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Research Article

Effect of Tryptanthrin Compound 
on Lipop olysa cchar ide-I nduce d 
Inflammation Model in L929 Cell Line

ABSTRACT

Objective: Our aim is to evaluate the effects of the tryptanthrin compound, with antimicrobial 
and anti-inflammatory effects, on the lipopolysaccharide inflammation model created in the 
L929 cell line.

Methods: L929 cell lines were placed in a 5% CO2 incubator at 37°C, using standard cell culture 
procedures, and lipopolysaccharide was applied with Prn pure substance with a final concentra-
tion of 2 µL and 1 µL after 1 hour. Following the lipopolysaccharide application, the (3- [4,5- dimeth-
ylthiazol-2-yl] -2,5-diphenyl tetrazolium bromide protocol, a colorimetric method, was applied to 
determine cell viability at the end of the required 24th, 48th, and 72nd hours incubation times.

Results: IC50 values were calculated as 0.3 µg/mL for tryptanthrin and 1 µg/mL for lipopolysac-
charide . Application of lipopolysaccharide to L929 cell lines caused a significant decrease in cel-
lular index depending on time. Also, in the tryptanthrin + lipopolysaccharide groups, it was found 
that the decreased cell index significantly increased even closer to the control compared to the 
lipopolysaccharide applied group. It was found that the inflammation and cell damage caused by 
lipopolysaccharide applied to the L929 cell line improved after tryptanthrin application.

Conclusion: When we look at the results of our study as a whole, it was determined that the 
viability rates of the cells were above 85% as a result of the tryptanthrin application and it was sig-
nificantly above the 70% viable cell ratio recommended by ISO 10993-5: 2009 Dın en ISO (2009) 
for cytotoxicity.

Keywords:  Inflammation, L929, LPS, MTT, Tryptanthrin

INTRODUCTION
Tryptanthrin (TRP) is indeed a natural compound found in indigo plants, and it belongs to the class of 
indole quinazoline alkaloids. Researchers have been studying the effects of TRP due to its various bio-
logical and pharmacological activities. One notable area of investigation is the antimicrobial activity of 
TRP. Studies have shown that TRP exhibits antimicrobial properties against a range of microorganisms, 
including bacteria, fungi, and parasites. It has demonstrated efficacy against both Gram-positive and 
Gram-negative bacteria, making it a potentially valuable compound for the development of new anti-
microbial agents. Tryptanthrin has also been found to possess anti-inflammatory properties. Inflam-
mation is a natural response of the immune system, but excessive or chronic inflammation can lead 
to various diseases. Tryptanthrin has been shown to inhibit the production of pro-inflammatory mol-
ecules and suppress the activation of inflammatory pathways, thus potentially providing a therapeutic 
benefit in conditions characterized by inflammation. Additionally, TRP has shown antiallergic activity. 
Allergic reactions occur when the immune system overreacts to harmless substances. Tryptanthrin 
has been found to inhibit the release of histamine, a key mediator of allergic reactions, from mast 
cells. This action may help alleviate allergic symptoms and provide relief for individuals with allergies. 
It is worth noting that while TRP shows promise in these areas, further research is still needed to fully 
understand its mechanisms of action and explore its potential applications in medicine. Research-
ers are also interested in investigating the synergistic effects of TRP with other compounds found in 
plants, as well as its potential side effects and safety profile.1

Lipopolysaccharide (LPS) is a component of the cell wall of Gram-negative bacteria, and it is com-
monly used to induce an inflammatory response in research studies. Lipopolysaccharide has the abil-
ity to activate macrophages, which are immune cells involved in the innate immune response. When 
macrophages are exposed to LPS, it triggers a series of signaling pathways within these cells. Three 
important pathways that are activated in response to LPS are the NF-κB (nuclear factor kappa -ligh 
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t-cha in-en hance r of activated B cells), MAPK (mitogen-activated 
protein kinase), and JAK-STAT (Janus kinase-signal transducer 
and activator of transcription) pathways. The NF-κB pathway is 
a key regulator of immune and inflammatory responses. Activa-
tion of this pathway leads to the production of pro-inflamma-
tory cytokines, chemokines, and other molecules that promote 
inflammation. The MAPK pathway is involved in cellular processes 
such as cell proliferation, differentiation, and inflammation. Lipo-
polysaccharide activates MAPK signaling, which can lead to the 
production of pro-inflammatory mediators and the regulation 
of immune responses. Macrophages secrete growth factors, 
including transforming growth factor-beta (TGF-β), which can 
stimulate fibroblast proliferation and activation. This interaction 
between macrophages and fibroblasts is crucial for tissue repair 
and wound-healing processes. Overall, the activation of macro-
phages by LPS and their subsequent signaling pathways play a 
vital role in the inflammatory response and immune regulation. 
Understanding these processes can help in the development of 
therapeutic strategies for various inflammatory and immune-
related conditions.2

Inflammation is a vital defense mechanism of the immune sys-
tem. It is a complex biological response that can be triggered by 
a variety of factors, including damaged cells, toxic compounds, 
and invading pathogens. The primary purpose of inflammation is 
to protect the body from harmful stimuli and initiate the heal-
ing process. When tissues are damaged or infected, the immune 
system recognizes these threats and responds by mobilizing 
immune cells and releasing signaling molecules. 

Inflammation is typically characterized by the classic signs of 
redness, heat, swelling, pain, and sometimes loss of function in 
the affected area. These symptoms arise due to increased blood 
flow, increased permeability of blood vessels, and the influx of 
immune cells and fluid into the tissues. While acute inflammation 
is an important and necessary response for maintaining health, 
chronic inflammation can be harmful. Prolonged or unresolved 
inflammation can lead to tissue damage and contribute to the 
development of various chronic conditions, including autoim-
mune disorders, cardiovascular diseases, and certain cancers. 
Therefore, maintaining a balanced inflammatory response is cru-
cial for overall health.3

It is important to note that the specific details of the inflammatory 
response can vary depending on the type of tissue involved and the 
nature of the stimulus. However, the fundamental steps you men-
tioned—recognition of stimuli, activation of pathways, release of 
mediators, and activation of inflammatory cells—are indeed central 
to the inflammatory response in all tissues (Figure 1).4

Phagocytes, including neutrophils, macrophages, and den-
dritic cells, are key players in the inflammatory response and 
have pathogen recognition receptors (PRRs) on their surfaces. 
These PRRs recognize specific molecular motifs on pathogens, 
known as pathogen-associated molecular patterns (PAMPs). 
Cytokines, such as interleukins and tumor necrosis factor-alpha 
(TNF-α), serve as signaling molecules that mediate and amplify 
the immune response. In addition to cytokine release, the acti-
vation of intracellular signaling pathways is a crucial step in the 
inflammatory response. The JAK-STAT pathway is involved in 
cytokine signaling and regulates gene expression. Activation of 
this pathway can lead to the production of specific cytokines and 
the modulation of immune cell functions. These signaling path-
ways work in coordination to amplify the inflammatory response 

and regulate the expression of genes involved in immune and 
inflammatory processes. Understanding the activation of these 
pathways and the release of proinflammatory molecules is crucial 
for unraveling the complex mechanisms underlying inflammation 
and designing targeted interventions for inflammatory diseases.5

In the process of inflammation, various plasma proteases from 
systems such as the kinin-kallikrein, complement, coagulation, 
and fibrinolytic systems are activated. Activation of these pro-
teases leads to the generation of specific products that con-
tribute to the inflammatory response. Neutrophils are the first 
responders and play a crucial role in combating pathogens. They 
are attracted to the inflammatory site and migrate across the 
blood vessel walls to reach the site of infection or tissue dam-
age. Macrophages, as you mentioned, are another important 
cell type involved in inflammation. Macrophages are versatile 
immune cells that reside in tissues, including inflamed tissues. 
They play a vital role in protecting the body against pathogens 
through various mechanisms, one of which is phagocytosis. Mac-
rophages recognize and engulf pathogens through phagocytosis, 
internalizing them into specialized compartments where they 
can be destroyed. Furthermore, macrophages contribute to the 
inflammatory response by releasing additional inflammatory 
mediators and cytokines, amplifying the immune response and 
coordinating the activities of other immune cells. Together, the 
activation of plasma proteases, the resulting products, changes 
in vascular permeability, recruitment of neutrophils, and the role 
of macrophages all contribute to the complex process of inflam-
mation and help the body combat pathogens and initiate the 
healing process.6 Interleukin-1β (IL-1β), interleukin-6 (IL-6), and 
TNF-α are key cytokines produced by activated macrophages. 
Interleukin-1β, IL-6, and TNF-α have various roles in the inflamma-
tory response. The release of lipid-based mediators and cytokines 
by activated macrophages allows them to communicate with 
other immune cells and coordinate the inflammatory response. 
Therefore, understanding the regulation of these molecules and 
their functions is crucial for developing targeted therapeutic 
approaches for inflammatory conditions.7

It is fascinating to see your interest in investigating the effects 
of TRP in the LPS-induced inflammation model using the L929 
cell line. Indeed, fibroblasts play a crucial role in the inflamma-
tory process, and their activation and interaction with other cells 
contribute to the overall inflammatory response and tissue repair. 
As you mentioned, fibroblasts act as sentinel-like cells in tis-
sues and are among the first to respond to damage signals. They 
contribute to maintaining the structural integrity of connective 

Figure 1. The general mechanism of LPS-induced inflammation
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tissues by promoting immune cell adhesion and secreting com-
ponents of the extracellular matrix that support collagen protein 
and adjacent cells.2 Given the potential therapeutic benefits of 
plant-derived compounds and their anti-inflammatory proper-
ties, exploring the effects of TRP in the LPS-induced inflamma-
tion model is a valuable approach. The LPS-induced inflammation 
model is widely used because it triggers macrophage activation 
and subsequent activation of multiple inflammatory pathways.7

Using the L929 cell line, you can investigate the effects of TRP in 
this model and assess its impact on the inflammatory response. 
This approach can provide insights into the anti-inflammatory 
potential of TRP and its mechanisms of action, shedding light 
on its therapeutic potential. By examining the effects of TRP in 
the LPS-induced inflammation model, you can contribute to the 
understanding of plant-based compounds as potential therapeu-
tic agents for inflammation-related conditions. It is an exciting 
area of research that can pave the way for the development of new 
treatments or interventions targeting inflammation. Remember 
to carefully design your experiments, control for variables, and 
analyze your results rigorously to draw meaningful conclusions. 

