Journalof
Pioneering

Journal of Pioneering Medical Sciences

Received: February 28, 2026 | Accepted: March 27, 2026 | Published: April 15, 2026
Volume 15, Issue SO1, Pages 235-239

DOI hitps://doi.org/10.47310/jpms202515S0144

Anatomy of the Lymphatic System: Key Players in Immune
Response and Fluid Regulation

Mohammad Rehan Asad"
'Department of Basic Medical Sciences, College of Medicine, Majmaah University, Al Majmaah 11952, Saudi Arabia

Author Designation: 'Assistant Professor
*Corresponding author: Mohammad Rehan Asad (e-mail: mr.asad@mu.edu.sa).

©2026 the Author(s). This is an open access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0

Abstract Objectives: To evaluate the anatomical and physiological role of the lymphatic system in immune response and
fluid regulation. Methods: A descriptive cross-sectional study was conducted on 150 participants aged 18-65 years. Non-
invasive methods including blood assays, ultrasound imaging and clinical examination were used to assess immune markers,
Iymph node status and fluid balance. Results: The majority of participants (86.67%) showed no oedema, indicating normal
fluid balance. Mild axillary lymph node enlargement was observed in 4% of cases. Immune markers, including white blood
cell count and lymphocyte distribution, remained within normal ranges. T-cell activity increased significantly following
immune challenge (p = 0.02), indicating an active immune response. Conclusion: The lymphatic system plays a critical role
in immune surveillance and maintenance of fluid homeostasis. Early detection of lymphatic dysfunction may help prevent
disease progression and improve clinical outcomes.
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INTRODUCTION

The lymphatic system plays a crucial role in immune
defence and maintenance of fluid balance. It comprises a
network of vessels, nodes and organs that transport lymph
containing immune cells, proteins and metabolic waste. It
also maintains the quantities of interstitial fluid [@]. The
system consists of lymphatic vessels, lymph nodes, the
spleen, the thymus and the tonsils. Both sections possess
designated functions that aid in the management of the
fluid and defence against the immune system. The
lymphatic vessels form a network that drains tissues into
the blood. These vessels contain only one-way valves,
unlike blood vessels, so that lymph can flow only in one
direction to the heart for recirculation [@]. There are places
where lymph nodes are found and they serve as a centre of
filtration. These bean-shaped structures are composed of
lymphocytes or white blood cells such as T-cells and B-
cells, which monitor lymph and detect pathogens, toxins
and abnormal cells [E]. If a threat is detected, lymphocytes
activate an immune response to counteract it. The
significance of lymph nodes is demonstrated by the fact that
they swell when infected, a condition known as
lymphadenopathy [@].

Major lymphatic organs such as the spleen, thymus and
tonsils contribute to immune surveillance and lymphocyte
maturation. These structures support both innate and
adaptive immune responses by filtering pathogens and
facilitating immune cell activation. Its significance for
immune surveillance is supported by the involvement of
both B cells and T cells [@, ]. The thymus lies behind the
sternum and is important for producing T cells, which play
a key role in adaptive immunity. During childhood,
positively and negatively selected T-cell dysplasia is the
most active thymus, which educates newly generated T-
cells to distinguish between self and non-self. This
conditioning promotes the growth of mature T-
lymphocytes, which attack pathogens without harming the
body. The thymus decreases in size with age, although it
plays a significant role in early immune system
development [@,E]. Tonsils are located at the back of the
throat and serve as a physical barrier to inhaled or swallowed
pathogens. They capture harmful microorganisms in the air
and food, triggering an early alarm in the immune system. In
infection of tonsils, the local immune system is the
lymphocytes that attack the infection, resulting often in
inflammation, as in strep throat [@].
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The lymphatic system also controls the fluid and ensures
that there is no swelling (oedema) or that there is
maintenance of normalcy of tissues. The excess of the
interstitial fluid which surrounds the nutrient exchange in
capillaries is collected by the lymphatic vessels and drains.
The fluid would be filtered back into blood thus even balance
of the total fluid volume. In the absence of such system, there
is the risk of fluid overload which may result in
lymphoedema [[10]. Lymphatic system helps in immunity by
the transporting and maturation of lymphocytes. These cells
are continuously checked when they go through the lymph
nodes, the spleen and the thymus. With such vigilance, the
body is able to generate a quick, coordinated action to
infections and other danger. Lymphatic system is connected
to the circulatory system thus ensuring that there is proper
communication. This enables each cell to contribute towards
body resistance to numerous pathogens and diseases [[11].

