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PREFACE

Dear readers;

In this book, which is the subject of the book on Medicine and health research in 
health sciences, there are 12 chapters in total, which contain valuable scientific 
studies and are written according to certain criteria. It is our greatest desire that 
this book will be an important resource for all scientific readers engaged in 
scientific studies in the field of health. I would like to thank the publishing house 
who contributed to the writing, shape, design and preparation of this edition. I 
would like to thank you for your valuable contribution and support.

Best Regards,

Prof.Dr.Halit Demir, 2022
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1. Introduction

Normal-pressure hydrocephalus (NPH) is almost usually seen in adults 
and is classified as idiopathic or secondary. Secondary NPH is caused 
by diseases that cause arachnoid disturbances, such as subarachnoid 

hemorrhage, head trauma, or infection. This chapter focuses on idiopathic 
NPH (iNPH), which is a syndrome defined by Hakim and Adams (1). It 
classically presents with a triad of “gait disturbance,” “urinary incontinence,” 
and “cognitive impairment” associated with an increased ventricular diameter 
and normal cerebrospinal fluid (CSF) pressure. iNPH is a relatively rare disease 
that is mostly seen in the elderly, with unknown etiology. Its prevalence has no 
significant difference between males and females, which is 1.3% in people above 
65 years old and increases with age, which is 5.9% in people above 80 years old 
(2,3). The prevalence is even higher (up to 11.6%) in some subgroups, such as 
residents in assisted living and extended care (4). The main treatment options 
for iNPH are CSF diversion via shunt or endoscopic third ventriculostomy 
(ETV). Secondary NPH is caused by the obvious problem and usually benefits 
from shunting or ETV. However, iNPH diagnosis is challenging since the 
symptoms are very similar to diseases that are commonly seen in older people, 
such as Alzheimer’s disease and dementia. iNPH has a classic triad of gait 
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disturbance, urinary incontinence, and cognitive impairment, but these are not 
pathognomonic. The diagnostic challenges result in difficulty in predicting CSF 
diversion response in patients with iNPH (5). iNPH causes serious economic 
burden and public health problems if left untreated. The estimated annual cost of 
undiagnosed iNPH, based on Medicare expenditures, is €329 million in Europe 
and $170 million in the United States of America; and even higher if dementia 
costs are considered (2).

2.  Pathogenesis

The pathophysiology of secondary NPH is usually apparent since it may be the 
result of subarachnoid hemorrhage, traumatic brain injury, infection, ischemic 
stroke, or previous intracranial surgery, which disturbs the arachnoid structure. 
Meanwhile, the pathogenesis of the iNPH is mostly unexplainable. CSF is 
primarily produced by the choroid plexuses in the lateral ventricle, flows into 
the subarachnoid space via the third and fourth ventricles, and is absorbed by the 
arachnoid granules into the venous sinuses. Any problem during CSF production, 
flow, and absorption may cause hydrocephalus. iNPH is communicating 
hydrocephalus, without a physical CSF flow obstruction. Several mechanisms 
were proposed to explain the pathogenesis of iNPH, but none is sufficient alone.

Borgesen et al. suggested that the main problem is decreased resorptive 
capacity and found increased CSF outflow conductance as an indicator of 
decreased resorptive capacity in patients with iNPH (6).

A theory stated that the main reason is decreased cerebral compliance as 
a result of aging. Decreased compliance increases venous pressure, and cortical 
veins become stiffer, thus further decreasing the compliance. Sagittal sinus 
pressure exceeds the pressure gradient required for CSF absorption. The CSF is 
reabsorbed by the subependyma into the deep system instead of the arachnoid 
granules because deep venous pressure does not increase as much as superficial 
venous pressure. The CSF pressure depends on the deep venous system pressure 
and CSF flow resistance across the ependyma, thus it is not elevated. Arterial 
pulse waves inside the subarachnoid space are directly transmitted to the 
brain parenchyma and capillary be, because of decreased compliance. These 
hyperdynamic pulsations disrupt the glial tissue and reduce the elastic recoil of 
the ventricular wall, thus ventricles enlarge without increased pressure (7-9).

Another way of CSF absorption is through the glymphatic system. A portion 
of the CSF flows from the subarachnoid space to the brain parenchyma through 
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the astrocyte aquaporins and forms interstitial fluid. Aquaporin4 provides 
communication between the glymphatic system, CSF, and interstitial fluid (10). 
Previous study results reported decreased astrocyte aquaporine4 expression and 
reduced glymphatic clearance efficiency in patients with iNPH, suggesting that 
glymphatic system disorders may be one of the disease causes (11-13).

Some studies suggest that iNPH aggregates within families. McGirr et 
al. found that 10% of patients with iNPH had multiple first-degree relatives 
who had at least two symptoms of the classic iNPH triad (14). Huovinen et al. 
described familial iNPH, and Rasanen et al. found that diabetes was associated 
with familial iNPH (15,16).

3.  Clinical Presentation

iNPH is usually seen in the elderly and is characterized by a classic triad that 
includes gait disturbance, urinary incontinence, and cognitive impairment. 
These symptoms are very common in the elderly due to several reasons; thus, 
the triad is not pathognomonic to iNPH (17). Acceptably, all three components 
of the triad do not have to be manifest simultaneously, but at least two of them 
have to be present. Gait disturbance is seen in almost every patient (18).

3.1.  Gait Disturbance

Gait disturbance is usually the first symptom. The onset is not sudden, and 
it worsens gradually. The gait is symmetrically impaired despite intact 
strength. The gait pattern is broad-based, the feet rotate outwardly, and the 
height of steps diminishes. It is defined as magnetic gait since the shoes 
look heavy or stick to the floor. Patients tend to fall backward because of 
postural instability (19). Turning is difficult for patients, they turn en bloc 
with multiple steps. The typical features of the gait abnormality in iNPH, 
such as decreased stride length, the diminished height of steps, and a broad-
based gait, are defined as a triad (20). This gait pattern is described as frontal 
gait, and frontal lobe dysfunction in iNPH patients has been suggested to 
cause gait disturbance (21).

Patients are asked to walk a 10-meter distance as fast as they can and the 
number of steps and time is assessed (19). Vision-based, computer-assisted gait 
analysis systems provide more detailed data about gait cycle time, swing phase 
(% of gait cycle time), stance phase (% of gait cycle time), walking velocity, 
stride length, and cadence (22).
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3.2.  Urinary Incontinence

The main symptoms of urination in patients with iNPH are frequency and 
difficulty. Patients feel a sudden desire for urination. They are aware of urination 
needs, but they also have difficulty with urination. The most frequent finding 
in urodynamic studies is detrusor overactivity and increased residual volume 
in bladder (23). Urinary incontinence as involuntary urination is not typical for 
iNPH. Other etiologic possibilities should be investigated in case of its presence 
(10,24).

3.3  Cognitive Impairment

Patients with iNPH may present with a wide range of cognitive impairment 
symptoms. Some patients show mild symptoms similar to normal aging 
problems, whereas others may suffer from progressive dementia (25). Cognitive 
impairment in iNPH is defined as fronto-subcortical dementia (26,27), which is 
manifested as mental declination that is characterized by slowed psychomotor 
and impaired executive functions, attention, verbal fluency, and memory (27-
29).  Since agraphia is reported as a symptom, cognitive impairment may be 
cortical type as well as subcortical type (28). Diagnosis may be challenging 
because cognitive impairment symptoms clinically overlap with Alzheimer’s 
disease and Parkinson’s disease.

3.4  Other Signs and Symptoms

Some patients primarily present psychiatric symptoms (30,31). Apathy and 
anxiety are frequent and rigidity, hypokinesia, bradykinesia, palmomental 
reflex, snout reflex, and glabellar reflex may be seen on neurological 
examination (32).

4.  Diagnosis

iNPH has no standard diagnostic criteria. However, several guidelines have 
been proposed, and the American-European and Japanese guidelines are widely 
accepted (33,34). Current guidelines are based on the combination of triad 
symptoms, imaging techniques, and supplemental tests.
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4.1.  İmaging

Computerized tomography (CT) and magnetic resonance imaging(MRI) are 
the main imaging modalities for iNPH, which reveal ventriculomegaly, and 
an Evans index of >0.3 is a hydrocephalus indicator. Tight high convexity and 
disappearance of the sulci on coronal T1-weighted MRI are valuable in iNPH 
diagnosis. Disproportional distribution of CSF, mostly in the subarachnoid 
spaces in the Sylvian fissure, may cause dilation of these structures. The 
subarachnoid spaces on the dorsal surface get narrower. This type of 
hydrocephalus, which causes enlarged sylvian fissure with ventricles, tight high-
convexity, and medial subarachnoid surfaces, is defined as disproportionately 
enlarged subarachnoid space hydrocephalus (DESH) (35) (Figure 1). DESH 
is a strong finding to discriminate between iNPH and cerebral atrophy in 
Alzheimer’s disease (36).

Steepening of the callosal angle is an indirect sign of DESH and is <90 
in most patients with iNPH. The callosal angle, the angle between the left and 
right part of the corpus callosum, is measured from the coronal plane of MRI 
(34) (Figure 2).

Periventricular white matter changes are also frequent in iNPH but are not 
valuable for diagnosis.

Reports regarding CSF flow void are controversial, thus its diagnostic 
value is low. However, CSF flow rate, particularly the peak flow velocity and 
the stroke volume, may provide valuable information both on diagnosis and 
shunt response prediction (37).

Cerebral blood flow measurements by single-photon emission computed 
tomography and positron emission tomography may show hypoperfusion 
around the Sylvian fissure and the corpus callosum as a sign of Sylvian fissure 
enlargement and hydrocephalus (38).
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Figure 1: Coronal section T1-weighted image, DESH findings; expanded syl-
vian fissures (arrows), tight  high-convexity, and medial subarachnoid surfaces 

(oval ring), enlarged ventricles (*)



IDIOPATHIC NORMAL PRESSURE HyDROCEPHALUS      7

Figure 2: Coronal section T1-weighted image, callosal angle<90°(*)

4.2.  Nuclear Medicine

Cisternography demonstrates persistent radioactivity in the lateral ventricles 
due to diminished absorption. Additionally, radiotracer cannot be detected over 
the cerebral convexities in delayed images.  These findings are not required for 
diagnosis; however, they are valuable for predicting shunt responses (39).

4.3.  CSF Removal Tests

CSF removal tests have two types, the tap test and extended lumbar drainage. 
In the tap test, 30–50 ml of CSF is removed, whereas 300–500 ml of CSF 
is removed in extended lumbar drainage. Tap test is less invasive. However, 
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sensitivity and specificity are higher in the extended lumbar drainage test. CSF 
removal tests are valuable for predicting shunt response and diagnosis. Clinical 
symptoms, mainly the classic triad, should be evaluated for decision-making 
after CSF removal tests. Timed up and go tests can be used for gait assessment, 
mini-mental tests for cognitive functions, and modified Rankin scale for the 
activity of daily life (5,32).

4.4.  Intracranial Pressure (ICP) Monitoring

ICP is monitored for approximately 12–48 h. Lumbar subarachnoid pressure 
is usually measured. ICP monitoring is mostly valuable for predicting shunt 
response. Baseline ICP, pressure waves, and CSF pulse pressure are recorded. A 
higher incidence of B-waves is proportional to a high shunt response. Pulse wave 
amplitude of >4 mmHg significantly predicts a good shunt response (40,41).

4.5.  CSF Dynamics Tests

CSF dynamic tests are performed by injecting a normal saline solution or 
artificial CSF into the subarachnoid space. CSF outflow resistance (Rout), and 
conductance (Cout) are examined. Opinions on Rout regarding shunt response 
prediction differ; however, many studies reported the value of Cout for predicting 
shunt responses (32).

Table 1: Diagnostic Criteria of the Japanese Guideline

Possible iNPH Probable iNPH Definite iNPH
More than one symptom 
of the clinical triad

Meets the requirements of possible 
iNPH

Symptom 
improvement 
after shunt 
surgery

These symptoms cannot 
be explained by other 
neurological or non-
neurological diseases

-   CSF pressure of <200mm H2O and 
-  normal CSF content

No preceding diseases 
that possibly cause 
ventricular dilation

One of the following features
-   Neuroimaging features of DESH
-   Symptom improvement after CSF 

tap test and/or drainage test
iNPH: idiopathic normal pressure hydrocephalus
DESH: disproportionately enlarged subarachnoid-space hydrocephalus
CSF: cerebrospinal fluid
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4.6.  Diagnostic Criteria

According to the Japanese guidelines, a definite iNPH diagnosis is improved 
symptoms after the shunt procedure (34). This guideline defines the criteria 
for possible iNPH and probable iNPH diagnosis. Patients with possible iNPH 
should meet all of the following features: 1) more than one of the classic triad 
symptoms, 2) no other neurological or non-neurological diseases that confuse 
the triad symptoms, 3) no obvious reason for hydrocephalus, 4) age of ³60 
years, and 5) dilated ventricles on MRI/CT (Evans’ index of >0.3). Patients with 
probable iNPH are candidates for surgery, and they have to meet the following 
three requirements: 1) fulfill the requirement for possible iNPH, 2) CSF pressure 
of 200 mmH2O or less and normal CSF content, 3) one of the following 
investigation features: a) gait disturbance together with DESH findings in MRI 
and b) positive CSF tap and/or drainage test. However, the definite diagnosis 
depends on the improvement after the shunt procedure (34) (Table 1).

5.  Differential Diagnosis

The classic triad symptoms of iNPH are nonspecific. There are certain 
similarities between clinical signs and symptoms of iNPH and natural problems 
of the normal aging process. Additionally, iNPH can be confused with vascular 
dementia or some neurodegenerative diseases, such as Alzheimer’s disease 
and Parkinson’s disease. Clinically, cognitive impairment resembles vascular 
dementia, Alzheimer’s disease, Binswanger’s disease, dementia with Lewy 
bodies, etc (42). Differentiating iNPH from Alzheimer’s disease regarding 
cognitive impairment is important. iNPH usually manifests as a frontal lobe-
related psychomotor slowing and impaired executive functions, attention, 
verbal fluency, and memory, whereas these functions are better preserved in 
mild Alzheimer’s disease (27,29). Another difference is recall and recognition 
memories, which are better preserved in iNPH than in Alzheimer’s disease. Saito 
et al. reported that more than half of the cognitive impairment is manifested as 
frontal lobe dysfunction in iNPH, whereas memory impairment in Alzheimer’s 
disease (29).

Vascular dementia is another important differential diagnosis for iNPH. 
Several subtypes, such as Binswanger’s disease, subcortical vascular dementia, 
and their frequent coexistence with iNPH, are confusing.

Regarding gait pattern, Parkinson’s disease may be challenging in 
differential diagnosis for iNPH. However, a careful examination may reveal 
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certain differences. The widened step width and external rotation of ankles are 
common in iNPH, whereas they are almost not seen in Parkinson’s disease. 
Stolze et al. reported that patients can be correctly classified by using these two 
variables and external visual and acoustic cues improved the gait in Parkinson’s 
disease, but they were not useful in iNPH (43). Additionally, iNPH does not 
respond to anti-Parkinson’s disease drugs.

6.  Treatment

iNPH has no effective conservative treatment. Acetazolamide, a diuretic used for 
pseudotumor cerebri, reduces the CSF production. Its benefits are temporary and 
is not recommended for iNPH. iNPH can be surgically managed. According to 
the American-European guideline, not every patient who is diagnosed with iNPH 
is a candidate for surgical treatment, but according to the Japanese guideline, a 
diagnosis of definite iNPH depends on the improvement of symptoms after CSF 
shunt surgery (34,44).

6.1.  CSF Shunt Procedures

CSF shunts divert CSF to an anatomical space other than the craniospinal 
space. Ventriculoperitoneal (VP), ventriculoatrial (VA), and lumboperitoneal 
(LP) shunt systems can be used. Proximal catheters of the shunt systems are 
placed into the lateral ventricles or the lumbosacral subarachnoid space while 
distal catheters are placed into the peritoneal space or the right atrium of the 
heart. A valve system is used to maintain controlled CSF flow between proximal 
and distal catheters in VP and VA shunt systems. An antisiphon device, which 
prevents over drainage in an upright position, can be added to the system.

The most preferred shunt system is the VP shunt. The routine procedure was 
VA shunting when the iNPH was defined. In VA shunt systems, distal catheters 
are placed into the right atrium of the heart. VP shunt has become a more 
preferred configuration in time because of its easy application and relatively 
low complication rate. However, the VA shunt remained an effective choice for 
patients when the VP shunt is not appropriate. Peritoneal CSF absorption is 
insufficient in case of previous abdominal surgery, ascites, or peritonitis; thus, a 
VP shunt would be useless. Obesity and severe constipation are other reasons to 
prefer the VA shunt instead of the VP shunt (10).

LP shunts transfer the CSF from the lumbosacral space to the peritoneal 
space. VP shunt is the most preferred configuration for the iNPH worldwide; 
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however, LP shunt is more common in Japan (45). LP shunt is the least invasive 
method among the three shunt configurations. Proximal catheter insertion into 
the brain to reach the ventricle in the VP shunt and distal catheter placement 
into the right atrium in the VA shunt is relatively risky procedures compared 
to LP shunt. VP and LP shunts have no difference in efficiency and serious 
complications but shunt replacement rates are higher in LP shunts (34).

Either programmable or fixed pressure valves are used in shunt systems. 
The Japanese guideline recommends programmable valves in iNPH treatment 
(34). In their meta-analyses, Giordan et al. concluded that different CSF diversion 
techniques did not change the outcome regarding the overall improvement; 
however, revision surgery and postoperative subdural collection incidence were 
lower in a patient with a programmable pressure valve (46). Fixed pressure 
valves are cheaper than programmable pressure valves, but complication and 
revision surgery incidences should be considered.