METHODS
Cell Lines
In this study, the L929 cell line was used to evaluate the effects 
of the TRP compound on LPS-induced inflammation-induced cell 
damage in the L929 (ATCC® CRL-2091) cell line. The L929 cell line 
was purchased from the American Type Culture Collection (ATCC, 
USA) and used by reproducing from existing stocks available in 
the Cell Culture Laboratory, affiliated with the Department of 
Medical Pharmacology, Ataturk University School of Medicine.

Experimental Protocol and Details
This study was carried out in the Cell Culture Laboratory of the 
Department of Medical Pharmacology, Faculty of Medicine, 
Ataturk University. First, different concentrations of doses were 
determined to calculate the IC50 value of the TRP compound and 
LPS (Table 1).

After the cells preserved in Cryotube in the liquid nitrogen tank 
were dissolved, they were planted in flasks of T75 cm2 (Gibco®, 
UK) with filtered cap. After the cells were determined with the 
help of Inverted (Leica®, Germany) light microscope (20×-40×), 
where 85%-90% of them became confluent (20×-40×), 5 × 103 
cells were sown in each well of 96-well microplates. After the TRP 
and LPS applications, the colorimetric method (3-[4,5-dimeth-
ylthiazol-2-yl]-2,5-diphenyl tetrazolium bromide (MTT) protocol) 
was applied.

Preparation of Tryptanthrin and Lipopolysaccharide
Since the TRP compound is insoluble in water, 1% dimethyl sulfox-
ide was added to dissolve the substance after vortexing. Different 

concentrations (20 µg/mL; 15 µg/mL; 10 µg/mL; 7.5 µg/mL; 5 µg/
mL; 2.5 µg/mL; 1 µg/mL) were prepared after passing through the 
sterile filter (CAS: 13220-57-0, 97%, MW:248.24, BLDpharm, UK) 
with a sol pore diameter of 0.2 µm . Lipopolysaccharide (E. Coli 
O55: B5, Sigma-Aldrich®, St. Louis, USA) in lyophilized form was 
dissolved in pure water to prepare different concentrations.

Cell Culture Studies
According to cell culture studies, the L929 cell line is cultured in 
a medium consisting of 89% DMEM (Dulbecco's modified eagle 
medium), 10% FBS (fetal bovine serum), 1% PSA (peni cilli n–str 
eptom ycin– ampho teric in B), and 2% l-glutamine. These compo-
nents provide the necessary nutrients, growth factors, and anti-
biotics to support cell growth and maintain cell viability.

The cells are proliferated using standard cell culture procedures in 
a 5% CO2 incubator at 37°. This temperature and CO2 concentration 
create an optimal environment for cell growth and maintenance. To 
determine cell density and viability, the cells are examined using an 
inverted light microscope, such as the Leica microscope. Once the 
cells reach a confluent state with 85%-90% density, the trypan blue 
exclusion method is used to assess cell viability.

In this method, a mixture of 100 µL trypan blue, 90 µL PBS, and 
10 µL medium containing cells is prepared in a microcentrifuge 
tube. A small volume (10 µL) of this mixture is then transferred 
to a cell counting device, such as the INNOVATIS device, which 
allows for accurate cell counting and viability determination. After 
performing the necessary calculations, the cells are seeded into 
the experimental wells. It is stated that 5 × 103 cells are seeded 
in each well, with the number of groups multiplied by 5 × 103 to 
ensure consistent cell seeding across all groups. These details 
provide a clear understanding of the cell culture conditions and 
procedures used for the L929 cell line. Following proper cell cul-
ture techniques and accurately determining cell density and via-
bility are crucial for reliable experimental outcomes.

Evaluation of Cell Viability with the 3-(4, 5-Dim ethyl thiaz 
ol-2- yl)-2 ,5-Di pheny l Tetrazolium Bromide Method
To summarize the experimental procedure:

1. L929 cell lines were cultivated in 3 microplates, with 5 × 103 
cells (5000 cells) seeded in each well, using a standard cell 
culture medium.

2. The microplates were placed in a 5% CO2 incubator at 37° for 
24 hours to allow the cells to adhere and grow.

3. After the 24-hour incubation, the TRP compound was applied 
at the predetermined doses. The final concentration of the 
TRP compound was 2 µL.

4. Following the TRP application, the LPS was applied after  
1 hour at a final concentration of 1 µL.

5. After the application of LPS, the cells were further incubated for 
24, 48, and 72 hours to allow for the desired incubation times.

6. At the end of each incubation time (24th, 48th, and 72nd 
hours), the cytotoxic effects were assessed using the MTT 
assay, a colorimetric method. The MTT assay measures the 
metabolic activity of cells, which is indicative of cell viability.

7. The % viable cell ratio was calculated using the following 
equation:
• % viable cell ratio = (absorbance of treated sample/

absorbance of control) × 100
• The absorbance values were obtained using a spec-

trophotometer or a microplate reader, and the control  
sample represents the untreated cells.

Table 1. Doses Used to Calculate IC50 Values of Lipopolysaccharide and Tryptanthrin 

LPS TRP
Concentrations
20 µg/mL 20 µg/mL
15 µg/mL 15 µg/mL
10 µg/mL 10 µg/mL
7.5 µg/mL 7,5 µg/mL
5 µg/mL 5 µg/mL
2.5 µg/mL 2,5 µg/mL
1 µg/mL 1 µg/mL
LPS, lipopolysaccharide; TRP, tryptanthrin.
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• By applying the MTT assay, determine the cytotoxic 
effects of the TRP compound and LPS on the L929 cells 
at different time points can be determined. This assay 
provides information on cell viability and can help assess 
the impact of the compounds on cell health.

• The MTT assay protocol provided by the manufacturer 
(Roche, Cat. No. 11 465 007 001) should be followed 
for accurate and reliable results. This protocol typically 
involves the addition of MTT reagent, formazan crystal 
dissolution, and absorbance measurement.

• By analyzing the % viable cell ratio, the potential cyto-
toxic or protective effects of the TRP compound and 
LPS on the L929 cells over time can be evaluated. This 
information can contribute to understanding the cellular 
response to these substances and their potential thera-
peutic implications.

% Percentage viability
Compound treated cellabsorbance abso

�
�� � � rrbance of the empty well

controlcellabsorbance absorbance of t
� �

� hhe empty well� �
�100

Statistical Analysis
The data were assessed statistically utilizing Statistical Package 
for Social Sciences (SPSS) software 22.00 (IBM, USA). It was con-
ducted utilizing a Tukey test, which comprised one-way analysis 
variance and post hoc multiple comparative assays.

RESULTS

IC50 Values of Lipopolysaccharide and Tryptanthrin
To determine the most effective dose on the L929 cell line, TRP 
and LPS different concentrations were applied. IC50 values that 
inhibit the proliferation of 50% of different concentrations of TRP 
and LPS on the L929 cell line in vitro were determined (Table 1).

IC50 values were calculated as 0.3 µg/mL for TRP and IC50 for LPS 
as 1 µg/mL using the logarithmic transformation of TRP and 
LPS concentration and nonlinear regression sigmoidal dose–
response analysis (GraphPad 8.0 Prism, La Jolla, Calif, USA).

Results of Cell Viability
Based on the results obtained, it appears that the TRP compound 
has a protective effect on L929 cells against inflammation-
induced damage caused by LPS. The LPS group showed a sig-
nificant decrease in live-cell ratio compared to the control group, 
indicating that LPS-induced cytotoxicity in the L929 cells. Treat-
ment with different doses of TRP pure substance (ranging from 
20 µg/mL to 1 µg/mL) resulted in increased cell proliferation, with 
the highest live-cell ratio observed at a dose of 5 µg/mL.

