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Abstract

Liposuction is a commonly performed surgical technique used for body contouring, which entails the removal of excess
adipose tissue. In recent times, there has been a growing interest in utilizing the harvested fat from liposuction procedures
for various applications, such as regenerative medicine and tissue engineering. Assessing the in vitro viability of these fat cells
can offer valuable insights into their functionality and potential for transplantation. The objective of this review article is to
examine the in vitro viability of liposuction-derived fat by focusing on two crucial parameters: proliferation rate and cell yield.
By conducting a comprehensive analysis of existing literature, we aim to shed light on the factors that influence fat cell viability
and explore potential strategies to enhance their survival and functionality.

The evaluation of proliferation rate and cell yield serves as a fundamental approach to determine the viability of liposuction-
derived fat cells in vitro. Proliferation rate refers to the ability of fat cells to divide and multiply, while cell yield indicates the
total number of viable cells obtained from the liposuction procedure. These parameters are essential in assessing the potential
of these cells for tissue regeneration and transplantation.

Several factors have been identified as influential in determining the in vitro viability of liposuction-derived fat cells. These
factors include the donor characteristics, such as age, sex, and body mass index, as well as the technique used during the
liposuction procedure. Furthermore, the processing and storage methods employed after fat extraction can also have a
significant impact on cell viability.

In conclusion, understanding the in vitro viability of liposuction-derived fat cells is crucial for their successful utilization in

regenerative medicine and tissue engineering.
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Introduction various areas of the body, such as the abdomen, thighs, and
buttocks. The procedure aims to improve body contouring

Liposuction is a widely performed surgical procedure and achieve a more aesthetically pleasing appearance [1].
that involves the removal of excess adipose tissue from Traditionally, the primary goal of liposuction has been the
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removal of fat cells. However, in recent years, there has been a
growing interest in utilizing the fat obtained from liposuction
procedures for purposes beyond simple fat reduction [2].

Liposuction-derived fat has emerged as a valuable
resource for regenerative medicine and tissue engineering
applications. Adipose tissue is rich in adipocytes as well
as stromal vascular fraction cells, including mesenchymal
stem cells and endothelial cells [3]. These cells possess
unique regenerative and reparative properties, making them
attractive for various therapeutic interventions [4,5].

Assessing the in vitro viability of liposuction-derived fat
cells is crucial for determining their potential utility in these
applications. In vitro viability refers to the ability of fat cells
to survive and maintain their functionality outside the body
in laboratory conditions. It involves evaluating parameters
such as cell proliferation, cell yield, metabolic activity, and
preservation of specific cell characteristics [6].

Understanding the viability offat cellsis essential because
it directly influences their regenerative and therapeutic
potential. It helps determine whether the extracted fat
cells can survive and proliferate in a controlled laboratory
environment, which is a prerequisite for their successful
clinical translation [7]. Moreover, assessing the in vitro
viability of liposuction-derived fat cells allows researchers
to optimize culture conditions, develop strategies to enhance
cell survival and function, and identify potential challenges
and limitations associated with their use [8].

The objective of this review article is to evaluate the
in vitro viability of fat extracted in liposuction by focusing
on two key parameters: proliferation rate and cell yield.
We will comprehensively analyze the existing literature,
including studies conducted on both human and animal
models. By synthesizing the available evidence, we aim to
provide insights into the factors influencing fat cell viability
and potential strategies to enhance their survival and
functionality. This review will serve as a valuable resource
for researchers, clinicians, and scientists in the field of
regenerative medicine and tissue engineering, aiding in the
development of effective approaches for the utilization of
liposuction-derived fat cells in various applications.

Liposuction Techniques and Fat Processing

Overview of Liposuction Techniques

Liposuction techniques have evolved over the years,
offering a range of options for fat extraction. Some commonly
used techniques include suction-assisted liposuction (SAL),
ultrasound-assisted liposuction (UAL), laser-assisted
liposuction (LAL), and power-assisted liposuction (PAL).
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Each technique employs different mechanisms to disrupt
and remove fat cells but follows a similar basic principle of
suction-assisted fat removal [9].