An important problem after shunt surgery is over-drainage, especially when 
a patient is in an upright position. Over drainage may cause subdural hematoma 
or hygroma, which may need surgical evacuation. Antisiphon devices may be 
used to prevent over-drainage. Giordian et al. reported that the antisiphon device 
does not create a significant difference regarding subdural collections or overall 
improvement (46).

Other shunt-related complications, such as infection and shunt dysfunction, 
in patients with iNPH, are similar to patients with high pressure hydrocephalus.

6.2.  ETV

ETV establishes a connection between the ventricular system and subarachnoid 
space and is an effective method for obstructive hydrocephalus. Studies also 
reported results of ETV in iNPH (47). Patients respond to ETV treatment 
later than those treated with shunt surgery. The Japanese guideline does not 
recommend ETV for communicating hydrocephalus with decreased CSF 
turnover because of higher mortality and complication rates (44).

6.3.  Outcome

After shunt surgery, >75% of patients show improvement in their conditions, 
which is unrelated to the surgical method chosen (46). The most favorable 
improvement is seen in gait disturbance, followed by cognitive impairment and 
urinary incontinence (44,46). Presence of any comorbidity, such as Alzheimer’s 
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disease, Parkinson’s disease, stroke, etc., negatively influences the long-term 
outcome.

7.  Conclusion

iNPH is a debilitating condition that is seen in the elderly, which manifests with 
a triad of symptoms consisting of gait disturbance, cognitive impairment, and 
urinary incontinence. The diagnosis relies on a careful assessment of symptoms, 
imaging studies, and supplemental tests, especially the tap test. The first choice of 
treatment is shunt surgery, preferably a VP shunt with a programmable pressure 
valve. Of the patients, >75% show symptom improvement, most favorably in 
gait disturbance, followed by cognitive impairment and urinary incontinence.
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Key points

·  All the pregnancies located outside the endometrial cavity are called 
ectopic pregnancies, while the majority of ectopic pregnancies (90%) are 
located in the fallopian tubes.

·  Although the incidence of ectopic pregnancy in the USA has remained 
stable over the past few years, the difference between age and race still 
exists.

·  Major risk factors for the development of ectopic pregnancy are previous 
ectopic pregnancy, previous tubal surgeries including tube sterilization, 
and a history of pelvic inflammatory disease.

·  Patients with ectopic pregnancies that have not yet ruptured may often be 
asymptomatic or show similar symptoms to a patient at threat of abortion.

·  Serial quantitative human chorionic gonadotropin measurements combined 
with transvaginal ultrasound are the primary diagnostic methods of choice 
for excluding a viable intrauterine pregnancy and thus diagnosing an 
ectopic pregnancy.

·  Most ectopic pregnancies can be treated without surgery if discovered 
quickly. In cases where surgical treatment is required, it is mostly performed 
by laparoscopy.

·  Despite a good treatment, patients with ectopic pregnancy are faced with 
decreased fertility rates and increased ectopic pregnancy rate risks in 
subsequent pregnancies.
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1. Introduction

An ectopic pregnancy (EP) occurs when a fertilized oocyte implants 
outside the main cavity of the uterus. This situation not only causes 
physical harm to the woman, but also poses the risk of psychological 

problems and death (1,2).   Remembering to consider the possibility of ectopic 
pregnancy as a possibility in all female patients of reproductive age should 
trigger appropriate investigations into treatment and thus limit these potential 
harms.

The overall rate of EP is 1-2% in the general population, this rate is higher 
in patients using assisted reproductive techniques (ART) and is around 2-5% 
(3,4).  The maternal mortality rate in ectopic pregnancies is generally 0.2 per 
1000 ectopic pregnancie (5). Although the overall mortality rate has decreased 
over time, ruptured EPs still account for 3-6% of all maternal deaths; A review 
of mortality in ART-related EPs similarly reported 31.9 deaths per 100,000 
pregnancies (4,6,7).

The vast majority (approximately 96%) of EPs result from implantation 
of the fertilized oocyte into the lumen of the fallopian tube. Other sites of 
implantation include the ovary, abdominal organs, cervical canal, and the 
interstitial portion of the Fallopian tube.

  The etiology of EP is unclear, but tubal implantation is probably due to 
embryo retention in the fallopian tube due to impaired embryo-tubal transport 
and changes in the tubal microenvironment (3). In the short term, EP causes 
morbidity from intraperitoneal bleeding and morbidities such as emergency 
surgery, blood transfusion, and postoperative pain. interest. In the longer term, 
women who talk about an EP are at risk for repeat EP, subfertility, and chronic 
pelvic pain. For most women, EP is the loss of a desired pregnancy, and this can 
also cause psychological morbidity (8).

2. Risk Factors

The main cause of ectopic pregnancy is disruption of the normal tubal anatomy 
due to various factors such as infection, previous surgery, congenital anomalies 
or tumors. Anatomical impairment may be accompanied by functional 
deterioration due to damaged ciliary activity. The highest risk is associated with 
a previous ectopic pregnancy or a history of previous tube surgery (9). However, 
the underlying cause cannot be determined in more than 50% of women with 
ectopic pregnancies. Although women with ectopic pregnancies often do not 
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have identifiable risk factors, a prospective case-control study has shown that 
increasing awareness of ectopic pregnancy and knowledge of associated risk 
factors helps identify women at higher risk to facilitate early and more accurate 
diagnosis. Many of the risk factors are associated with risks of previous damage 
to the Fallopian tube.
Risk factors for ectopic pregnancy

* Previously ectopic pregnancy
* Fallopian tube damage

previously tubal surgery (including tubal sterilization) and pelvic surgery

previously abdominal surgery

Pelvic inflammatory disease and other genital infections
* Infertility

documented tubal pathology

assisted reproductive technology

endometriosis

unexplained infertility
* Cigarette smoking
* Age >35 years
* Contraceptive failure

Patients with previous ectopic pregnancies are at approximately three to eight 
times higher risk of repeat ectopic pregnancy compared with other pregnant 
patients (10). This risk may be related to both the underlying tubal pathology 
of the previous ectopic pregnancy and the treatment procedure of the ectopic 
pregnancy. Salpingostomy performed in previous ectopic pregnancy is an 
important risk factor for recurrent ectopic pregnancy (OR: 3.04).

Recurrent pelvic infections (chlamydia, gonorrhea and non-specific 
salpingitis) lead to tubal pathology. which is associated with an increased risk 
of ectopic. Pelvic infection can cause tubal occlusion and pelvic adhesions as 
well as alter tubal function. An increased incidence of ectopic pregnancy is 
strongly associated with an increased incidence of pelvic inflammatory disease 
(PID). The risk of ectopic pregnancy is increased approximately threefold in 
patients with a history of PID. When the literature was reviewed, an increase 
in the incidence of ectopic pregnancy in pelvic tuberculosis cases could not be 
demonstrated. The reason for this was defined as the high rate of infertility of 
these patients and their relatively low pregnancy rates even with IVF (11).
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When we look at the relationship between ectopic pregnancy and infertility 
and related conditions, it is seen that the probability of ectopic pregnancy in 
infertile patients is two or three times higher than normal. However, this may 
also reflect the increased incidence of tubal abnormalities involved in the 
etiology in the infertile group (12). 

The development of ectopic pregnancy is also a problem in assisted 
reproductive techniques applied in patients presenting with infertility problems. 
So much so that the pregnancy that developed before the first IVF (in vitro 
fertilization) baby born alive was a tubal ectopic pregnancy (13).

Since 2-5% of pregnancies caused by assisted reproductive technologies 
are ectopic, assisted reproductive technologies constitute a risk factor for EP (14). 
Looking at the three main factors leading to this increased risk, the stimulation 
procedure performed, the reproductive health characteristics of the woman, and 
the estimated potential for embryo implantation (15,16). Even in the absence of 
known tubal pathology, the presence of a history of infertility is associated with 
EP alone, and the risk of EP increases in direct proportion to the  length of the  
infertility  period (17, 18).  Treatment for conception for tubal factor infertility 
is associated with an increased risk of double EP, particularly following IVF 
(19,20). Some IVF cycle parameters may also be associated with an increased 
risk of EP. Patients entering cycles triggered by gonadotropin-releasing hormone 
(GnRH) agonists rather than recombinant hCG may be at higher risk of EP; 
In a review of 466 IVF cycles, GnRH agonist triggers were associated with a 
significantly higher rate of EP (1.4% versus 5.3% following hCG triggers). This 
finding has been theorized to be due to poor endometrial receptivity following 
GnRH agonist administration (21). In a Japanese study, ovarian stimulation with 
clomiphene citrate for fresh embryo transfer was associated with the highest risk 
of ectopic pregnancy compared to other stimulation protocols (22). 

The number of embryos transferred may also be associated with the risk of 
EP; In a review of 9480 post-IVF ectopic pregnancies, the EP rate following fresh 
cycles increased significantly from 1.7% following single embryo transfer to 
2.5% following 4 embryo transfers (14). The depth of the transferred endometrial 
cavity may also have an effect; reported an EP rate of 1.5% versus 0.4% in 
deep and moderate-fundal transfer in a randomized prospective study 23. In the 
literature, the day of embryo transfer has been inconsistently associated with 
the risk of EP. In a series of 13,654 fresh cycles, it reported an EP rate of 2.1% 
following day 3 embryo transfers compared to 1.6% following day 5 embryo 
transfers but was not statistically significant between the two groups (24). 
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Backwards, a 1994 review of fresh transfers reported a significant difference in 
ectopic pregnancy rates between day 3 and day 5 transfers at 2.4 percent and 1.7 
percent, respectively (25). Transfer of fresh embryos is associated with a higher 
risk of EP compared to transfer of thawed embryos; After 15,042 fresh cycles, 
the EP rate was 1.97%, significantly higher than the 1.01% EP rate after 12,752 
cryopreservation cycles (26). The underlying mechanism has been theorized that 
controlled ovarian hyperstimulation and hyper estrogenic environment prior to a 
fresh embryo transfer adversely affect endometrial receptivity (27).

Endometriosis is among the risk factors for ectopic pregnancy. In a meta-
analysis of 15 cohort and case-control studies, endometriosis was associated 
with an increased risk of ectopic pregnancy (odds ratio [OR] 2.16 to 2.66, 
95% CI 1.67-2.79 and 1.14-6.21); however, high heterogeneity among studies 
reduced reliability (28).

One-third of all cases of ectopic pregnancy are thought to be associated 
with smoking.17 There is a dose-effect relationship with the highest adjusted 
odds ratio (OR) (3.9) when more than 20 cigarettes per day are smoked. Delayed 
ovulation has been associated with one or more of the mechanisms, such as 
altered tubal and uterine motility and microenvironment or altered immunity 
(29,30).

The risk of ectopic pregnancy increases with advancing maternal age and 
is an important risk factor over the age of 35 (18). The hypotheses regarding 
this relationship are that exposure to most of the other risk factors is higher with 
advancing age, increase in chromosomal abnormalities in trophoblastic tissue, 
and age-related changes in tubal function delay the transport of the egg and 
cause tubal implantation (31).

Patients using hormonal contraception, or an intrauterine device (IUD) 
are unlikely to have any intrauterine or ectopic pregnancy. However, if they do 
get pregnant despite using the method, the probability of an ectopic pregnancy 
is generally higher than for those who do not use contraception (32). In 
pregnancies developing after tubal sterilization, the probability of developing 
an ectopic pregnancy is 5 to 19 times higher. In a large-scale study of 44829 
patients who underwent tubal sterilization between 1990 and 2000 in western 
Australia, ectopic pregnancy developed in 3 patients per 1000 cumulatively 
after 15 years in the procedure, and a total of 89 patients. When the procedure 
was performed with the use of bipolar cautery, the cumulative rate increased 
to 8.4 per 1000. When titanium clips are used, this rate is determined as 2 per 
1000 operations (33). The IUD is a highly effective method of contraception. 
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Therefore, the incidence of ectopic pregnancy in patients using IUD is lower than 
in patients not using contraception. Ectopic pregnancy rates (per 1000 woman-
years) among non-contraception users, LNG-52 users, and copper IUD users 
are 6.9, respectively. 0.5 and 0.46 (32).. In a case-control study, the probability 
of ectopic pregnancy was 16.4 times higher in patients currently using the IUD 
(10). Likewise, estrogen/progestin oral contraceptives are highly effective, and 
the overall risk of ectopic pregnancy is low, as pregnancy is prevented. However, 
patients who become pregnant while using these contraceptives appear to have 
a two- to five-fold increased risk of ectopic pregnancy compared with other 
pregnant patients (34).

3. Etiology

The exact etiology of ectopic pregnancy is unknown. Since it is a human-
specific problem, it invalidates any explanatory animal experiments. however, 
it is thought that tubal or embryonal problems develop during the tubal passage. 
Intra-tubular inflammation from infection or smoking may affect the tubal 
passage of the embryo by disrupting smooth muscle contractility and ciliary 
pulsation activity, and provide false pre-implantation signals. Molecular 
investigations often involve examining Fallopian tube biopsies from women 
with ectopic pregnancies. Interpretation remains limited as there are no 
comparable Fallopian tube specimens from women who have had or have had 
an intrauterine pregnancy (IUP) prior to an ectopic pregnancy. Therefore, it is 
difficult to determine whether any observed molecular changes are a cause or a 
consequence of ectopic implantation. There is a need for new studies focusing 
on the functional consequences of smoking and infection in fallopian tube 
physiology and pathobiology (15).

4. Clinical Presentation

Patients with ectopic pregnancy usually present with pain and vaginal bleeding. 
The time interval when symptoms appear is usually between 6 and 10 weeks of 
pregnancy (35). However, these are common symptoms in early pregnancy, and 
a third of women experience some pain and/or bleeding. Although the pain is 
usually unilateral, it can be persistent and severe. Because a markedly painful 
ovarian corpus luteum cyst is common in early pregnancy, unilateral pain is not 
always indicative of an ectopic pregnancy. Shoulder pain, syncope and shock 
occur in 20% of women, and abdominal tenderness in more than 75%. These 
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are clinical manifestations of peritoneal irritation. Bimanual examination, if 
performed, should be done carefully and gently. Cervical motion tenderness 
has been reported in up to 67% of cases, and a palpable adnexal mass in 
approximately 50%. More recently, it has been reported that one-third of women 
with ectopic pregnancies are asymptomatic and 9% have no symptoms.

Ectopic pregnancy is included in a wide spectrum of differential diagnosis. 
The cause can often come with an atypical clinical presentation. It can mimic 
other gynecological disorders and gastrointestinal or urinary tract diseases, 
including ectopic pregnancy, appendicitis, salpingitis, ruptured corpus luteum 
or follicular cysts, threatened or inevitable spontaneous abortion, ovarian 
torsion, and urinary tract infection. Despite developing medical technologies, 
this differential diagnosis difficulty can still progress with a delay in diagnosis. 
Although a decrease was observed in maternal mortality rates due to ectopic 
pregnancy, it has not decreased as desired yet. Therefore, clinicians in primary 
care should consider ectopic pregnancy and go to differential diagnosis.

5. Diagnosis

The diagnosis of ectopic pregnancy has improved significantly due to advances 
in ultrasound technology, rapid and sensitive serum hormone assays, the 
development of early pregnancy units (EPUs), and increased awareness 
and understanding of associated risk factors. Despite this, about half of the 
women diagnosed with ectopic pregnancy cannot be diagnosed at their first 
application. Early diagnosis reduces the risk of tube rupture and enables more 
conservative medical treatments to be applied (36). Currently, the diagnosis of 
unruptured ectopic pregnancy can be made by a combination of transvaginal 
ultrasonography (TVUS) and serial serum beta-human chorionic gonadotrophin 
(β-hCG) measurements. The key point in the diagnosis is to exclude a viable 
or viable intrauterine pregnancy. Diagnosis can be simple when TVUS can 
show IUP or ectopic pregnancy. however, although TVUS is positive for serum 
β-hCG in a significant number of women, it cannot locate the pregnancy, and 
such cases are diagnosed as pregnancy unknown location (PUL) (37). About 
30% of patients with PUL develop an ongoing intrauterine pregnancy (IUP), 
while most (50-70%) are diagnosed with failed pregnancies such as miscarriage 
or EP. Maternal death due to ectopic pregnancy is a very important problem 
in patients with PUL. The literature shows that 7-20% of PUL patients are 
diagnosed with ectopic pregnancy. It is therefore crucial that the diagnosis of 
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PUL triggers further diagnostic pathways and follow-up until the outcome of 
pregnancy is known (38).

5.1.  Transvaginal Ultrasonography

Transvaginal ultrasonography performed by a clinician specialized in 
gynecological ultrasound is the most useful imaging method in diagnosing 
ectopic pregnancy. TVUS should be performed in case of a suspected ectopic 
pregnancy and can be repeated according to the findings, hCG course or in cases 
where rupture is suspected.

Diagnostic signs of intrauterine pregnancy are the presence of a yolk sac or 
a gestational sac with an embryo (with or without a heartbeat) within the uterine 
cavity. Observation of gestational sac alone is not sufficient for diagnosis. A 
healthy IUP at 5.5 weeks gestational age can be detected with 100% accuracy 
by TVUS (39). Diagnostic findings of ectopic pregnancy with TVUS are the 
observation of a gestational sac containing a yolk sac or embryo (with or without 
a heartbeat) outside the uterus. Again, seeing a gestational sac outside the 
uterus is not diagnostic without yolk sac or embryo (40). An ectopic pregnancy 
may be accompanied by a “pseudo sac” with a fluid collection in the uterine 
cavity, which develops as a result of localized disruption of the decidualized 
endometrium without embryos and yolk sac. It is located more centrally than 
the eccentric location of the true gestational sac, and the peripheral hyperechoic 
decidual reaction observed in the true gestational sac is not observed.