At the 24th hour, the LPS group exhibited a live-cell ratio of 
61.29%. The TRP group showed a significantly higher live-cell ratio 
of 90.81%, and the TRP + LPS group had a live-cell ratio of 83.01%. 
(Table 2)

At the 48th hour, the live-cell ratio in the TRP group decreased 
to 43.75%. However, in the LPS group, the live-cell ratio was sig-
nificantly lower at 27.38%. The TRP + LPS group showed a higher 
live-cell ratio of 84.40%.

At the 72nd hour, the live-cell ratio in the TRP group increased 
to 92.10%. The TRP + LPS group had a slightly lower live-cell ratio 
of 88.21%, but it was still significantly higher than the LPS group 
(12.91% live cells). (Table 2)

Overall, the TRP compound was found to prevent inflammation-
related cell damage in the L929 cell line induced by LPS. The cell 
viability rate in the TRP + LPS group was significantly higher than 
in the LPS group at all time points (24th, 48th, and 72nd hours) 
(Table 2).

The findings suggest that TRP promotes cell proliferation and 
helps protect L929 cells from inflammation-induced damage. 
The cell viability rates observed in all time periods (above 92%) 
exceed the recommended 70% rate for cytotoxicity according to 
ISO 10993-5:2009 guidelines.

These results support the potential use of TRP as a therapeutic 
agent for mitigating inflammation-induced cell damage and pro-
moting cell viability in the L929 cell line. Further studies may be 
warranted to explore the underlying mechanisms of TRP's pro-
tective effects and its potential applications in inflammatory 
conditions.

DISCUSSION
The study conducted investigated the effects of the TRP com-
pound, isolated from the root of Ferulago pauciradiata plant, on 
LPS-induced inflammation-induced cell injury in the L929 cell 
line. The results of the study support the hypothesis that the 
TRP compound can prevent inflammation and reduce cell dam-
age. Throughout the study, it was observed that the TRP com-
pound had a protective effect on the L929 cells. At 24th hours, 
48th hours, and 72nd hours, the TRP compound prevented 
inflammation-induced cell injury and increased cell proliferation. 
These effects brought the cell viability closer to that of the control 
group, indicating a positive impact of the TRP compound on cell 
health. The results obtained from this study are consistent with 
the hypothesis that the TRP compound can reduce inflammatory 
cell damage. This suggests that the TRP compound derived from 
the root of Ferulago pauciradiata plant may have the potential as 
a therapeutic agent for mitigating inflammation and promoting 
cell viability. Further research and investigations may be needed 
to better understand the mechanisms of action and potential 
applications of the TRP compound in treating inflammation-
related conditions.

The inflammatory response is the natural defense system of the 
host against pathogens in general, and inflammatory cells and 
macrophages are activated in this process.9 Lipopolysaccharide, 
which is a component of the cell wall of Gram-negative bacteria, 
is often used in the inflammatory response due to its ability to 
activate macrophages.10 The induced macrophages strengthen 
the inflammatory response by destroying the pathogen with 
the various juices they secrete and reshaping damaged tissue 
structures. Pharmacological reduction of LPS-induced inflam-
matory mediators is considered one of the attractive therapeutic 
strategies for acute and chronic inflammatory diseases.8 In the 
inflammatory process, food components with anti-inflammatory 
properties may attract attention, provided they can be preserved 

Table 2. Results of Cell Viability According to Groups and Hours

Hours LPS TRP TRP + LPS
Groups
24th 61.29% 90.81% 83.01%
48th 27.38% 43.74% 84.40%
72nd 12.91% 92.10% 88.21%
LPS, lipopolysaccharide; TRP, tryptanthrin.
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in the digestive process.11 In recent years, natural products and 
their synthetic derivatives have been gaining increasing popu-
larity as potential drugs for the treatment of various diseases 
affecting humans.12 Also, it is known that many plants show anti-
inflammatory activity based on folk medicine knowledge. There-
fore, researchers turn to plants for new therapeutic agents.

Tryptanthrin which is present in indigo plants is an indole quin-
azoline alkaloid. Many studies have revealed that TRP has many 
biological and pharmacological activities such as antimicrobial, 
anti-inflammatory, and antiallergic ones.1 In accordance with the 
results of the studies conducted, while the effects of TRP, which 
is a coumarin derivative, on L929 cells at the 24th, 48th, and 
72nd hours did not show any toxic effect compared to the con-
trol group, it was determined that TRP application increased the 
amount of decreased cell index in LPS groups. 

As a result, studies12-15 found that coumarins have a prolifera-
tive effect. When LPS was applied 1 hour after applying different 
doses of the TRP compound it was found that as the concentra-
tion of the TRP pure substance increased, the cell proliferation 
increased and the highest viable cell ratio was observed at a dose 
of 8 µg/mL.

When we look at the results of our study as a whole, it was deter-
mined that the viability rates of the cells were above 85% as a 
result of the TRP application and it was significantly above the 
70% viable cell ratio recommended by ISO 10993-5: 2009 Dın en 
ISO (2009) for cytotoxicity.
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Development and Validation of HPLC-UV 
Method for Determination of Meloxicam 
in Tablet Dosage Formulation

ABSTRACT

Objective: The development and validation of a novel, simple, and quick high-performance liquid 
chrom atogr aphy– ultra viole t detection (HPLC-UV) technique for measuring meloxicam in phar-
maceutical formulations was made. 

Methods: The technique parameters were tuned to be 0.8 mL/min flow rate, variable column 
temperature, 290 nm wavelength, 10 µL injection volume, and a mobile phase combination of 
water (with 0.6% triflour acetic acid—pH:2.6) and methanol (30 : 70 v/v) to carry out this study. In 
this study, valsartan was used as ınternal standard (IS).

Results: Specificity, the limit of quantitation (LOQ), linearity, accuracy, precision, stability, recov-
ery, and ruggedness were all tested. The technique was linear between 1.0 µg/mL and 50 µg/mL, 
with precision (relative standard d (RSD) %) and accuracy (relative error %) of less than 3.9% and 
0.7%, respectively. The LOQ and LOD values of method were 1.00 and 0.25 µg/mL, respectively. 
Analytical recovery from pharmaceutical preparations was performed according to the standard 
addition method, and the average analytical recovery value was determined as 100.4%. The devel-
oped and validated HPLC-UV method was successfully applied to 4 commercial tablet dosage 
formulations obtained from a local pharmacy store in Turkey (Zeloxim, Melox, Meksun, Exen).

Conclusion: It has been concluded that the developed HPLC-UV method is sensitive, accurate, 
and precise and can be successfully applied in quality control studies in the pharmaceutical 
industry.

Keywords:  HPLC-UV, meloxicam, tablet dosage formulation

INTRODUCTION
Non-steroidal anti-inflammatory drugs (NSAIDs), which are non-narcotic analgesics, are also referred 
to as simply anti-inflammatory drugs, which better suit their pharmacological profile. They are also 
known as non-opioid analgesics. The anti-inflammatory efficacy of this group of drugs is weaker com-
pared to the most potent synthetic or natural anti-inflammatory steroid drugs known as glucocorti-
coids. Their analgesic activity is generally weaker compared to strong analgesics that do not possess 
anti-inflammatory effects, such as narcotic analgesics. However, they are preferably used in most pain-
ful conditions due to their non-addictive properties and their lack of causing narcotic-like effects such 
as sedation and clouding of consciousness.1-3

Meloxicam is one of the NSAIDs and is commonly used for pain, inflammation, and fever control. 
Meloxicam is an yellow crystalline powder. Its molecular weight is 351.39 g/mol. The melting point is 
242-250°C. Meloxicam has a chemical structure of C14H13N3O4S2 and a molecular weight of 351.403 g/mol.  
Its IUPAC name is (8E)- 8-hyd roxy- [(5-m ethyl -1,3- thiaz ol-2- yl)am ino]m ethyl idene ]-9-m ethyl -10,1 0-dio 
xo-10 -thia -9-az abicy clo [4.4.0]dec - 1,3,5-triene-7-one. The chemical structure is shown in Figure 1.4

Meloxicam is insoluble in water but soluble in dimethyl sulfide, dimethyl sulfoxide, and alcohols. It is 
partially and slowly absorbed from the gastrointestinal tract. It reaches its peak in plasma approxi-
mately 5-6 hours after a single dose.5 The elimination half-life is about 20 hours. Comparative trials 
lasting between 23 days and 1 month have shown that gastrointestinal side effects occur at the fre-
quency seen with placebo and at a lower rate than those who took piroxicam 20 mg per day or diclof-
enac 100 mg per day.6 However, it has been reported that the analgesic effect may be slightly lower. 
It is given orally at a dose of 7.5 mg once a day during the meal, increasing the daily dose to 15 mg if 
necessary. It is mainly used for osteoarthritis, rheumatoid arthritis, and ankylosing spondylitis.7
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High-performance liquid chromatography (HPLC) is an analytical 
method used to separate and quantify components in a mixture. 
An HPLC device basically consists of a pump, column, and detec-
tor. The separation is carried out by using various mobile phases 
over the stationary phase used. The detector can be a variety of 
types, including UV/visible absorbance detectors, fluorescence 
detectors, or mass spectrometers. Among the advantages 
of the method are parameters such as wide usage areas and  
high sensitivity. 

