serum 

ALP level of the control female rats when compared 

to the control male rats as well as in the NFAMF rats 

when compared to NFAMM rats. 
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Figure 4: A Effect of No-first active meal on aspartate transaminase (AST) in male and female Wistar rats. B 

Effect of No-first active meal on alanine transferase (ALT) in male and female Wistar rats. C Effect of No-first 

active meal on alkaline phosphatase (ALP) in male and female Wistar rats. Values are expressed as mean ± SEM 

of 10 rats per group, *P <0.05   vs control male, # P<0.05 vs NFAM male. NFAM (No-first active meal).  
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MDA level and antioxidants   

There was a significant increase in the MDA level of 

the control female rats when compared to the control 

male rats. There was also a significant increase in the 

MDA level of the NFAMF rats when compared to 

NFAMM rats. There was a significant decrease in the 

CAT level of the control female rats when compared 

to the control male rats. There was also a significant 

decrease in the CAT level of the NFAMF rats when 

compared to the NFAMM rats. There was a significant 

decrease in the GSH level of the control female rats 

when compared with the control male rats, but there 

was a significant increase in the serum GSH level of 

the NFAMF rats when compared to NFAMM rats. 

There was a significant decrease in the SOD level of 

the control female rats when compared to the control 

male rats. There was however no significant 

difference in the SOD level of the NFAMF rats when 

compared to the NFAMM rats. 
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Figure 5: A Effect of No-first active meal on MDA level in male and female Wistar rats.  B Effect of No-first 

active meal on CAT level in male and female Wistar rats.  C Effect of No-first active meal on GSH level in male 

and female Wistar rats. D Effect of No-first active meal on SOD level in male and female Wistar rats. Values are 

expressed as mean ± SEM of 10 rats per group, *P <0.05   vs control male, # P<0.05 vs NFAM male. NFAM (No-

first active meal).  

Muscle and liver glycogen levels  

There was a significant decrease in the muscle 

glycogen level of the control female rats when 

compared to the control male rats. There was however 

a significant increase in the muscle glycogen level of 

the NFAMF rats when compared to NFAMM rats. 

There was no significant difference in the liver 

glycogen level of the control female rats when 

compared to the control male rats. There was however 

a significant increase in the liver glycogen level of the 

NFAMF rats when compared to NFAMM rats. 
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Figure 6: A Effect of No-first active meal on muscle glycogen level in male and female Wistar rats.   B Effect 

of No-first active meal on liver glycogen level in male and female Wistar rats. Values are expressed as mean ± 

SEM of 10 rats per group, *P <0.05   vs control male, # P<0.05 vs NFAM male. NFAM (No-first active meal). 

HbA1c level 

There was a significant increase in the serum HbA1c 

level of the control female rats when compared to the 

control male rats. There was also a significant increase 

in the serum HbA1c level of the NFAMF rats when 

compared to NFAMM rats. 

Ghrelin level 

There was a significant increase (P<0.05) in the serum 

ghrelin level of the control female rats when compared 

to the control male rats. There was a significant 

increase (P<0.05) in the serum ghrelin level of the 

NFAMF rats when compared to the NFAMM rats. 
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Figure 7: A   Effect of No-first active meal on serum HbA1c level in male and female Wistar rats.   B Effect of 

No-first active meal on serum ghrelin level in male and female Wistar rats. Values are expressed as mean ± SEM 

of 10 rats per group, *P <0.05   vs control male, # P<0.05 vs NFAM male. NFAM (No-first active meal). 

Muscle and liver GLUT 4 levels 

There was a significant decrease in the muscle GLUT 

4 level of the control female rats when compared to 

the control male rats. There was however a significant 

increase in the muscle GLUT 4 level of the NFAMF 

rats when compared to NFAMM rats. 