SAL involves the injection of a large volume of tumescent
fluid, consisting of a local anesthetic and vasoconstrictor,
into the subcutaneous fat layer. This technique facilitates
fat removal while minimizing bleeding and discomfort. UAL
utilizes ultrasonic energy to liquefy fat cells, making them
easier to remove. LAL employs laser energy to disrupt fat cell
membranes and facilitate their removal. PAL involves the use
of mechanical devices that vibrate or oscillate to aid in fat cell
disruption and extraction [10].

Processing of Fat After Extraction

After liposuction, the extracted fat undergoes processing
to separate the fat cells from other components such as blood,
oil, and connective tissue. The processing steps typically
involve centrifugation, washing, and filtration. Centrifugation
separates fat cells from other debris, while washing helps
remove residual blood and anesthetic solutions. Filtration
further refines the fat by removing small particles and debris
[11].

The processing techniques can vary depending on the
specific protocol followed by the surgeon or research team.
Different processing methods may have varying effects on
fat cell viability and functionality. For example, prolonged
or aggressive centrifugation can potentially damage fat cells,
affecting their viability. Similarly, the use of harsh washing
solutions or excessive filtration can lead to cell loss or
damage [8].

Impact of Liposuction Techniques and

Processing on Cell Viability

The choice of liposuction technique and the processing
steps employed can significantly influence the viability
and functionality of the extracted fat cells. Studies have
indicated that different liposuction techniques can affect fat
cell integrity and viability to varying degrees. For instance,
UAL and LAL techniques, which involve the application of
energy sources, may result in higher levels of fat cell damage
compared to traditional tumescent liposuction. The energy
used in these techniques can generate heat, which may cause
thermal injury to the fat cells [10].

Moreover, the processing steps, particularly
centrifugation, can also impact fat cell viability. Excessive
centrifugation forces or prolonged spinning times can lead
to cell damage or cell death. On the other hand, inadequate
centrifugation may result in impurities and debris remaining
in the processed fat, affecting its quality and viability [12].
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Therefore, it is important to optimize liposuction
techniques and processing protocols to minimize cell
damage and maximize fat cell viability. Proper selection of
liposuction techniques, as well as optimization of processing
parameters such as centrifugation speed, duration, and
washing solutions, can contribute to preserving the viability
and functionality of the extracted fat cells.

Overall, the choice of liposuction technique and the
processing steps employed should be carefully considered
to ensure minimal cell damage and optimal viability of the
extracted fat cells. This can pave the way for successful in
vitro culture and utilization of liposuction-derived fat in
various applications within regenerative medicine and tissue
engineering fields.

Proliferation Rate as an Indicator of
Viability

Definition and Measurement of Proliferation
Rate

The proliferation rate of fat cells refers to their ability to
undergo cell division and replicate, resulting in an increased
number of cells. It is an essential indicator of cell viability
and functionality. The measurement of proliferation rate
can be assessed through various techniques, such as cell
counting, DNA synthesis assays (e.g., bromodeoxyuridine
incorporation or EdU labeling), and evaluation of cell cycle
progression using flow cytometry [13].

Factors Influencing the Proliferation Rate of Fat
Cells

Several factors can influence the proliferation rate of fat
cells, both in vitro and in vivo. These factors include:
Donor Characteristics: The age, sex, and body mass index
(BMI) of the donor can impact the proliferation rate of fat
cells. Studies have shown that younger donors tend to
have higher proliferation rates compared to older donors.
Additionally, sex-related differences and variations in BMI
can also affect fat cell proliferation [14].
Harvesting and Processing Techniques: The liposuction
technique employed and the subsequent processing steps
can influence the proliferation rate of fat cells. As discussed
earlier, liposuction techniques that generate excessive
mechanical or thermal energy may negatively impact cell
viability and proliferation [10].
Isolation and Culture Conditions: The conditions under
which fat cells are isolated and cultured play a crucial role in
their proliferation rate. Factors such as the choice of culture
medium, presence of growth factors and cytokines, oxygen
tension, pH, and temperature can significantly influence cell
proliferation. The use of specific supplements, such as fetal
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bovine serum (FBS) or platelet-rich plasma (PRP), can also
affect fat cell proliferation [15].

