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Abstract:  

Diabetes mellitus is one of the most common chronic diseases in the country and worldwide, which involves inappropriately 

increased blood sugar level. Due to its rising prevalence, India faces several challenges in diabetes management. Obesity is another 

leading risk factor for Type 2 diabetes mellitus (T2DM). There is a strong relation between obesity and diabetes. Having excess 

body fat is a risk factor for diabetes, and it can also affect a person’s health. To help, manage and potentially prevent diabetes 

some advanced treatments are needed. Glucagon like peptide 1 (GLP-1) and Glucose-dependent insulinotropic polypeptide (GIP) 

based therapy is the newly established treatment which can helps to minimise glycemic levels, enhance insulin sensitivity and reduce 

body weight. Tirzepatide, a dual GLP-1/GIP receptor agonist, known as ‘twincretin’, a synthetic peptide analogue of 39 amino 

acids engineered from the native GIP sequence and contains C20 fatty diacid moiety. Incretin hormones including mainly GLP/GIP-

1 are peptides released in the intestine in response to the presence of nutrients in its lumen. They stimulates insulin secretion, 

inhibits glucagon secretion at pancreatic α cells and also  have an effect on extrapancreatic influences as slowing of gastric 

emptying which increases the feeling of fullness. Tirzepatide could eventually be developed in the future seem to be a promising 

furthest advance for the management of several cardiometabolic settings. In the present review article, we have made an attempt 

to explore the characteristics of Tirzepatide including it’s pharmacokinetic and pharmacodynamic activity, structure, synthesis, 

clinical development in the management of T2DM.  

Index Terms— Tirzepatide, twincretin, diabetes mellitus, obesity, Incretins, dual agonism  

I. INTRODUCTION: 

   Diabetes mellitus (DM) is a metabolic disorder affecting more than 400 million people worldwide which is mainly characterised 

by decreased insulin activity and/ or insulin secretion. DM is caused either by deficiency of insulin secretion, damage of pancreatic 

β cells or insulin resistance related to non-use of insulin and sedentary lifestyle [1,2].Type 1 and Type 2 are two major types of 

Diabetes Mellitus. Type 1 DM also known as Insulin-dependent diabetes mellitus is an autoimmune disorder that leads to destruction 

of pancreatic β cells which reduces production of insulin while type 2 DM also known as Noninsulin-dependent diabetes mellitus 

is a result of impairment of pancreatic β cells that retards the individual’s ability to use insulin [3]. 
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   Type 2 DM is also called adult-onset diabetes. The progressive insulin secretory defect on the background of insulin resistance. 

People with this type of diabetes are resistant to the action of insulin [4]. Globally, it affects 5-7% of the population. It is usually 

controlled through exercise, dietary therapy and hypoglycemic agents [5]. This is the most common form of DM and is highly 

associated with a family history of diabetes, older age, obesity, lack of exercise and environmental factors [6]. 

    Chronic hyperglycaemias leads to glucotoxicity, which in turn causes pancreatic beta cell impairment and in the late phase it 

exacerbates insulin deficiency [7]. The ultimate result of this state is a repetitive cycle of hyperglycemia leading to a worsening 

metabolic condition. One of the most significant and modifiable risk factors for DM is obesity [8]. The parallel rise in the occurrence 

of obesity and T2DM (known as ‘diabesity’) is a global health issue [9]. Obesity is strongly associated with insulin resistance, is 

the major key factor in the pathogenesis of T2DM and has become one of the barriers for achieving good glycaemic control [10]. 

     Obesity and overweight are defined as abnormal or excessive fat accumulation in the body that increases a risk to health (WHO. 

It is an indirect measure of body fat, the body mass index (BMI) [(weight in kg)/(height in m2)], is a simple index that classify 

adults into one of three categories: “underweight,” “overweight,” or “obese.”  [11]. It also exacerbates pre-existing conditions 

and initiates new ones, also noted that various forms of obesity are related to elevated risk of several chronic conditions 

and diseases, including diabetes, asthma, cancer, hypercholesterolemia, and cardiovascular diseases.[12] 

    The main function of the beta cells of pancreas is to produce and secrete insulin – the hormone responsible for regulating levels 

of glucose in the blood. Insulin secretion is under the control of autonomic nervous system and some nutrients and hormones also 

involved in its secretion. Glucose and certain other sugars metabolized by beta cells of islets of Langerhans, stimulates insulin 

release [13]. The very first step of glucose-stimulated insulin release involves glucose transport into the beta cell through 

the GLUT2 glucose transporter and phosphorylation of glucose by means of glucokinase [14]. Variety of gut hormones called 

“Incretins' ' that are secreted from enteroendocrine cells into the blood within minutes after eating plays a major role in stimulating 

insulin release[15].  