The fact that the sac containing the embryo and yolk sac is seen as intrauterine 
is not enough to say that everything is fine in rare cases. this clinical condition 
is heterotopic pregnancies. Although it is seen very rarely (approximately 1 in 
30000 pregnancies), it is seen much more frequently (approximately 1.5 per 
1000 pregnancies) in patients undergoing these treatments due to recently 
developed reproductive Technologies (41). Clinicians should be careful about 
this issue and have an idea about how pregnancy develops. 

In a situation where the intrauterine gestational sac cannot be seen, an 
ectopic pregnancy can usually be diagnosed by the presence of an adnexal mass 
that can be seen in the Fallopian tube. The presence of an empty uterine cavity 
and a non-cystic adnexal mass has a sensitivity of 84-90% and a specificity of 
94-99% for the diagnosis of ectopic pregnancy (42). In ectopic pregnancy, since 
the sac is usually located in the tube, it is seen as an adnexal mass on TVUS. 
It is an inhomogeneous echogenic mass that can move apart from the ovary 
upon careful examination. Although the presence of embryo and yolk sac can 
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be detected, it is mostly encountered with fetal pole present in the sac. In early 
pregnancies, there may be an increase in serous fluid in the Douglas pouch and 
around the uterus due to increased vascular permeability. however, the presence 
of heterogeneous fluid in the Douglas pouch and around the adnexa in ectopic 
pregnancies suggests bleeding and supports the diagnosis.

5.2. Serum β-hCG concentrations 

The β-hCG value measured in the serum is very valuable in the detection of 
pregnancy. It is not possible to determine whether the pregnancy is in the normal 
course from a single hcg level, since it can be seen in various values in every 
week of pregnancy. β-hCG can first be detected in serum in pregnant patients 
about 6 days after the luteinizing hormone peak. In a normal IUP, it rises in a 
curvilinear fashion until approximately 41st gestational day. Afterwards, there is 
a slower upward trend until the 10th week of pregnancy. In the following weeks, 
the pregnancy decreases until it reaches a plateau and continues in that way (43). 

When serial β-hCG measurements are made, it is important at what level 
the increase rate should be in order to be able to say that this time a healthy 
pregnancy. There are many studies in the literature to determine this. The β-hCG 
level at which IUP can be seen with TVUS is called the hcg discriminatory 
zone. The discriminatory site was first proposed as 6500 milli-international 
units (mIU)/mL using transabdominal ultrasound in 1981 (44). When we take 
this level as 3500 mIU/mL, the ability of a viable IUP to diagnose with TVUS 
increases, but it also increases the risk of delaying the diagnosis of EP. For this 
reason, there are studies starting from discriminative hcg level 1500mIU/L. In 
the study of Connolly et al., when β-hCG level is taken as 1500 mIU/L, 80% 
IUP sac can be observed, while this level is 91% when taken as 2000 mIU/L 
and 99% when taken as 3500mIU/L (45).  It is important to note that there 
are variations in β-hCG levels between pregnancies for each gestational age, 
and discriminatory levels are not always reliable. In addition, the skill of the 
specialist who performs TVUS, the quality of the ultrasound device and some 
factors that may exist in the patient (egg, fibroids, obesity, multiple gestation) 
may affect the early detection of the gestational sac. There are many studies 
investigating the course of β-hCG level in normal pregnancy. However, there 
is no complete consensus on this issue. Kadar and Romero stated in their study 
that there was at least a 66% increase in 48 hours in a healthy pregnancy. In 
another study by Silva, it was determined that there was a 24% increase in viable 
IUP in 24 hours and a 51% increase in 48 hours. Seeber et al., on the other 
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hand, found that the increase in 2 days with a CI of 99% was 35% for a viable 
IUP (46). Considering this divergent literature, most units in current practice 
use a minimum value of 50-66% for an acceptable 48-hour β-hCG increase 
in a normal pregnancy. Although the presence of these increase rates does not 
necessarily indicate a viable pregnancy, if the increase rate cannot be reached, it 
indicates early pregnancy failure. 

Approximately 95% of women with spontaneous early pregnancy loss will 
have a 21-35% reduction in β-hCG concentration within 2 days, depending on 
their initial β-hCG level (47). A woman with low β-hCG levels and a possible 
ectopic pregnancy should be monitored until non-pregnancy levels are reached, 
because rupture of an ectopic pregnancy can occur when levels drop or are too 
low.

If the history is inconsistent with spontaneous abortion or if β-hCG 
concentrations continue to rise and the screening site of the pregnancy is still 
unknown, an ectopic pregnancy is likely, and a clear management strategy 
should be followed.

5.3. Serum progesterone 

Although there are no exact values that distinguish ectopic pregnancy from 
IUP, measurement of serum progesterone levels is a potentially useful aid in 
the assessment of PULs. Serum progesterone concentrations in a viable IUP are 
>50 ng/ml. Progesterone values below 5 ng/ml indicate an unhealthy pregnancy. 
however, in most cases the values are between these two values.

5.4. Endometrial Sampling

In many medical centers, methotrexate (MTX) can be administered without a 
definitive diagnosis for a patient with PUL and an abnormal course of β-hCG 
as described above. However, up to 40% of these patients may have failed 
IUPs and these patients will be unnecessarily exposed to MTX (48). Although 
not used universally, endometrial sampling may allow these patients to avoid 
unnecessary treatment with MTX. Identification of villi on endometrial sampling 
is the diagnosis of a failed IUP, and in such cases, no further treatment is usually 
required. Serum β-hCG should also be checked the day after endometrial 
sampling; a 15–20% decrease detected the day after sampling indicates the 
presence of a failed IUP, even if no villi are identified (4). A plateau or increase in 
postoperative β-hCG strongly suggests an EP. A patient with a sufficient decrease 
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in β-hCG level after sampling can be followed with serial β-hCG measurements 
until levels are undetectable or pathological evaluation of the abortion specimen 
shows chorionic villi. The standard endometrial sampling method for PUL is 
D&C, but these are associated with higher cost and anesthesia requirement than 
outpatient procedures. Although endometrial biopsy pipettes are effective in 
screening for endometrial carcinoma, they do not have enough sensitivity and 
specificity to replace D&C in the diagnosis of PUL (49).

6. Treatment

Ectopic pregnancy may be managed surgically, medically or expectantly. Today, 
when outpatient diagnosis and treatment are preferred, the possibility of rupture 
of an ectopic pregnancy should be kept in mind. It is therefore important to 
clearly document diagnostic and management strategies along with the clinical, 
sonographic and biochemical assessment of the patient. Which management 
is most appropriate depends on ongoing assessment and on numerous clinical 
factors. Management is individually tailored to their presentation and the 
severity of their condition, the suitability of treatment options, and the patient’s 
preference (Figure 1).

6.1. Medical treatment with methotrexate 

Medical treatment is beneficial in patients with unruptured tubal ectopic 
pregnancy, hemodynamically stable, minimal symptoms, and low intraperitoneal 
fluid volume on ultrasound (50). Intramuscular methotrexate (MTX) therapy 
is the most widely used and highly successful medical treatment for ectopic 
pregnancy and is usually administered in a single dose protocol. Medical 
management of EP with MTX has been shown to be more cost-effective than 
surgical management while maintaining similar treatment success and future 
fertility. MTX is a dihydrofolate reductase inhibitor that impairs DNA and 
RNA precursor synthesis; it targets rapidly dividing cells and disrupts primarily 
trophoblastic tissue in an EP. It targets rapidly dividing cells and, in an EP, 
primarily disrupts trophoblastic tissue, thereby reducing β-hCG secretion and 
interrupting the progesterone supplement required for pregnancy. Its use as EP 
therapy was first reported in 1982 (51). 

The most common side effects associated with MTX therapy for EP include 
pelvic pain, nausea, headaches, abdominal pain, and dermatitis. Less common 
side effects include alopecia, mucositis, and diarrhea. These side effects are very 
rare when used in ectopic pregnancy (52).



28    REVIEWS IN MEDICAL AND HEALTH SCIENCE

Success rates of MTX therapy in ectopic pregnancy are inversely related 
to β-hCG levels. several studies have demonstrated the efficacy of intramuscular 
(IM) MTX for the treatment of EP. In a meta-analysis of 503 women with EP 
treated with a single dose of MTX, successful treatment, defined as avoidance 
of surgery, was 94.4% for baseline β-hCG levels between 1000 and 1999 mIU/
mL. This ratio was 81.8% for initial β-hCG levels of 10,000 mIU/mL, and only 
85% for β-hCG levels over 5000 mIU/mL (53).

Blood work should be performed to evaluate hematological, hepatic and 
renal function prior to treatment with MTX; Chest X-ray should be considered 
in patients with active lung disease. Rhesus (Rh) status of the patient should 
also be taken to determine the need for Rho(D) immune globulin therapy in Rh 
negative patients. A pelvic ultrasound should be performed to characterize any 
ectopic mass and exclude a concomitant IUP. Several contraindications exist 
for the treatment of EP with MTX (Table 1). Patients with ectopic pregnancy 
and relative contraindications for methotrexate therapy may receive the drug if 
deemed appropriate by the clinician; these patients should be hemodynamically 
stable, receive good counseling and have decision making capacity (3). There 
are points to be considered during treatment. Prenatal patients should be advised 
to stop taking the recommended vitamins, as folate supplementation will 
counteract the effects of MTX. Patients should also avoid excessive sunlight 
due to possible MTX-induced dermatitis; nonsteroidal anti-inflammatory drugs 
that can delay the renal excretion of MTX; alcohol, which can cause elevation 
of hepatic enzymes; and sexual activity, vigorous physical activity and pelvic 
examinations that may cause rupture of the EP should also be avoided.
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Single dose methotrexate: The single dose regimen is an IM injection of 
MTX (50 mg/m2 body surface area). It includes administration of additional 
doses at weekly intervals in patients with an unsatisfactory response (no 15% 
reduction in β-hCG between days 4-7 after the first dose) (Table 2) (3).  Repeat 
injections of up to 4 doses are allowed every 7 days; 20% or more of patients 
will require a second dose, while less than 1% of patients will require 3 or 
more doses (54). The single dose regimen is associated with fewer side effects 
compared to other regimens (Table 2).

Multiple dose methotrexate: The multiple-dose regimen is derived from the 
chemotherapeutic regimen used in gestational trophoblastic disease that includes 
administration of MTX and leucovorin (folinic acid) on consecutive days for 8 
days. The multi-dose regimen consists of methotrexate treatment on Days 1, 3, 
5 and 7 to a maximum of four doses and leucovorin ‘rescue-therapy’ at a dose of 
0.1 mg/kg on alternate Days 2, 4, 6 and 8. The drug is continued to be given until 
a 15% decrease from the β-hCG peak value is achieved. Up to 50% of patients 
do not require the full 8-day regimen (3). Leucovorin rescue therapy, on the 
other hand, is applied to counteract the side effects that will develop as a result 
of the MTX mechanism (Table 3).
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Reported success rates between dosing regimens differ in the literature (52,54). 
A recent randomized controlled trial in 120 women receiving single or multiple 
doses of MTX reported no difference in success rates, although the time to 
β-hCG normalization was longer following the single dose regimen (18.3 days 
vs. 22.3 days, respectively55. Conversely, a meta-analysis of 1327 EPs reported 
that the rate of successful treatment with multiple-dose MTX was significantly 
higher than with single-dose MTX. (92.7% vs. 88.1%, respectively) (54). Side 
effects such as nausea, vomiting, and alopecia were less common in the single-
dose treatment group. Notably, both treatment regimens were more likely to be 
successful in patients who reported adverse events from MTX. If a patient’s 
serum β-hCG is sufficiently low and does not require further intervention, the 
β-hCG level should be monitored weekly to an undetectable level. On average, 
β-hCG returns to normal within 2 to 3 weeks, but may take up to 8 weeks in 
patients with higher baseline β-hCG levels. Regardless of the treatment regimen 
chosen, if the β-hCG level does not fall sufficiently after the multiple dose 
regimen or after 4 doses of MTX in the single dose regimen, surgical treatment 
should be considered. A sustained increase in serum β-hCG throughout the 
multiple-dose regimen or after a single dose of MTX may indicate a higher risk 
of rupture of the tubal EP (3). 

6.2.  Surgical Management

Surgical treatment is indicated in patients with contraindications to medical 
therapy as described in the previous section, hemodynamically unstable patients, 
or other clinical manifestations of ruptured EP, such as pain or the presence of 
intra-abdominal bleeding, and if the patient prefers.
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Until the introduction of the laparoscopic approach by Shapiro and Adler 
in 1973, the standard surgical intervention was laparotomy; it has gained wide 
acceptance since then (54). When reviewing the literature, randomized studies 
have shown that the laparoscopic approach is superior to laparotomy in terms 
of lower blood loss, need for pain medication, length of hospital stay, and cost 
(56-58). Reproductive outcomes, including rates of recurrent EP and subsequent 
IUP, are not significantly different between laparoscopy and laparotomy. 
Regardless of the mode of abdominal entry, two methods of excision of tubal 
EP have been extensively reported: total tubal removal, i.e., salpingectomy, or 
partial or complete removal of the fallopian tube, salpingostomy (also called 
salpingotomy). Salpingectomy is recommended in cases of extensive tubal 
damage and/or rupture, uncontrolled bleeding, previous tubal sterilization, or 
large tubal EP (5 cm or more in diameter) (59) (Figure 2). The surgical approach 
is also dictated by the condition of the patient’s contralateral fallopian tube, the 
patient’s future fertility plans, and the surgeon’s comfort or preference.

Although termed “radical” in the literature, salpingectomy results in similar 
rates of subsequent IUP and ectopic recurrence compared to salpingostomy. A 
randomized trial of 446 women undergoing salpingostomy or salpingectomy 
reported similar rates of recurrent EP and continued pregnancy between groups: 
8% and 60.7% after salpingostomy and 5% and 56.2% after salpingectomy (60). 
Permanent trophoblastic tissue, which usually required treatment with MTX, was 
more common after salpingostomy (7%) than salpingectomy (<1%). Similarly, 
in a review of 1064 women with EP who subsequently tried to conceive, rates 
of intrauterine pregnancy development at 2 years were 67% after salpingectomy 
and 76% after salpingostomy and were not significantly different 61. The EP 
recurrence rate was also similar between groups, or 18.5% overall. Following 
salpingectomy, if the final pathological examination of the fallopian tube shows 
evidence of a tubal pregnancy, β-hCG level monitoring or any other evaluation 
is not required.

Intraoperatively, if a salpingostomy is planned, dilute vasopressin can 
be injected into the planned incision site to achieve hemostasis (59). After a 
1–2 cm linear incision is made with electrocautery, laser, or scissors over the 
ectopic pregnancy tissue of the shin in the tubule, its contents are removed 
using high-pressure irrigation, called hydrodissection (59, 62–64). The use of 
hydrodissection to remove gestational products may be preferable to piecemeal 
removal with forceps because forceps may lead to incomplete removal of 
trophoblastic tissue. The tubal incision sutured closed or can be left open to heal 
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by secondary intention; a Cochrane review reported an insignificant difference 
in rates of recurrent EP and subsequent IUP between the two techniques. Weekly 
measurements of β-hCG are required after salpingostomy to rule out persistent 
trophoblastic tissue, which can occur in up to 20% of cases (65). Administration 
of a single intratubal dose of MTX intraoperatively or IM MTX within 24 hours 
has been shown to reduce the proportion of persistent trophoblastic tissue (from 
14.5%-17.5% to 0-1.9%) (66).

6.3. Expectant management

Expectant management can be applied in a carefully selected subset of patients 
in tubal EPs. Expectant management can be applied in a carefully selected 
subset of patients in tubal EPs. Studies show that stable women with β-hCG a 
level of 175-200 mIU/mL and declining levels may be candidates for expectant 
management following good information. With this method, 96 percent of 
women with a β-hCG of 175 mIU/mL or less required no further treatment, 
while 66% of women with a β-hCG of 175-1500 mIU/mL and a β-hCG of 1500 
Only 21% of those above mIU/mL require no further treatment (67). Expectant 
management was more likely to be successful in patients with gestational age 
less than 6 weeks, serum progesterone below 10 nmol/L (3.1 ng/mL), and EP 
mass greater than 15 mm. Similarly, a prospective observational study of 118 
patients with EPs managed expectantly reported that 88 % resolved with β-hCG 
levels below 200 mIU/mL, as opposed to just 25 % with β-hCG levels above 
2000 mIU/mL (68). Patients should be followed up with tvus and bhcg levels 
three times a week.  In patients whose clinical deterioration, increased pain, 
β-hCG levels rise or plateau, and become hemodynamically unstable, other 
treatment options are started. 

The American College of Obstetricians and Gynecologists recommends 
that patients with EPs and serum β-hCG less than 200 mIU/mL and decreasing 
(although this has not been definitively defined) are potential candidates for 
expectation management (69). Patients undergoing anticipatory management 
for EP should be reliable for follow-up and be willing and able to accept the 
risks of EP rupture, bleeding, and emergency surgery.

7. Management of the non-tubal ectopic pregnancy

About 2–5% of EPs are located outside the fallopian tubes 8. Surgical access 
to the location of the implanted pregnancy and the risk of bleeding from the 
underlying structure determines which mode of treatment is preferred (70,71). 
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EPs which have implanted on the surface of the ovary, in the abdomen, 
or on the omentum are usually managed surgically. The surgeon can see 
the implantation site to assess and take steps to limit any bleeding resulting 
from removal of the EP tissue. Serum β-hCG monitoring is required, as with 
salpingotomy, to detect residual trophoblasts and initiate methotrexate treatment 
as needed. 

