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New approaches towards the pharmacological treatment of obesity
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Obesity is a condition defined as excess body fat due to positive energy balance. It is often associated with metabolic diseases, such as hypertension, type 2
diabetes, and coronary heart disease. Obesity also increases the risk of several malignancies in colon, breast, pancreas, and endometrium. Treatments of obesity
include lifestyle interventions (dietary interventions with hypocaloric diets that are low in fats and carbohydrates and/or exercise), pharmacotherapy, and surgery.
If weight loss with lifestyle changes is only modest, pharmacotherapy might be needed. Pharmacotherapy, always adjunctively with lifestyle interventions, is also
an option for any patient diagnosed with obesity (body mass index [BMI] of 30 kg/m2 or greater) or with a BMI of 27 kg/m2 or greater and at least one coexisting
condition, including type 2 diabetes, hypertension, hyperlipidemia, and sleep apnea.

Presently, six drugs, including two peptides (liraglutide and semaglutide) are approved for weight management in adults: orlistat, phentermine, phentermine-
topiramate and naltrexone-bupropion. Orlistat is approved in both Europe and USA and its mode of action is by energy waste. Phentermine, phentermine-
topiramate and lorcaserin are approved only in the US and their action is related to appetite reduction. The same mode of action is followed by naltrexone-bupropion
and liraglutide, which are approved in both Europe and USA.

From the aforementioned drugs some are approved for short-term management (< 6 months) whilst others are approved for long-term management (> 12 months).
The drug therapy is personalized and modified for each individual patient, depending on needs, contraindications, and cost. Benefits of these drugs should be
assessed regularly (every 2-3 months) and a different drug treatment should be considered if at least 5% of body weight is not lost after 3 months of therapy.

As already mentioned, one of the approved drugs in obesity management is the combination of naltrexone/bupropion, which was developed by joining these two
brain regions acting agents, already approved for other indications (naltrexone for opioid and alcohol addiction and bupropion for depression and smoking cessation),
in a single solid pharmaceutical formulation, which regulates food intake and body weight. This compounded drug is known as Contrave® in the US or Mysimba®
in Europe (Orexigen Therapeutics, Inc.). However, there are concerns regarding cardiovascular-related side effects of these naltrexone/bupropion carriers. Due
to these serious health adverse effects, there is an urgent need to develop more effective and less hazardous naltrexone/bupropion sustained/controlled release
systems, by employing biopolymeric excipients with stereoelectronic characteristics that would favor chemical interactions with the pharmacophoric groups of both
naltrexone and bupropion. These inter- and supra-molecular interactions will allow for maximum therapeutic potential and substantially less side effects.

To conclude, obesity is a multifactorial disease, which poses serious health risks. Its timely and correct treatment is a panacea for the course of mental and
physical health. A cornerstone for the treatment of obesity is the healthy dietary/exercise interventions and possible the inclusion of preparations with satisfactory
effectiveness and safety. Still, research and development should continue the effort to develop new agents and drug combinations.

Importance of Research: As previously stated, obesity, which affects about 13% of the world population, results in significant deterioration of health and serious
clinical, mainly metabolic and cardiovascular complications. Regarding the current alarming epidemiological data there is a need for intensive prevention and
treatment of obesity and the development of new forms of pharmacotherapy (new treatment regimens) to develop effective, safe, long-term effective therapy for
the treatment of obesity, and above all, to individualize therapy. However, the formulation development and the excipient selection are time consuming processes
that delay the release of the drug to the market.

Our research team is currently working on the production of multilayered tablets of naltrexone/bupropion, which can offer anti-obesity treatment. This is envisioned
to take place by using, for the preparation of the proposed tablets, combinations of biopolymers with physicochemical properties compatible with the stereoelectronic
features of both naltrexone and bupropion. This will lead to the release of the compounded two drugs by an overlapping sustained/controlled mechanism. This
combined release mechanistic model, which will be used for the first time, in the case of the naltrexone/bupropion system, is expected to result to effective anti-
obesity therapy with less adverse effects.
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