II. PHYSIOLOGY OF INCRETIN HORMONES/INSULINOTROPIC PEPTIDES: 

    There are two classes of Incretins, known as glucose-dependent insulinotropic peptide (GIP) and glucagon-like peptide-1 (GLP-

1). GLP-1 originates from tissue specific processing of proglucagon, a 30 amino acid peptide produced by the L cells, 

enteroendocrine cells of the distal ileum and colon and pancreas [16, 17]. GIP is a 4 amino acid peptide produced by the K cells of 

the duodenum and jejunum in response to the ingestion of nutrients, especially fat and carbohydrates. It’s insulinotropic effect 

is glucose-dependent, i.e., the effect is absent when the plasma glucose level is less than 4–5 mmol/L. Consequently, GIP acts 

glucagon tropically when administered at euglycemia or hypoglycaemia but not during hyperglycaemia [18, 19]. and they 

perform a very important function in postprandial metabolism [20]. Secretion of both the hormones occurs after ingestion, 

apparently under neural control, and stimulates insulin release in pancreatic β cells in a glucose-dependent manner. Moreover, GLP-

1 decreases glucagon secretion from pancreatic α cells and has also extrapancreatic effects as a direct suppressive effect on appetite 

centre and a slowing of gastric emptying and ultimately increasing the feeling of satiety [21].  

    The effect produced by these insulinotropic peptides is named as the ‘incretin effect’. The name is given because it is thought to 

occur due to nutrients triggering the release of incretin hormones and as well acting upon pancreatic β cells in an insulinotropic 

manner (Figure 1) [22]. The patients with T2DM are having severe defects in sensitivity for GIP in beta cells that's why the incretin 

effect is altered[23]. The dipeptidyl peptidase-4 (DPP-4) inhibitors are responsible for obstructing the DPP-4-mediated degradation 

of endogenous GLP-1 and GIP ultimately enhancing their efficacy. At the same time, the GLP-1 receptor agonists (RA), by altering 

the structure, create resistance against the degradation of DPP-4 by strengthening the onset of the GLP-1 receptor [24]. 
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Table -1 Function of GIP-1 and GIP in glucose and energy metabolism 

 

III. TREATMENT: 

    Treatment of T2DM includes lifestyle changes such as dietary behaviour, physical activity, and nutraceuticals, as well as 

administration of medications such as antidiabetic drugs like metformin. Numerous synthetic moieties and herbal preparations have 

been developed to improve the functioning of β cells and suppress harmful inflammatory responses [25]. Nevertheless these agents 

have undesirable effects pertaining to the route of administration, patient compliance and various other factors. The most common 

side effects detected with the sulfonyl urea class of drugs contains syncope, dizziness, uneasiness, anxiety, depression, and 

diarrhoea. The adverse effect most related with metformin is gastrointestinal distress, and with repaglinide this is hypoglycaemia 

[26, 27]. In such situations, only a minor amount of medication reaches the site of action. The therapeutic effect of such types of 

drugs can be rapidly enhanced by targeting their delivery to the pancreatic islets or by reducing the dose administered, as well as 

by minimizing the side effects of parentally administered agents [28]. 

    Mostly two categories of therapeutic agents have been used for the treatment of T2DM: Insulin or its analogues, such as insulin 

lispro, insulin aspart, insulin glargine and oral agents including drugs which enhance insulin secretion (sulfonylureas), drugs 

overcome insulin resistance, retard carbohydrate absorption like metformin, glipizide, glimepride, repaglinide, acarbose, 

pioglitazone, saxagliptin, Bromocriptine like Dopamine agonist [29]. In addition to these drugs, Exubera®— a short-acting insulin 

that can be inhaled just before meal, was approved by the United States Food and Drug Administration (US FDA) in January 2006 

for therapeutic use [30]. 