EPs can rarely implant in the interstitial portion of the fallopian tube as 
it passes through the myometrium. This has a characteristic appearance on 
ultrasonography (72). These can be managed either by surgically removing 
the pregnancy and surrounding myometrium with the fallopian tube, or with 
methotrexate. The decision will depend on the gestation and size of the EP mass 
at diagnosis. 

Cervical EPs were traditionally managed by performing a hysterectomy as 
the diagnosis was previously only made after the onset of unrelenting vaginal 
bleeding. Caesarean section scar EPs appear to be increasing in prevalence and 
are located at the expected site of a previous lower segment caesarean section 
or at a notch visible on ultrasonography at that level. Both of these can be 
diagnosed by ultrasonography, and as the EP site can be accessed through the 
vagina, both medical and surgical management for these conditions have been 
developed (73,74). The gestation sac can be injected directly with methotrexate, 
removed by suction evacuation (75), then tamponade performed with a balloon 
catheter (71,76). The use of systemic methotrexate works best in those with low 
initial serum β-hCG concentrations; however, it is widely used in most cases 
with patient admission to the ward for close observation and access to operating 
theatres. The potential for vaginal bleeding with a cervical EP and vaginal and 
intraperitoneal bleeding with a caesarean EP rupturing the cervico-isthmic 
junction is present until complete resolution has occurred. Medical management 
is generally preferred as long as rapid access to surgical management is available 
in the event of bleeding. 

8. Conclusions

In clinically stable women in whom a no ruptured ectopic pregnancy has been 
diagnosed, laparoscopic surgery or intramuscular methotrexate administration 
are safe and effective treatments. The decision for surgical management or 
medical management of ectopic pregnancy should be guided by the initial 
clinical, laboratory, and radiologic data as well as patient-informed choice based 
on a discussion of the benefits and risks of each approach. Surgical management 
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of ectopic pregnancy is required when a patient is exhibiting any of the following: 
hemodynamic instability, symptoms of an ongoing ruptured ectopic mass (such 
as pelvic pain), or signs of intraperitoneal bleeding. Of patients with tubal EPs, 
the likelihood of future IUP is high and independent of treatment modality. 
Treatment is usually surgical in non-tubal EPs.
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Figure 1. Recommended diagnostic and management approach for suspected 
ectopic pregnancy. It is important to highlight that the figure of 66% is used as a 
practical guide only and that all cases of pregnancy of unknown location should 
be considered as a potential ectopic pregnancy until assessment proves otherwise 
or management is complete. β-hCG, beta-human chorionic gonadotrophin. 
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Figure 2 (A) Left tubal ectopic pregnancy at laparoscopy. (B) Tubal ectopic 
pregnancy has been removed by salpingectomy. 
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1. Introduction 

The postpartum period is a 6-week period during which changes that have 
occurred in the woman’s body during pregnancy and childbirth return to 
normal (1). During this period, women try to cope with both the changes 

that occur in their bodies and the additional responsibilities they assume due to 
their motherhood role (2). In the postpartum period, women experience very 
important physical, emotional and social problems affecting their well-being, 
health and quality of life (3,4). Among these problems are bleeding, sleep-related 
problems, fatigue, anxiety, stress, depression, breast problems, constipation, 
headache, back pain, and inadequate self-care due to increased workload and 
decreased time women allocate to themselves (3,5-8). These problems affect 
women’s physical, psychological and social health, breastfeeding status, family 
relationships, housework skills, and their role in providing care to their baby (9). 
Very few women spend this period without having any problems (10). It is very 
important for women in the postpartum period to cope with all these problems 
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(3) because these problems which affect the health status of women also directly 
affect the health of their babies (11).

Women need quality, comprehensive and holistic nursing care if they are 
to go through the postpartum period without any problems, to perform their 
own self-care and to have quality life not affected adversely. Various nursing 
models can be used in postpartum period care. Levine’s Conservation Model 
(LCM) is one of these models. LCM has previously been used in the care of 
preterm babies, patients with cancer and people on mechanical ventilation, 
and successful results have been obtained (12-14). This model has also 
been used to reduce fatigue in patients with cancer (15). In this case study, 
a puerpera was given nursing care in line with LCM and the results obtained 
were presented.

2. Levine’s Conservation Model 

Levine’s Conservation Model has a philosophy supported by excellent evidence 
and can be used in nursing research and practices. Levine’s Conservation Model 
has three major concepts as the basic component: Adaptation, Wholeness 
and Conservation. (16). LCM explains how adaptation occurs as a result of 
conserving an individual’s energy, and structural, personal and social integrity 
(17). Adaptation means living harmoniously by overcoming the difficulties 
in the external and internal environments that affect the person’s well-being. 
Adaptation is a method that allows a person to maintain their integrity in their 
environment. In Levine’s model, while adaptation is the process of change, 
conservation is a result of adaptation. The integrity concept in LCM consists of 
structural integrity, personal integrity and social integrity. Targeted interventions 
in nursing practices mainly support energy and integrity (16, 17).

In Levine’s theory, conservation refers to the maintenance of the appropriate 
balance between nursing interventions and patient participation and keeping 
together of the wholeness of the individual. The purpose of conservation is to 
ensure the integrity of the individual and thus help the person to be healthy (16, 
17). In Levine’s model, the concept of conservation includes the conservation 
of energy, structural integrity, personal integrity and social integrity. According 
to the model, conservation of energy refers to the establishment of a balance 
between energy input and output to avoid excessive fatigue. For example, 
having enough rest, nutrition, and doing exercise. Conservation of the 
structural integrity is the conservation of the individual’s body integrity by 
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preventing physical deterioration and increasing healing. Conservation of the 
personal integrity refers to the conservation of the individual’s perception of 
personality and self-worth. For example, confirming of the uniqueness of the 
person. Conservation of the social integrity refers to the affirming of the social 
existence of the individual (16, 17).

3. Adapting LCM to postpartum care

LCM is applied to women in the postpartum period through the implementation 
of four conservation principles. In the postpartum period, the puerpera’s energy, 
and structural, personal and social integrity should be conserved. 

Conservation of energy: Data on fatigue, factors affecting fatigue, resting 
status, sleep quality and factors affecting her sleep are collected from the patient. 
In other words, information about the woman’s energy resources and energy 
consumption is obtained.

Conservation of the structural integrity: Data are collected from the 
woman about the episiotomy site if she has undergone episiotomy when she 
gave birth vaginally, and about the incision site in the abdomen if she had a 
cesarean delivery. The possibility of cracks and wounds in the nipple in most 
women in the postpartum period should also be taken into account. In addition, 
the leukocyte count is monitored and her muscular strength is determined.

Conservation of the personal integrity: Data on the status of the woman 
who newly delivered are collected to find out whether she could perform normal 
life activities independently, whether her body image is different from her pre-
pregnancy image, whether she has mood swings due to changes in hormones in 
the postpartum period, whether her communication ability and learning level 
are affected, whether she experiences fears and what her motherhood feelings 
are like. 

Conservation of the social integrity: Data on whether the woman who 
newly delivered receives physical, psychological and financial support from 
her spouse, whether she receives physical and psychological support from her 
family and friends, whether she experiences social isolation and whether her 
social interactions are normal are collected. 

In line with the data collected, the trophicognosis process, the second stage 
in Levine’s model, is started. At this stage, the balance between strength and 
weakness in four areas in the model, and areas needed to conserve the integrity 
are determined. Then, priority is given to the solution of existing problems. The 
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target for the solution is determined. These targets should be applicable and 
measurable.

4. Case presentation

On July 30, 2019, the postpartum first day, we, the researchers, met and 
interviewed A.Ö in her room in the hospital. After she was informed about the 
study, she was asked whether she would volunteer to participate in the study. 
Then, upon her acceptance, the first data (anamnesis, physical examination and 
laboratory findings) about A.Ö were obtained.

A. Ö. was 25 years old, married, a high school graduate and homemaker. 
She was living in the city center with her husband. Review of her file revealed that 
A.Ö was a primigravida and that her labor pains started spontaneously on July 
29, 2019 at 4:25 a.m. which was 39 weeks + 2 of her pregnancy. She presented 
to the hospital at 10:00 a.m. due to the increase in the frequency and intensity 
of her labor pains. She was taken into the delivery room at 3:00 p.m. At 4:00 
p.m., she gave a vaginal delivery at term. A.Ö did not have a chronic disease, 
did not take any medication regularly, did not smoke, did not drink alcohol, and 
was not allergic to any food or medication. A.Ö. did not consume any food or 
drink, including water, in the 14-hour period from the onset of labor pains until 
she was taken to her room after she gave birth to her baby. During the labor, 
she underwent approximately a 5-cm mediolateral episiotomy. She started to 
breastfeed her baby at about 35 minutes after birth. She stated that a nurse gave 
her some information about how to breastfeed in the second hour after she gave 
birth. However, in the interview held at the hospital on the first postpartum day, 
it was observed that A.Ö could not correctly position her baby to breastfeed, that 
the baby sucked only the nipple and therefore could not breastfeed effectively. 
In the hospital room, she received support only from her mother.

The review of her file also demonstrated that she was administered 1000 
cc 5% dextrose without medication to provide intravenous (IV) fluid for her. 
Her vital signs were as follows: Pulse rate: 80 / min, Blood pressure: 110/80 
mmHg, Temperature: 37°C and Respiratory rate: 13 / min. Her leukocyte 
count was 10.900, which was within normal limits. She urinated without any 
problem 1 hour after birth. A.Ö said that she had an appetite problem and that 
she had difficulty feeding. However, her bowel sounds were normal (12 / min). 
No complications were observed in the postpartum period. She was discharged 
approximately 18 hours after birth. A.Ö was given nursing care, in accordance 
with Levine’s four conservation principles, before she was discharged. 
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Ethical issues

A.Ö., who participated in this study, was informed about the study and both 
written and verbal consent was obtained from her.

5. Nursing care 

Before A.Ö. was discharged from the hospital, home visits were planned in 
order to solve the problems that she was likely to experience in the postpartum 
period. She was paid six home visits starting from the postpartum 3rd day to the 
postpartum 6th week. During home visits, each of which took 40-50 min, she was 
given module-based trainings on various subjects and care, and she did Pilates 
exercises under the supervision of the Pilates instructor. During these trainings, 
she was given booklets on fatigue, sleep, breastfeeding, personal hygiene, 
nutrition, baby care and Pilates exercises. During each visit, the effectiveness of 
the trainings and care given in the previous visit was assessed. All interventions 
and their results according to LCM are presented in Table 1. During the first 
and last home visits, the Visual Analogue Fatigue Scale (VAFS) and Pittsburg 
Sleep Quality Index (PSQI) were administered to evaluate the effects of nursing 
interventions on fatigue and sleep quality respectively.



Ta
bl

e1
. N

ur
si

ng
 In

te
rv

en
tio

ns
 P

er
fo

rm
ed

 in
 L

in
e 

w
ith

 th
e 

C
on

se
rv

at
io

n 
Pr

in
ci

pl
es

 o
f L

ev
in

e’
s  

C
on

se
rv

at
io

n 
M

od
el

 d
ur

in
g 

H
om

e 
V

is
its

 a
nd

 th
e 

R
es

ul
ts

 o
f S

uc
h 

In
te

rv
en

tio
ns

Pr
in

ci
-

pl
es

 o
f 

L
ev

in
e’

s 
C

on
se

r-
va

tio
n 

M
od

el

1.
 In

te
r-

ve
nt

io
ns

 
pe

rf
or

m
ed

 
du

ri
ng

 th
e 

ho
m

e 
vi

si
t 

pa
id

 o
n 

th
e 

po
st

pa
rt

um
 

3rd
 d

ay

2.
 In

te
rv

en
tio

ns
 

pe
rf

or
m

ed
 d

ur
in

g 
th

e 
ho

m
e 

vi
si

t p
ai

d 
on

 th
e 

po
st

pa
rt

um
 

6th
 d

ay

3.
In

te
r-

ve
nt

io
ns

 
pe

rf
or

m
ed

 
du

ri
ng

 th
e 

ho
m

e 
vi

si
t 

pa
id

 o
n 

th
e 

po
st

pa
rt

um
 

13
th

 d
ay

4.
 In

te
r-

ve
nt

io
ns

 
pe

rf
or

m
ed

 
du

ri
ng

 th
e 

ho
m

e 
vi

si
t 

pa
id

 o
n 

th
e 

po
st

pa
rt

um
 

20
th

 d
ay

5.
 In

te
r-

ve
nt

io
ns

 
pe

rf
or

m
ed

 
du

ri
ng

 th
e 

ho
m

e 
vi

si
t 

pa
id

 o
n 

th
e 

po
st

pa
rt

um
 

27
th

 d
ay

6.
 In

te
rv

en
tio

ns
 

pe
rf

or
m

ed
 

du
ri

ng
 th

e 
ho

m
e 

vi
si

t p
ai

d 
on

 th
e 

po
st

pa
rt

um
 4

2nd
 

da
y

R
es

ul
ts

 o
f t

he
 In

te
rv

en
tio

ns

C
on

se
r-

va
tio

n 
of

 
E

ne
rg

y

Th
e 

pa
rti

ci
-

pa
nt

’s
 fa

tig
ue

 
an

d 
en

er
gy

 
le

ve
ls

 w
er

e 
as

se
ss

ed
 

us
in

g 
th

e 
VA

FS
 a

nd
 

PS
Q

I r
es

pe
c-

tiv
el

y.
Sh

e 
w

as
 g

iv
en

 
tra

in
in

gs
 o

n 
ho

w
 to

 c
op

e 
w

ith
 fa

tig
ue

 
an

d 
sl

ee
p 

pr
ob

le
m

s.

W
he

th
er

 sh
e 

pu
t t

he
 

in
fo

rm
at

io
n 

gi
ve

n 
to

 
he

r i
n 

th
e 

pr
ev

io
us

 
vi

si
t i

nt
o 

pr
ac

tic
e 

w
as

 q
ue

st
io

ne
d.

 S
he

 
w

as
 a

sk
ed

 w
he

th
er

 
sh

e 
ha

d 
ep

is
io

to
m

y 
pa

in
, s

le
ep

-r
el

at
ed

 
pr

ob
le

m
s a

nd
 

fa
tig

ue
.

Sh
e 

w
as

 g
iv

en
 

tra
in

in
g 

on
 

Pi
la

te
s e

xe
r-

ci
se

s a
nd

 sh
e 

di
d 

th
e 

pi
la

te
s 

ex
er

ci
se

s 
un

de
r t

he
 

su
pe

rv
is

io
n 

of
 

th
e 

re
se

ar
ch

er
.

Sh
e 

ag
ai

n 
di

d 
th

e 
pi

la
te

s e
xe

r-
ci

se
s u

nd
er

 
th

e 
su

pe
rv

i-
si

on
 o

f t
he

 
re

se
ar

ch
er

.

Sh
e 

w
as

 a
ga

in
 

in
fo

rm
ed

 
ab

ou
t P

ila
te

s 
ex

er
ci

se
s a

nd
 

en
co

ur
ag

ed
 to

 
do

 th
e 

Pi
la

te
s 

ex
er

ci
se

s.

Th
e 

re
su

lts
 o

f 
tra

in
in

gs
 g

iv
en

 
an

d 
in

te
rv

en
tio

ns
 

pe
rf

or
m

ed
  i

n 
pr

ev
io

us
 v

is
its

 
w

er
e 

re
-e

va
lu

at
ed

 
by

 a
dm

in
is

te
rin

g 
th

e 
 V

A
FS

 a
nd

 
PS

Q
I.

R
es

ul
ts

 o
f t

he
 1

st
 h

om
e 

vi
si

t:
It 

w
as

 d
et

er
m

in
ed

 th
at

 A
.Ö

. o
bt

ai
ne

d 
10

8 
an

d 
10

 p
oi

nt
s f

ro
m

 
th

e 
fa

tig
ue

 a
nd

 e
ne

rg
y 

su
bs

ca
le

s o
f t

he
 V

A
FS

 re
sp

ec
tiv

el
y,

 a
nd

 
14

 p
oi

nt
s f

ro
m

 th
e 

ov
er

al
l P

SQ
I. 

Th
es

e 
re

su
lts

 su
gg

es
t t

ha
t s

he
 

w
as

 e
xt

re
m

el
y 

tir
ed

 a
nd

 sl
ee

pl
es

s. 
R

es
ul

ts
 o

f t
he

 2
nd

ho
m

e 
vi

si
t:

Sh
e 

st
at

ed
 th

at
 h

er
 e

pi
si

ot
om

y 
pa

in
 w

as
 re

lie
ve

d,
 sh

e 
fe

ll 
as

le
ep

 m
or

e 
ea

si
ly

, a
nd

 h
er

 fa
tig

ue
 d

ec
re

as
ed

 a
 li

ttl
e.

R
es

ul
ts

 o
f t

he
 3

rd
 h

om
e 

vi
si

t:
It 

w
as

 o
bs

er
ve

d 
th

at
 P

ila
te

s e
xe

rc
is

es
 a

ffe
ct

ed
 A

.Ö
’s

 p
sy

ch
ol

-
og

y 
po

si
tiv

el
y.

 
R

es
ul

ts
 o

f t
he

 4
th

 h
om

e 
vi

si
t:

A
.Ö

. s
ta

te
d 

th
at

 P
ila

te
s e

xe
rc

is
es

 m
ad

e 
he

r v
ig

or
ou

s 
an

d 
de

cr
ea

se
d 

he
r f

at
ig

ue
.