Role of Growth Factors, Cytokines, and Culture
Conditions

Growth factors and cytokines are key regulators of fat
cell proliferation. Various growth factors, such as insulin-like
growth factor-1 (IGF-1), fibroblast growth factor-2 (FGF-
2), and epidermal growth factor (EGF), promote fat cell
proliferation. These growth factors can activate signaling
pathways involved in cell cycle progression and stimulate the
replication of fat cells [16].

In addition to growth factors, the composition of the
culture medium and the presence of specific nutrients
are critical for supporting fat cell proliferation. Essential
nutrients, such as glucose, amino acids, and lipids, provide
the necessary energy and building blocks for cell division.
The concentration and availability of these nutrients in the
culture medium can influence the proliferation rate of fat
cells [17].

Furthermore, the oxygen tension (hypoxia vs. normoxia)
and pH level in the culture environment can affect cell
proliferation. Hypoxic conditions have been shown to
enhance the proliferation of fat cells, mimicking the low-
oxygen environment present in adipose tissue in vivo.

Techniques to Enhance Proliferation Rate

To enhance the proliferation rate of fat cells in vitro,
several strategies can be employed:
Optimization of Culture Medium: The composition
of the culture medium, including the concentration and
combination of growth factors, can be optimized to support
fat cell proliferation. The addition of specific supplements,
such as insulin, IGF-1, FGF-2, and EGF, has been shown to
enhance fat cell proliferation in culture [18].
Co-Culture Systems: Co-culture of fat cells with other cell
types, such as endothelial cells or mesenchymal stem cells,
can promote cell-cell interactions and provide paracrine
signals that stimulate fat cell proliferation. These co-culture
systems can mimic the cellular microenvironment and
enhance the proliferation and maintenance of fat cells [19].
Three-Dimensional (3D) Culture Techniques: Culturing
fat cells in a 3D environment, such as scaffolds or hydrogels,
can provide structural support and promote -cell-cell
interactions, leading to enhanced proliferation. These 3D
culture systems can better mimic the native adipose tissue
architecture and create a favorable microenvironment for fat
cell proliferation [20].
Preconditioning Strategies: Preconditioning fat cells
before or during culture can enhance their proliferation
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rate. Preconditioning techniques may include exposure to
specific growth factors, mechanical stimulation, or hypoxic
conditions. These strategies aim to prime the fat cells and
improve their proliferation capacity [21].

Geneticand Epigenetic Modifications: Genetic engineering
approaches, such as overexpression of specific genes or
knocking down inhibitory genes, can be employed to enhance
fat cell proliferation. Additionally, epigenetic modifications,
such as DNA methylation or histone modifications, can
influence fat cell proliferation by regulating gene expression
[22].

By employing these strategies, researchers can enhance
the proliferation rate of fat cells in vitro, improving their
potential for various applications in regenerative medicine
and tissue engineering. However, it is essential to carefully
balance the promotion of proliferation with maintaining cell
functionality and avoiding aberrant cell growth.

Cell Yield as an Indicator of Viability

Definition and Measurement of Cell Yield

Cell yield refers to the total number of viable cells
obtained from a given amount of tissue or sample. In the
context of liposuction-derived fat cells, cell yield represents
the quantity of viable fat cells obtained after the extraction
and processing procedures. The measurement of cell yield
typically involves counting the number of viable cells using
methods such as manual counting with a hemocytometer or
automated cell counting using specialized instruments [3].