    In addition, products made in the human body that stimulate β cells to release insulin, called as ‘Incretins’, also known as ‘Incretin 

hormones’ including GLP-1 and GIP, were discovered in the early 1970s. These products are secreted in the intestine, disturbing 

the functioning of β cells (figure 1) [31, 32]. 

 

 

SITE:  GIP-1 GIP 

    

Pancreas 

 

Beta cells  ↑ Insulin synthesis  ↑ Insulin synthesis 

   ↑ insulin secretion  ↑ Insulin secretion 

   ↑ Cell proliferation  ↑ Cell proliferation 

   ↑ Glucose sensing  ↑ Glucose sensing 

 Alpha cell  ↓ Glucagon secretion ↑ Glucagon secretion 

Brain   ↑ Satiety  

   ↓ Appetite  

Gastrointestinal   ↓ GI motility  

   ↓ Gastric emptying  

Adipose tissues    ↑ Lipolysis 

     ↑ Fatty acid synthesis 
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IV. DUAL GIP AND GLP-1 AGONISM: 

    Co-administration of both GIP and a GLP-1 receptor agonist in healthy persons has a additive consequences, generating a 

pointedly increased insulin response compared with separate administration of individual hormone [33]. Additionally, the collective 

infusion produced a significant glucagonostatic effect while indivisual administration of GIP or GLP-1 did not control glucagon 

secretion more than glucose alone [34]. On the other hand, in people with T2DM, co-administration of GIP and GLP-1 over a short 

period of time (4–6 h) did not give response an insulin better than that of only GLP-1 administration [35, 36]. Finan et al. was firstly 

described the effect of GIP and GLP-1 receptor agonism and also established a unimolecular dual agonist of GIP and GLP-1 

receptors, represented as a ‘twincretin’ [32].  

Figure 1. Effects of GLP-1 and GIP receptor agonist in the body. 

 

    The twincretin was shown that, they have high affinity to GLP-1 and GIP receptors with very insignificant glucagon receptor 

activity. In Preclinical trials i.e., animal studies GIP and GLP-1 receptor co-agonist treatment at 1–3 weeks produced a dose-

dependent fall in blood glucose, body weight, food intake and fat mass compared to placebo, equimolar dose of liraglutide and other 

drugs. e. The co-agonist can be improved by adding a polyethylene glycol (PEG) or a 16-carbon acyl chain to prolong half-life to 

make it suitable for weekly dosing. The PEGylated co-agonist was studied in 44 individuals with T2DM. After 6 weeks, a dose-

dependent decline in HbA1c compared to placebo was noticed. The co-agonist was well tolerated with slight to modest GI side 

effects and no hypoglycaemic consequences [37].  

    The objective of this mini-review is to give a brief outline of the ‘Tirzepatide: the synthetic short peptide’ as the foremost dual 

GLP-1 and GIP receptor agonist as a promising and potential therapeutic agent for the management of both diabetes and obesity 

and to focus on it’s superiority to other parallel agents. The most up-to-date pharmacologic characterization of tirzepatide and its 

clinical development are examined. 

V. TIRZEPATIDE: 

     Tirzepatide (LY3298176) developed by Eli Lilly and company (Indianapolis, IN, USA) under the brand name Maunjaro. Eli 

Lilly unlocked one more achievement on 14 May 2022, by approving the highly anticipated anti-diabetic drug Mounjaro® 

(tirzepatide) from the US FDA.   Tirzepatide has a comparable GIP receptor binding affinity to native GIP and five times lesser 

GLP-1 receptor binding ability as compared to native GLP-1 [38, 39]. Likewise to the GLP-1 RA tirzepatide is administered s.c 

(subcutaneously). Mounjaro is accessible in six doses (2.5 mg, 5 mg, 7.5 mg, 10 mg, 12.5 mg, 15 mg) and will come in Lilly's well-

established auto-injector pen with a pre-attached, hidden needle so that patients do not need to handle or see it [32]. 
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VI. STRUCTURE AND ACTIVITY:  

     is a synthetic linear peptide molecule consisting of 39 amino acids. Its Residues are mainly obtained from GLP-1, GIP and 

semaglutide, where few residues are unique [40]. The structure is based on the native GIP sequence with C20 fatty diacid moiety 