R
es

ul
ts

 o
f t

he
 5

th
 h

om
e 

vi
si

t:
A

.Ö
. s

ta
te

d 
th

at
 P

ila
te

s e
xe

rc
is

es
 a

ffe
ct

ed
 h

er
 p

sy
ch

ol
og

y 
po

si
tiv

el
y 

an
d 

sh
e 

fe
lt 

vi
go

ro
us

.
R

es
ul

ts
 o

f t
he

 6
th

 h
om

e 
vi

si
t:

It 
w

as
 o

bs
er

ve
d 

th
at

 A
.Ö

 o
bt

ai
ne

d 
64

 a
nd

 3
7 

po
in

ts
 

fr
om

 th
e 

fa
tig

ue
 a

nd
 e

ne
rg

y 
su

bs
ca

le
s o

f t
he

 V
A

FS
 re

sp
ec

-
tiv

el
y,

 a
nd

 9
 p

oi
nt

s f
ro

m
 th

e 
ov

er
al

l P
SQ

I. 
Th

es
e 

re
su

lts
 

in
di

ca
te

d 
th

at
 A

.Ö
’s

 fa
tig

ue
 w

as
 re

du
ce

d 
an

d 
he

r s
le

ep
 q

ua
lit

y 
im

pr
ov

ed
, w

hi
ch

 su
gg

es
ts

 th
at

 h
er

 e
ne

rg
y 

w
as

 
co

ns
er

ve
d.



C
on

se
r-

va
tio

n 
of

 th
e 

st
ru

ct
ur

al
 

in
te

gr
ity

U
te

rin
e 

fu
nd

us
 h

ei
gh

t 
an

d 
ep

is
io

t-
om

y 
si

te
 w

er
e 

ch
ec

ke
d,

 a
nd

 
lo

ch
ia

 fl
ow

 
w

as
 m

on
i-

to
re

d.
 S

he
 

w
as

 g
iv

en
 

tra
in

in
g 

on
 

br
ea

st
fe

ed
in

g 
an

d 
pe

rs
on

al
 

hy
gi

en
e.

 

Sh
e 

w
as

 g
iv

en
 

tra
in

in
g 

on
 h

ow
 

a 
pu

er
pe

ra
’s

 d
ie

t 
sh

ou
ld

 b
e.

A
fte

r s
he

 w
as

 
tra

in
ed

 o
n 

Pi
la

te
s e

xe
r-

ci
se

s, 
sh

e 
w

as
 

as
ke

d 
to

 d
o 

Pi
la

te
s e

xe
r-

ci
se

s. 
Sh

e 
w

as
 

al
so

 in
fo

rm
ed

 
ab

ou
t t

he
 

ef
fe

ct
s o

f 
Pi

la
te

s e
xe

r-
ci

se
s o

n 
th

e 
st

re
ng

th
en

in
g 

of
 m

us
cl

es
.

A
ss

es
s-

m
en

t o
f 

th
e 

ge
ne

ra
l 

si
tu

at
io

n 
w

as
 p

er
-

fo
rm

ed
. S

he
 

w
as

 a
sk

ed
 

to
 d

o 
Pi

la
te

s 
ex

er
ci

se
s.

A
ss

es
sm

en
t 

of
 th

e 
ge

ne
ra

l 
si

tu
at

io
n 

w
as

 
pe

rf
or

m
ed

. 
Sh

e 
w

as
 a

sk
ed

 
to

 d
o 

Pi
la

te
s 

ex
er

ci
se

s.

A
ss

es
sm

en
t o

f t
he

 
ge

ne
ra

l s
itu

at
io

n 
w

as
 p

er
fo

rm
ed

.
Th

e 
re

su
lts

 o
f t

he
 

in
fo

rm
at

io
n 

gi
ve

n 
in

 p
re

vi
ou

s v
is

its
 

w
er

e 
ev

al
ua

te
d.

R
es

ul
ts

 o
f t

he
 1

st
 h

om
e 

vi
si

t: 
It 

w
as

 d
et

er
m

in
ed

 th
at

 th
e 

he
ig

ht
 o

f t
he

 fu
nd

us
, 

lo
ch

ia
 fl

ow
 a

nd
 h

ea
lin

g 
of

 th
e 

ep
is

io
to

m
y 

si
te

 im
pr

ov
ed

 a
s 

ex
pe

ct
ed

 a
nd

 th
at

 sh
e 

ha
d 

no
 p

ro
bl

em
s. 

It 
w

as
 a

ls
o 

ob
se

rv
ed

 
th

at
 h

er
 b

re
as

tfe
ed

in
g-

re
la

te
d 

pr
ob

le
m

s w
er

e 
re

so
lv

ed
, t

he
 

ba
by

 la
tc

he
d 

on
to

 h
er

 b
re

as
t w

el
l, 

sh
e 

co
rr

ec
tly

 p
os

iti
on

ed
 th

e 
ba

by
, a

nd
 sh

e 
ha

d 
no

 
cr

ac
ks

 o
n 

th
e 

ni
pp

le
. 

R
es

ul
ts

 o
f t

he
 2

nd
 h

om
e 

vi
si

t:
A

.Ö
 st

at
ed

 th
at

 h
er

 g
en

er
al

 c
on

di
tio

n 
w

as
 g

oo
d,

 th
at

 th
e 

ep
is

i-
ot

om
y 

si
te

 h
ea

le
d 

an
d 

th
at

 sh
e 

ha
d 

no
 

br
ea

st
 p

ro
bl

em
s.

R
es

ul
ts

 o
f t

he
 3

rd
 h

om
e 

vi
si

t: 
A

.Ö
. s

ta
te

d 
th

at
 h

er
 d

ie
t i

m
pr

ov
ed

 a
nd

 h
er

 a
pp

et
ite

 re
tu

rn
ed

 to
 

no
rm

al
. S

he
 sa

id
 th

at
 sh

e 
re

al
iz

ed
 th

e 
im

po
rta

nc
e 

of
 P

ila
te

s e
xe

rc
is

es
.

R
es

ul
ts

 o
f t

he
 4

th
 h

om
e 

vi
si

t:
A

.Ö
. s

ta
te

d 
th

at
 P

ila
te

s e
xe

rc
is

es
 im

pr
ov

ed
 h

er
 p

sy
ch

ol
og

y 
an

d 
bo

dy
, a

nd
 g

ai
ne

d 
he

r v
ig

or
.

R
es

ul
ts

 o
f t

he
 5

th
 h

om
e 

vi
si

t:
A

 g
en

er
al

 e
va

lu
at

io
n 

w
as

 m
ad

e.
 It

 w
as

 d
et

er
m

in
ed

 th
at

 th
er

e 
w

er
e 

no
 si

gn
s o

f i
nf

ec
tio

n.
 R

es
ul

ts
 o

f t
he

 6
th

 h
om

e 
vi

si
t I

t 
w

as
 o

bs
er

ve
d 

th
at

 th
e 

ep
is

io
to

m
y 

si
te

 h
ea

le
d,

 th
at

 sh
e 

ha
d 

no
 

in
fe

ct
io

n 
or

 b
re

as
t p

ro
bl

em
s a

nd
 th

at
 h

er
 st

ru
ct

ur
al

 in
te

gr
ity

 
w

as
 c

on
se

rv
ed

. 
R

es
ul

ts
 o

f t
he

 6
th

 h
om

e 
vi

si
t:

It 
w

as
 o

bs
er

ve
d 

th
at

 th
e 

ep
is

io
to

m
y 

si
te

 h
ea

le
d,

 th
at

 
sh

e 
ha

d 
no

  i
nf

ec
tio

n 
or

 b
re

as
t p

ro
bl

em
s a

nd
 th

at
 h

er
 st

ru
ct

ur
al

 
in

te
gr

ity
 w

as
 c

on
se

rv
ed

.



C
on

se
r-

va
tio

n 
of

 th
e 

pe
rs

on
al

 
in

te
gr

ity

Sh
e 

w
as

 
ve

rb
al

ly
 su

p-
po

rte
d 

ab
ou

t 
he

r c
on

ce
rn

s. 
Sh

e 
w

as
 

as
ke

d 
to

 k
ee

p 
a 

di
ar

y 
ab

ou
t 

m
ot

he
rh

oo
d.

 

Sh
e 

w
as

 c
on

vi
nc

ed
 

th
at

 h
er

 b
od

y 
sh

ap
e 

w
ou

ld
 re

tu
rn

 to
 it

s 
pr

e-
pr

eg
na

nc
y 

st
at

e 
w

ith
 e

xe
rc

is
e.

Sh
e 

w
as

 g
iv

en
 tr

ai
n-

in
g 

on
 b

ab
y 

ca
re

.

A
fte

r s
he

 w
as

 
gi

ve
n 

tra
in

in
g 

on
 P

ila
te

s 
ex

er
ci

se
s, 

sh
e 

st
ar

te
d 

do
in

g 
pi

la
te

s 
ex

er
ci

se
s.

Sh
e 

w
as

 
as

ke
d 

to
 

do
 P

ila
te

s 
ex

er
ci

se
s.

Sh
e 

w
as

 a
sk

ed
 

to
 d

o 
Pi

la
te

s 
ex

er
ci

se
s.

Th
e 

re
su

lts
 o

f 
th

e 
tra

in
in

gs
 

gi
ve

n 
du

rin
g 

th
e 

pr
ev

io
us

 v
is

its
 

an
d 

th
os

e 
of

 th
e 

Pi
la

te
s e

xe
rc

is
es

 
w

er
e 

ev
al

ua
te

d.

R
es

ul
ts

 o
f t

he
 1

st
 h

om
e 

vi
si

t:
It 

w
as

 o
bs

er
ve

d 
th

at
 A

.Ö
 w

as
 a

bl
e 

to
 st

an
d 

up
 o

n 
he

r 
ow

n,
 w

al
k 

an
d 

do
 a

ct
iv

iti
es

 o
f d

ai
ly

 li
vi

ng
 in

de
pe

nd
en

tly
. 

R
es

ul
ts

 o
f t

he
 2

nd
 h

om
e 

vi
si

t:
It 

w
as

 o
bs

er
ve

d 
th

at
 A

.Ö
’s

 w
or

rie
s a

bo
ut

 h
er

 b
od

y 
im

ag
e 

de
cr

ea
se

d,
 th

at
 k

ee
pi

ng
 a

 d
ia

ry
 re

la
xe

d 
he

r a
nd

 th
at

 p
ro

bl
em

s 
re

la
te

d 
to

 b
ab

y 
ca

re
 a

re
 re

du
ce

d.
R

es
ul

ts
 o

f t
he

 3
rd

 h
om

e 
vi

si
t:

A
.Ö

 st
at

ed
 th

at
 sh

e 
be

lie
ve

d 
th

at
 h

er
 b

od
y 

sh
ap

e 
w

ou
ld

 re
tu

rn
 

to
 th

e 
pr

e-
pr

eg
na

nc
y 

st
at

e 
th

an
ks

 to
 th

e 
Pi

la
te

s e
xe

rc
is

es
.

R
es

ul
ts

 o
f t

he
 4

th
 h

om
e 

vi
si

t:
A

.Ö
. s

ta
te

d 
th

at
 h

er
 m

us
cl

es
 st

ar
te

d 
to

 g
ai

n 
st

re
ng

th
 a

fte
r 

do
in

g 
Pi

la
te

s e
xe

rc
is

es
. 

R
es

ul
ts

 o
f t

he
 5

th
 h

om
e 

vi
si

t:
A

.Ö
. s

ta
te

d 
th

at
 a

fte
r d

oi
ng

 P
ila

te
s e

xe
rc

is
es

, h
er

 b
od

y 
sh

ap
e 

st
ar

te
d 

to
 re

tu
rn

 to
 it

s p
re

-p
re

gn
an

cy
 a

pp
ea

ra
nc

e.
R

es
ul

ts
 o

f t
he

 6
th

 h
om

e 
vi

si
t:

It 
w

as
 d

et
er

m
in

ed
 th

at
 a

fte
r d

oi
ng

 th
e 

ex
er

ci
se

s, 
he

r b
od

y 
sh

ap
e 

al
m

os
t r

et
ur

ne
d 

to
 it

s p
re

-p
re

gn
an

cy
 a

pp
ea

ra
nc

e,
 th

at
 

sh
e 

ha
d 

no
 p

ro
bl

em
s w

ith
 b

ab
y 

ca
re

 a
nd

 th
at

 h
er

 p
er

so
na

l 
in

te
gr

ity
 w

as
 c

on
se

rv
ed

.

C
on

se
r-

va
tio

n 
of

 
th

e 
so

ci
al

 
in

te
gr

ity

Th
e 

re
se

ar
ch

er
 

ta
lk

ed
 to

 
A

.Ö
.’s

 m
ot

he
r 

an
d 

en
co

ur
-

ag
ed

 h
er

 to
 

di
sp

la
y 

po
si

-
tiv

e 
at

tit
ud

es
 

an
d 

be
ha

v-
io

rs
. T

he
 

re
se

ar
ch

er
 

ga
ve

 h
er

 a
 

te
le

ph
on

e 
nu

m
be

r a
nd

 
to

ld
 th

at
 sh

e 
co

ul
d 

ca
ll 

24
/7

 a
t a

ny
 

tim
e.

Sh
e 

w
as

 to
ld

 th
at

 
sh

e 
sh

ou
ld

 n
ot

 
is

ol
at

e 
he

rs
el

f f
ro

m
 

so
ci

al
 li

fe
 a

nd
 th

at
 

sh
e 

sh
ou

ld
 c

on
tin

ue
 

to
 c

om
m

un
ic

at
e 

w
ith

 h
er

 fr
ie

nd
s.

Sh
e 

st
ar

te
d 

do
in

g 
Pi

la
te

s 
ex

er
ci

se
s.

Sh
e 

w
as

 
as

ke
d 

to
 

go
 o

ut
 a

nd
 

ta
ke

 a
 w

al
k 

at
 c

er
ta

in
 

tim
es

 o
f 

th
e 

da
y 

if 
po

ss
ib

le
. 

H
er

 m
ot

he
r 

w
as

 e
nc

ou
r-

ag
ed

 to
 c

on
-

tin
ue

 g
iv

in
g 

so
ci

al
 su

p-
po

rt.

It 
w

as
 

qu
es

tio
ne

d 
w

he
th

er
 sh

e 
to

ok
 w

al
ks

 o
ut

 
an

d 
w

he
th

er
 

sh
e 

co
m

m
un

i-
ca

te
d 

w
ith

 h
er

 
fr

ie
nd

s. 
Sh

e 
w

as
 a

dv
is

ed
 

to
 c

on
tin

ue
 

ta
ki

ng
 w

al
ks

 
ou

t.

Th
e 

ef
fe

ct
s o

f t
he

 
su

gg
es

tio
ns

 g
iv

en
 

in
 th

e
pr

ev
io

us
 v

is
its

 o
n 

so
ci

al
 in

te
gr

ity
 

w
er

e 
ev

al
ua

te
d.

R
es

ul
ts

 o
f t

he
 1

st
 h

om
e 

vi
si

t:
A

.Ö
. s

ta
te

d 
th

at
 th

e 
re

se
ar

ch
er

’s
 h

av
in

g 
ta

lk
 w

ith
 

he
r m

ot
he

r w
as

 b
en

efi
ci

al
. S

he
 a

ls
o 

sa
id

 th
at

 th
e 

re
se

ar
ch

er
’s

 g
iv

in
g 

he
r a

 p
ho

ne
 n

um
be

r t
o 

ca
ll 

he
r w

he
ne

ve
r 

sh
e 

ne
ed

ed
 a

dv
ic

e 
re

lie
ve

d 
he

r.
R

es
ul

ts
 o

f t
he

 2
nd

 h
om

e 
vi

si
t:

A
.Ö

 st
at

ed
 th

at
 sh

e 
st

ar
te

d 
m

ee
tin

g 
w

ith
 h

er
 fr

ie
nd

s.
R

es
ul

ts
 o

f t
he

 3
rd

 h
om

e 
vi

si
t: 

A
.Ö

. s
ta

te
d 

th
at

 P
ila

te
s e

xe
rc

is
es

 im
pr

ov
ed

 h
er

 p
sy

ch
ol

og
y.

R
es

ul
ts

 o
f t

he
 4

th
 h

om
e 

vi
si

t:
A

.Ö
 st

at
ed

 th
at

 sh
e 

w
en

t o
ut

 a
nd

 to
ok

 a
 w

al
k,

 w
hi

ch
 

m
ad

e 
he

r f
ee

l g
oo

d.
R

es
ul

ts
 o

f t
he

 5
th

 h
om

e 
vi

si
t:

A
.Ö

. s
ta

te
d 

th
at

 w
al

ki
ng

 o
ut

 w
as

 v
er

y 
go

od
 fo

r h
er

 a
nd

th
at

 h
e 

st
ar

te
d 

m
ee

tin
g 

so
m

e 
of

 h
er

 fr
ie

nd
s.

R
es

ul
ts

 o
f t

he
 6

th
 h

om
e 

vi
si

t:
It 

w
as

 d
et

er
m

in
ed

 th
at

 so
ci

al
 su

pp
or

t s
he

 re
ce

iv
ed

 
in

cr
ea

se
d,

 th
at

  s
he

 st
ar

te
d 

to
  c

om
m

un
ic

at
e 

w
ith

 p
eo

pl
e 

in
 h

er
 

so
ci

al
 e

nv
iro

nm
en

t, 
w

hi
ch

 c
on

tri
bu

te
d 

to
 th

e 
co

ns
er

va
tio

n 
of

 
he

r s
oc

ia
l i

nt
eg

rit
y.