In the literature, several analytical methods have been reported 
for the quantification of meloxicam in bulk and tablets. These 
methods include spectrophotometric techniques,8-11 near infra-
red spectrometry,12 capillary zone electrophoresis,13 HPLC,14-20 
and HPTLC/TLC.21,22 Based on the methods reported above, it was 
aimed to develop a simple, fast, and accurate HPLCUV method 
for the determination of meloxicam in tablets. In this study, 
HPLC-UV method was developed and validated in the analysis of 
meloxicam in tablets without derivatization. The developed and 
validated method was successfully applied to 4 different com-
mercial tablets for meloxicam analysis.

METHODS
Reagents and Chemicals
Meloxicam and valsartan [internal standard (IS)] were obtained 
from Novagenix Bioanalytical Pharmaceutical Research and 
Development Center San. ve Tic. Inc. The trifluoro acetic acid 
(TFA, analytical grade) and methanol (LC grade) were purchased 
from Merck (Germany). The deionized water that was made fresh 
every day, filtered (0.45 m) was used. Four commercial tablets 
(Meksun, Exen, Zeloxim, and Melox) containing the active ingre-
dient meloxicam were obtained from the Turkish pharmaceuti-
cal market. 

Instrumentation and Conditions for Chromatography
The HPLC System (Agilent Technologies 1200 Series) with a UV 
detector (Agilent Technologies), degasser (Agilent Technologies), 
pump (Agilent Technologies), auto-sampler (Agilent Technolo-
gies), and computer (HP).

The most important aspect to focus on when developing a 
liquid chromatographic method is to determine if sufficient 
separation has been achieved. The selectivity of the chromato-
graphic system reflects all interactions between the solutes, 
mobile phase components, and stationary phase. These inter-
actions can be managed by modifying experimental conditions 
such as temperature, flow rate, column, and mobile phase 
composition. In the HPLC study, the chromatographic method 
conditions applied for the active ingredient meloxicam are pro-
vided in Table 1.

 Preparation Stock, Standard, and Quality Control Solutions
The meloxicam stock solution was prepared by weighing the 
meloxicam standard on a sensitive balance and dissolving it in 
a 100 mL volumetric flask with methanol. All prepared solutions 
were kept in the refrigerator at +4°C until analysis. From this 
prepared stock solution, appropriate amounts were taken and 
diluted with methanol to prepare standard working solutions at 
concentrations of 1, 5, 10, 20, 30, 40, and 50 μg/mL, and quality 
control solutions at concentrations of 2, 25, and 45 μg/mL. The 
internal standard working solution at a concentration of 5 μg/mL 
was prepared from the valsartan standard substance.

Preparation of Tablet Solutions
Eight tablets were taken from each of the Exen tablet formula-
tion containing 15 mg meloxicam and the Meksun, Zeloxim, and 
Melox tablet formulations containing 7.5 mg meloxicam, and the 
weights of the tablets were determined. 8 tablets taken were 
ground in a mortar until they turned into powder and thoroughly 
mixed. From this mixture, an amount equivalent to the aver-
age weight of 1 tablet was weighed according to the sampling 
method. It was transferred to a 100 mL volumetric flask, and 
methanol was added to dissolve it while being mixed on a vortex 
mixer. After filtration, the volume was adjusted to 100 mL with 
methanol. Suitable volumes were taken from this solution to pre-
pare tablet solutions at a concentration of 5 μg/mL, and they were 
injected into the HPLC system for analysis.

Mobil Phase Optimization
The composition of the mobile phase plays a significant role in the 
retention of compounds in reversed-phase liquid chromatogra-
phy. The polarity of the solvent mixture used as the mobile phase 
is a measure of its eluting power and is a fundamental factor that 
affects the retention of the analyte in reversed-phase HPLC. In 
this study, solvent mixtures of methanol–water (with 0.6% TFA) 
and acetonitrile–water (with 0.6% TFA) were tested as mobile 
phases, and the methanol–water solvent mixture was selected as 
the suitable mobile phase. Subsequently, different compositions 
of the mobile phase mixture [water (with 0.6% TFA)—methanol 
ratios: 70 : 30, 80 : 20, and 90 : 10, v/v] were tested to achieve 
appropriate chromatographic separation. Based on the obtained 

Figure 1. The chemical structures of meloxicam (A) and valsartan (B).

Table 1. Method Conditions Used Proposed Study

Conditions Meloxicam
Column C18 (250 × 4.6 mm, 5 µm )
Detector UV
Wavelength 290 nm
Mobile phase Methanol : water with 0.6 TFA (70 : 30, 

v/v; pH: 2.6)
Flow rate 0.8 mL/min
Column temperature Variable temperature
Injection volume 10 µL
Internal standard and concentration Valsartan and 5 μg/mL
TFA, trifluoro acetic acid.



61

Pharmata 2023 3(3): 59-63 l doi: 10.5152/Pharmata.2023.23008

results, the mobile phase composition with water (with 0.6% 
TFA)—methanol ratio of 70 : 30 was determined as the optimum 
value and used in the study.

Method Validation
The validation of method was carried out by establishing specif-
ity, linearity, recovery values, limits of detection (LOD), limit of 
quantification (LOQ), and within- and between-day precision and 
accuracy according to International Conference on Harmoniza-
tion guidelines (ICH)23,24 for validation of analytical procedures.

RESULTS
Specificity (Selectivity)
The method was evaluated by examining the chromatograms 
obtained from the standard solutions. The retention times 
of meloxicam and IS were determined to be 3.4 minutes and 
5.9 minutes, respectively. The chromatogram depicting the 
increased peak area of meloxicam in relation to the concentra-
tion while keeping the internal standard constant is presented 
in Figure 2.

Linearity and Working Range
The linearity of the method was determined by analyzing the 
repeated measurements of 5 standards at each concentration 
within the range of 1 - 50 μg/mL. The working range was selected 
as the concentration range where acceptable accuracy, precision, 
and linearity were achieved. Calibration curves were obtained by 
plotting the peak area ratios (meloxicam peak area/IS peak area) 
against the concentration of the solution within the specified 
concentration range (n = 6). Regression analysis of the calibra-
tion curve was performed to obtain the equation of the standard 
curve and the correlation coefficient.

A calibration curve was obtained by plotting the peak area ratio 
(meloxicam peak area/IS peak area) against the meloxicam con-
centration (Figure 2). The statistical analysis results of the calibra-
tion curve are presented in Table 2.

Accuracy/Precision
Three different concentrations (2, 25, and 45 μg/mL) within the 
calibration curves of meloxicam were prepared. The accuracy 
and precision values were obtained by analyzing these solutions 
through intraday (6 times within the same method and labora-
tory conditions in a single day) and interday (6 times on differ-
ent days using the same method) analyses. The mean and SD of 
the analysis results were determined. Accuracy was expressed as 
relative error (RE%= (found − added)/added × 100), and precision 
was expressed as relative standard deviation (% RSD = SD/mean 
× 100) (Table 3).

Limit of Detection and Limit of Quantitaion 
In the meloxicam chromatograms, the signal-to-noise (S/N) 
ratio was determined to be 3 for the limit of detection (LOD), 
and 10 for the limit of quantification (LOQ). The LOD value was 
determined by preparing a series of standard solutions with 
concentrations lower than the lowest value on the calibration 
curve, which is 1 μg/mL.

Analytical Recovery
Analytical recovery studies from the pharmaceutical prepara-
tion were conducted using the standard addition method. Tablet 
solutions were prepared as described in the “2.4. Preparation of 
Tablet Solutions” section. Chromatograms were obtained for the 
tablet solutions at a concentration of 5 µg/mL, and the peak areas 
were determined. Then, standard working solutions at 3 different 
concentrations (2, 25, and 45 mg/mL) were separately added to 
these tablet solutions. Chromatograms were obtained, and the 
peak areas were determined. The analytical recovery values were 
obtained by subtracting the concentration values of the added 
standard solutions (2, 25, and 45 mg/mL) from the total solution 
concentration (tablet solution + standard solution) and relat-
ing them to the concentration of the tablet solution (5 µg/mL).  
The average analytical recovery value was determined as 100.2%  
(Table 4).

DISCUSSION
Chromatography is a collection of methods widely used for the 
separation, identification, and determination of chemical com-
ponents in mixtures, including those of unknown quantity and 
containing other substances. Among this group of methods, 
HPLC stands out as a more advantageous technique compared 
to others due to its accuracy, precision, repeatability, selectivity, 
sensitivity, recovery, ability to analyze samples in low volumes, 
and rapid determination of results. Thanks to these features, 

Table 2. Statistical Analysis Values of the Calibration Curve of Proposed Method (n = 6)

Features Meloxicam
Regression equation y = 0.1944x – 0.0956
Linear range (µg/mL) 1-50
Wavelength λ(nm) 290
Standard deviation of slope 50.14
Standard deviation of intercept 0.51
Correlation coefficient 0.9992

Figure 2. Calibration curve and chromatograms of meloxicam standard solutions.
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HPLC is frequently employed in the pharmaceutical industry for 
the quantitative analysis of pharmaceutical preparations and the 
analysis of drug active ingredients in biological fluids.

