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Abstract 
___________________________________________________________________________________________________________________ 
Semaglutide is a glucagon-like peptide-1 receptor agonist (GLP-1 RA) that works for an extended 
period of time and has revolutionized the treatment of type 2 diabetes mellitus and obesity. By 
mimicking the endogenous incretin hormone GLP-1, semaglutide has a variety of physiological effects 
that help to improve metabolic control. It increases glucose-dependent insulin secretion while also 
reducing inappropriate appetite. Glucagon release, delayed gastric emptying, and increased satiety 
combine to produce better glycemic management and considerable weight reduction. Semaglutide 
differs from prior GLP-1 analogs in a crucial way: it comes in both subcutaneous injectable and oral 
tablet formulations, giving patients more options and ease. for patients, increasing adherence and 
long-term treatment outcomes.  

Semaglutide has a long half-life of about a week, which makes it possible to administer the injectable 
form once a week. Its oral composition makes use of absorption-enhancing technology, which, despite 
the molecule's peptide composition, aids in gastrointestinal absorption. Its greater effectiveness in 
lowering glycated haemoglobin (HbA1c), decreasing body weight, and lowering the risk has been 
demonstrated by clinical trials, such as the SUSTAIN and PIONEER programs. of significant negative 
cardiovascular events when compared with conventional treatments. Mild to moderate 
gastrointestinal discomfort, such as nausea and vomiting, is a common side effect, and it typically 
subsides with time. 

Beyond diabetes and obesity, emerging evidence suggests semaglutide’s potential in addressing 
metabolic-associated steatotic liver disease, cardiovascular prevention, and neuroprotective 
applications. As research advances, semaglutide continues to exemplify the integration of peptide 
pharmacology and innovative drug delivery, marking a milestone in personalized management of 
metabolic disorders. 

Keywords: Semaglutide, GLP-1 receptor agonist, type 2 diabetes mellitus, obesity, SNAC [sodium N–
(8-[2-hydroxybenzoyl] amino)caprylate] , STEP program. 

 

Introduction 

Type 2 diabetes mellitus (T2DM) continues to pose a 
major global health burden due to its increasing 
prevalence and strong association with cardiovascular, 
renal, and metabolic complications ¹. Conventional 
therapies often fail to provide adequate long-term 
glycaemic  

control without causing hypoglycaemia or weight gain. 
This limitation has led to the emergence of incretin-
based therapies that exploit the physiological role of 
glucagon-like peptide-1 (GLP-1).  

GLP-1 is an intestinal hormone that stimulates insulin 
secretion in a glucose-dependent manner while 
suppressing glucagon release. However, native GLP-1 is 
rapidly degraded by dipeptidyl peptidase-4 (DPP-4), 
resulting in a very short half-life ². To overcome this, 
synthetic GLP-1 receptor agonists (GLP-1 RAs) were 
developed to provide prolongedactivity and enhanced 
metabolic effects.  

Semaglutide, a novel GLP-1 RA developed by Novo 
Nordisk, represents the latest generation of this 
therapeutic class. It is structurally engineered to resist 
enzymatic degradation and bind to albumin, leading to an 
extended half-life that permits once-weekly 
subcutaneous administration ³. In addition, the 
formulation of an oral tablet incorporating the 
absorption enhancer sodium N-[8-(2-hydroxybenzoyl) 
amino] caprylate (SNAC) has made it the first peptide-
based GLP-1 RA suitable for oral use ⁴.  

According to the American Diabetes Association (ADA) 
and European Association for the Study of Diabetes 
(EASD), GLP-1 RAs with proven cardiovascular benefit—
such as semaglutide—are recommended for patients 
with established atherosclerotic cardiovascular disease 
or at high risk of such events ⁵.  Beyond glucose 
regulation, semaglutide has also shown promising effects 
on body-weight reduction and lipid metabolism,making 
it an important component of obesity and metabolic-
syndrome management⁶. 
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The following sections explore semaglutide’s origin, 
chemical design, pharmacology, pharmacokinetics, 
therapeutic roles, and safety profile, along with emerging 
evidence supporting its use in conditions such as non-
alcoholic fatty liver disease and cardiovascular risk 
reduction. 

Discovery and Development 

The development of semaglutide arose from decades of 
research into the incretin system, aiming to overcome 
the short half-life and administration challenges 
associated with earlier GLP-1 receptor agonists. Native 
GLP-1 is rapidly inactivated by the enzyme dipeptidyl 
peptidase-4 (DPP-4), limiting its therapeutic use. 
Therefore, researchers focused on modifying the GLP-1 
molecule to enhance its metabolic stability and binding 
affinity to serum albumin ⁷.     

Semaglutide was developed by Novo Nordisk as part of 
an effort to design a once-weekly injectable GLP-1 
analogue with a prolonged half-life and consistent 
pharmacological activity. This was achieved through 
targeted molecular alterations that confer resistance to 

DPP-4 degradation and enhance albumin association, 
thereby extending its systemic exposure ⁸. 

