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Abstract: 1he prevalence of obesity and diabetes is an increasing global problem, especially in devel­

oped countries, and is referred to as the twin epidemics. As such, advanced treatment approaches 

are needed. Tirzepatide, known as a 'twincretin', is a 'first-in-class' and the only dual glucagon-like 

peptide-I (GLP-1) and glucose-dependent insulinotropic peptide (GIP) receptor agonist, that can 

significantly reduce glycemic levels and improve insulin sensitivity, as well as reducing body weight 

by more than 20% and improving lipid metabolism. 1his novel anti-diabetic drug is a synthetic pep­

tide analog of the human GIP hormone with a C20 fa tty-diacid portion attached which, via acylation 

technology, can bind to albumin in order to provide a dose of the drug, by means of subcutaneous 

injection, once a week, which is appropriate to its a half-life of about five days. Tirzepa tide, developed 

by Eli Lilly, was approved, under the brand name Mounjaro, by the United States Food and Drug 

Administration in May 2022. This started the 'twincretin' era of enormously important and appealing 

dual therapeutic options for diabetes and obesity, as well as advanced management of closely related 

cardiometabolic settings, which constitute the leading cause of morbidity, disability, and mortality 

worldwide. Herein, we present the key characteristics of tirzepatide in terms of synthesis, structure, 

and activity, bearing in mind its advantages and shortcomings. Furthermore, we briefly trace the 

evolution of this kind of medical agent and discuss the development of clinical studies. 
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1. Introduction

Diabetes and obesity are chronic diseases leading to substantial morbidity and high
mortality worldwide, especially in developed countries. 1hey are considered the twin 
epidemics of the 21st century. Neither disorder is a simple problem; rather, both are complex 
health issues combining genetic, epigenetic, and lifestyle factors, including socioeconomic 
and environmental impacts fl-3). 

Obesity is defined by the World Health Organiz.ation (WHO) as an "abnormal or 
excessive fat accumulation that may impair health" f4,S). It is defined by body mass 
index (BMI), weight in kilograms divided by the square of height in meters, in adults over 
30 kg /m2 f 6). 1t should be highlighted that obesity is related to an increased risk of other 
serious conditions and diseases such as diabetes, hypertension, cardiovascular disease, 
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cancer, asthma, hypercholesterolemia, and so on [7]. To date, the fight against obesity has 
been one of the greatest challenges. Treatment has been based only on a well-balanced diet 
and regular physical activity, so far. 

Type 2 diabetes (T2D) is an incurable condition that influences glucose regulation in 

the body. Cases are increasing daily at a menacing rate. The rise in the number of T2D cases 
over a period of 34 years (1980-2014) was four-fold [8], with a 5% increase in premature 
mortality from T2D from 2000 to 2016. Due to 1.5 million estimated deaths being directly 
caused by T2D, it was termed the ninth-biggest mode of mortality in 2019 [9]. A whopping 

537 million adults across the globe were suffering from T2D in the year 2021, and this 
number is estimated to rise to 783 million by the year 2045 (with a surge of 12.2%) [10]. 
These statistics reveal that currently, 1 in 10 adults are suffering from T2D, and this number 
is increasing at pandemic rates. 

Beta cells that produce insulin, present in the pancreas, play a significant role in 

the origination and development of T2D by controlling the endocrine system for glucose 
metabolism and glycemia. In T2D, these cells become inoperative in order to compensate 
for insulin resistance, resulting in an insulin-deficient condition called hyperglycemia. 
Hyperglycemia can result in glucose toxicity that further deteriorates the function of beta 
cells of the pancreas, giving rise to a deficiency of insulin in the body [11]. 

Treatment of T2D includes lifestyle changes such as diet, exercise, and nutraceuticals, 
as well as administration of medications such as metformin. Various synthetic moieties 
and herbal preparations have been developed to support the functioning of beta cells and 
suppress harmful inflammatory responses [12]. The majority of these agents have unwanted 
effects pertaining to the route of administration and various other factors. The common 

side effects observed with the sulfonyl urea class of drugs include syncope, dizziness, 
nervousness, anxiety, depression, and diarrhea. The adverse effect most associated with 
metformin is gastrointestinal upset, and with repaglinide this is hypoglycemia [13,14]. In 
such cases, only a small amount of medication reaches the cells. The therapeutic effect of 
such kinds of drugs can be rapidly improved by targeting their delivery to the pancreatic 

islets or by lowering the dose consumed, as well as by decreasing the side effects of 
systematically administered agents [15]. 