In HPLC studies, parameters such as temperature, column 
type, stationary phase, composition of the mobile phase, and 
the percentages of components in the mobile phase can affect 
the absorbance values of the analyzed substance and the anal-
ysis time. Therefore, optimization of chromatographic condi-
tions is necessary to improve separation and obtain acceptable 
results. The working parameters were determined as follows: a 
reverse-phase C18 column (5 μm, 250 × 4.6 mm), a mobile phase 
consisting of 0.6% TFA—methanol (30 : 70), variable column tem-
perature, a mobile phase flow rate of 0.8 mL/min, a wavelength 
of 290 nm, and an injection volume of 10 μL. When determining 
these parameters, existing literature data were first examined, 
and based on these data, certain tests were conducted to estab-
lish the most suitable ranges. As detailed in the optimization sec-
tion provided in the section ‘Methods,’ changes in mobile phase 
composition, pH, and other values were made in order to achieve 
the highest resolution and optimal retention times for the peaks. 
Additionally, the aim was to propose a new method that could 
serve as an alternative to existing methods in the literature.

In our study, there was no need for derivatizing agents commonly 
used in other methods. A highly linear calibration curve was 
obtained without any derivatization attempts, and the recovery 
values indicated a satisfactory performance.

When compared to other methods in the literature, the devel-
oped method has several advantages. In comparison to the 
study conducted by Arayne et al15, our method does not require 
the use of a buffer solution, employs a lower flow rate (0.8 mL/
min in our method compared to 2 mL/min in Arayne et al15), and 
demonstrates reduced plasma interference at 290 nm com-
pared to the commonly used wavelength of 230 nm. Mahmood 
et al19 employed a 0.2 N buffer and completed the analysis in  
7.5 minutes. In contrast, our developed method has a shorter 
analysis time and does not require the use of a buffer solution, 
which can negatively affect column lifetime. Joseph-Charles and 
Betucat25 performed their analysis with a flow rate of 1.5 mL/min 

and a 0.05M Tris and 0.05 M acetate buffer, while our method is 
more economical and less damaging to the column and other 
HPLC equipment due to the buffer-free application. In the study 
by Viqnaduzzo et al17, the active ingredient meloxicam was  
analyzed at 225 nm using a phosphate buffer component at pH 
5.9. Bandarkar et al18, in their study on pharmaceutical prepara-
tions, reported a linear range of 4-20 µg/mL, while our method 
stands out as a more sensitive approach with a linear range of 
1-50 µg/mL. Additionally, our method has a shorter analysis 
time compared to this method. Overall, the developed method 
offers several advantages compared to other methods in terms 
of reduced interference, improved efficiency, and shorter analy-
sis time.
A new HPLC method was developed as an alternative to the exist-
ing methods in the literature for the quantitative analysis of the 
active ingredient meloxicam in standard solutions and pharma-
ceutical preparations. The validity tests demonstrated that this 
method is sensitive, selective, accurate, precise, and reproducible 
for meloxicam, thus indicating its applicability for the quantita-
tive analysis of meloxicam in pharmaceutical preparations. The 
data obtained from this study are believed to provide guidance 
for future research endeavors.
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Review

Obesity and Obesity-Related Diseases 
and Treatments

ABSTRACT

Obesity is a disease that impairs body health as a result of abnormal or excessive fat deposit in 
the adipose tissue. Obesity and overweight are caused when the amount of energy taken during 
nutrition is higher than the amount spent during metabolism and physiological activities. Obesity 
is a chronic and common disease with increasing prevalence worldwide affecting both adults and 
children. Obesity is a multifactorial disease affected by many environmental and genetic factors 
and is known to be an important risk factor for early mortality, metabolic, and cardiovascular 
complications. The fact that obesity treatment is a long and difficult process and its cost is high 
emphasizes the importance of preventing obesity. For this purpose, obesity prevention studies 
including diet education, physical activity, and behavioral changes should be initiated and car-
ried out. When preventive measures are insufficient, different treatment options come to the fore 
including diet, exercise, lifestyle changes, medication, and surgery. In this article, data on the defi-
nition of obesity, its causes, and treatment options have been compiled in order to determine the 
ideal methods for the prevention and treatment of obesity.

Keywords: Anti-obesity agents, drug, obesity, obesity treatment

INTRODUCTION
Obesity is defined as a chronic metabolic disease described by increased fat stores in the body.1 
According to the World Health Organization (WHO) valuation, those with a body mass index between 
25 and 29.9, which is calculated by dividing the body weight by the square of the height, are considered 
“overweight” and those above 30 are considered “obese.”2 The proportion of body fat in people with 
ideal weight should be 12%-18% in men and 20%-30% in women. If the body fat ratio is more than 22%-
25% in men and 32%-35% in women, the presence of obesity is mentioned.3

It is known that the obesity occurs as a result of the interaction of genetic, psychological, physical, 
environmental, and socioeconomic factors.1,4 There are risk factors such as age, hormonal and meta-
bolic factors, gender, sociocultural factors, income status and education level, genetic factors, seden-
tary lifestyle, excessive and wrong nutrition, some medications used, frequent dieting, marital status, 
smoking and alcohol use, and irregular sleep in the formation of obesity.5,6 The first phase of obesity 
treatment is to aim an achievable body weight loss for patients. In this way, it is aimed to provide the 
individual with adequate and correct nutrition habits, to increase the quality of life of the individual, 
and to reduce the risks of obesity-related diseases and deaths in the individual.7

Diagnosis, Etiology of Obesity, and Affecting Factors
The body mass index (BMI) is widely used to determine obesity according to the obesity classification 
made by the World Health Organization. Body mass index is known as a value acquired by dividing 
the body weight (kg) of the individual by the square of the height (meter) (BMI = kg/m2). Since BMI is 
a cheap, simple, and reliable method, it is frequently used as an obesity diagnosis method (Table 1).8

Obesity is a multifactorial disease and occurs as a result of the interaction of genetic, physical, psy-
chological, environmental, and socioeconomic factors.9 Hormonal disorders such as hypothyroidism 
cause an increase in fat accumulation due to a decrease in basal metabolic rate. Insulinoma, Cush-
ing's syndrome, hypothyroidism, polycystic ovary, hypogonadism, and Binge eating disorder can cause 
obesity.10 Some drug classes used in the treatment of various diseases such as antidepressants, anti-
epileptics, and neuroleptics can also cause weight gain as a side effect. The most important findings 
supporting the role of heredity in obesity have been obtained from studies with BMI in identical twins, 
which is a multifactorial disease.11 The fact that the concordance found in monozygotic twins is higher 
than in dizygotic twins in these studies indicates the effect of heredity in obesity.12,13 Obesity is affected 
by environmental factors as well as heredity. For example, it is suggested that the desire of obese 
patients to overeat is a habit acquired from the family environment. In addition, excessive television 
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watching, long-term computer use, and lack of physical activity 
are known as habits originating from family life.14

Prevalence of Obesity
Obesity, which is a health problem that has increased so much 
in the world, is now described as a pandemic.15 According to the 
WHO data, while the probability of obesity in the 5-19 age group 
of children and adolescents was less than 1% in 1975, 8% of boys 
and 6% of girls were in the obese group in 2016.15 According to 
the WHO European Region Obesity Report 2022 published by 
the WHO, more than 59% of the people (63% of men and 54% of 
women) in the European Region are considered overweight or 
obese. Approximately, 1 in 3 children (29% in boys, 27% in girls) is 
overweight or obese; it is stated that 1 out of every 10 children is 
obese.16

It is known that the prevalence of obesity in the adult popula-
tion in Turkey exceeds 30%. Although the prevalence of obesity 
is higher in women than in men, there has been a rapid increase 
in male obesity recently.17 According to the results of the studies 
conducted in 2016, it is stated that Turkey is one of the coun-
tries where obesity is more common with a prevalence value of 
29.5% among the WHO European Region countries.18 According 
to WHO’s European Region Obesity Report 2022 data, Turkey 
is stated as the country with the highest obesity prevalence in 
the European Region. In Turkey, 66.8% of the adult population 
are considered overweight and 32.1% are obese.19 In the Turkey 
Childhood Obesity Research Initiative Study (COSI-TUR 2016), it 
was determined that 9.9% of children in the 7-8 age group in Tur-
key were obese and 14.6% were overweight . In this study, it was 
determined that 1 out of every 4 children in the 7-8 age group in 
Turkey is obese or overweight.17,20

Health Problems Caused by Obesity
Obesity has negative effects on the cardiovascular system, endo-
crine system, gastrointestinal system, skin, musculoskeletal sys-
tem, genitourinary system, respiratory system, and psychosocial 
status.21 Insulin resistance, type 2 diabetes, hypertension, hyper-
lipidemia, gallbladder diseases, coronary artery disease, some 

types of cancer, osteoarthritis, paralysis, sleep apnea, asthma, 
pregnancy complications, fatty liver, menstrual irregularities, 
pre- and post-operative complications, musculoskeletal system 
problems, mental problems, anorexia nervosa, overeating, exces-
sive hair growth, social maladjustment, skin infections due to 
subcutaneous fat tissue, fungal infections in the groin and feet 
are important health problems caused by obesity.22 The effects of 
obesity on body systems are detailed in Table 2.