There was a significant increase in the serum liver 

GLUT 4 level of the control female rats when 

compared to the control male rats. There was also a 

significant increase in the serum liver GLUT 4 level 

of the NFAMF rats when compared to NFAMM rats. 
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Figure 8: A   Effect of No-first active meal on muscle GLUT 4 level in male and female Wistar rats. B Effect of 

No-first active meal on liver GLUT 4 level in male and female Wistar rats.   Values are expressed as mean ± SEM 

of 10 rats per group, *P <0.05   vs control male, # P<0.05 vs NFAM male. NFAM (No-first active meal). 

DISCUSSION 

 

According to research, skipping breakfast is linked to 

nutrition and energy deficits [17]. This study 

determined how missing breakfast could impact 

metabolism in females versus males using Wistar rats. 

In actuality, the timing of meals can influence food 

consumption and body weight. In week one of this 

study, the female rats fed breakfast (Control) and 

those deprived of breakfast (NFAMF) had an increase 

in body weight when compared to male rats who were 

fed breakfast (Control) and those deprived of 

breakfast (NFAMM) respectively. The body weight 

increase observed at week one was however not 

sustained throughout the four weeks of the 

experiment. Another study on female rats only 

reported that an absence of body weight difference 

was observed in the female rats who had delayed first 

active meal and westernized diet intake [18].  

According to Costa et al. [19], animals that 

go 8 hours without eating during the dark part of the 

cycle consume less food overall but do not make up 

for the greater intake during the light phase. This is 

comparable to the findings of this study. Throughout 

the study, the animals not given the first active meal 

(NFAM), corresponding to the rats' dark phase, 

consumed less food. The NFAMF rats’ food intake 

was lower than that of the NFAMM rats' food, and as 

a result, the female rats’ body weights were lower than 

those of the male rats subsequently. The duration of 

meals may be shorter in females than in males, which 

may be the reason for the observation [20]. Female 

and male rats have different feeding habits [21], and 

sex differences and feeding habits are also present in 

humans [22]. Although some studies have reported 

that time-restricted feeding, which is akin to breakfast 

skipping [23] enhances metabolic processes but does 

not change body weight in humans and mice, these 

studies were however carried out in prediabetic men 

[24], and in mice that were restricted feeding for 9 

hours in the active period. In this study, the rats were 

restricted for 6 hours in the active period. Other 

studies have reported reduced body weight in time-

restricted feeding like this study [25-26].  

According to a study, animals fed a high-fat 

diet were protected against aberrant lipid metabolism 

by a model of skipping breakfast [25]. The NFAMF 

rats showed aberrant lipid metabolism when 

compared to the NFAMM rats, in this current 

research. The TG and LDL levels were significantly 

higher in the NFAMF rats than in the NFAMM rats. 

The LDL levels in control female rats were however 

significantly higher than in control male rats, TG 

levels were significantly lower in control female rats 

when compared to control male rats. The non-

significant difference in the cholesterol level had been 

reported in male Wistar rats deprived of the first active 

meal [27], in this study also, the non-significant 

difference in the cholesterol level was observed in all 

groups.   

Male Wistar rats who were denied the first 

active meal experienced hypoglycemia and 

hypocholesterolemic symptoms [11]. Compared to the 

male Wistar rats, the female Wistar rats had more 

hypoglycemia after the first active meal in this study. 

Some variables were also found to be higher in the 

NFAMF rats in this study when compared to the 

NFAMM rats, they are insulin resistance, reduced 
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glucose tolerance, hyperinsulinemia, and 

hypertriglyceridemia. These variables have also been 

shown to form a relationship in diet-related metabolic 

conditions [28]. 

The fasting blood glucose (FBG) was 

significantly lower in the NFAMF rats compared to 

the NFAMM rats. Aquino de Oliveira et al. [18], 

reported hyperglycemia in female rats who were 

deprived of the first active meal. This discrepancy in 

the results could be because this study had a four-week 

duration while theirs had an eight-week duration.  

FBG was also lower in the control female rats 

compared to the control male rats, however, in both 

groups, the insulin levels of the female rats were 

significantly higher than those of the male rats. 