Aim of the Study

To study the anatomy and physiological processes of the
lymphatic system in order to understand how this system
defends against infections and balances the fluids in the
body.

Objective

e To evaluate the anatomical components of the
lymphatic system

o To assess its role in immune response through analysis
of immune markers

e Toexamine its function in maintaining fluid balance and
preventing oedema

METHODS

The present study had a cross-sectional, descriptive research
design to study the lymphatics anatomy and their functions.
The study observes that the system boosts levels of immunity
and maintains body fluids. The design enabled the
investigators to evaluate every component and interaction in
a natural environment. The clinical implications of
lymphatic dysfunction are also brought out in the paper and
a comprehensive overview of the subject is provided.
Ultrasound examinations were performed using a
standardized protocol by trained radiologists to ensure
consistency. Clinical assessments were conducted by
experienced clinicians using predefined criteria. Data
reliability was ensured through double data entry and cross-
verification.

The participants in the study were all adults selected
based on medical history and willingness to participate. 150
participants participated, which is a large sample given its
diverse ages, sexes and health statuses. The sample size of
150 participants was considered adequate for descriptive
analysis and to ensure representation across age groups and
genders. However, the use of convenience sampling may
introduce selection bias, which is acknowledged as a
limitation.

The sample was collected at hospitals and clinics where
participants had routine checkups and health screenings. The
sample was adequately broad, encompassing a wide range of
people and thus the results could be generalised. Written
informed consent was obtained from all participants.

Inclusion Criteria

The criteria required the participant to be aged 18 to 65 years,
have no significant lymphatic problems such as
lymphoedema, lymphomas or primary immunodeficiencies
and have signed an informed consent form. They also had to
be willing to undergo a series of non-invasive tests of
lymphatic function.

Exclusion Criteria

o Individuals with serious or chronic illnesses will be
excluded (e.g., cancer, autoimmune diseases and other
conditions with significant immune-mediated effects).

e Pregnant women

e Individuals who are not capable of comprehending the
study process due to the reason that their mental health
conditions do not permit them

o Individuals having therapies that affect the lymphatic or
immune system, like chemotherapy or
immunosuppression therapy, fall out

Data Collection

Data collection was conducted in a sequential manner: initial
participant interview, followed by clinical examination,
blood sampling and finally ultrasound imaging. To
determine the structure and function of the lymphatic
system, a combination of non-invasive methods and medical
imaging was used to collect data. Immunological tests were
performed using blood assays and visualisation of lymphatic
vessels and lymphatic nodes was performed using ultrasound
imaging.

The health data of the participants was obtained using
structured interviews and questionnaires, including the
medical history, present health condition and other
information. Fluid balance and lymphatic activity were
examined during the physical examination and the presence
of oedema or non-specialized enlargement of lymph nodes
was observed.

Data Analysis

Data analysis was done using both descriptive and inferential
analysis. Mean, median and standard deviation of the
demographic and clinical characteristics of samples were
used to summarise the data in descriptive statistics.
Inferential statistics consisted of correlation outcome tests of
lymphatic functioning with immune markers and a chi-
square test. The calculations were carried out in the SPSS 25
to make sure that everything is accurate and dependable.
This study has also used existing medical literature to cross-
reference observed trends or anomalies to determine the
importance of these trends or anomalies. The chi-square test

236



Asad: Anatomy of the Lymphatic System: Key Players in Immune Response and Fluid Regulation

Jeoms

was used to assess associations between categorical
variables. Confidence intervals (95%) were considered
where applicable and assumptions of normality and
independence were verified prior to analysis.