Key structural modifications include the substitution of 
alanine at position 8 with α-aminoisobutyric acid (Aib), 
which protects the molecule from enzymatic cleavage, 
and the attachment of a C18 di-acid fatty chain via a 
hydrophilic spacer at lysine position 26, which promotes 
reversible albumin binding. An arginine substitution at 
position 34 further enhances molecular stability ⁹. 
Collectively, these changes enable semaglutide to 
maintain receptor potency and provide sustained 
therapeutic action suitable for weekly dosing. (shown in 
fig.1.a&b ) 

In 2017, the U.S. Food and Drug Administration (FDA) 
approved subcutaneous semaglutide (Ozempic®) for 
adults with T2DM, followed by the oral formulation 
(Rybelsus®) in 2019, which marked the first orally 
available GLP-1 RA for clinical use ¹⁰. These approvals 
represented significant progress in peptide-based drug 
design and patient-centered diabetes management.

 

 

1. The enzymatic stability (DPP4) is improved by replacing Ala with Aib at position 8.  
2. A linker and C18 di-acid chain at position 26 provide tight albumin binding.  
3. At position 34, the replacement of Lys with Arg blocks the incorrect binding of C18 fatty acids. 

a)  

b)       
Figure 1: a) Chemistry of semaglutide,  b) Structure of semaglutide (subcutaneous formulation) 
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Mechanism of Action 

Semaglutide acts as a highly selective agonist of the 
glucagon-like peptide-1 receptor (GLP-1R), which is 
expressed in multiple metabolically active tissues 
including the pancreatic β-cells, gastrointestinal tract, 
central nervous system (CNS), and cardiovascular 
system. By binding to this receptor, semaglutide 
reproduces and amplifies the physiological functions of 
endogenous GLP-1, thereby modulating glucose 
metabolism, appetite regulation, and cardiovascular 
homeostasis. Activation of GLP-1R initiates a series of 
intracellular signaling cascades, primarily mediated by 
cyclic AMP (cAMP), which ultimately enhance insulin 
secretion, inhibit glucagon release, and improve overall 
energy balance. 

In pancreatic β-cells, semaglutide stimulates glucose-
dependent insulin secretion, enhancing the body’s ability 
to maintain normal blood glucose levels in response to 
food intake. Concurrently, it suppresses glucagon 
secretion from pancreatic α-cells, leading to decreased 
hepatic glucose production. These complementary 
actions contribute to improved fasting and postprandial 
glycemic control. Within the gastrointestinal system, 
semaglutide delays gastric emptying, slowing the rate at 
which glucose and nutrients enter the bloodstream, 
which further aids in stabilizing postprandial glucose 
levels. 

In the central nervous system, particularly within the 
hypothalamic nuclei responsible for appetite regulation, 
GLP-1R activation by semaglutide influences neuronal 
pathways associated with hunger and satiety. This 
results in reduced appetite, lower caloric intake, and 
enhanced feelings of fullness, making it effective not only 
for glycemic regulation but also for weight management. 
Neuroimaging studies have demonstrated that 
semaglutide decreases activity in brain regions 
associated with food craving and reward, providing a 
mechanistic basis for its appetite-suppressing effects¹¹. 

Additionally, semaglutide exerts favorable 
cardiovascular effects, which are thought to result from 
improvements in endothelial function, reduced 
inflammation, and decreased oxidative stress. Clinical 
outcome trials have shown that treatment with 

semaglutide significantly reduces major adverse 
cardiovascular events (MACE), along with beneficial 
changes in body weight, lipid parameters, and systolic 
blood pressure ¹². These effects underline its importance 
not only as an antidiabetic agent but also as a 
cardioprotective therapeutic option.(shown in fig.2.a) 

1. Role of Semaglutide 

Semaglutide is a glucagon-like peptide-1 receptor 
agonist (GLP-1RA). It mimics the action of endogenous 
GLP-1, a hormone that regulates glucose metabolism. 
When absorbed into systemic circulation, semaglutide 
binds to GLP-1 receptors located on pancreatic β-cells, 
stimulating insulin secretion in a glucose-dependent 
manner. It also suppresses glucagon release, delays 
gastric emptying, and promotes satiety, thereby helping 
in both glycemic control and weight management. 

2. Role of SNAC in Oral Absorption 
Semaglutide is a large peptide molecule that is normally 
degraded in the stomach and poorly absorbed through 
the intestinal wall. The absorption enhancer SNAC 
[sodium N–(8-[2-hydroxybenzoyl]amino)caprylate] 
helps overcome these barriers through several 
coordinated actions: 

Local pH Modulation: SNAC temporarily increases the 
pH in the stomach microenvironment around the tablet. 
This neutralization reduces the acidic degradation of 
semaglutide, preserving its structural stability. 

Protection Against Enzymatic Degradation: By 
creating a localized neutral zone, SNAC minimizes the 
activity of gastric proteolytic enzymes (such as pepsin) 
that would otherwise break down the peptide. 

Facilitating Transcellular Transport: SNAC promotes 
the transcellular (through-cell) absorption of 
semaglutide across the gastric epithelial membrane. It 
enhances the lipophilicity of semaglutide, allowing the 
molecule to cross the cell membranes and enter systemic 
circulation. 