Hypoglycemia results from low blood sugar induced 

by high blood insulin levels, which may be a result of 

hunger brought on by skipping meals. Because diets 

containing carbohydrates are broken down into simple 

sugars, the pancreas produces insulin, which 

stimulates cells to absorb blood sugar for energy and 

storage. This results in an increase in insulin levels in 

animals served the first active meal. Since estrogen 

has a positive impact on insulin and glucose 

homeostasis [29-30], it is possible that it also 

contributes to gender differences. Human pancreas 

biopsies have shown that women have more β cells 

than men [31].   

Hepatic steatosis and poor lipid metabolism 

result from elevated insulin levels [32].  This is in line 

with the fact that serum levels of AST and ALP were 

significantly higher in NFAMF rats compared to 

NFAMM rats, while AST and ALT levels were 

significantly higher in control female rats compared to 

control male rats, which could have been because of 

elevated insulin levels recorded in this study in the 

female rats versus male rats.  

There was no significant difference in the 

HDL levels in the female rats when compared to the 

male rats in both groups. The no significant difference 

in the HDL level with accompanying increase in the 

LDL and TG levels in the NFAMF rats when 

compared to the NFAMM rats might be due to a 

decrease in the activity of lipoprotein lipase as 

reported in obese rats [33].  Additionally, the NFAMF 

rats' MDA levels significantly increased when 

compared to the NFAMM rats and the control female 

rats' MDA levels significantly increased when 

compared to the control male rats, respectively. Two 

interdependent processes for atherogenesis linked to 

metabolic illnesses include oxidative damage and 

altered lipid profiles [32]. This suggests that female 

species are more likely than male species to develop 

metabolic disorders, especially by breakfast skip. 

MDA is the product of lipid peroxidation especially at 

the cell membrane which liberates superoxides. The 

increased MDA level and reduced antioxidant levels 

in the female rats when compared to the male rats in 

both groups indicate oxidative stress with evidence of 

antioxidant depletion which may lead to inflammatory 

processes increasing in females than males.  

The liver and muscle glycogen levels were 

significantly increased in the NFAMF rats when 

compared to the NFAMM rats. Fasting conditions 

cause a drop in blood sugar levels, which indicates a 

reduction in circulating insulin and a rise in glucagon 

levels. Enough blood glucose is available for the brain 

where it is completely oxidized to carbon dioxide and 

water. Glucagon stimulates the release of glucose 

from glycogen stores in the liver, while the decline in 

insulin decreases the transport of glucose into the 

skeletal muscle and adipose tissues [34].  Skeletal 

muscle also stores glycogen, but because it lacks 

glucose-6-phosphatase, it must first be converted to 

lactate before being released into the bloodstream and 

converted back into glucose by the liver using the Cori 

cycle. 

 Type 2 diabetes who are breakfast skippers 

have high glycated hemoglobin (HbA1C) levels [35-

36]. However, another study reported that HbA1C was 

reduced because of different types of intermittent 

fasting among diabetes and overweight/obese adults 

[37]. The HbA1C level was reduced in type 2 diabetes 

after intermittent fasting in another study [38]. In this 

study, the HbA1C level was significantly higher in the 

female rats when compared to the male rats in both 

groups. In a non-diabetes state, the HbA1C level may 

be increased in females than in males who either 

skipped breakfast or otherwise.  

 Energy homeostasis is directly impacted by 

ghrelin [39]. In this study, the NFAMF rats' ghrelin 

levels were higher than those of the NFAMM rats. 

Rats on calorie-restricted diets have also shown a rise 

in ghrelin levels [40]. Additionally, skipping breakfast 

lowers daily calorie intake. There was a considerable 

rise in ghrelin levels in the control female rats 

compared to the male rats, which is consistent with 

studies showing that estrogen up-regulates ghrelin 

levels [41].  According to Gayle et al. [41], fasting 

similarly caused higher increases in ghrelin levels, 

thus the increase in ghrelin levels observed in the 

NFAMF rats when compared to NFAMM rats. 