Factors Influencing the Cell Yield of Fat Cells

Multiple Factors Can Influence the Cell Yield of Fat Cells
Obtained from Liposuction Procedures:
Donor characteristics: Donor-specific factors, such as
age, sex, BM], and overall health, can impact the cell yield
of liposuction-derived fat. Younger donors generally have a
higher cell yield compared to older individuals. Additionally,
donors with a higher BMI may have a greater adipose tissue
volume, leading to a higher cell yield. However, it is important
to note that the quality and functionality of the cells may not
necessarily correlate with the cell yield [23].
Tissue Processing Techniques: The techniques used during
tissue processing can significantly affect the cell yield. Factors
such as the liposuction method employed, processing time,
temperature, and mechanical forces applied during fat cell
isolation and purification can influence the final cell yield.
Aggressive processing techniques that result in excessive
mechanical or thermal stress can lead to cell damage and
lower cell yield [24].
Liposuction Site: The site from which fat is harvested can
impact the cell yield. Different areas of the body have varying
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adipose tissue characteristics, including cell density and
composition. For example, abdominal adipose tissue tends
to have a higher cellular content compared to adipose tissue
from the limbs. Therefore, the choice of liposuction site can
affect the overall cell yield [25].

Impact of Donor Characteristics and Tissue
Processing

Donor characteristics, such as age and BM], can influence
the cell yield of liposuction-derived fat cells. Younger donors
generally have a higher number of viable fat cells due to
the greater regenerative capacity of their adipose tissue.
Similarly, donors with a higher BMI may have a larger adipose
tissue volume, resulting in a higher cell yield. However, it is
important to consider that the quality and functionality of
the cells may not necessarily correlate with the cell yield
[26].

Tissue processing techniques, including liposuction
method and processing parameters, can also affect the
cell yield. Aggressive liposuction techniques that result
in extensive mechanical or thermal energy can lead to cell
damage and reduce the cell yield. On the other hand, gentle
processing techniques that prioritize cell preservation and
minimize stress can yield a higher number of viable fat cells
[27].

Strategies to Improve Cell Yield

Several strategies can be employed to enhance the cell
yield of liposuction-derived fat cells.
Optimization of Processing Techniques: Fine-tuning
the liposuction technique and processing parameters
can improve the cell yield. Employing gentle liposuction
techniques and minimizing processing time can help
preserve cell viability and increase the overall cell yield [28].
Enhanced Tissue Disaggregation: Effective tissue
disaggregation techniques, such as enzymatic digestion
or mechanical disruption, can release a higher number
of viable fat cells from the harvested tissue. Optimizing
the concentration and duration of enzymatic digestion or
employing mechanical methods, such as gentle agitation or
shaking, can improve cell yield [29].
Cell Purification Methods: Additional purification steps,
such as density gradient centrifugation or filtration, can
be incorporated into the processing protocol to further
enrich the cell yield. These methods help separate viable
fat cells from debris, residual blood, and other non-cellular
components [30].
Cryopreservation: Cryopreservation is a technique
that involves freezing cells for long-term storage. By
cryopreserving excess fat cells obtained during the
processing steps, it is possible to preserve a larger pool of
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cells for future use. Cryopreservation can help increase
the available cell yield and provide a valuable resource for
subsequent experiments or clinical applications [31].
Donor Selection: Careful donor selection based on factors
such as age, BMI, and overall health can contribute to a higher
cell yield. Younger donors with higher BMIs often yield a
greater number of viable fat cells. However, it is important
to consider the specific requirements of the intended
applications and balance the cell yield with the desired cell
characteristics [26].

By implementing these strategies, researchers can
improve the cell yield of liposuction-derived fat cells,
enhancing their potential for various applications in
regenerative medicine, tissue engineering, and other fields
that require a sufficient number of viable cells.

Methods to Enhance

Functionality

Viability and

Optimization of Culture Medium and

Supplements

Nutrient Composition: The culture medium can be
optimized by adjusting the nutrient composition to support
the specific needs of the cells. This includes providing an
appropriate balance of glucose, amino acids, lipids, vitamins,
and minerals to meet the metabolic requirements of the cells
and promote their viability and functionality [24].

Growth Factors and Cytokines: Addition of specific growth
factors and cytokines to the culture medium can enhance cell
viability and functionality. Growth factors such as insulin,
IGF, FGF, and EGF can support cell survival, proliferation,
and differentiation. Cytokines such as tumor necrosis factor-
alpha (TNF-alpha) and interleukins can modulate cellular
responses and promote cell viability [32].