Rapid Systemic Entry: Once across the epithelial 
barrier, semaglutide enters the bloodstream where it 
exerts its GLP-1 receptor-mediated effects.(shown in 
fig.2.b) 
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Pharmacology 

Pharmacokinetics 

Semaglutide possesses unique pharmacokinetic 
properties that make it suitable for both once-weekly 
subcutaneous administration and once-daily oral dosing. 
Its prolonged duration of action is mainly attributed to 
two major mechanisms: high affinity for plasma albumin 
binding and resistance to enzymatic degradation. These 
characteristics slow its clearance from the systemic 

circulation and protect the molecule from rapid 
metabolic breakdown, allowing it to maintain 
therapeutically effective plasma concentrations for an 
extended period¹³. 

The albumin-binding capability of semaglutide plays a 
crucial role in its pharmacokinetic behavior. By attaching 
to albumin, semaglutide remains in circulation longer, 
resulting in a gradual and sustained release into target 
tissues. This tight but reversible binding reduces renal 

 

Figure 2(a):Mechanism of action of semaglutide

 

Figure 2(b): Mechanism of absorption of semaglutide and SNAC co-formulation tablet 
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filtration and enzymatic degradation, contributing to its 
long elimination half-life of approximately one week. 

In addition, structural modifications in semaglutide 
enhance its enzymatic stability. Specifically, 
substitutions in its peptide backbone and the presence of 
a fatty acid side chain make the molecule less susceptible 
to cleavage by dipeptidyl peptidase-4 (DPP-4) and other 
proteolytic enzymes. As a result, semaglutide remains 
active in the body for a longer duration, providing 
consistent glycaemic control with infrequent dosing. 

These combined pharmacokinetic features—albumin 
binding, enzymatic resistance, and slow systemic 
clearance—allow semaglutide to deliver stable 
therapeutic effects over extended intervals, thereby 
improving patient adherence and simplifying treatment 
regimens for individuals with type 2 diabetes and obesity 
¹³. 

Absorption 

Following subcutaneous administration, semaglutide 
exhibits slow and sustained absorption from the 
injection site into systemic circulation. Peak plasma 
concentrations (Tmax) are typically achieved within 1 to 
3 days, reflecting its gradual uptake. The absolute 
bioavailability after subcutaneous dosing is 
approximately 89%, indicating efficient absorption and 
minimal loss during this process. This steady absorption 
contributes to the drug’s consistent plasma exposure and 
supports its once-weekly dosing regimen ¹⁴. 

In contrast, the oral formulation of semaglutide displays 
considerably lower bioavailability, estimated between 
0.4% and 1%, which is primarily due to enzymatic 
degradation and poor permeability across the 
gastrointestinal mucosa. Peptide-based drugs like 
semaglutide are typically unstable in the acidic gastric 
environment and prone to hydrolysis by digestive 
enzymes, leading to limited systemic availability. 

To overcome these challenges, semaglutide is co-
formulated with sodium N-[8-(2-
hydroxybenzoyl)amino] caprylate (SNAC)—a 
specialized absorption enhancer. SNAC plays a dual role 
in promoting gastric absorption: 

• It temporarily increases the local pH around the 
tablet, thereby protecting semaglutide from acid-
induced degradation and deactivation by gastric 
enzymes. 

• It facilitates transcellular transport by altering 
membrane fluidity in the gastric epithelial cells, 
allowing semaglutide to diffuse directly through the 
cell membranes into the bloodstream rather than 
passing through the intestinal route ¹⁵. 

This mechanism enables semaglutide to be absorbed 
directly from the stomach, an uncommon feature for 
peptide-based drugs. Although oral bioavailability 
remains low compared to the injectable form, the SNAC-
assisted formulation ensures that sufficient drug levels 
are achieved for therapeutic efficacy. Overall, the 
combination of slow subcutaneous absorption and SNAC-
mediated oral uptake contributes to semaglutide’s 

flexible dosing options and consistent pharmacological 
effects across different administration routes ¹⁶,¹⁷. 

Distribution 

Semaglutide demonstrates extensive plasma protein 
binding, with more than 99% of the drug bound to 
albumin under physiological conditions. This high degree 
of albumin association serves several pharmacokinetic 
purposes. By binding tightly yet reversibly to albumin, 
semaglutide remains protected from rapid enzymatic 
degradation and renal filtration, effectively prolonging 
its residence time in systemic circulation. This binding 
creates a drug reservoir that slowly releases semaglutide 
into the bloodstream, maintaining stable therapeutic 
concentrations over extended periods ¹⁸. 

The strong affinity for albumin also contributes 
significantly to its prolonged elimination half-life, which 
averages around one week. This property ensures 
consistent plasma exposure and supports a once-weekly 
dosing schedule without major fluctuations in drug 
levels. Furthermore, albumin binding limits the drug’s 
distribution to peripheral tissues, ensuring that 
semaglutide remains primarily within the vascular 
compartment where it can exert sustained 
pharmacological effects. 

Interestingly, both oral and subcutaneous formulations 
of semaglutide exhibit comparable efficacy and 
gastrointestinal tolerability despite differences in 
exposure levels, suggesting that its strong plasma protein 
binding and slow systemic release maintain therapeutic 
activity across various administration routes ¹⁹. 
Pharmacokinetic studies indicate that this consistent 
exposure-response relationship is a key factor 
supporting the flexibility of semaglutide formulations 
and reinforces the clinical reliability of its long-acting 
mechanism ¹⁹. 