ADAPTING LEVINE’S CONSERVATION MODEL TO POSTPARTUM CARE     51

Visual Analogue Fatigue Scale (VAFS): The validity and reliability study 
of the Turkish version of the scale was carried out by yurtsever and Bedük in 
2003 (18). The VAFS consists of 18 items. While 13 of the items are used to 
measure the fatigue level, the remaining five items measure the energy level. 
The lowest and highest possible scores to be obtained from the fatigue subscale 
scale are 0 and 130 respectively, and 0 and 50 from the energy subscale. The 
high score obtained from the fatigue subscale and the low score obtained from 
the energy subscale indicate that the severity of fatigue is high.

Pittsburg Sleep Quality Index (PSQI): The validity and reliability study 
of the Turkish version of the scale was conducted by Agargün et al. in 1996 (19). 
The PSQI consists of 24 items and 7 subscales. Of the items, 19 are self-report 
items and five are answered by the spouse or roommate. Responses to each 
item are scored between 0 and 3. While 0 points indicate no difficulty, 3 points 
indicate severe difficulties. The total score ranges between 0 and 21. A total 
score of ≥5 indicates that the sleep quality is poor. 

6. Discussion

In this case study, a woman in the postpartum period was given a systematic and 
holistic care under the guidance of LCM and the results were discussed in the 
light of the literature.

Conservation of energy

In this case report, it was determined that A.O. was given module-based 
trainings on fatigue, insomnia, nutritional problems and pilates exercises in line 
with LCM in order to conserve her energy, and that the interventions performed 
positively contributed to the conservation of her energy, reduced her fatigue 
and relieved her sleep problems. In Mock et al.’s study in which trainings on 
fatigue were given in order to conserve energy, the participants were asked to 
take walks daily and it was determined that the intervention was effective (15). 
In another study, women were given face-to-face trainings in the postpartum 
period, they were provided support through telephone, and it was found that their 
fatigue was reduced (20). The results of the present study are consistent with the 
results of previous studies. In their study, Ashrafinia et al. (2014) and Ozcan 
& Eryilmaz (2020) demonstrated that Pilates exercises done in the postpartum 
period reduced fatigue (21, 22). In another study, it was found that exercises 
done at home during the postpartum period significantly reduced fatigue (23). 
In addition, pilates exercises done at home in the postpartum period significantly 
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increased the quality of sleep (21, 24). The results of the present study indicating 
that Pilates exercises reduced postpartum fatigue and increased sleep quality are 
consistent with those of previous study.

Conservation of structural integrity

Disruption of tissue integrity in women in the postpartum period mostly occurs 
in the birth canal and nipples. These problems can be prevented by effective 
training and nursing care given to women in the postpartum period. According 
to Levine, conservation of structural integrity can be achieved through nursing 
interventions aimed at conserving the individual’s structural and functional 
integrity (16). Conservation of structural integrity is also focused on the healing 
process. In the current study, in order to protect A.Ö.’s structural integrity, she 
was given trainings on breastfeeding, hygiene, nutrition and Pilates exercises 
in line with LCM. Thanks to these interventions, A.Ö. did not have breast 
problems, infection at the incision site or nutrition problems, and thus, and thus 
her structural integrity was conserved. In Shorey et al.’s study, the participants 
were given face-to-face trainings and were continuously communicated through 
home visits, which helped them solve the problems they experienced in the 
postpartum period (25). In anothers study, individualized exercise programs 
were determined to conserve structural integrity (15, 22). The results of the 
present study indicating that the interventions performed to conserve structural 
integrity were effective and that A.Ö.’s structural integrity was conserved are 
consistent with the results of previous study results.

Conservation of personal integrity

Levine stated that self-awareness and self-esteem are the strong indicators of 
wholeness (17). In the present study, in line with LCM, A.Ö was encouraged 
to express her feelings about birth and she was verbally supported about her 
emotional state. She was asked to keep a diary about motherhood-related role 
changes and family relations. In addition, she was given training on baby 
care and Pilates exercises, and was asked to do pilates exercises. After these 
interventions, it was determined that A.Ö’s competence regarding motherhood 
improved and her thoughts about her body image became positive. In a study, 
the participants were communicated by phone every two weeks to conserve 
their personal integrity, and communication was found to be effective in 
conserving personal integrity (15). In another studys, participating puerperae 
were paid home visits, were given trainings about baby care, their self-care and 
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changes that occurred in the family, and were supported by telephone calls, and 
it was found that their psychological health was positively improved (22, 25). 
In their study, Ko et al. found that Pilates and yoga exercises performed in the 
postpartum period were beneficial for the improvement of the psychological 
health of the puerperae (26). The results of the present study indicating that 
nursing interventions performed to conserve personal integrity were effective 
are compatible with those in the literature.

Conservation of social integrity

According to Levine, human beings are social creatures and their establishing 
good relationships with other people will make them feel good (16, 17). In this 
case report, A.Ö. was constantly contacted by phone, home visits were paid to 
her and she was asked to do Pilates exercises. She was advised to go out and 
take a walk at certain times of the day and not to isolate herself from social 
life. In addition, her mother was contacted and she was given advice on how 
to support her daughter. Thanks to all these interventions, it was determined 
that social support A.Ö. received increased and her social integrity was ensured. 
Women’s receiving social support from their husbands and other persons in the 
postpartum period is very important in ensuring social integrity. In a studys, 
people were contacted by phone once a week to conserve their social integrity, 
and it was found that telephone communication positively contributed to 
the conservation of their social integrity (15, 22). The results of the present 
study indicating that interventions performed to conserve social integrity were 
effective are compatible with those in the literature.

7. Conclusion

In this case study, it was demonstrated that the care given to A.Ö. in line with 
LCM was beneficial in protecting her energy, structural integrity, personal 
integrity and social integrity, and that this model could be used in the care of 
women who have just given birth. In line with the results of this case study, it is 
recommended that postpartum women should be given care in accordance with 
LCM. 
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1. Introduction

According to the data of 2020, breast cancer ranks first in the world 
among both genders (11.7%). (1). In Turkey, it is in the second place 
(10.3%) after lung cancer in both genders and in the first place (23.9%) 

in women. (2, 3). If breast cancer is not detected in time and an effective 
treatment is not applied, it usually metastasizes to distant organs such as bone, 
liver, lung and brain and exhibits a short survival and increased mortality. A 
good prognosis and a high survival rate are possible with early diagnosis of 
the disease. The 5-year relative survival rate of breast cancer patients is over 
80% due to timely detection of this disease. (4). As in all cancers, the primary 
goal in breast cancer is to detect the disease at an early stage and, if possible, in 
the pre-cancer period, and to increase disease-free survival. (5). Although the 
incidence of breast cancer increases from year to year, mortality rates in patients 
who develop breast cancer tend to decrease due to widespread early screening 
and new treatments. (6). Most patients are detected during routine screening. An 
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incidentally detected breast mass may present with changes in breast shape or 
size, and nipple discharge. (7). 

Risk is very heterogeneous across the population. Therefore, individual 
risk assessment is much more useful than population risk assessment in 
the development of clinical management strategies. Patient’s age, history, 
reproductive factors (menarche, menopause and pregnancy and breastfeeding 
history), endogenous and exogen hormone exposure, excessive alcohol use, 
obesity, physical inactivity, exposure to radiation, family history, gene mutations, 
and diagnosis of proliferative breast disease in previous breast pathology 
Individual risks such as the presence of breast cancer are the risk factors that 
draw attention in the development of breast cancer. (8). 

2. Risk factors:

The risk of developing breast cancer increases with age. A woman in the United 
States has a 1 in 8 lifetime chance of developing breast cancer. It is 1 in 202 from 
birth to 39 years, 1 in 26 from 40 to 59 years, and 1 in 28 from 60 to 69 years. 
(1). Disease-free survival and overall survival are worse in younger women who 
develop breast cancer, and they show more aggressive biological features than 
older women. (9). The patient’s history of breast cancer is an important risk 
factor for the development of same or contralateral breast cancer for the second 
time. Factors associated with an increased risk of second breast cancer have been 
reported as ductal carcinoma in situ (DCIS), stage IIB breast cancer, hormone 
receptor negativity, and young age. (10). Presence of proliferative breast disease 
in the previous breast pathology in the patient’s history is associated with an 
increased risk of breast cancer. (11). If the patient has a family history of breast 
cancer, the risk of breast cancer increases. In a study, compared to women 
without a family history of cancer, an increase of 1.69 was found in women 
whose mothers were diagnosed with breast cancer before the age of 50, and 
1.37 in women whose mothers were diagnosed at or above the age of 50. (12). 
The highest risk is associated with a first-degree relative diagnosed with breast 
cancer at a young age (less than 50 years old). Compared with women with 
no affected relatives, the risk ratios for women with one, two, three, or more 
affected first-degree relatives are 1.80, 2.93, and 3.90, respectively. (13). 

Approximately 20-25% of breast cancer patients have a positive family 
history, but only 5-10% of breast cancer cases show autosomal dominant 
inheritance. (12). High-risk susceptibility alleles with a lifetime risk of 
developing breast cancer of 40-85% include BRCA1 and BRCA2 mutations, 
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TP53 mutations resulting in Li-Fraumeni syndrome, PTEN resulting in Cowden 
syndrome, STK11 causing Peutz-Jeghers, neurofibromatous (NF1) and E- 
cadherin (CDH-1) mutations can be counted. (14).  The lifetime risk of breast 
cancer varies between 65-81% for BRCA1 mutation carriers and 45-85% for 
BRCA2 carriers. (15). 

The woman’s exposure to endogenous hormones in the reproductive period 
and reproductive factors are also risk factors. Two year delay in menstruation 
is associated with a 10% risk reduction. In the European Prospective Cancer 
and Nutrition Research cohort, women with early menarche (≤13 years) had 
an approximately two-fold increased risk of hormone receptor-positive tumors. 
(16). Nulliparous women are at higher risk of developing breast cancer compared 
to women who have given birth. While younger age at first birth has an overall 
protective effect, relatively advanced age at first birth carries a greater risk of 
breast cancer than a woman who has not given birth. Compared to women who 
did not give birth, the rate of breast cancer was found to be 20% lower, 10% 
lower, and 5% higher in women who gave birth at the age of 20, 25, and 35, 
respectively. (17). Breastfeeding appears to have a protective effect against the 
development of breast cancer. Breastfeeding can delay the return of regular 
ovulation cycles and reduce endogenous sex hormone levels. (12). Late onset 
of menopause has also been associated with an increased risk of breast cancer. 
Each year delay in onset of menopause provides a 3% increase in risk, and each 
5-year delay in onset of menopause provides a 17% increase in breast cancer risk. 
(18). Evidence suggests an association between hormone replacement therapy 
(HRT) use and breast cancer risk. Long-term (>5 years) use of combined HRT 
is associated with the highest risk, while use of short-term combined estrogen-
progestin therapy is associated with a significantly increased risk. (19). 

Modifiable risk factors such as excessive alcohol use, obesity, and physical 
inactivity account for 21% of all breast cancer deaths worldwide. (20). It is 
known that exposure to radiation from various sources increases the risk of 
breast cancer. (12). 

2.1  Benign Epithelial Proliferations

Intraductal proliferative lesions are a group of cytologically and structurally 
diverse proliferations mostly originating from TDLU and limited to the 
ductal-lobular system of the breast. (21). Although in varying degrees of 
significance, they are associated with an increased risk of later breast cancer. 
Some of these lesions are considered the best indicators of risk, while others 
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are considered true precursors of invasive breast carcinoma. Columnar cell 
lesions (columnar cell change and columnar cell hyperplasia) and flat epithelial 
atypia are TDLU lesions frequently seen in biopsies due to mammographic 
microcalcifications. (22). Although molecular evidence suggests that these 
are early precursors in the pathway of low-grade breast neoplasia, limited 
data from epidemiological studies suggest that they are associated with a very 
low risk of progression to invasive breast carcinoma. Intraductal proliferative 
lesions are conventionally divided into 3 groups: ODH, atypical ductal 
hyperplasia (ADH) and DCIS. (23). 

2.1.1 Ordinary Ductal Hyperplasia

ODH is a structurally, cytologically and molecularly heterogeneous benign 
epithelial proliferation that primarily includes TDLUs. (11). ODH is characterized 
by cohesive proliferation of benign epithelial and myoepithelial cells. The 
presence of secondary lumens or windows is characteristic of this lesion. Unlike 
the very rounded, punched-out lumen seen in ADH and low-grade DCIS, the 
lumen is often peripherally located and tends to be slit-like. ODH cells are 
irregularly arranged with indistinct borders. ODH cell nuclei are variable in size, 
often with grooves and intranuclear cytoplasmic pseudoinclusions. Cells usually 
have a flow or syncytial pattern that is evident in the center of proliferation. (12). 
Unlike the rigid bridges seen in low-grade atypical proliferations, the epithelial 
bridges in ODH are thin and tight. A mixture of epithelial and myoepithelial cells 
is seen in ODH proliferation. Foamy histiocytes, calcifications and, rarely, foci 
of necrosis may also be seen. The presence of mitotic figures does not preclude 
the diagnosis of ODH. The cells forming ODH show variable ER expression 
as well as a low proliferation rate. (24). A mosaic pattern of expression of high 
molecular weight cytokeratins is characteristic, as demonstrated against CK5/6. 
Long-term follow-up of women with ODH causes a slight increase in the risk of 
breast cancer between 1.5 and 2 times. (25). 

2.1.2 Atypical Ductal Hyperplasia

ADH is an epithelial proliferative lesion whose cytological and structural 
features are similar to low-grade DCIS, but whose structure, TDLU involvement, 
and extent are less advanced. ADH typically occurs in TDLU. There are no 
radiological features that help distinguish ADH-related calcifications from 
those found in other lesions such as columnar cell change/hyperplasia or low-
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grade DCIS. (26). Proliferative lesions in general, including ADH, may also be 
responsible for the non-massive increase in breast MRI. ADH does not typically 
present as a mass unless it contains a mass-forming lesion such as a papillary 
lesion or fibroadenoma. ADH constitutes 2-14% of diagnoses in breast biopsies in 
screened populations. (27). ADH is an intraductal proliferation with cytological 
and structural features similar to those of low-grade DCIS, but with partial 
and/or limited uniform involvement of the ductal spaces. Microcalcifications 
are often seen with these lesions. They consist of evenly spaced monotonous 
cells containing round nuclei with dense chromatin. Intermediate and high-
grade nuclear features are not seen and necrosis is not expected. Cell borders 
are clear. In some instances of ADH, cells are mixed with the non-uniform cell 
population of ODH. Structural features include rigid bridges, rod-shaped and 
uniformly thick bridges, micropapillary (narrow-bottomed and broad-ended) 
and cribriform structures. Solid and pagetoid patterns of ADH are less common 
and may be difficult to distinguish from classical lobular carcinoma in situ. 
Page et al. suggested that lesions containing <2 ductal spaces be classified as 
ADH. (28). Tavassoli and Norris also suggested that adjacent 2 mm lesions be 
classified as ADH. (29). ADH cells are typically diffusely strongly positive with 
the ER and negative with high molecular weight cytokeratins such as CK5/6. 
This staining pattern is similar to that seen in other lesions in the low-grade 
breast neoplasia pathway (including columnar cell lesions, flat epithelial atypia, 
and low-grade DCIS). In contrast, ODH cells show variable staining for both 
ER and high molecular weight cytokeratins. ADH is associated with a 3-5 fold 
increased risk of breast cancer. These cancers occur with approximately the 
same frequency in both breasts. (30, 31). 

2.2  Non-invasive Lobular Neoplasia

The term lobular neoplasia (LN) refers to atypical epithelial lesions originating 
from TDLU and characterized by a proliferation of usually small, discohesive 
monomorphic cells with or without pagetoid involvement of the terminal ducts. 
The definitions of atypical lobular hyperplasia (ALH) and lobular carcinoma 
in situ (LCIS) are used to define the degree of involvement of lobular units. 
(28, 32). The non-surgical treatment of patients with LN who were previously 
treated with mastectomy was fully adopted in the 1990s and continues today. 
Similarly, the term “lobular intraepithelial neoplasia” has been proposed, but not 
widely used in clinical practice. (33). 
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2.2.1 Atypical Lobular Hyperplasia

ALH is a non-invasive neoplastic proliferation of small discohesive cells 
originating from TDLUs, with or without pagetoid involvement of the terminal 
ducts. Less than half of the acini in a TDLU are filled and expanded by neoplastic 
cells. It is usually multicentric and bilateral. ALH does not show any clinical or 
mammographic symptoms. It is an incidental microscopic finding with a rate of 
0.5-1.2% in a wide age range with an average age of 50 years, usually in breast 
biopsies performed for another lesion. (28). This rate is 1.6-2.9% in reduction 
mammoplasty specimens (21). This lesion is formed by the inactivation of the 
tumor suppressor E cadherin and the resulting non-cohesive proliferation of 
lobular cells. ALH creates an increased risk of breast cancer in both breasts. 
A 6-fold increase has been reported between a person with ALH and a person 
without ALH. (28). Proliferation can exhibit two cell types, A and B. Type A 
cells have narrow cytoplasm and have round nuclei, slightly enlarged (1-1.5 
times the size of a lymphocyte nucleus) and inconspicuous nucleoli. Type B 
cells, on the other hand, have more abundant cytoplasm and a larger nucleus 
(twice the size of a lymphocyte nucleus), different shapes and more prominent 
nucleoli. (34, 35). 