Extracellular Matrix Components (ECM): Incorporating
ECM components, such as collagen, fibrin, or Matrigel, into the
culture system can provide a supportive microenvironment
for cells. ECM components can enhance cell adhesion,
migration, and signaling, thereby improving cell viability and
functionality [33].

Co-Culture Systems and 3D Culture Techniques

Co-Culture Systems: Co-culturing cells with other cell
types, such as fibroblasts, endothelial cells, or immune cells,
can create a supportive microenvironment and enhance cell
viability and functionality. The cross-talk between different
cell types can provide reciprocal signaling and promote
cellular interactions that are beneficial for cell survival and
function [34].

3D Culture Techniques: Culturing cells in a 3D environment,
suchashydrogels, scaffolds, or spheroids, can better mimicthe

Valente DS, et al. Evaluating In-Vitro Viability of Fat Extracted in Liposuction: A Review of Proliferation

Rate and Cell Yield. Int ] Transplant & Plastic Surg 2024, 8(1): 000183.

in vivo conditions and enhance cell viability and functionality.
3D culture systems provide a more physiologically relevant
architecture, nutrient diffusion, and cell-cell interactions,
which can promote cell viability, differentiation, and tissue-
specific functionality [35].

Preconditioning Strategies

Preconditioning strategies involve subjecting cells to
specific stimuli or treatments before or during culture to
enhance their viability and functionality. These strategies aim
to activate cellular protective mechanisms and improve the
cells’ ability to withstand stress. Examples of preconditioning
strategies include: [36]

Hypoxia Preconditioning: Exposing cells to low oxygen
levels (hypoxia) for a short period can stimulate cellular
responses, such as up-regulation of pro-survival factors
and antioxidant enzymes, which enhance cell viability and
resistance to subsequent stress [37].

Heat Shock Preconditioning: Brief exposure of cells to mild
heat shock can induce the expression of heat shock proteins,
which act as molecular chaperones and protect cells from
subsequent stressors, thereby improving cell viability [33].
Chemical Preconditioning: Treatment with specific
chemicals or pharmacological agents, such as antioxidants,
growth factors, or small molecules, can activate cellular
protective pathways and improve cell viability and
functionality [38].

Genetic and Epigenetic Modifications

Genetic Modifications: Genetic engineering techniques,
such as gene overexpression or knockdown, can be employed
to enhance cell viability and functionality. For example,
overexpression of anti-apoptotic genes or genes involved
in cell survival pathways can promote cell viability and
resistance to stress. Additionally, genetic modifications can
be used to enhance specific cellular functions or improve
tissue-specific functionality [39].

Epigenetic Modifications: Epigenetic modifications, such
as DNA methylation or histone modifications, can regulate
gene expression and affect cell viability and functionality.
Modulating epigenetic marks through pharmacological
or genetic approaches can enhance cell viability and
functionality by altering gene expression patterns [40].

By employing these methods, researchers can enhance
the viability and functionality of cells in various applications,
including regenerative medicine, tissue engineering, and in
vitro models. Optimizing culture conditions, utilizing co-
culture systems and 3D culture techniques, implementing
preconditioning strategies, and employing genetic and
epigenetic modifications can collectively contribute to
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improving the overall performance of cells for desired
applications.

Challenges and Future Directions

One of the major challenges in the field is the lack
of standardized protocols and assessment methods for
evaluating cell viability and functionality. There is a need for
consensus on best practices regarding cell isolation, culture
conditions, and characterization techniques. Standardization
would enable better comparison of results across different
studies and facilitate the reproducibility of findings. Efforts
are being made to develop guidelines and standardized
protocols for various cell types to address this challenge [37].

Maintaining long-term viability and functionality of cells
is crucial, particularly for applications that require extended
culture periods or long-term storage. Cells can undergo
changesinphenotype and function over time, and maintaining
their viability and functionality over extended periods
remains a challenge. Researchers are exploring strategies
such as optimizing culture conditions, incorporating
supportive matrices or scaffolds, and employing advanced
preservation techniques like cryopreservation to enhance
long-term viability and functionality [41].