Overall, the combination of high plasma protein binding, 
gradual systemic release, and restricted tissue 
distribution is central to semaglutide’s long-acting 
profile and underpins its efficacy in maintaining steady 
glycaemic control with infrequent dosing ¹⁸,¹⁹. 

Metabolism 

Semaglutide undergoes systemic metabolic degradation 
through a combination of proteolytic cleavage and β-
oxidation processes. The primary metabolic pathway 
involves enzymatic cleavage of its peptide backbone, 
which breaks the molecule into smaller peptide 
fragments. In parallel, the fatty acid side chain attached 
to the peptide undergoes sequential β-oxidation, a 
metabolic pathway similar to that used for endogenous 
fatty acids. These reactions gradually dismantle the 
parent molecule into inactive metabolites that can be 
safely excreted from the body ²⁰. 

Unlike many small-molecule drugs, semaglutide is not 
metabolized in a single organ, such as the liver. Instead, 
its breakdown occurs throughout various tissues via 
widely distributed proteolytic enzymes. This non–organ-
specific metabolism minimizes the likelihood of drug 
accumulation and reduces dependence on hepatic 
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function for clearance, making semaglutide suitable for 
patients with mild to moderate hepatic impairment. 

The resulting degradation products are eliminated 
through multiple excretory pathways, primarily via urine 
and faeces, with no single route dominating the process. 
This balanced elimination mechanism contributes to 
semaglutide’s favorable safety and tolerability profile, as 
it avoids excessive metabolic burden on any single organ 
system ²¹. 

In summary, semaglutide’s enzymatic breakdown 
through proteolysis and β-oxidation, combined with its 
multi-organ elimination, underpins its predictable 
pharmacokinetic behavior and supports its use in diverse 
patient populations. 

Elimination 

After subcutaneous administration, semaglutide displays 
a prolonged terminal elimination half-life ranging from 
155 to 184 hours, which underlies its suitability for once-
weekly dosing. This extended half-life is a direct result of 
its strong albumin binding and slow systemic clearance, 
allowing the drug to remain in circulation for an 
extended duration while maintaining stable plasma 
levels ²². 

Because of this long elimination phase, semaglutide 
achieves steady-state plasma concentrations—where 
the rate of drug input equals the rate of elimination—
after approximately four to five weeks of continuous 
dosing. At this stage, consistent therapeutic exposure is 
maintained throughout the dosing interval without 
significant peak-to-trough variability, ensuring steady 
glycaemic control. 

Elimination of semaglutide involves multiple clearance 
pathways, including both renal and hepatic routes, where 
the inactive metabolites produced through proteolytic 
degradation and β-oxidation are excreted via urine and 
faeces. The absence of a single dominant elimination 
route contributes to its predictable pharmacokinetics 
and minimizes the impact of mild organ impairment on 
overall clearance. 

Overall, semaglutide’s long terminal half-life, slow 
elimination rate, and multi-pathway excretion explain its 
sustained efficacy with weekly dosing and support its 
favorable pharmacokinetic profile for long-term therapy 
in type 2 diabetes and obesity management ²². 

Pharmacodynamics 

Semaglutide exhibits dose-dependent effects on 
glycaemic control and body weight. The 
pharmacodynamic profile is consistent between 
subcutaneous and oral formulations, as both achieve 
comparable receptor activation once plasma levels are 
sufficient ²³. 

By mimicking endogenous GLP-1 activity, semaglutide: 

• Promotes the release of insulin in response to glucose  

• Inhibits the release of glucagon  

• Delays gastric emptying 

• Decreases caloric intake and appetite 

Clinical trials have demonstrated reductions in HbA1c 
levels of 1.0–1.8% and weight loss ranging from 4 to 15% 
depending on dose and duration of therapy ²⁴. 

Pharmacological Action 

1. Glucose Regulation 

Semaglutide plays a pivotal role in maintaining glucose 
homeostasis by exerting a balanced effect on both insulin 
and glucagon secretion. As a GLP-1 receptor agonist, it 
mimics the natural activity of endogenous glucagon-like 
peptide-1, enhancing the body’s ability to regulate blood 
glucose levels in a glucose-dependent manner. Upon 
receptor activation in the pancreatic β-cells, semaglutide 
stimulates insulin secretion when blood glucose 
concentrations are elevated. This ensures that insulin 
release aligns with physiological needs, thereby 
minimizing the likelihood of hypoglycaemia ²⁵. 

At the same time, semaglutide acts on pancreatic α-cells 
to inhibit glucagon secretion, which in turn decreases 
hepatic glucose production through reduced 
gluconeogenesis and glycogenolysis. This coordinated 
modulation of pancreatic hormone secretion leads to 
lower fasting and postprandial plasma glucose levels. 

Furthermore, semaglutide’s effect on gastric emptying 
indirectly supports glucose regulation by slowing the 
absorption of dietary carbohydrates, which blunts 
postprandial glucose spikes. This mechanism, combined 
with its direct pancreatic actions, contributes to a 
smoother glycaemic profile and improved HbA1c 
reduction over time. 