2.2.2 Lobular Carcinoma In Situ

LCIS is a non-invasive neoplastic proliferation of discohesive cells originating 
from TDLUs, with or without pagetoid involvement of the terminal ducts. (28). 
More than half of the acini in a TDLU are filled and expanded by neoplastic 
cells. LCIS is 80% multicentric and 30-67% bilateral in the same breast. (32). 
It has been noted that it is generally associated with invasive lobular carcinoma 
(ILC) in the background of multicentric classical LCIS. (36-37). LCIS has 
been identified in 0.5-3.9% of breast biopsy specimens. (38). Classical LCIS 
is characterized by discohesive proliferations of type A and/or type B epithelial 
cells. Type A cells are small cells with monotonous, hyperchromatic nuclei. 
Type B cells are variable in size and shape and have slightly larger vesicular 
nuclei with small nucleoli. More than 50% of the acini in a TDLU must be 
filled and expanded by neoplastic cells for a diagnosis of LCIS. Classical LCIS 
may rarely show single-cell apoptosis and/or small foci of necrosis. Mitosis is 
rare. (39). Pleomorphic LCIS consists of larger cells with pronounced nuclear 
pleomorphism > 4 times the size of a lymphocyte (equivalent to high-grade 
DCIS cells). (35). In fluorid LCIS, LCIS cells show the cytological features of 
classical LCIS, but there is marked enlargement of TDLUs or ducts, creating a 
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confluent mass-like structure. Pleomorphic LCIS and fluoride LCIS often show 
comedonecrosis and calcifications. Associated invasive carcinoma in these 
morphological subtypes can reach rates as high as 87%. (1). E-cadherin loss and 
cytoplasmic accumulation of p120-catenin are pathognomonic for lobular breast 
pathologies. (40).

2.3  Ductal Carcinoma In Situ

DCIS is a noninvasive proliferation of confined, cohesive neoplastic epithelial 
cells in the mammary ductallobular system that exhibits a range of structural 
patterns and nuclear grades. This lesion can be recognized by a palpable 
mass, nipple discharge, Paget’s disease of the nipple, and calcifications during 
mammography. The disease is mostly unilateral, but approximately 22% of 
women with DCIS in one breast develop either in situ or invasive carcinoma of 
the contralateral breast. (41). High-grade DCIS classically presents with linear, 
pleomorphic, or branching calcifications, while low-grade DCIS has granular 
and amorphous patterns. DCIS is a unifocal disease characteristically limited 
to a single ductal system, but may spread to the lobules (lobular involvement). 
Multifocal reports may represent misinterpretation of three-dimensional canal 
structures when histologically examined in two dimensions. High-grade DCIS 
grows in a continuous pattern. However, skipping lesions as large as 10 mm can 
be seen in low-grade disease, making it difficult to assess focality, lesion size, 
and distance to surgical margins. (42). Histologically, DCIS has been classified 
by structural pattern and categorized as solid, cribriform, micropapillary, or 
papillary types. Some systems also include comedo DCIS as a structural type, 
while others use the presence or absence of comedonecrosis with nuclear grade 
for classification. The use of cytonuclear morphology is recommended for 
histological grading of DCIS. (43). 

DCIS is classified as low, medium, or high nuclear grade. In general, the 
nuclear grade has more homogeneity than the structural pattern. Low nuclear 
grade DCIS consists of small, monomorphic cells that typically grow in a 
cribriform, micropapillary, or solid pattern. Low-grade solid DCIS may contain 
micro-rosettes with small luminal spaces. Micropapillary and cribriform patterns 
are often confused, but micropapillary DCIS in particular may be common. The 
nucleus is uniform in size and shape, with regular chromatin and inconspicuous 
nucleoli. The nucleus size in low nuclear grade DCIS is 1.5-2 times the size of 
a erythrocyte. (44). Mitotic figures are rare. Microcalcification is usually seen 
in the secretions in the luminal spaces and may be psammomatous. Necrosis 
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is rarely found in low-grade DCIS, but this does not preclude the diagnosis. 
Moderate DCIS consists of cells with moderate variation in size, shape, and 
polarization. The nucleus has variably coarse chromatin and sometimes has 
prominent nucleoli. Mitoses may be present. Necrosis (punctate or comedo) 
may be seen. Microcalcifications may be present in secretions and/or necrotic 
material. High-grade DCIS consists of large and atypical cells, the most common 
solid structure. However, cribriform and micropapillary patterns can also be 
seen. Rarely, a single layer of large, highly atypical cells lines the gaps in flat 
DCIS with high nuclear grade. The nuclei are large, with irregular contours, 
coarse chromatin, and often prominent nucleoli, and are typically pleomorphic. 
It is > 2.5 times the size of an erythrocyte in diameter. Mitoses are usually 
prominent. Microcalcifications with central comedoncrosis are often present but 
not essential for diagnosis. (45). DCIS cells are positive with CK7, HER2 and 
GATA3. High-grade DCIS may present as Paget’s disease of the nipple when it 
extends across the basement membrane from the subareolar ducts to the basal 
layers of the epidermis. (46).

3.  Conclusion and Recommendations

The presence of proliferative breast disease in the patient’s previous breast 
pathology is associated with an increased risk of breast cancer. The World Health 
Organization published the “Classification of Epithelial Breast Tumors” in 2019. 
(21). In this classification, proliferative breast lesions without atypia, including 
Ordinary ductal hyperplasia (ODH), intraductal papillomas, sclerosing adenosis, 
and fibroadenomas, cause an approximately 1.5-2-fold increased risk. (11). The 
risk of atypical hyperplasia, including both ductal and lobular, which is usually 
found incidentally during screening mammography, increases approximately 
4.3 times. (12). If benign epithelial proliferation and its precursors of the 
breast can be detected early, progression to invasive breast carcinoma can be 
prevented.  Therefore, this proliferation and precursor lesions gain importance. 
Early detection can increase the survival rate.
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1. Introduction

The first task of the immune system is to distinguish and remove anything 
foreign without damaging the host tissues. (1) Immunity also keeps 
some infectious factors in a latent state. The immune response has three 

main characteristics: immunological memory, specificity, and systemic effect. 
Immunity is diverse between individuals, and the immune system needs to work 
as a whole and in complete harmony in fighting against the causative agents of 
infection. (2) Besides the immune system, antibiotics are essential for treating 
infectious diseases. Therefore, it is vital to know the relationship of antibiotics 
with the immune system.

Macrolides are bacteriostatic antibiotics with immunomodulatory and 
anti-inflammatory properties. (3) Interactions between the macrolide group of 
antibiotics and immune defense mechanisms have been investigated, and studies 
continue on various host immune system components. This chapter reviews the 
immune system functions and the interactions of macrolide antibiotics with 
humoral and cellular immune system components.

2. Host Defense Mechanisms Against Infections

An efficient immune response protects against infectious diseases. Immunity is 
divided into two main parts; the innate and the adaptive systems. The elements 
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that make up the systemic host resistance to infection include specific cellular 
and humoral immune mechanisms and nonspecific effector cell responses. To 
counteract the action of pathogens, the mutual interaction of the elements of the 
immune system is necessary. (4)

2.1 Innate Immune System

The innate immune system (natural immunity) is the first defense line against 
infections that provide immediate host defense. This system comprises three main 
components: physical barriers, cellular components, and humoral responses. 
(5) These cellular components include neutrophils, monocytes, macrophages, 
complement, cytokines, and acute-phase proteins. 

The innate immune response is fast; the cells are nonspecific and have 
no memory. It is also nonspecific; therefore, it can damage host tissues. 
(6) Neutrophils, eosinophils, and basophils are called polymorphonuclear 
leukocytes (PMNL). Neutrophils are the most common phagocytic cells that 
play a central role in innate immune defense. Neutrophils are not static; they 
travel throughout the body. (7) PMNLs are short-lived cells that develop from 
stem cells in common hematopoietic organs. They comprise the most significant 
part of the circulating leukocytes (50-70%). The half-life of PMNLs in the blood 
is about six hours. As for the tissues, they can remain active for 1-2 days. They 
kill bacteria by halogenating proteins and forming toxic oxygen metabolites 
with the help of released myeloperoxidases. (8)

Monocytes (mononuclear phagocytes) are early responders to pathogens in 
infection. There are three types of monocytes in humans: classical, intermediate, 
and nonclassical. (9) They make up 10% of circulating leukocytes and have 
a longer life span than PMNLs. Classical monocytes can differentiate into 
macrophages. They show slower chemotaxis than PMNLs and are seen later at 
infection sites. Macrophages patrol for pathogens, kill bacteria directly and by 
antibody-dependent reactions, and remove dead and dying cells. Mononuclear 
phagocytes can phagocytose and also have immunomodulatory and secretory 
properties. The innate response recruits and activates neutrophils at the site of 
infection. (8)
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Figure 1: Classification of host cells of the immune system

2.1.1 Nonspecific Effective Mechanisms

2.1.1.1 Complement

Complement is a heat-labile mediator of serum proteins. Complement activity 
occurs due to the successive effects of a large number of plasma proteins 
and proteins interacting with the cell membrane. The classical complement 
pathway is activated by target organisms coated with antibodies or antigen-
antibody complexes. The alternative (secondary) pathway, on the other hand, 
is activated by bacterial polysaccharides. Complement activation is involved 
in the first line of defense against pathogens. (10) Complement binds to 
bacteria to form a transmembrane pore in the cell surface, making it easier for 
phagocytes to attach to the C3b receptors and thus creating a heat-resistant 
opsonin system. In addition, it can eliminate some bacteria and viruses by 
direct action and stimulates inflammation through its parts with chemotactic 
activity. (11,12) 

2.1.1.2 PMNL Functions

Chemotaxis: Chemotaxis directs the PMNLs to the site of infection. In the 
interstitium, neutrophils are attracted by chemoattractant agents released from 
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pathogens. The phagocytic cells are directed toward the chemoattractants, 
bacteria peptides, complement fragment C5a, leukotriene B4, and IL-8. For 
chemotaxis, Mg++ and Ca++ ions are needed in the environment. The chemotaxis 
event includes the following stages: First, PMNLs are directed towards the 
vessel wall. Then the PMNLs accumulate on the surface of the endothelium with 
an increased tendency to adhere to the vessel’s endothelium. Then they pass the 
vessel wall through the intercellular junction sites. Above the basal membranes 
of neutrophils, there are specific surface receptors for various chemotactic 
agents. Chemotactic factors for neutrophils include bacterial products 
(methylated bacterial peptides), activated complement compounds (especially 
C5a), and arachidonic acid metabolites (prostaglandins, leukotrienes, especially 
leukotriene B4) and kallikrein. Bradykinin is not chemotactic. (12-14)

Phagocytosis: Phagocytosis is the original cleaning mechanism of most 
leukocytes and has three phases.

Opsonization: Opsonins are protein ligands for receptors on the surface of 
phagocytes that coat microorganisms and allow them to be taken up by PMNLs. 
For recognition and adhesion, fibronectin, four major types of opsonin; specific 
IgG, antibodies, complement C3b, and C3bi, are needed. (12,13)

Phagocytosis (Engulfment): Neutrophils phagocytose organisms using 
cytoplasmic membrane projections (pseudopodia) that form a phagosome around 
the particle. The plasma membrane then invaginates and completely envelopes 
the foreign particle to form the phagosome. Phagocytic vacuoles combine with 
enzyme-containing granules inside the cell. The phagolysosome is created with 
the participation of one or more lysosomes in this phagosome. Phagolysosome 
is necessary for intracellular killing function. (15)

Opsonization of the particle with complement or antibody provides more 
effective killing of organisms. Encapsulated organisms such as Haemophilus 
and pneumococcus can not be phagocyted by neutrophils unless coated with 
antibodies (6).

Intracellular killing: The lethal effect of neutrophils on microorganisms 
includes two interrelated functions: degranulation and respiratory burst. There 
are two separate cytoplasmic granules in neutrophils. Primary (azurophilic) 
granules contain acid hydrolases, natural proteases such as cathepsin G and 
elastase, myeloperoxidase, and basic proteins. Secondary (specific) granules, on 
the other hand, contain lysozyme, transcobalamin III, lactoferrin, collagenase, 
and proteases. (12) Degradation is the destruction of suspected organisms by 
hydrogen peroxidase in the phagolysosome of the cell. In the cytoplasm of PMNL 
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and macrophages, vacuoles containing hydrolytic enzymes combine with the 
phagosome to form a phagolysosome. Acid hydrolases released from lysosomes 
ensure the breakdown of bacteria and other particles in the phagolysosome; the 
phagocytized material is transported from the tissues. (12)

The same stimulation that starts phagocytosis and granule release also 
increase the metabolic activity of phagocytic cells. In the presence of the electron 
acceptor NADPH, it initiates the respiratory burst by forming an oxidant bound 
to the plasma membrane, which catalyzes an electrolytic reduction of oxygen 
to superoxide (O2

-). The reaction occurring between O2
- and H2O leads to the 

appearance of hydroxyl (OH)- radicals, which have a direct bactericidal activity. 
(11,12)

In intracellular killing, oxygen-dependent and non-oxygen-dependent 
systems also play a role. In the presence of myeloperoxidase in the oxygen-
dependent system, H2O2 and Cl- form the microbicidal hypochlorite ion (OCl-). 
Other halogens, such as I-, Br-, also undergo a similar reaction. These substances 
provide the activity of myeloperoxidase. On the other hand, lysosomal cationic 
proteins, lactoferrin, and lysozyme are involved in the non-oxygen-dependent 
system.

Proteases and hydrolases contained in PMNLs are mainly involved in 
the digestive stage. However, in monocytes, there are no cationic proteins and 
lactoferrin found in PMNLs. Therefore, after digestion, this vesicle can remain 
in the cytoplasm or be removed from the cell by exocytosis. (12)

2.1.1.3 Factors Affecting Phagocytosis:

Phagocytosis is very important in defense of the organism. The optimal 
temperature for phagocytosis is 37o-40o C. High doses of ionizing radiation 
adversely affect phagocytosis. In addition, steroids, antimetabolites, anti-
inflammatory agents, viruses, fungi, protozoa, and reticuloendothelial system 
(RES) blockade are macrophage suppressor factors. Opsonization, neural 
stimulation, and hormones have a positive effect on phagocytosis. Specific 
fixed cellular antibodies, antigen-antibody complexes, interferons, glass and 
plastic surfaces, lymphokines, and microorganism products such as the cell wall 
activate macrophages. (8,15)

The factors that can cause defective phagocytosis are as follows: (11,15)

1.  Opsonization insufficiency may occur due to a lack of antibodies and 
complement or against some special agents.



74    REVIEWS IN MEDICAL AND HEALTH SCIENCE

2. Defective lysosomal granulation occurs in Cheidiak-Higashi syndrome 
and can also be seen due to drugs such as steroids.

3. Defective intracellular microbicidal activity can be observed due to genetic 
defects, such as chronic granulomatous disease or steroid-type drugs.

4. Decrease in phagocytic cells: It can be observed in congenital neutropenia, 
severe infection, chemicals and drug-induced leukopenia due to 
autoantibodies to leukocyte antigens, and bone marrow dysfunction due to 
causes such as sepsis and leukemia.

2.2 Adaptive Immune System

Lymphocytes are the primary cells of the adaptive immune system, produced in 
the bone marrow and located in the lymph node. They remember and recognize 
previous invaders. Some lymphocytes stay in the marrow and develop into 
B lymphocytes (B-cells); some are transferred to the thymus and become T 
lymphocytes (T-cells). B-cells produce antibodies and alert the T-cells that 
destroy compromised cells and alert other leukocytes. (9)

When a foreign antigen enters the body, it encounters the macrophage 
and is phagocytized and transported to the lymph node. Here, macrophages 
stimulate T-cells and introduce antigens through complex cellular mechanisms 
and special mediators. There are three types of T-cells: helper, suppressor, 
and natural killer (NK). Of these, NK T lymphocytes can destroy some tumor 
targets. In addition, NK T-cells and cytotoxic T-cells are also crucial for 
antiviral immunity; they kill virus-infected cells. T lymphocytes also have roles 
in cellular reactions. (16)

This adaptive immunity system primarily consists of antigen-specific 
reactions against pathogens with T and B lymphocytes having memory but 
is not immediate. Adaptive immunity occurs when many different types 
of cells involved in protecting the organism work in harmony. T and B 
lymphocytes and mononuclear phagocytes constantly circulate in a pool of 
lymphocytes, monocytes, bone marrow cells, and lymphatic tissue (lymph 
nodes, spleen, Payer plaques, and thymus). Plasmocytes are formed by the 
differentiation of B lymphocytes and are responsible for the humoral type of 
immune response. (9) 

2.2.1 Antibodies

In addition to their primary function, T-cells also stimulate B-cells to differentiate. 
When B-cells are stimulated, B-memory cells that recognize the antigen and last 



MACROLIDE ANTIBIOTICS AND THE IMMUNE SySTEM . . .     75

a long time develop. On the other hand, some B-cells become plasma cells and 
begin to synthesize specific antibodies. (8,12). 