While significant progress has been made in enhancing
cell viability and functionality in research settings, the
translation of these findings to clinical applications poses
several challenges. The transition from laboratory-scale
to large-scale production of viable and functional cells is
complex and requires addressing issues such as scalability,
cost-effectiveness, and regulatory requirements. Additionally,
ensuring the safety, efficacy, and reproducibility of cell-based
therapies or tissue-engineered constructs in clinical settings
is a critical consideration [42].

To overcome these challenges and advance the field,
several future directions can be explored:

Development of Standardized Protocols

Continued efforts should be made to establish
standardized protocols for cell isolation, culture conditions,
and assessment methods. Collaborative initiatives and
consensus-building among researchers, clinicians, and
regulatory agencies can help establish guidelines that
promote reproducibility and facilitate translation [23].

Advances in Preservation Techniques

Further research is needed to improve long-term
preservation methods for cells, such as cryopreservation
and storage techniques. Developing novel cryoprotectants,
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optimizing freezing and thawing protocols, and exploring
alternative preservation strategies, such as vitrification
or lyophilization, can contribute to better long-term cell
viability and functionality [43].

Understanding Cellular Mechanisms

Gaining a deeper understanding of the cellular
mechanisms that influence viability and functionality is
crucial for overcoming current limitations. Exploring the
roles of cellular metabolism, stress response pathways, and
epigenetic regulation can provide insights into strategies for
enhancing cell viability and function [43].

Advanced Culture Systems

Developing advanced culture systems that better
mimic the in vivo environment can enhance cell viability
and functionality. This includes the use of bioreactors,
microfluidic devices, and organ-on-a-chip technologies that
provide more physiologically relevant conditions, including
dynamic mechanical forces, gradients of nutrients, and
oxygen tension [6].

Integration of Tissue Engineering Approaches

Combining cell-based approaches with tissue
engineering strategies can enhance the viability and
functionality of engineered tissues and organs. This involves
incorporating cells into biomimetic scaffolds, optimizing
the vascularization of engineered tissues, and promoting
cellular organization to better recapitulate the native tissue
architecture [44].

Regulatory Considerations

Addressing regulatory considerations early in the
development process is crucial for successful translation.
Collaboration with regulatory agencies, adherence to
good manufacturing practices, and conducting rigorous
preclinical and clinical studies are essential steps towards
demonstrating safety, efficacy, and reproducibility of cell-
based therapies or tissue-engineered constructs [16].

Overall, addressing the challenges related to
standardization,long-term viability,and translation to clinical
applications requires a multidisciplinary approach involving
collaboration between scientists, clinicians, engineers, and
regulatory bodies. By focusing on these challenges and
future directions, researchers can make significant strides
in enhancing cell viability and functionality, ultimately
advancing the field of regenerative medicine and tissue
engineering.
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Conclusion

The viability and functionality of cells are critical
factors in various fields, including regenerative medicine,
tissue engineering, and in vitro models. This discussion
has highlighted several methods to enhance these aspects,
including optimizing culture medium and supplements,
utilizing co-culture systems and 3D culture techniques,
implementing preconditioning strategies, and employing
genetic and epigenetic modifications. These approaches
aim to create a supportive microenvironment, promote cell
survival, and improve cellular functions.

However, several challenges need to be addressed for
further advancements. Standardization of protocols and
assessment methods is crucial for better comparability and
reproducibility of research findings. Long-term viability
and functionality remain a challenge, requiring advances
in preservation techniques and a deeper understanding of
cellular aging mechanisms. Additionally, translating research
findings to clinical applications necessitates collaboration
with regulatory agencies, adherence to GMP guidelines, and
comprehensive preclinical and clinical studies to ensure
safety, efficacy, and reproducibility.

Future research should focus on standardization efforts,
exploring advanced culture systems, elucidating cellular
mechanisms, and addressing the challenges associated
with translation. By addressing these recommendations,
researchers can contribute to the development of improved
methods and strategies, ultimately advancing the field and
benefiting patients in need of cell-based therapies and
tissue-engineered constructs.
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