Overall, through its dual influence on insulin 
enhancement and glucagon suppression, semaglutide 
provides precise, glucose-dependent control of blood 
sugar, offering effective management of hyperglycaemia 
without posing a substantial risk of hypoglycaemia ²⁵. 

2. Appetite and Weight Control 

Semaglutide has a big impact on the central nervous 
system (CNS), which helps lower body weight and curb 
hunger. It works by serving as an agonist for the GLP-1 
receptor. triggers receptors in important appetite-
regulating areas of the hypothalamus, such as the arcuate 
nucleus (ARC) and paraventricular nucleus (PVN). When 
these neural circuits are activated, satiety signals are 
increased while hunger cues are decreased, resulting in a 
lower total caloric intake ²⁶. 

Semaglutide stimulates pro-opiomelanocortin 
(POMC)/cocaine- and amphetamine-regulated transcript 
(CART) neurons within the arcuate nucleus, which 
contribute to satiety, while simultaneously suppressing 
neuropeptide Y (NPY)/agouti-related peptide (AgRP) 
neurons, which promote hunger. By simultaneously 
affecting two different neurons, this helps to establish a 
physiological equilibrium that promotes lower food 
intake and appetite.  

Semaglutide affects brain reward centers like the nucleus 
accumbens and amygdala, which are responsible for the 
hedonic (pleasure-driven) aspects of eating, in addition 
to its effects on the hypothalamus. Neuroimaging studies 
have demonstrated that semaglutide lowers activation in 
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these brain areas when people are exposed to visual or 
sensory food cues, suggesting a reduction in food-related 
reward perception and craving  ²⁶. 

These central effects translate clinically into significant 
and sustained weight loss, as patients experience less 
desire to eat and greater satisfaction with smaller meals. 
The combined action on satiety, hunger control, and 
reduced reward-driven eating underscores 
semaglutide’s effectiveness as a pharmacological agent 
for both glycaemic regulation and obesity management 
²⁶. 

3. Gastric Emptying 

Semaglutide plays an important role in modulating 
gastrointestinal motility, primarily by delaying gastric 
emptying, which significantly influences postprandial 
glucose regulation. Through activation of GLP-1 
receptors located on the vagal afferent nerves and in the 
smooth muscle layers of the stomach, semaglutide slows 
the rate at which gastric contents are released into the 
small intestine. This delay reduces the speed of nutrient 
and glucose absorption, thereby preventing sharp 
increases in blood glucose levels following meals²⁷. 

The prolongation of gastric emptying not only enhances 
postprandial glycaemic control but also contributes to 
prolonged satiety. By keeping food in the stomach for a 
longer duration, semaglutide increases the feeling of 
fullness and decreases the frequency of hunger signals 
between meals. This leads to reduced caloric intake and 
supports its weight-lowering effects. 

Furthermore, the modulation of gastric motility is dose-
dependent and tends to diminish slightly with chronic 
therapy as the body adapts, yet it continues to contribute 
to sustained metabolic and appetite-regulating benefits. 

Overall, the gastric-emptying effect of semaglutide 
represents a critical component of its pharmacological 
profile, reinforcing its dual role in postprandial glucose 
management and long-term appetite suppression ²⁷. 

4. Cardiovascular Effects 

In addition to lowering glucose and decreasing weight, 
semaglutide has cardioprotective benefits that help 
lower the risk of cardiovascular (CV) problems, which 
are common in patients with type 2 diabetes. By its action 
as a GLP-1 receptor agonist, semaglutide affects a 
number of physiological routes that, taken as a whole, 
enhance cardiometabolic health¹⁵. 
One of the main processes entails lowering body weight 
and blood pressure, both of which are significant 
modifiable cardiovascular risk factors. Semaglutide-
induced weight reduction results in lower arterial 
stiffness, better endothelial function, and less systemic 
inflammation—all of which promote vascular health. 
Furthermore, semaglutide causes mild drops in systolic 
blood pressure, adding to its cardioprotective profile¹⁵. 

Additionally, semaglutide has positive impacts on lipid 
metabolism, such as somewhat raising HDL cholesterol 
while lowering LDL cholesterol and triglyceride levels. 
These lipid enhancements aid in lowering the 

development of atherosclerotic plaque and slowing the 
course of cardiovascular illness¹⁵. 

According to clinical outcome trials like the SUSTAIN-6 
study, semaglutide therapy is linked to a large decrease 
in major adverse cardiovascular events (MACE), which 
includes non-fatal stroke, non-fatal myocardial 
infarction, and cardiovascular death in comparison to 
placebo¹⁵. Semaglutide is demonstrated by these results 
to be a useful treatment option for people with diabetes 
since it offers both efficient glycemic control and 
significant cardiovascular protection for patients with 
type 2 diabetes with a significant cardiovascular risk¹⁵. 

Semaglutide's cardiovascular advantages are due to its 
overall effects on body weight, blood pressure, lipid 
levels, and vascular function, which collectively 
contribute to its positive effects—decreasing the 
frequency of significant cardiovascular events and 
enhancing long-term results in diabetic people¹⁵. 