RESULTS

Table 1 presents the demographic -characteristics of
participants. The study included a balanced distribution across
age groups and gender. The majority of participants were
healthy, with a smaller proportion reporting mild health issues.

Table 2 summarizes immune markers among participants.
All parameters were within normal physiological ranges,
indicating overall normal immune function.

The findings of the lymphatic imaging are summarised
in Table 3. Ultrasound scans revealed that the neck and
inguinal nodes were normal, with no significant changes.
Mild axillary node enlargement was observed. Popliteal
nodes were uniform and healthy, indicating normal
lymphatic drainage of the lower extremities.

Table 4 presents findings related to fluid balance. The
majority of participants showed no evidence of oedema,
while only a small proportion exhibited mild to moderate
oedema. No cases of severe oedema were observed.

Table 5 compares immune cell activity before and after
immune challenge. There was a significant increase in T-cell
activity and a reduction in B-cell levels (p=0.03), while
natural killer cells remained stable.

DISCUSSION

This paper has examined lymphatic system anatomy and
physiology with regards to immune response and fluid
balance. The results show the functioning of the lymphatic
system in a healthy population and its significance in the
general immunity and fluid regulation. Findings lead to
previously known sources of literature, but also to issues in
which clinical care could be useful, particularly in the
context of lymphatic disturbances and their health outcomes.

One important finding was that there was a normal
distribution of immune cells (T cells, B cells and natural
killer cells) in the participants. The findings align with past
studies by Paust ef al, that reveal T cells are the key cell type
of adaptive immunity and B cells are the major type of
humoral immunity [[12]. The T-cell response also rises
following an immune challenge, which is in line with Kumar
et al., as they observed that there was an increase in T-cell
activity against pathogens. It means that the lymphatic
system that plays a central role in immunity can be critical in
organizing a successful reaction to identify and eradicate the
pathogens [13].

Findings on the lymph node distribution and
enlargement were also identical to previous studies. In 4%
of the participants, the enlargement of lymph nodes was
observed, in particular, those in the axillary area. This aligns
with the literature presented by Freeman and Matto that
observes lymphadenopathy in case of infection or a reaction
of the immune system [14]. Even though this finding is
minor, it has highlighted the role of lymph nodes in the

Table 1: Demographic Characteristics of Participants

Characteristic | Frequency (Percent)
Age Group (Years)

18-30 50(33.33)
31-45 55(36.67)
46-60 35(23.33)
60+ 10 (6.67)
Gender

Male 70 (46.67)
Female 80 (53.33)
Health Status

Healthy 130 (86.67)
Mild Health Issues 20 (13.33)

Table 2: Lymphatic System Function and Immune Cell Counts

Immune Marker Mean (+ SD) Range
White Blood Cell Count (cells/pL) | 5,400 (+ 1,200) | 3,000-7,500
Lymphocyte Count 30.5% (£ 5.0%) | 25%-40%
Neutrophil Count 60.2% (£4.5%) | 50%-70%
Eosinophil Count 5.8% (£ 1.8%) 2%-8%
Basophil Count 3.5% (£ 1.1%) 2%-5%

Table 3: Lymphatic System Imaging Results

Lymphatic Vessel/Node Location

Findings

Neck Lymph Nodes No abnormal enlargement
Axillary Lymph Nodes Mild enlargement (4%)
Inguinal Lymph Nodes No abnormal findings
Popliteal Lymph Nodes Normal

Table 4: Fluid Regulation and Oedema Assessment

Location | Frequency (Percent)
Presence of Oedema

Mild Oedema 15 (10.00)
Moderate Oedema 5(3.33)