(eicosanedioic acid) bonded through hydrophilic linkers like γ-Glu-2xAdo, gamma glutamate and bis-aminodiethoxyacetyl and are 

connected to lysine residue (at C20 position) [41] The structure contains two non-coded amino acid residues (Aib, α amino 

isobutyric acid) at position 2 and 13 of peptide sequence of tirzepatide, not only helps to extend it’s half-life but also high affinity 

to albumin [42]. Its C-terminus is amidated (Figure 2) [42]. The molecular formula of tirzepatide is C225H348N48O68 with the 

molecular weight 4813.45 [43 - 44]. It is the first effective drug to have demonstrated notable body weight loss in a phase 3 study 

with impressive glycemic efficacy in patients with T2DM [45-47].  

     T2DM and obesity and serves as a dual agonist for the two main human incretins i.e., Tirzepatide is the first promising drug for 

bothLP-1 and GIP [48-51]. 

 

figure 2: Structure of tirzepatide 

 

     As compare to the treatment available at this time, tirzepatide has better, significant and promising therapeutic efficacy [52, 53]. 

More active than semaglutide and insulin degludec [54, 55]. The number of modifications and critical improvements are carried out 

in the peptide backbone to activate GIP receptor,  lengthening of the C‐terminus with by the sequence of C‐terminal of exenat ide, 

and conjugation of the fatty acid side chain to make it’s half life longer (116.7 Hrs) [40, 56].And it has substantial hepatoprotective 

effect [57].  

        The structural features of tirzepatide makes it more versatile than other agents [ 58]. The human clinical trial (NCT03951753) 

of tirzepatide was carried out, in comparison with semaglutide and placebo in the patients with T2DM responses to blood sugar 

level after a meal for about 28 weeks. The results show a remarkably  enhanced clamp disposition index as well as increased total 

insulin secretion rate and better insulin sensitivity For tirzepatide. Accordingly, tirzepatide was found to be more potent For treating 

T2DM [ 58, 59].  

VII. SYNTHESIS OF TIRZEPATIDE:  

       Currently, Eli Lilly and company carried out demonstration for a continuous kilogram-scale GMP manufacturing method for 

synthesis by using a hybrid solid-phase peptide synthesis/liquid-phase peptide synthesis (SPPS/LPPS) approach [60].  

       Thus strategy is also helpful in nanofiltration for purifying the reaction intermediates, including real-time analytical 

observations which ultimately gives the  dynamic synthetic procedure with high purity and improved yield. With respect to the 

above SPPS and LPPS approach, taking into consideration both pros and cons, four fragments (fig. 3) are sorted out that had the 

highest purity and were readily confined for the synthesis of tirzepatide. The synthesis of these four fragments is carried out through 

SPPS and coupling was done by LPPS approach. 

   The LPPS synthesis approach consists mainly of Four steps which are carried out in a Plug-flow Reactor (PFR) [61].  
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Steps are as follows: 

Step 1: fragment 1 and fragement 2 were coupled.  

  Before starting the process, Separate solutions of both the fragment 1 and fragment 2 in dimethylsulfoxide (DMSO)/acetonitrile 

(CAN), [Ethyl Cyano(hydroxyimino)acetato-O2]tri-1-pyrrolidinyl phosphonium hexafluorophosphate (PyOxim) in CAN, and 

N,N0-diisopropylethylamine (DIPEA) were prepared and take together in flow before entering the PFR. After that, to monitor the 

reaction continuously, PFR is attached to HPLC. After coupling  of fragments is done, the deprotection of coupled fragments is 

done by diethylamine (DEA). 

 The deprotected product is filtered and purified by nanofiltration technique [62]. 

Nanotechnology is the membrane filtration technique, where the separation of individual components from mixture takes place on 

the basis of the different parameters like molecular weight, hydrophobicity, etc.,  

Step 2: 

Fragment 3 was added to the coupled product of fragment 1 and 2. 

Step 3:  

Fragement 4 was coupled with previous coupled products of fragment 1, 2 and 3. 