5. Oral Formulation and SNAC Technology 

The oral formulation of semaglutide represents a major 
advancement in peptide drug delivery, made possible 
through its co-formulation with sodium N-[8-(2-
hydroxybenzoyl)amino] caprylate (SNAC)—a unique 
absorption enhancer that enables effective gastric 
uptake of the peptide. Normally, peptide-based drugs are 
degraded in the stomach and poorly absorbed in the 
gastrointestinal tract; however, the inclusion of SNAC 
overcomes these physiological barriers and allows 
systemic bioavailability through the gastric mucosa ¹⁶. 

SNAC functions through multiple complementary 
mechanisms. First, it transiently elevates the local pH in 
the microenvironment surrounding the tablet. This 
temporary neutralization of gastric acidity protects 
semaglutide from acid-catalyzed degradation and 
minimizes its exposure to proteolytic enzymes such as 
pepsin. By preserving the structural integrity of the 
peptide, SNAC ensures that a greater proportion of the 
active drug remains intact for absorption. 

Second, SNAC enhances transcellular permeability 
across the gastric epithelium. It interacts with the 
phospholipid bilayer of gastric epithelial cells, increasing 
membrane fluidity and facilitating the direct passage of 
semaglutide through the cells rather than relying on 
paracellular diffusion. This mechanism allows 
semaglutide to enter systemic circulation directly from 
the stomach, bypassing the small intestine where 
enzymatic degradation and low permeability would 
otherwise limit absorption. 

As a result of these synergistic effects, the SNAC-assisted 
oral formulation achieves therapeutically relevant 
plasma concentrations comparable to those attained 
with subcutaneous injections. This innovation marks a 
breakthrough in peptide pharmacotherapy, as it 
demonstrates that large, biologically active peptides can 
be delivered orally with clinically meaningful efficacy—a 
milestone previously unattainable for this drug class ¹⁶. 

In summary, the incorporation of SNAC technology 
transforms semaglutide into a viable oral therapeutic 
option, offering patients a more convenient and non-
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invasive alternative while maintaining the robust 
pharmacological efficacy and safety associated with 
injectable GLP-1 receptor agonists. 

Dosing and Administration 

Subcutaneous Formulation (Ozempic®)²⁶.  

Initiation: 0.25 mg once weekly for 4 weeks 

Titration: Increase to 0.5 mg once weekly; may further 
escalate to 1 mg or 2 mg if additional control is required 
²⁵. 

Administration: Injected in the abdomen, thigh, or 
upper arm, independent of meals. 

Missed Dose: If a dose is missed, it should be 
administered within 5 days; otherwise, the next 
scheduled dose should be taken 

Oral Formulation (Rybelsus®) 

Initiation: 3 mg once daily for 30 days, then increased to 
7 mg daily. 

Maintenance: May be escalated to 14 mg daily for 
optimal effect ²⁷. 

Administration: Must be taken on an empty stomach 
with up to 120 mL of water, at least 30 minutes before 
eating or taking other medications. Tablets should not be 
split, crushed, or chewed ²⁸. 

Drug–Food and Drug–Drug Interactions 

Food Interactions 

Food intake significantly reduces semaglutide 
absorption in the oral form; therefore, strict fasting 
before dosing is required. Clinical pharmacokinetic 
studies indicate that food can decrease drug exposure by 
up to 80% ²⁹. 

Drug Interactions 

Semaglutide has a low potential for pharmacokinetic 
drug interactions due to its protein nature and non–
cytochrome P450 metabolism. 

Co-administration with omeprazole slightly increases 
exposure but without clinical relevance  ³⁰.  

Concomitant use with metformin, warfarin, 
lisinopril, or digoxin has shown no significant changes 
in drug levels or therapeutic effect ³¹. 

Delayed gastric emptying may influence absorption of 
orally administered drugs; hence, caution is advised with 
medications requiring rapid absorption (e.g., 
paracetamol) ³². 

Special Populations: Renal or hepatic impairment does 
not significantly affect semaglutide pharmacokinetics, 
and no dose adjustment is generally required ³².  

Management of Obesity 

Semaglutide has emerged as a highly effective 
pharmacological option for obesity management, 
extending its therapeutic benefits beyond glycaemic 
control. Its anti-obesity effects stem primarily from 
mechanisms involving both the central nervous system 

(CNS) and the gastrointestinal (GI) tract, mediated 
through GLP-1 receptor activation ³³.  

In the CNS, semaglutide acts on GLP-1 receptors located 
within the hypothalamic nuclei—particularly the arcuate 
nucleus and paraventricular nucleus—which are key 
regions responsible for appetite regulation and energy 
balance. Activation of these receptors enhances satiety 
signaling by stimulating pro-opiomelanocortin (POMC) 
neurons and inhibiting neuropeptide Y/agouti-related 
peptide (NPY/AgRP) neurons. This dual neuronal 
modulation reduces hunger sensations and food-seeking 
behavior, leading to a significant decrease in caloric 
intake over time. 

Beyond its central effects, semaglutide exerts important 
peripheral actions that complement appetite 
suppression. By delaying gastric emptying, the drug 
slows the rate at which nutrients leave the stomach and 
enter the small intestine, which prolongs the feeling of 
fullness after meals. This mechanism not only supports 
portion control but also smooths postprandial glucose 
excursions, further reinforcing metabolic benefits. 