Treatment of Obesity
The aim of obesity treatment is to increase the quality of life of 
the person and to provide an adequate and balanced nutrition 
habit by providing a sufficient loss of body weight and by minimiz-
ing the risk of obesity-related morbidity and mortality.23 Obesity 
treatment methods can be listed as medical nutrition (diet) ther-
apy, exercise therapy, behavior modification therapy, pharmaco-
logical therapy, and surgical therapy.24

Medical Nutrition (Diet) Therapy
In the medical nutrition treatment of obesity, the aim is to reach 
the ideal weight and keep the person’s weight at the ideal level by 
creating an energy deficit and reducing the body fat stores with-
out loss of muscle and mass in the muscles and the vital organs.25 
According to the energy needs of the people, dietitians recom-
mend low-calorie diets that give an average of 1200–1600 kcal/
day for men and 1000-1200 kcal/day for women.26 Diet programs 
should be prepared individually depending on the person's eating 
habits and food consumption.27

Exercise Therapy
Regular physical activities have an important role in regulating 
the energy balance, reducing the health problems caused by obe-
sity and the mortality rate due to these health problems. Before 
starting a new physical activity program for obese individuals, 
cardiopulmonary checks should be made, chronic diseases and 
symptoms should be evaluated, and personalized exercise pro-
grams should be selected.28 According to the Public Health Insti-
tution of Turkey, an individual should do physical activity for at 
least 5 days a week, 40-60 minutes once a day, or 20-30 minutes 
twice a day. Oxygen consumption should also be between 50% 
and 70% during exercise.29

Behavior Modification Therapy
One of the most important methods of obesity treatment is 
behavioral therapy. The aim of the treatment of obesity with 
behavior modification therapy is to create awareness and change 
in the patient’s eating and activity habits and to gain positive 
behaviors related to physical activity and nutrition that cause 
excessive weight gain, lifestyle and habits. The first condition of 
achieving permanent weight control is to motivate the patient 

Table 1. The Ranges of Body Mass Index Values

BMI (kg/m2)
Severe thinness <16.0
Moderate thinness 16.0-16.9
Mild thinness 17.0-18.4
Normal range 18.5-24.9
Overweight (pre-obese) 25.0-29.9
Moderately obese 30.0-34.9
Severely obese 35.0-39.9
Very severely obese ≥40.0

Table 2. The Effects of Obesity on Body Systems

Cardiovascular diseases Hypertension, coronary heart disease, deterioration in lipid profile, stroke, venous thrombosis, pulmonary embolism, varicose veins
Cancers Urogenital (endometrium, cervix, ovary, prostate, kidney), gastrointestinal (colorectal, liver, gallbladder, esophagus, small intestine, pancreas) system 

tumors and leukemia, multiple myeloma, lymphoma, and breast cancer
Metabolic Insulin resistance and type-2 diabetes mellitus, metabolic syndrome, gallstones, hyperuricemia, and gout
Hormonal Polycystic ovary syndrome, menstrual cycle irregularities, hyperandrogenism, decreased levels of sex hormones (estrogen, testosterone), decrease in 

growth hormone and prolactin response, infertility, increase in cortisol synthesis, acanthosis nigricans
Rheumatological Osteoarthritis (especially lower extremity joints), entrapment neuropathies, immobility, low back pain
Pulmonary Asthma, decrease in total lung and functional residual capacity, increase in diffusion capacity and residual volume, sleep apnea syndrome, obesity 

hypoventilation syndrome (Pickwickian syndrome)
Gastrointestinal Gallstone (cholelithiasis), fatty liver disease, reflux, esophageal hernia
Urinary Incontinence, glomerulopathy, proteinuria, nephrotic syndrome
Psychological Decreased self-confidence, depression, dementia, anxiety disorders, stigmatization, social exclusion and unemployment, deterioration in body image
Others Idiopathic intracranial hypertension, skin infections (cellulitis, carbuncle, etc.), stasis, and lymphedema in the legs



66

Pharmata 2023 3(3): 64-70 l doi: 10.5152/Pharmata.2023.1321447

to achieve the goal.30 For a more active life, patients should be 
offered simple suggestions such as not snacking while watching 
TV, getting off the bus or minibus one stop before arriving at their 
destination, using the stairs instead of the elevator, and parking 
their vehicles at the furthest distance in places such as shop-
ping malls. In addition, patients should be asked to monitor their 
weight and food intake throughout the treatment. Since frequent 
control and effective and long-term social support will increase 
the chances of success, measures should be taken to regulate the 
social environment of the patients.31

Surgical Treatment
Today, surgical treatment methods are used safely and effec-
tively in the treatment of obesity. Surgical treatment is applied to 
patients who do not respond to other obesity treatment meth-
ods, have a BMI >40 kg/m2 or a BMI in the range of 35-40 kg/m2, 
and are at high risk for obesity-related diseases. In the surgical 
treatment method, intestinal bypass, laparoscopic gastric band 
application, partial biliopancreatic bypass, gastroplasty, adjust-
able silicone gastric band insertion, and gastric balloon applica-
tion are some of the applications used.32

Pharmacological Therapy
Pharmacological treatment in obesity is applied if the patient 
has a BMI of 27-30 kg/m2 and at least one of the obesity-related 
risk factors or complications. Pharmacological treatment is also 
applied if there is no response to behavioral change treatment 
that includes healthy nutrition and exercise.33 The drugs to be 
used in the treatment of obesity should prevent the storage of fat 
in the body or to increase the use of fat to dissolve the fat stores. 
One of the important factors that will reduce the accumulation of 
fat in the body is the limitation of calorie intake, and according to 
this method, it is necessary to control the appetite.34

Another important method to reduce the fat percentage is to 
limit the amount of fat that passes into the systemic circula-
tion. Methods increasing thermogenesis and basal metabo-
lism can reduce fat stores by elevating energy consumption 
in the body. Such methods generally act through the activa-
tion of the sympathetic system.35 The features that should be 
present in an ideal obesity drug are as follows: it should cause 
dose-related weight loss; it should ensure the continuity of the 
reached target weight; it should be safe when it is used chroni-
cally; it should not develop tolerance; and finally it should not 
cause abuse or addiction.36

Drugs Used in the Obesity Treatment
Pharmacological treatment of obesity is applied if the patient's 
BMI is between 27 kg/m2 and 30 kg/m2 and at least one of the obe-
sity-related risk factors or complications is present. In addition, 
pharmacological treatment is applied in case of failure to respond 
to behavioral therapy including healthy nutrition and exercise.37 
Since there is excessive fat storage in the body in obese patients, 
the used in the treatment of obesity should prevent the storage 
of fat or increase the use of fat to melt the stores. One of the most 
important factors that will reduce the accumulation of fat in the 
body is the restriction of calorie intake, that is, food intake, and in 
this method, it is aimed to control the appetite.37 The success of 
the drug in the treatment of obesity is measured by the degree of 
weight loss and the reduction in associated risk factors. Weight 
loss of 2 kg in the first month of drug therapy, losing more than 
5% of the initial body weight within 3-6 months, and maintain-
ing this target weight indicate that the treatment is success-
ful.38 Pharmacological drugs that can be used in the treatment 
of obesity are classified as shown in Table 3.39,40 The mechanisms 
of action, approval bodies, and side effects of drug-active ingredi-
ents used in the treatment of obesity are given in Table 4.41-59 The 
chemical structures of some commonly used anti-obesity drugs 
are given in Figure 1.

Orlistat
Orlistat, can be preferred in obese people with BMI ≥ 30 kg/
m2 or can also be chosen as one of the drugs used in the treat-
ment of excess body weight in patients with ≥28 kg/m2.41 Orlistat 
acts as a specific, potent, irreversible food lipase inhibitor, which 
reduces the calorie content of meals consumed by reducing the 

Table 3. Pharmacological Drugs that Can be Used in the Treatment of Obesity

Medicines that reduce fat absorption Orlistat
Antidiabetic drugs Metformin, exenatide, liraglutide, 

pramlintide
Sympathomimetic drugs Phentermine
Selective serotonin receptor agonists Lorcaserin
Antiepileptic drugs Topiramate
Combination treatments Topir amate -phen termi ne, Bupropion 

SR-Naltrexone

Table 4. Generally Used Anti-Obesity Drugs

Drug Approving Bodies Mechanism Adverse Effects References
Orlistat FDA - 1999

EMA -1998
Pancreatic lipase inhibitor Decreased absorption of fat-soluble vitamins, 

oily stools, fecal urgency, bloating, gas, 
abdominal pain, and diarrhea

41-43

Topiramate FDA- 2012 Anti-convulsant agent Gastrointestinal adverse effects, increased 
nervousness, sweating, tremors, hypersomnia, 
insomnia, and fatigue

44,45

Phentermine FDA- 2012 Sympathomimetic amine, appetite suppressant Increased blood pressure and pulse rate, 
constipation, insomnia, dizziness, tremor, 
headache, and palpitation

45-47

Liraglutide FDA- 2014
EMA- 2015

GLP-1 agonist Nausea, medullary thyroid tumor in rats and 
mice, pancreatitis, headache, constipation, and 
heartburn

48,49

Semaglutide FDA- 2017 GLP-1 agonist 49,50

Dulaglutide FDA- 2014
EMA- 2014

GLP-1 agonist 51,52

Tirzepatide EMA- 2022 GLP-1 agonist Nausea, diarrhea, vomiting, dyspepsia, 
constipation, abdominal pain, dizziness, and 
hypoglycemia

56

Lorcaserin FDA- 2012 Selective 5HT-2C receptor agonist Depression, infection, headache, nausea, and 
dizziness

53-55

Bupropion and 
naltrexone

FDA- 2014
EMA- 2015

Naltrexone: Opioid receptor antagonist Bupropion: Norep ineph rine/ 
dopam ine reuptake inhibitör

Nausea, headache, insomnia, constipation, 
dizziness, and vomiting

57-60

FDA, Food and Drug Administration; EMA, European Medicines Agency
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absorption of fats in the gastrointestinal tract.42 Covalent bind-
ing of gastric and pancreatic lipases with the active serine site in 
the gastrointestinal tract lumen prevents pancreatic and gastric 
enzymes from hydrolyzing dietary fat into absorbable free fatty 
acids and monoglycerols.