 Step 4:  

19 acid-labile protecting 

Groups are broken down using trifluoroacetic acid (TFA).  

The final step yeilds about 8.71 kg of pure drug called tirzepatide  (about 81%yield). 

The advantage of using this hybrid approach to synthesize tirzepatide are includes: 

i) Decreases the manufacturing risk. 

ii) Helps to create robust continuous manufacturing methods. 

iii)  It gives a high purity product with increased yeild. 
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Figure: 3. Four fragments for synthesis of tirzepatide by using SPPS/LPPS approach. 

 

VIII. CLINICAL DEVELOPMENT: 

1. Effectiveness of tirzepatide in phase 1 clinical trials : 

A phase 1 clinical trial for tirzepatide was Conducted in 53 peoples suffering T2DM, consisting of  5 groups:  

 -  two fixed dose groups of tirzepatide with dosing 0.5 mg and 5.0 mg 

 - two dose-titration Groups of tirzepatide 0.5/5/10/10 mg and 0.5/5/10/15 mg dosing 

- And a placebo group.  

 The study was carried for about 4 weeks and  safety follow up was taken for 4 weeks. 

Baseline characteristics for study participants:  

Mean age: 56.8 ± 6.9 years,  

53% Male, 77% White, 13% Asian, 8% Black,  

BMI: 31.2 ± 4.0 kg/m2  

HbA1c level: 8.4 ± 0.8% (all values in mean ± SD).  

 

The results of respective phase 1 clinical trial was shown that  

-both titration groups show a statistically significant dose-dependent Reduction in HbA1c as compared to Placebo.  

-Fasting glucose and fasting serum insulin levels also significantly reduced in both titration groups Comparison with placebo. 

-All tirzepatide treatment Doses (except 0.5 mg) minimises the glucose Responses During the oral glucose tolerance test (OGTT) 

Compared to placebo (observed in glucose area under the curve [AUC]). 

-decreased postprandial glucose levels in a Dose-dependent manner when 7-point self Monitoring of blood glucose level was carried 

out. 

-Also body weight was also reduced in a dose-dependent manner in tirzepatide groups compared to the Placebo (0.5/5/10/10 mg 

and 0.5/5/10/15 mg groups achieved 2.39 kg and 2.95 kg weight loss respectively) [63]. 
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2. Effectiveness of tirzepatide in phase 2 clinical trials: 

The phase 2 clinical trial of tirzepatide is carried out in a group of 318 people for  26 weeks. It was a placebo controlled and double 

blind randomised trial where the people suffering from T2DM were treated with or without hypoglycemic agent metformin 

monotherapy and lifestyle changes. 

The trial was carried out in: 

-two fixed dose groups of 1mg and 5mg of tirzepatide. 

- two dose-titration groups  

     a)5mg for two weeks and 10 mg for the remaining trial period. 

     b)5mg for 2 weeks, 10 mg for four weeks and 15mg for the remaining trial period.  

- Also dulaglutide with 1.5mg dose group and a placebo group. 

Baseline characteristics:  

-mean Age: 57 ± 9 years, 53% male,  

-BMI: 32.6 ± 5.9 kg/M2 

-duration of diabetes 9 ± 6 years 

- HbA1c level: 8.1% ± 1%. 

About 90% of people Received metformin therapy at baseline and this continued throughout the whole trial period. 

The results of respective phase 2 clinical trial was shown that: 

-the dose dependent decrease in HbA1c level and fasting plasma glucose level with tirzepatide was found (HbA1c reduction from 

baseline of 8% by 0.7%, 1.6%, 2.0% and 2.4% with 1 mg, 5 mg, 10 mg and 15 mg of doses respectively). 

-Tirzepatide also shows a significant weight loss. (Mean weight loss when compared to – 0.4 kg for placebo and – 2.7 kg for 

dulaglutide was found to be from baseline - 0.9 kg, - 4.8 kg,   - 8.7 kg and – 11.3 kg in 1 mg, 5 mg, 10 mg and 15 mg tirzepatide 

groups [64, 65, 66]. 