The completion of dietary glucose absorption 

occurs when fasting lasts for a specific amount of 

time, such as the first 24 hours, which causes the blood 

glucose level to drop and signals a decrease in 

circulating insulin and an increase in glucagon [42]. In 

this study, the NFAMF rats had lower blood glucose 

levels than the NFAMM rats, which may be explained 

by the association between insulin and estrogen, while 

the NFAMF rats had significantly higher insulin levels 

than the NFAMM rats. Exogenous intake, circadian, 

hormonal, and brain regulation are used to maintain 

glucose homeostasis. Insulin is the primary hormone 

that controls how much glucose is taken up by muscle 

and adipose tissue, while glucagon is the primary 

hormone that controls glucose levels in the blood 

during the post-absorptive state as well as fasting [43]. 

The circadian clock exerts an independent but not 



Oyelowo et al. (2024); Consequences of delayed first active meal, a breakfast skipping model on insulin  

Nigerian Journal of Scientific Research, 23(2): 2024; journal.abu.edu.ng; https://njsrabuzaria.com.ng                            342 

 

exclusive influence on glucose absorption, which in 

turn modulates insulin secretion and tissue sensitivity 

to the hormone [44], by peripheral tissues reliant on 

insulin [45]. Insulin primarily acts on receptors in 

skeletal muscle, liver, and white adipose tissue to 

regulate glucose. 

In the study, the increase in insulin level 

probably increased the GLUT 4 level in the muscles 

and liver in the same manner with a significant 

increase in muscle GLUT 4 and liver GLUT 4 in the 

NFAMF rats when compared to the NFAMM rats, as 

is typically the case in conditions like diabetes 

mellitus, defective insulin and insulin receptor activity 

and a decreased GLUT 4 level arising from impaired 

cell membrane translocation of Type 2 diabetes 

mellitus [46]. 

Skeletal muscle cells, which have the highest 

level of insulin-stimulated glucose absorption, 

consume 80% of the ingested glucose [47]. Skeletal 

muscles have thus emerged as the primary location of 

insulin resistance [48].  The activation of downstream 

signaling pathways, such as phosphatidylinositol 3-

kinase (PI 3-kinase), facilitates GLUT4's 

transmembrane activity, which facilitates glucose 

absorption when insulin binds to its receptor in 

skeletal muscle [49].  In rats, insulin-mediated glucose 

uptake is entirely prevented by wortmannin's 

pharmacologic suppression of PI 3-kinase activity 

[50]. Therefore, the rate of glucose transfer into fat 

and muscle cells is controlled by the translocation of 

GLUT4 to the sarcolemma and the subsequent 

concentration of GLUT4 [51-52].  Considering the, 

poor insulin-insulin receptor activation and reduced 

GLUT4 caused by impaired GLUT4 cell membrane 

translocation may contribute significantly to the 

etiology of type 2 diabetes [46]. 

 

CONCLUSION 

 

This study highlighted that skipping breakfast has a 

significant impact on both male and female metabolic 

responses, however, the effect was greater on the 

female. Female rats who skipped breakfast 

experienced significant changes in multiple metabolic 

parameters, including heightened levels of insulin, 

ghrelin, and liver glycogen, but reduced fasting blood 

glucose levels compared to the male rats. There was 

also an oxidative imbalance in the female rats 

compared to the male rats. The study also emphasizes 

the possible impact of hormonal variables, specifically 

estrogen, on ghrelin secretion and insulin levels. 

Overall, this study highlights the relevance of 

breakfast eating in controlling metabolic health as 

well as the need to take sex-specific responses into 

account in follow-up research and interventions 

targeted at enhancing metabolic outcomes. Given the 

potential implications for human health, these findings 

warrant further research on the impact of sex-specific 

responses during other mealtimes. 
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