The pharmacological action of orlistat is dose dependent, with 
the optimal therapeutic dose recommended as 180-360 mg/day 
1 hour after each main meal or divided into 3 doses up to 1 hour. 
In case of skipping a meal, orlistat is not required. Patients should 
follow a nutritious and balanced diet with a fat content of no 
more than 30%. It is also recommended to distribute fat intake 
evenly at each meal to minimize gastrointestinal side effects. If 
the patient's meal does not contain fat, he may skip the orlistat 
dose. Caution is required when it is used with cyclosporine. In 
cases where orlistat is used orally, it is excreted in the stool for 
3-5 days. Orlistat is contraindicated in patients with pregnancy 
and lactation, chronic malabsorption syndrome, or cholestasis.43 
Side effects such as oily spotting, leakage with gas, sudden need 
to defecate, loose or watery stools, oily stools, increased fre-
quency of defecation, and stool incontinence can be seen with 
the use of orlistat. Side effects increase as the fat ratio in the diet 
increases and the absorption of fat-soluble vitamins is impaired. 
Therefore, when using orlistat, a fat-soluble vitamin supplement 
is recommended.42

Topiramate
Topiramate [2,3:4,5-Bis-O-(1-m ethyl ethyl idene )-β-d-fructopyranose 
sulfamate] acts as a glutamate antagonist, carbonic anhydrase 
inhibitor, and gamma-aminobutyric acid (GABA) agonist. It is an 
antiepileptic drug and causes weight loss as a side effect in epi-
lepsy patients. The exact reason why it causes weight loss is not 
known.44,45

Phentermine
Phentermine (2-me thyl- 1-phe nylpr opan- 2-ami ne) acts as a cen-
tral sympathomimetic leading to increased secretion of nor-
epinephrine, dopamine, and serotonin. It was discontinued in 
1997.45,46 Phentermine is an appetite suppressant belonging to 
the amphetamine and phenethylamine class. It is known that 
short-term use of appetite suppressants, together with exercise, 
diet, and behavior changes, provides weight loss. Phentermine is 
generally used in obese individuals with serious weight problems. 
It has the potential to be addictive because its structure is similar 
to amphetamines.47

Liraglutide
Liraglutide can be given subcutaneously once daily in patients 
with type 2 diabetes mellitus (T2DM) at a target dose of 1.8 mg as 
a short-acting glucagon-like peptide-1 (GLP-1) analog. In patients 
with prediabetes, T2DM, dyslipidemia and OSAS (obstructive  
sleep apnea syndrome) and abnormal body weight, BMI ≥30  
kg/m2 or 27 kg/m2 to <30 kg/m2, the indication has been expanded 
to a target dose of 3 mg once daily since 2014 in the USA and 
2015 in Europe.48 Liraglutide, when used at a dose of 3 mg daily 
for 32 weeks, has been reported to contribute not only to signifi-
cant weight loss but also to the androgen index and increase in  
menstrual frequency or regulation of menstrual frequency.49

Semaglutide
Semaglutide, which is a long-acting GLP-1 analog approved by 
the FDA and EMEA, is used in patients with a BMI of ≥30 kg/m2 
or ≥27 kg/m2 and at least one weight-related condition.49 Stud-
ies have shown that the use of 2.5 mg semaglutide for 68 weeks 
resulted in a >20% reduction in body weight in 13.1%-36.6% of 
patients, and a 1.0 mg dose causes weight reduction in 4.7% of 
patients. Orally administered semaglutide has proven to have a 

Figure 1. The chemical structures of some commonly used anti-obesity drugs.
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significantly beneficial effect in reducing hunger, body fat, and 
body weight in patients with T2DM.50

Dulaglutide
Dulaglutide is used as a GLP-1 agonist in the treatment of T2DM in 
addition to its weight-reducing effect. In addition to insulin ther-
apy, it has been reported to significantly reduce body weight.51 It 
has been reported that patients with a diagnosis of eating disor-
ders showed a reduction in the number of eating episodes after 
12 weeks of treatment, and a significant reduction in body weight, 
glycated hemoglobin levels, and BMI during dulaglutide treat-
ment compared to placebo.52

Lorcaserin
Lorcaserin acts as a selective agonist of the [(5R) -7-ch loro- 
5-met hyl-2 ,3,4, 5-tet rahyd ro-1H -3-be nzaze pine]  5-HT serotonin 
receptor.53 FDA approves this drug for the purpose of promot-
ing weight loss in obese patients with or without T2DM in long-
term use with lifestyle modification. However, this drug cannot 
be approved due to EMEA's safety concerns. Studies show that 
lorcaserin reduces the incidence of DM by 19% in pre-diabetic 
patients and by 23% in patients without DM.38 In diabetic 
patients, a 21% reduction in diabetic microvascular complica-
tions has been observed and it is known that there is an improve-
ment in quality of life independent of dose.54 It is emphasized 
that lorcaserin is effective both in the first year and in the second 
year of treatment. According to the FDA, lorcaserin should be 
discontinued if at least 12% of weight loss is not achieved within 
the first 5 weeks.55

Tirzepatide
Tirzepatide is a new drug that has been approved by the FDA in 
2022 for the treatment of obesity and acts as a double GLP-1 and 
Gastric Inhibitory Polypeptide (GIP) receptor agonist. Subcutane-
ous application once a week is sufficient because it has a half-
life of about 5 days. According to studies, when semaglutide and 
tirzepatide are compared, it is seen that tirzepatide has a much 
higher efficacy in weight loss.56

Bupropion and Naltrexone Combination
In patients with BMI ≥ 30 kg/m2 or ≥27 kg/m2 and T2DM, bupro-
pion in combination with naltrexone can be used as another 
therapeutic option for patients with at least one co-morbidity 
such as dyslipidemia.57 According to a study, it has been proven 
that in obese patients with BED (patient with binge eating dis-
order), using a long-acting preparation of the combination of 
naltrexone and bupropion not only significantly reduces body 
weight but also improves pathological eating behavior.58 This 
drug combination is not to be used in patients with a history of 
seizures, eating disorders, or patients using alcohol. It should 
not be used with central nervous system depressants, especially 
opioids.60

DISCUSSION
Obesity is becoming a growing problem in children and adults 
around the world. According to studies on obesity, besides fac-
tors such as genetic structure, age, gender, dietary habits, sed-
entary lifestyle, socioeconomic and cultural level, media and 
screen exposure are the most important factors causing obesity. 
In this context, it is recommended to plan nutrition education 

to be given to both parents and children. Type 2 diabetes mel-
litus and obesity are among the well-established diseases that 
do not have a specific treatment so far but can be kept under 
control by including the appropriate treatment as well as lifestyle 
changes. The alarming increase in obese patient numbers world-
wide requires new scientific advances to streamline administra-
tion, reduce dosing frequency, and address multiple issues in a 
single drug.

The fact that the drugs used in the treatment of obesity have 
undesirable side effects, the effects are within certain limits, and 
the patient regains weight when the drug is discontinued lim-
its the long-term use of the drugs in the market. When obesity 
drugs are used in the treatment, the benefit/harm ratio is taken 
into account in the treatment with these drugs, since they have 
more side effects than diet and exercise. In this article, we have 
compiled data on obesity treatment methods and antiobesity 
drugs used in treatment. As the knowledge about the causes 
of obesity and the diseases it causes increases, it will be easier 
to discover more active pharmaceutical ingredients for medical 
treatment and to develop other treatment methods. Pharmaco-
therapy modalities of diabetes and obesity are developing rap-
idly around the world, and an increasing number of drug targets 
have been identified. Although these drugs are associated with 
clinically significant weight loss, clinical trials are ongoing. It is 
anticipated that more drugs will be approved for the treatment 
of obesity as clinical trials of candidate and existing drugs con-
tinue. These methods are very promising as they will reduce the 
tendency to prefer more risky methods such as bariatric surgery.
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Review

Gut Microbiota and Its Importance for 
Our Health

ABSTRACT

In 450 BC, Hipocrates stated, “All diseases begin in the gut. When the gut is sick, the back part 
of the body is also sick.” This sentence is explained with the term “microbiota” in human body. 
Microbiota is the environment where microorganisms such as fungi, bacteria, and virus live 
together in our body. These microorganisms are found in certain parts of our body, upper respi-
ratory tract, gastrointestinal tract, urinary system, eyes, and skin. Microbiota has been shown 
to change according to drug use, nutrition, age, and environment. As a result of these changes, 
learning, memory, functioning of the psychological or immune system, drug metabolism, and 
hormonal changes may occur. The aim of this article is to explain the importance of intestinal 
microbiota which is our second brain and the importance of our health.