Clinical trials have consistently demonstrated dose-
dependent reductions in body weight among individuals 
treated with semaglutide compared to placebo. 
Participants receiving semaglutide therapy often achieve 
substantial reductions in total body weight, body mass 
index (BMI), and waist circumference, with 
improvements evident in both diabetic and non-diabetic 
populations. These effects are attributed primarily to 
caloric restriction and improved satiety, rather than to 
increased energy expenditure. 

Moreover, long-term data indicate that semaglutide-
induced weight loss contributes to the improvement of 
cardiometabolic parameters, including better lipid 
profiles, reduced systolic blood pressure, and lower 
markers of inflammation. These outcomes collectively 
reduce the overall risk of obesity-related comorbidities, 
such as type 2 diabetes, cardiovascular disease, and 
metabolic syndrome. 

In summary, semaglutide’s weight management efficacy 
arises from its multifactorial mechanisms, combining 
central appetite suppression, delayed gastric emptying, 
and metabolic optimization. These actions make it one of 
the most promising pharmacological agents for the 
sustained treatment of obesity and metabolic disorders 
³⁴.  

Clinical Evidence 

The Semaglutide Treatment Effect in People with Obesity 
(STEP) trials demonstrated significant weight reduction 
in adults with or without type 2 diabetes. In STEP 1, 
participants receiving semaglutide 2.4 mg once weekly 
achieved an average weight loss of approximately 15% of 
their baseline body weight after 68 weeks compared with 
2.4% in the placebo group³⁵  

In STEP 2 and STEP 3 trials, similar outcomes were 
observed, confirming semaglutide’s superior efficacy 
over other anti-obesity medications. Furthermore, 
semaglutide improved cardiometabolic markers such as 
waist circumference, blood pressure, fasting glucose, and 
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lipid profiles ³⁶.Meta-analyses comparing semaglutide 
with other weight-loss agents—including liraglutide, 
orlistat, and phentermine/topiramate—consistently 
rank semaglutide as one of the most effective and best-
tolerated pharmacotherapies for obesity management ³⁷. 

Management of Obesity 

Semaglutide’s weight reduction is primarily mediated 
through hypothalamic pathways that regulate appetite 
and reward behavior. By reducing activity in brain 
regions associated with food cravings and enhancing 
satiety signals, semaglutide effectively reduces caloric 
intake ³⁸ . This mechanism explains its efficacy in 
individuals with or without diabetes, providing a 
potential role in obesity treatment independent of 
glycaemic control. 

Adverse Events 

While semaglutide is generally well tolerated, some 
adverse effects are dose-dependent and primarily 
gastrointestinal in nature. Understanding these events is 
essential for optimizing treatment adherence and 
minimizing patient discomfort during therapy. 

Gastrointestinal Reactions 

The most commonly reported adverse effects of 
semaglutide involve the gastrointestinal (GI) system, 
including nausea, vomiting, diarrhea, and constipation, 
especially during the early dose-escalation phase. These 
reactions are thought to be related to delayed gastric 
emptying and direct activation of GLP-1 receptors in the 
gastrointestinal tract, which influence motility and 
appetite regulation ³⁹. Nausea is the most frequent 
symptom and tends to occur shortly after initiation or 
dose increases. It is typically transient, improving as the 
patient’s tolerance develops over several weeks. 
Vomiting and diarrhea may also occur but are usually 
mild to moderate in intensity. Constipation, though less 
frequent, can result from slowed gastric emptying and 
decreased intestinal transit. 

To manage these GI reactions, gradual dose titration is 
strongly recommended. Starting with the lowest possible 
dose and increasing slowly allows the gastrointestinal 
system to adapt to semaglutide’s effects, thereby 
minimizing discomfort. Patient education plays a vital 
role; advising individuals to eat smaller, low-fat meals 
and avoid overeating can help reduce nausea. 
Maintaining adequate hydration and fiber intake can also 
alleviate constipation. In rare cases, if symptoms are 
severe or persistent, temporary dose reduction or 
discontinuation may be necessary ³⁹. 

Hypoglycaemia 
Semaglutide has a glucose-dependent mechanism of 
action, stimulating insulin secretion only when blood 
glucose levels are elevated, and reducing glucagon 
secretion during hyperglycemia. Therefore, when used 
as monotherapy or in combination with metformin, it 
carries a low intrinsic risk of hypoglycaemia ⁴⁰. This 
characteristic provides a major safety advantage over 
agents such as sulfonylureas or insulin, which can cause 
hypoglycaemia regardless of glucose levels. However, 
when semaglutide is combined with insulin or insulin 

secretagogues (e.g., sulfonylureas), the risk of 
hypoglycaemia increases significantly. In such cases, 
dose adjustment of the concomitant medication is 
necessary to prevent excessive glucose lowering. 
Patients should also be counseled on recognizing early 
symptoms of hypoglycaemia, such as dizziness, sweating, 
or confusion, and advised to carry fast-acting 
carbohydrates. 