3. Phase 3 clinical trial: 

SURPASS-1 phase 3 clinical trials were conducted in 6 countries and included the patients who had ongoing treatment with SGLT2 

inhibitors like Dapagliflozin. In some trials, consequent administration of both tirzepatide and Dapagliflozin were done, which 

resulted in the improved HbA1c reduction with weight loss [67]. 

SURPASS-2 phase 3 clinical trials, where tirzepatide is compared with metformin to the Selective GLP-1 receptor agonist ( e.g., 

semaglutide) 1mg once weekly shows additive effect [68]. 

Additionally, Tirzepatide also helps to decrease the concentration of low-density lipoproteins(LDL) and TGs (triglycerides); 

increased high-density lipoproteins (HDL) also reduces Blood pressure [69]. 

Adverse effects of tirzepatide: The adverse effects were found to be nausea, vomiting, diarrhoea which mostly occurred when the 

dose is increased from normal amounts [69]. 

IX. MECHANISM OF ACTION: 

    Dual GIP and GLP-1 receptor agonism contributes to the reduced glycemic level and weight control. Studies demonstrated that 

co-administration of GIP and a GLP-1R agonist more significantly improved insulin response, suppressed glucagon secretion as 

well compared to individual administration of either hormone alone. 
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    GLP-1 receptors (GLP-1R) are present throughout the body, including beta cells of pancrease and the gastrointestinal tract. They 

have been involved in the pathophysiology of T2DM as GLP-1R signalling is helps to maintain glucose control by improving 

glucose-stimulated insulin release, slows down gastric transit, controls plasma glucagon levels, and reduced body weight by 

stimulating anorexigenic pathways in the brain. Both peptide hormones are involved in maintaining  glucose homeostasis: they 

further stimulate glucose-stimulated insulin release from the beta-cells. Nevertheless, GIP is the main incretin hormone that exerts 

insulinotropic effects in response to food administration[70].. 

 

Figure 4:mechanism of action of Dual GLP-1 and GIP receptor agonist tirzepatide. 

 

X. PHARMACOKINETICS: 

1. Absorption:  

Over the dose ranges of 1-5 mg, the Cmax of tirzepatide ranges from 108 to 397 ng/mL. The mean absolute bioavailability of 

tirzepatide upon s.c administration is 80%. Following subcutaneous administration, the Tmax ranges from 8-72 hours. The steady-

state plasma concentrations were achieved by administering 4 weeks of once-weekly s.c administration. 

As tirzepatide delays gastric emptying time, it could affect the absorption of concomitantly administered oral drugs.  

2. Volume of Distribution:  

Adminstering subcutaneously, the mean steady-state volume of distribution was found to be 9.5 L. The mean apparent steady-state 

volume of distribution of tirzepatide following subcutaneous administration in patients with T2DM was found to be 10.3 L. 

3. Protein Binding: Tirzepatide is 99% bound to plasma protein called albumin. 

4. Metabolism: 

Tirzepatide is mainly metabolized by proteolytic breakdown  of the peptide backbone as well as by beta-oxidation of the C20 fatty 

diacid moiety and by amide hydrolysis. 

5. Route of elimination: 

The drug is primarily excreted through urine and face and the unchanged parent agent was not detectable in urine and faeces. 

6. Half life: It is approximately5 days [71]. 

XI. Conclusion : T2DM and Obesity are chronic and complex disease conditions which have both microvascular and macrovascular 

complications. The proper treatment is still not available to cure both the conditions but by following proper treatment, therapy and 

lifestyle changes can keep them under control. Number of patients in the worldwide are regularly increase, that’s why new scientific 

techniques are needed to make administration of medication , reducing dose amount and frequency and multitasking single 

medication. Tirzepatide is such a medication which reduces HbA1c level, body weight and increase insulin sensitivity in phase 1 

and phase 2 clinical trials including the results of SURPASS clinical trials Which are Carried out in comparison with similar  

antidiabetic agents like dulaglutide and semaglutide which show favourable results. Patients show compliance and additionally dose 

adherence because of once-weekly dosing. Accordingly, the US FDA gives approval for tirzepatide under the brand name 

Mounjaaro, which is a first dual GIP and GLP-1 receptor agonist and thus become a revolutionary agent for managing T2DM and 

controlling body weight [72, 73]. 
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