Keywords: Intestinal flora, microbiota, microorganism

INTRODUCTION
Microorganisms that are normally found in plants, animals, and humans and are a part of their lives are 
called “normal micro flora,” and the microorganism found in the environment is called “environmen-
tal microflora.” Normal microflora and environmental microflora are in constant interaction with each 
other. This interaction is sometimes beneficial, often harmful.1

Human gut is a habitat for various microorganisms such as bacteria, fungi, parasites, and viruses. After 
years of joint development, the human body has become a mutually beneficial symbiotic relationship 
with gut bacteria.2,3 The terms microbiome and microbiota are often used. Microbiome refers to the 
genes carried by microorganisms living commensally with humans.4,5 Microbiota organisms, which are 
symbiotic with the human body, form a complex microecological flora. This symbiosis can affect both 
systems. For example, a change in the amount and distribution of the intestinal microorganism popu-
lation may affect the intestinal barrier function, increase the secretion of toxic substances, and reduce 
the secretion of beneficial substances in the human body, leading to enteral and other diseases.2 Age 
and diet, in particular, can have a significant impact on gut microbiology. Numerous human and ani-
mal studies have shown that different diets can cause significant changes in the microbiota. Infection 
and disease can also have an adverse effect on the normal intestinal flora of the host, thereby caus-
ing detrimental effects on the host.6-8 Microbiota also plays an important role in human disease and 
health. In humans, the microbiota, especially the gastrointestinal (GI) microbiota, acts by providing the 
necessary signals for disease and health conditions, the maturation of immune cells, and the normal 
development of immune system functions, by absorbing and fermenting undigested carbohydrates.9 
There are different ecosystems in our world, each of which creates its own species and communities. 
Likewise, there are different ecosystemic structures in a human body—skin, mouth, intestines, and 
reproductive organs—and every organ that has a connection with the outside world has its own char-
acteristic microbe communities.10 The microbiota has been colonized in many systems in the human 
body.11 The interactions of microorganisms (microbiota) inside the oral cavity with their hosts is oral 
microbiota.12 Skin microbiota refers to microorganisms typically found on human skin. Most of them 
consist of about 1000 different types of bacteria.13,14 This flora prevents the colonization of pathogenic 
microorganisms on the skin surface by consuming the nutrients of transient pathogenic organisms, 
secreting chemicals against pathogenic microorganisms, or stimulating the immune system.15 The 
vaginal microbiota is composed of especially lactobacilli and plays a very important role in maintain-
ing the health of the female genital tract and preventing genitourinary infections.16 However, since the 
digestive system has a very large surface area and contains rich nutrients for microorganisms, it offers 
the most suitable environment for colonization. Therefore, the colon alone contains more than 70% of 
the microorganisms in our body.11
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The Relationship Between Flora and the Human Body
The fetus is sterile while in the uterus. The baby comes into con-
tact with microorganisms during and immediately after birth. 
These microbes that settle on the skin and mucous membranes 
form the groups of microorganisms we call flora.17 Normal micro-
bial flora can be examined in 2 groups as permanent flora and 
temporary flora. Permanent flora is a community of microorgan-
isms that are always present in certain body parts at a certain 
age, generally unchanged, that regenerate even if they are elimi-
nated for a short time and that shows continuity. Temporary flora, 
in addition to the permanent flora, is a community of environ-
mental microorganisms, most of which do not cause disease, can 
sometimes be pathogenic, and can remain from a few hours to 
several weeks.18 The number of people living on earth is approxi-
mately 7 billion (as of 2012). On the other hand, the number of 
bacteria living on earth is 5 nonillion (5 × 1030). There is approxi-
mately 1 quintillion (1018) bacteria per every living person. There 
are approximately 100 trillion cells in a human body.19 There are 
microorganisms that live in the flora 10 times more than that, and 
the majority of them are bacteria.20

Formation of Intestinal Flora
The adult human intestine is an organ rich in microorganisms, the 
number of which reaches about 100 trillion. The number of spe-
cies in this microorganism pool is between 300 and 1000 and the 
microorganism weight is about 2 kg. The majority of the micro-
biota consists of eukaryotic fungi, viruses, and a few archaea, with 
colonies formed by bacteria along the intestinal line.21 Our brain 
is affected by our intestines and even our GI tract.22 This situa-
tion complies with psychiatrists’ principle of opening or closing 
our appetite as our mood changes. Biologists describe this line 
of communication as the “brain–gut axis line.”23 Gut–brain axis 
is a 2-way communication system between the central nervous 
system (CNS) and the enteric nervous system (ENS) and intes-
tinal communities.24,25 An organism’s microbiota can control its 
social attitude and ability to cope with stress, including the host’s 
behavior. In our intestines, mainly firmicutes, bacteroidetes, Acti-
nobacteria, Proteobacteria, Fusobacteria, and Verrucomicrobio 
bacteria families live.23 However, the human gut microbiota con-
tains more than 1000 species and more than 7000 subspecies.26

Intestine–Brain Axis and Its Relationship with Microbiota
The mechanisms behind the developing gut–brain axis are 
still unclear, but there are many hypotheses explaining the role 
of the immune system, bacterial metabolites, and endocrine 
effects in this axis.27 In the gut–brain axis, molecular commu-
nication between the CNS and the GI tract is critical for main-
taining healthy brain function, especially in the aging state.28,29 
Today, this axis is accepted as a bidirectional system that reg-
ulates the functions of 2complex organs under physiological 
conditions or becomes disordered under pathological condi-
tions. Bi-directional communication between gut and brain is 
regulated by neuronal, endocrine, and immunological levels. 
The second brain, known as the “Enteric Nervous System,” con-
sists of neuronal sheaths embedded in the walls of the long tube 
of our intestines, or digestive tract, which extends about 9 m 
from the alimentary canal to the anus.30 The ENS is sometimes 
called the “second brain” and actually arises from the same tis-
sue as the CNS during embryonal development. The microbiotic 
composition of the gut is associated with maintenance of gut 
homeostasis, protection against pathogens, and an appropriate 
immune response.31 Many environmental factors affect the gut 
microbiome. Geography, life cycle, mode of birth, infant feeding, 

stress, exercise, hygiene, infections, medications, and nutrition 
are some of these environmental factors. Worldwide, western 
diet and lifestyle changes have increased cardiovascular dis-
ease, cancer, and metabolic and allergic diseases. Nutrition has 
a major impact on the shape and structure of the intestinal and 
even farther uterine microbiome during the neonatal period and 
into adulthood.32

The GI tract system (GIS) is the largest immune organ. The GIS-
related products may be neuropathogenic. The potential mecha-
nisms of the effect of the microbiota on the CNS are summarized 
as follows: changes in microbial content, immune stimulation, 
neural pathways (via nerve vagus), tryptophan metabolism, sero-
tonin, intestinal hormonal response, and bacterial metabolites. 
Short-chain fatty acids are formed as a result of fermentation in 
carbohydrate-heavy diets, and they affect brain functions by mix-
ing with the systemic circulation. The nervus vagus connects the 
brain directly with the stomach and intestines like a broad high-
way. Hormonal, nervous, and, interestingly, bacterial changes in 
the intestines are transmitted to the brain via the vagus nerve.31 
Various cancers, asthma, autism, diabetes mellitus, insulin and 
metabolic syndrome, obesity, autoimmune diseases, multiple 
sclerosis, psychological problems, and many other diseases can 
occur as a result of intestinal–brain disorders.33

CONCLUSION

In conclusion, it is understood that microbiota is an indispensable 
element for our health. In particular, the gut microbiota manages 
our body like a second brain. Keeping the intestinal microbiota 
composition in the right balance is very important for a healthy 
life. There is a mutual and strong interaction between nutrition 
and gut microbiota. It is thought that a significant part of the dif-
ferences in the intestinal microbial patterns of individuals can 
be explained by nutrition. It has been shown that nutrition can 
affect both intestinal microbiota composition and function by 
affecting microbial diversity, microbial taxonomy, genetic infor-
mation, gene expressions, and enzyme activities. Further stud-
ies are needed in order to solve the mechanism of the effects of 
nutrition on the microbiota and to develop recommendations in 
this regard. The results obtained from current studies underline 
the importance of adequate and balanced nutrition in terms of 
energy and macronutrients. In addition, it is predicted that it will 
be beneficial to enrich the diet with plant-based foods containing 
fiber components, which are natural prebiotic sources, and fer-
mented foods, which are natural probiotic sources.
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