Other Adverse Effects 

Aside from gastrointestinal symptoms and 
hypoglycaemia, semaglutide may be associated with 
other, less frequent adverse reactions. Reports have 
documented gallbladder-related disorders such as 
cholelithiasis and cholecystitis, possibly linked to rapid 
weight loss or alterations in bile composition ⁴¹. A 
modest increase in heart rate has been observed, though 
its clinical relevance remains uncertain. In some patients 
with pre-existing diabetic retinopathy, progression of 
retinopathy has been noted, likely due to rapid 
improvements in glycemic control ⁴¹. Pancreatitis, 
although rare, has been reported; clinicians should 
maintain a high index of suspicion if patients present 
with severe, persistent abdominal pain radiating to the 
back, accompanied by nausea or vomiting ⁴². 
Discontinuation of therapy is warranted if pancreatitis is 
suspected or confirmed. 

Cardiovascular Safety 

The cardiovascular profile of semaglutide has been 
rigorously evaluated in large outcome studies. The 
SUSTAIN-6 and PIONEER-6 trials demonstrated that 
semaglutide not only meets cardiovascular safety 
standards but also provides substantial protective effects 
against major adverse cardiovascular events (MACE), 
including nonfatal myocardial infarction and stroke ⁴³. 
These findings are particularly noteworthy because 
cardiovascular disease remains the leading cause of 
morbidity and mortality among patients with type 2 
diabetes. The cardioprotective benefits of semaglutide 
are thought to result from multiple mechanisms, 
including weight reduction, improved glycemic control, 
reduced inflammation, and favorable effects on lipid 
metabolism. Moreover, semaglutide’s ability to lower 
blood pressure and body weight further contributes to its 
cardiovascular advantages. 

Overall, semaglutide’s adverse event profile is well 
characterized and manageable with appropriate clinical 
oversight. Gastrointestinal side effects are the most 
common but typically transient and dose-dependent. The 
low risk of hypoglycaemia, along with proven 
cardiovascular benefits, positions semaglutide as a 
highly effective and safe therapeutic option for managing 
type 2 diabetes and obesity, provided that patients are 
closely monitored and educated throughout the course of 
therapy ³⁹–⁴³. 

Future Scope 

The therapeutic potential of semaglutide continues to 
expand beyond diabetes and obesity. Ongoing 
investigations are exploring its use in conditions such as 
non-alcoholic steatohepatitis (NASH), neuro-
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degenerative diseases, and polycystic ovary syndrome 
(PCOS) ⁴⁴.Early studies indicate improvements in hepatic 
steatosis and inflammation, suggesting a role in the 
management of metabolic liver disease ⁴⁵. 

In addition, combination therapy with the amylin 
analogue cagrilintide is under development to enhance 
weight loss outcomes, as demonstrated in phase II trials 
showing synergistic effects ⁴⁶. Further research is also 

evaluating semaglutide’s potential neuroprotective and 
anti-inflammatory effects by modulating oxidative stress 
and inflammatory pathways in the brain ⁴⁷. 

The future of semaglutide therapy lies in personalised 
medicine integrating genetic, metabolic, and behavioural 
profiling to optimise therapeutic response. Continued 
research will help define its role across broader 
metabolic and cardiovascular disease spectrums.

 

Table 1: Key Advantages and Limitations of Semaglutide 

Advantages Limitations 

Increases treatment adaptability by being 
offered in oral and injectable forms. 

For maximum absorption, the oral tablet needs rigorous fasting 
conditions 

Shows better weight loss and glycemic control 
than many other agonists of the GLP-1 receptor. 

Some individuals may find gastrointestinal adverse effects such 
as nausea, vomiting, and diarrhoea to be intolerable—increases 
treatment adaptability by being offered in oral and injectable 
forms. 

Proven cardiovascular benefits, reducing the 
risk of major adverse cardiovascular events. 

High cost and limited access in low-resource settings. 

Convenient once-weekly injection or once-daily 
oral dosing improves adherence. 

Long-term safety in specific populations (e.g., adolescents, 
pregnancy) remains under evaluation. 

(Adapted and summarised from multiple clinical and pharmacological sources ⁴⁸ ,⁴⁹).   

 

Conclusion 

One of the most important therapeutic breakthroughs in 
the management of obesity and type 2 diabetes mellitus 
is semaglutide. Its molecular structure provides 
extended activity, high receptor affinity, and resistance 
to enzymatic breakdown, which translates into 
convenient dosing schedules and improved patient 
adherence.  

The oral formulation's advent has revolutionized 
incretin-based treatment even more by offering a viable 
non-injectable option without sacrificing effectiveness. 
When compared to prior GLP-1 receptor agonists, 
semaglutide has been consistently shown to be superior 
in clinical studies in terms of glycemic control, weight 
loss, and cardiovascular risk management.  

Despite the fact that gastrointestinal side effects are still 
the most prevalent constraint, they can usually be 
overcome with patient education and a slow dose 
increase. The possible uses of semaglutide in non-
alcoholic fatty liver illness, neuroprotection, and 
combination regimens with the objective of improving 
metabolic results are still being investigated in future 
studies.  

Semaglutide has proven to be a vital component of 
metabolic therapy, effectively connecting diabetes and 
obesity treatment with a single pharmaceutical agent. It 
will probably have a significant long-term impact on the 
metabolic health of the planet and establish a new 
benchmark for the development of peptide-based 
medicines. 
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