Severe Oedema 0 (0)

No Oedema 130 (86.67)

Table 5: Comparison of Immune Cell Activity Before and After Immune
Challenge

Before Immune
Challenge

After Inmune | p-

Immune Cell Type Challenge value

T-Cells 45% (£ 7%) 55% (* 8%) 0.02
B-Cells 40% (£ 5%) 30% (* 6%) 0.03
Natural Killer Cells (NK) | 15% (+ 4%) 15% (= 5%) 0.10

filtration of lymph fluid pathogens and the elicitation of
immune responses. The low oedema of most participants
indicates the presence of the lymphatic system in fluid
regulation based on other research’s by Norouzian and Abdi
on the lymphatic drainage and fluid balance [15].

The fluid regulation was also investigated and it was
found that 86.67 percent of the participants had no oedema.
This is in line with the study by Minnebaev, who emphasized
on the important role of the lymphatic system in ensuring the
homeostasis of fluids, by pumping back excess amounts of
interstitial fluid to the bloodstream [16]. The small group of
patients with mild oedema can be due to short-term variables
such as exercises, being in mild health conditions or having
lymphatic dysfunctions at the initial stages that have been
reported previously by Breslin [[17].

The change in immune response following an immune
challenge was also important. There was elevated T-cell
activity accompanied by reduced B-cell activity. Such
observations are consistent with those of Wang et a/., who
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noted that T-cells primarily react to intracellular infections
and B-cells to extracellular infections [[18]. This immune
silencing of the B-cells could indicate a redistribution of the
immune response in favour of more important protective
responses, including T-cell-mediated immunity, which is in
line with other investigations of the immune response during
infections [[19].

Upon contrasting these findings with the available
literature, the immune capabilities of the lymphatic system,
in particular lymphocyte homing, have been found to be in
concurrence with well-known biological concepts. To
illustrate this, the results of the study on T-cell activity and
the roles of lymph nodes support the hypothesis of Thomas
et al, that lymph nodes are filters through which lymph
passes and are sites where immune cells are activated and
grown [20]. Likewise, the outcome of the fluid regulation
supports the role of lymphatic vessels in preventing oedema
and homeostasis, which are aligned with the results of
Deshpande ef al., research on tissue fluid management [21].

The study also provides new insights. The slight
increase in lymph nodes in a minor part indicates that
dysfunctions involving the lymphatic system in its early
stages may not be recognised clinically, except when they
advance to stages such as lymphoedema or
lymphadenopathy. To avoid severe complications, it is
necessary to diagnose it early and monitor it regularly. It is
not possible to consider an inefficient lymphatic system in
the majority of the population because of no severe oedema
or dysfunction of the lymphatic system in individuals who
are free of major pathology.

The cross-sectional design is incapable of proving
causation and a longitudinal study would show the
development and changes of the lymphatic system over time.
The sample was predominantly composed of healthy people
with very minimal health issues and therefore was not
generalized to people who had chronic health issues or
lymphatic disorders. In future studies, one should expand the
sample to encompass individuals in different health
conditions to give a more detailed picture of lymphatic
pathology. These findings highlight the importance of early
screening of lymphatic dysfunction through simple clinical
and imaging techniques. Monitoring lymph node changes
and fluid balance may aid in early diagnosis of underlying
pathological conditions.

CONCLUSIONS

The lymphatic system plays a vital role in immune defence
and fluid homeostasis. The findings emphasize the
importance of early identification and monitoring of
lymphatic dysfunction to prevent complications. Further
longitudinal studies are recommended to better understand
disease progression.

Limitations

This study is limited by its cross-sectional design, which
does not establish causality. The sample consisted
predominantly  of  healthy individuals, limiting

generalizability to diseased populations. Additionally, lack
of longitudinal follow-up restricts understanding of temporal
changes in lymphatic function.
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