Conventionally, two sorts of therapeutic agents have been used for the treatment 
of T2D: insulin or its analogs, such as insulin lispro, insulin aspart, and oral agents like 
glipizide, glimepride, metformin, acarbose, pioglitazone, saxagliptin [16]. In addition 

to these agents, a short-acting insulin that can be inhaled just before nutrient intake­
Exubera®-was approved by the United States Food and Drug Administration (US FDA)
in January 2006 for therapeutic use [17]. 

Furthermore, products generated in the human body that stimulate beta cells to release 
insulin, termed as 'Incretins', also known as 'Incretin hormones', were discovered in the 

early 1970s. These products are secreted in the intestine, affecting the functioning of beta 
cells (Figure 1). The most commonly known incretins include glucagon-like peptide-1 
(GLP-1) and glucose-dependent insulinotropic polypeptide (GIP) [18,19]. 

The adverse drug reaction profile of tirzepatide is comparable to GLP-1 agonists, as it 
is a dual GIP /GLP-1 agonist. The most common side effects associated with tirzepatide are 

related to gastrointestinal tract like nausea, vomiting and diarrhea [20,21]. The incidence of 
hypoglycemia is low, based on phase 2 trials [20]. 

The focus of this mini-review is to present a brief overview of the synthetic short pep­
tide tirzepatide as the first dual GLP-1 and GIP receptor agonist as a promising therapeutic 
agent for the treatment of either diabetes or obesity and to highlight its superiority to other 

similar agents. Notably, modified short peptides have improved bio-functions compared 
with those in the original analogs, and are of great promise in modern biomedicine thanks 
to recent advances in science and biotechnology [22]. The most up-to-date pharmacologic 
characterization of tirzepatide and its clinical evolution are discussed. 
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levels after a meal over 28 weeks. It was noted that tirzepatide significantly improved 
clamp disposition index when compared to both semaglutide and placebo. This in tum 
showed significant improvements in total insulin secretion rate and insulin sensitivity 
for tirzepatide. Upon meal tolerance testing, tirzepatide was also noted to slow glucose 
excursions when compared with placebo. As such, tirzepatide was found to be efficacious 
in treating T2D [47,48]. 

4.2. Synthesis 

Recently, Micheal 0. Frederick and co-workers from Eli Lilly and company demon­
strated a continuous kilogram-scale GMP manufacturing method for the synthesis of 
tirzepatide using a hybrid solid-phase peptide synthesis/liquid-phase peptide synthesis 
(SPPS/LPPS) approach [49]. This strategy also includes nanofiltration for purifying the 

intermediates, and real-time analytical monitoring, which resulted in the development of 
robust synthetic process with high purity and yield. Considering both the pros and cons of 
SPPS and LPPS, the researchers selected the four fragments (Figure 3) that had the highest 
purity and were readily isolable for the synthesis of tirzepatide. These four fragments 
were synthesized through SPPS, and the coupling of these fragments was carried out using 
LPPS. 
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Figure 3. Fragments used to synthesize tirzepatide using the SPPS/LPPS approach. 

The LPPS portion of the synthesis consisted of four steps and was carried out in 
a plug-flow reactor (PFR) [50]. In step 1, fragment 1 and 2 were coupled. Separate so­
lutions of fragment 1 and 2 in dimethylsulfoxide (DMSO)/acetonitrile (ACN), [Ethyl 
cyano(hydroxyimino )acetato-O2 ]tri-1-pyrrolidinylphosphonium hexafluorophosphate (Py­

Oxim) in ACN, and N,N' -diisopropylethylamine (DIPEA) were made previously and 
brought together in flow prior to entering the PFR. The PFR was coupled with an HPLC 
for reaction monitoring. Once coupling was performed, the coupled fragment was de­
protected using diethylamine (DEA). The deprotected product was then purified using 
nanofiltration [51], a membrane-based technology, where components of the mixture could 

be separated based on their molecular weight and hydrophobicity. Similarly, fragment 
3 was then coupled with the coupled product of fragments 1 and 2 in step 2, and so on 
for step 3, in which fragment 4 was coupled. In the final step, 19 acid-labile protecting 
groups were cleaved using trifluoroacetic acid (TFA). Thus, 8.71 kg pure tirzepatide was 
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