Specific antibodies are divided into five isotypes as; IgG, IgA, IgM, IgD, 
and IgE. Antibodies are produced when an antigen is first encountered, especially 
the IgM class. Then, IgG production is accelerated, and antibodies with high 
titer and high antigenic binding ability are synthesized. IgA, contained in the 
body’s secretions, prevents microorganisms and antigens from clinging to the 
mucous barriers and destroying them. IgM and IgG can neutralize the ability of 
viruses to infect and dissolve bacteria by complement fixation. (10,12,15) On the 
surface of mononuclear phagocytes, neutrophils, and some lymphocytes, there 
are receptors for the Fc part of IgG and/or the third component of complement. 
Thus, IgG antibodies or complement can bind to bacteria, opsonizing them and 
facilitating phagocytosis. (12,13)

Mast cells and basophils are few but are involved in severe immunological 
reactions. Mast cells and basophils contain trypsin, chymotrypsin, and also 
receptors for IgE, which cause angioedema and anaphylaxis. Linking IgE with 
these receptors may also increase vascular permeability and bronchoconstriction. 
(15)

3. Macrolide Antibiotics

Macrolides are antibiotics belonging to the polyketide group of natural products. 
The name macrolide is derived from the distinctive macrocyclic lactone ring to 
which various deoxy sugars, most commonly cladinose and desosamine, are 
attached. (17,18) (Figure 2) Macrolide antibiotics began to be widely used in the 
clinic for the upper respiratory tract, skin, and soft tissue infections in the 1950s 
with the discovery of erythromycin. (19,20) Other antibiotics in this group are 
clarithromycin, roxithromycin, dirithromycin, oleandomycin (veterinary drug), 
azithromycin, tulathromycin (veterinary drug), josamycin, and spiramycin. 
Clarithromycin and azithromycin are widely used for their more advanced 
pharmacokinetic properties, wider spectrum of action, and fewer gastrointestinal 
side effects. (20)
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Figure 2: Molecular structure of erythromycin

Macrolides contain a macrocyclic lactone (aglycone) ring and one or two 
associated deoxyribose radicals in the chemical structure. The lactone ring 
consists of 12, 14, or 16 atoms, one of which is oxygen, and the others are 
carbon. In erythromycin, the ring has 14 members. (18)

Macrolide antibiotics show their antimicrobial effect by reversibly binding 
to the 50S subunit of the bacterial ribosome. This interaction inhibits protein 
synthesis by targeting the nascent peptide exit tunnel (NPET), preventing the 
passage of synthesized protein. (19-21) Although macrolides do not taper the 
synthesis of all proteins, some subsets of proteins continue to be translated. 
(22,23)

Macrolide antibiotics have some advantages over other groups in treating 
bacterial infections. They have potent activity against obligate and facultative 
intracellular pathogens. All macrolide antibiotics are poorly soluble in water 
and have a weak base property. In addition, another characteristic feature is 
that they penetrate the acidic environment in macrophages and PMNLs. (24,25) 
Except for roxithromycin, the activity of all macrolide antibiotics increases in 
vivo, compared to in vitro studies. It has been stated that the absence of this 
condition in roxithromycin may be due to high protein binding. The interaction 
between serum and macrolides is not a pH effect because, under controlled pH 
conditions, the bactericidal rate of azithromycin increases in the presence of 
serum. (26) While macrolides exert a synergistic effect with serum, many other 
groups of antibiotics are inactivated or unaffected in the presence of serum. 
Azithromycin is the most effective in vivo condition among macrolides. (22,26)
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3.1 Macrolides and the Immune System

Immunity is the primary system in the fight against infections, even if appropriate 
antibiotics are given. (26) Antibody-dependent opsonophagocytosis is the main 
defense against bacterial infection. Moreover, it is increasingly recognized that 
T-cell-dependent factors are intertwined parts of the bacterial defense system. 
However, most early studies on the immune system’s interaction with antibiotics 
were limited to the analysis of classical antibacterial defense, such as antibody 
complement and opsonophagocytosis-killing.

New macrolide antibiotics have caused renewed interest in immunity-
antibiotic interactions. It is observed that this group of antibiotics has 
synergy with antibacterial defense components of the host. (25,27) The 
immunomodulatory properties were first described by Kudoh et al. in 1987. 
(28) The effects of macrolide on immunity, humoral (antibody/complement) 
components, phagocytic uptake, and intracellular killing are now better known. 

Macrolides also have pathogen-directed anti-inflammatory effects 
and inhibit the immune system’s pro-inflammatory activity. (18) The 
immunomodulatory effects of macrolides were first suspected during testing 
when it was noticed that macrolides were found to be more effective in vivo 
rather than in vitro. (12) This discovery became the basis for investigating the 
relationship of macrolides with the immune system. 

Immunomodulatory properties of macrolide antibiotics have been 
investigated most widely in pulmonary diseases. Studies have shown that 
macrolides mitigate the migration of leucocytes into the lung tissue by reducing 
chemokine and adhesion molecule production. (29,30)

Figure 3: Interaction of macrolide antibiotics with immune cells
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3.1.1 Macrolides and Innate Immunity

The anti-inflammatory potency of macrolides is achieved by modulating the 
pro-inflammatory activity of neutrophils. (31) Macrolides are also involved 
in modulating neutrophil functions such as phagocytosis, degranulation, and 
formation of neutrophil extracellular traps (NETs). (32) NETosis is the process 
where web-like structures released by neutrophils entrap bacteria but also cause 
significant tissue damage. (33) Recent research has demonstrated that long-term 
use of macrolides suppresses the production of NETs in human lung tissue and 
sputum. (34-36) Macrolide antibiotics increase the phagocytosis (engulfment) 
and intracellular killing of bacteria. It has been shown that the pre-incubation of 
S. Pyogenes with erythromycin increases its phagocytic uptake. (26)

3.1.1.1 Transport of Macrolide Antibiotics by Phagocytes: Uptake by PMNLS 
and Intracellular Concentrations 

Studies show that tissue concentrations of macrolides exceed blood 
concentrations. Azithromycin and newer macrolides reach a very high tissue 
concentration after a transient vascular phase. There is evidence that macrolide 
antibiotics are concentrated in the area of infection with their transport to the site 
of infection and their involvement in tissues. (13,25,37) The explanation for the 
superior clinical efficacy can be entirely by the distribution of the drug and the 
orientation of the drug to the areas of infection. Particularly motile phagocytes, 
such as PMNLs, aggregate at the site of infection. The transport and release of 
antimicrobial agents to these sites by PMNLs is important for the therapeutic 
approach. (38,39) The transport of antibiotics by phagocytosing cells provides 
some advantages; compared to systemic circulation, it is ensured that the drug 
reaches high concentrations locally (for example, in the cerebrospinal fluid). 
While PMNLs can cross the blood-brain barrier, some antibiotics cannot cross 
it. (39)

Azithromycin has been shown to penetrate fibroblasts as well as phagocytic 
cells. (17,25,40) Azithromycin is transported to the site of infection by direct 
uptake by tissues (partially by fibroblasts) or transported and released from the 
blood, interstitial fluid, and/or directly from fibroblasts by phagocytic cells to 
the site of infection. (17) These direct transport mechanisms have also been 
determined by various in vivo studies. In humans, achieving high (23mg/L) 
concentrations in alveolar macrophages following oral single-dose 500mg 
azithromycin administration and reaching 45mg/L concentrations in leukocytes 
following a 3-day 500mg/day dose of azithromycin support this transport 



MACROLIDE ANTIBIOTICS AND THE IMMUNE SySTEM . . .     79

mechanism. (14) Various levels of azithromycin concentrations have been 
shown to be higher in infected skin and lung tissue than in the same tissues in 
uninfected animals. (25) In addition, the contribution of azithromycin to the 
killing power of phagocytic cells against microorganisms such as S. Aureus, L. 
Pneumophilia, and H. influenza has been demonstrated in vitro. (17)

3.1.1.2 Interaction with Phagocytic Functions and Phagocytosis

During an infection, antibiotics’ modulation of phagocytic function is important 
without disrupting the bactericidal functions of phagocytes. (13,41,42) It has 
been shown that most antibiotics have different (inhibitory and stimulating) 
effects on phagocytic cell functions. (13,26,42) Pre-incubation methods were 
used to investigate antibiotics’ destructive impact on bacteria and whether they 
make bacteria more susceptible to phagocytic killing. Thus, an environment 
similar to encountering bacteria with antibiotics before phagocytosis is 
experimentally created under in vitro conditions. As a result, it is possible to 
determine the phagocytic uptake of antibiotics and how much they affect the 
intracellular killing of bacteria. (26) Macrolides increase the phagocytic capacity 
of macrophages in vitro. (43) Macrolides also increase bacterial phagocytosis 
and efferocytosis. (44) Although macrolides have been reported to increase 
PMNL phagocytosis and bactericidal function in vivo; the results may vary 
depending on the pathogen. High concentrations of josamycin, erythromycin, 
spiramycin, and roxithromycin increase the phagocytosis of C. Albicans. 
While roxithromycin, josamycin, and erythromycin increase the phagocytosis 
of L. monocytogenes and S. aureus, azithromycin facilitates the killing of C. 
trachomatis by PMNLs. (40,42,45)

The use of a single dose of 500 mg of erythromycin resulted in increased 
PMNL chemotaxis. Five-day erythromycin treatment increased PMNL 
chemotaxis in 6 patients with a history of recurrent bacterial infections and 
persistent abnormal chemotaxis. (42) In another study, PMNL chemotaxis and 
oxidative metabolisms were induced 90 minutes after the first dose in patients 
given 250 mg of roxithromycin for two days, but the impact of PMNL function 
on day 8 varied between patients. On the other hand, bactericidal activity against 
S. aureus and P. aeruginosa increased significantly. (14)

The factors responsible for the release of antibiotics in phagocytes are 
not fully known. The most significant probability is that phagocytes will die 
in the area of inflammation. Degranulation of PMNLs during ingestion of the 
microorganism can cause the release of concentrated agents in lysosomes. 
(39,41) In studies conducted on human monocytes, it has been reported that 
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β-lactams are not able to penetrate these cells, the intracellular/extracellular 
(C/E) concentration ratios of chloramphenicol and trimethoprim are about 3/1, 
and C/E levels of macrolide antibiotics vary between 5-14/1. (39)

There is controversy on the effect of macrolides on reactive oxygen 
species (ROS) production. While generally, in vitro studies failed to show 
that macrolides affect ROS production, high concentrations of azithromycin 
significantly inhibited ROS production in human neutrophils. (34) In another 
study, it was found that josamycin and erythromycin interact synergistically 
with superoxide anion-producing systems in the phagolysosome. (45) In vitro 
studies with erythromycin, roxithromycin, azithromycin, and clarithromycin 
have shown that macrolides promote neutrophil degranulation which may 
enhance the killing of bacteria but have the potential for tissue injury. (41)

The therapeutic benefits of macrolides are partially due to the shortening 
of the life span of neutrophils by inducing apoptosis. (32) In addition, an 
increase in neutrophil apoptosis reduces the release of inflammatory mediators, 
and increased efferocytosis contributes to macrolides’ immunomodulatory 
effects. (46)

3.1.2 Macrolides and Adaptive Immunity

In vitro evidence shows that macrolides shift dendritic cells towards a phenotype 
capable of producing immunologic tolerance (tolerogenic phenotype). (47-49) For 
example, in a study on murine bone marrow-derived dendritic cells (mBMDCs) 
clarithromycin significantly increased IL-6 d IL-10, and azithromycin increased 
IL-10 production. (50)

T-cells functions are regulated by macrolides directly via dendritic cells. 
Regulatory T-cells (Tregs) are specialized to suppress the immune response. 
Macrolides induce tolerogenic dendritic cells to form anti-inflammatory Treg 
cells. (49)

High concentrations of macrolides reduce lymphocyte numbers by 
increasing apoptosis of activated T-cells, while low-dose macrolides may be 
effective in increasing apoptosis of CD8 T-cells. (51)

3.1.2.1 Effects on Cytokines 

According to previous studies, macrolides directly suppress cytokine production 
of T-cells. Research has revealed that azithromycin dose-dependently decreases 
IL-17 production cells, indicating that macrolides directly affect cytokine 
production by T-cells. (52) 
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Macrolides also modulate other cytokines produced by macrophages. 
(30,37) There are two macrophage phenotypes: pro-inflammatory (M1) and 
anti-inflammatory (M2). Macrolides constantly direct the M1 cells to change to 
M2 phenotype in vitro; as a result, the cytokine production of the macrophage 
changes. Furthermore, macrolides increase the expression of M2-related 
molecules, including arginase and the anti-inflammatory cytokine IL-10, while 
reducing the levels of IL-12 and other pro-inflammatory molecules. (35,53) 

There are still open questions on the effects of macrolides on adaptive 
immunity. While there is consistent evidence about the induction of tolerogenic 
DCs by macrolides, there are still inconclusive and conflicting studies on T-cell 
function. (46)

4. The Synergy Between Bactericidal Systems, Immunity, and 
Macrolides

The in vivo activities of macrolides is greater than expected based on in vitro 
tests and pharmacokinetic properties. (26) This has been the justification 
for investigating the relationship of macrolides with the immune system. 
Intracellular bioactivities of macrolides depend on their localization and 
intracellular pharmacokinetics, and intracellular concentration. (13,39,54) This 
is related to the fact that the pathogen can be found in different intracellular 
compartments such as phagosome, cytoplasm, and phagolysosome, and that 
the binding of the antibiotic to cellular structures, acidic pH, or inactivation by 
lysosomal enzymes are important. Moreover, interactions (including pathogen, 
enzymes, and oxygen products) can occur inside phagocytic vacuoles. This last 
point is important in the resulting bacteriostatic or bactericidal effect. (13,42) 
At high concentrations, macrolides may modify the bactericidal mechanisms of 
phagocytes, or macrolides may be modified by intraphagolysosomal structures. 
Meanwhile, pathogens modified by the bactericidal systems of PMNLs may 
show varying susceptibility to macrolides. However, as previously observed 
with roxithromycin, there is a marked interindividual variation in susceptibility 
to drug-induced effects. Gender, age, and racial differences are factors known 
to contribute to the diversity of PMNL function. Chronobiologically dependent 
versions of immune responses are also shown. Presumably, PMNL activity also 
changes with the circadian rhythm. Polymorphism of phagocyte receptors and 
enzymes may explain these variations and the particular susceptibility of some 
individuals to infectious diseases. Overall, data support the hypothesis that 
macrolides increase the level of PMNL activation. Although the oxidative burst 
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of PMNL is reduced by some macrolides, there is no decrease in bactericidal 
activity. (25,42,45,55)

The transport of antimicrobial agents by phagocytic cells and their release at 
the focus of infection are important in terms of their interactions with these cells 
and the immune system. Now we know that macrolide antibiotics accumulate in 
organs or cells, and this effect prolongs the bioactivity of this group of antibiotics 
even when the concentration in plasma is below what is considered adequate 
for a therapeutic effect; it may be possible to cultivate PMNLs from the sick 
host and incubate with high concentrations of antimicrobial agents in vitro so 
that the PMNLs will concentrate at the focus of infection. The possibility of 
concentrating antimicrobial agents in the focus of infection continues to be an 
interesting and open subject for research in treatment approaches.
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1. Introduction

Nutrigenomics is a multidisciplinary field of research that studies 
the molecular relationships between food stimuli and the response 
of genes. Nutrigenomics helps identify genes that influence the 

occurrence of dietary-related diseases, unravel the mechanisms underlying 
these genetic predispositions, and identify personalized dietary patterns 
that determine genetically-specific nutritional requirements. It does this by 
examining the interactions of bioactive nutritional components with genes and 
their effects on transcription factors, protein expression, and metabolic profile. 
Recently, the development of -omics technologies has also expanded the fields 
of nutrigenomics studies. (1,2)

The human genome consists of 46 chromosomes and 25,000 genes. These 
genes encode proteins such as receptors, enzymes, and transporters involved 
in many cellular processes. There are individual variations between DNA 
sequences. When these genetic variations occur at a frequency of 1%, they 
are called polymorphisms. Single nucleotide polymorphisms (SNPs) are the 
most common genetic variations. It constitutes about 90% of all human genetic 
diversity and is responsible for individual changes. SNPs can alter dietary 
metabolic responses and cause disease to occur. Many SNPs are known to affect 
nutrition-related chronic diseases. (3)
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There are genes that increase the risk of developing diseases such as 
cancer, diabetes, cardiovascular diseases and osteoporosis. The effects of these 
genes can be modified by bioactive components in foods and may influence 
the onset of disease. These nutrients alter the cellular processes associated 
with the formation of metabolites necessary to maintain health and prevent 
the onset of chronic diseases. High-throughput omics technologies reveal the 
relationship between diet and disease by examining the interaction of bioactive 
nutrient components with the genome at the cellular and molecular level. Omics 
technologies help identify and quantify each type of molecule and measure the 
myriad variations in DNA. (4)

Genome studies and candidate gene association studies are used to determine 
the genetic basis of cardiovascular diseases. Candidate gene association studies 
identify genes that affect a particular trait, such as high LDL cholesterol or 
low HDL cholesterol. Omic-based nutrition studies may enable the creation of 
personalized nutrition programs to prevent cardiovascular diseases according to 
dietary factors and/or biomarkers associated with specific nutrients. (5,6)

1.1.  Cardiovascular Diseases

CVD, which is defined as diseases that mainly affect the heart and blood 
vessels; includes coronary heart disease, cerebrovascular disease, hypertension, 
peripheral artery disease, congenital heart disease, heart failure and rheumatism. 
While gender, age, and genetics are invariant risk factors for cardiovascular 
diseases, modifiable risk factors play a more important role in the occurrence 
and progression of the disease. (7) The results of the Framingham Study showed 
that a family history of CVD was associated with a greater than 2.2–2.4 times 
increased risk of the disease. (8)

Modifiable risk factors include hyperlipidemia, obesity, diabetes, and 
smoking. One of these important risk factors is high cholesterol levels in the 
blood. HDL and LDL cholesterol are two types of cholesterol called good and 
bad cholesterol respectively. Under favorable conditions, LDL cholesterol sticks 
to the walls of the arteries, narrowing them and causing blood to clot. When the 
clot narrows and blocks the artery, it can cause a heart attack or stroke. HDL 
cholesterol clears lipids from the body and sends them back to the liver. High 
HDL cholesterol concentration prevents the accumulation of fat in the arteries. 
Thus, a higher HDL level than LDL protects against heart disease. (4) Identifying 
the relationship between specific genetic polymorphisms and diet and CVD risk 
can help provide genotype-specific personalized dietary counseling/guidance.
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1.2.  Nutrigenomic Approaches to Cardiovascular Diseases

1.2.1. CRP

C-reactive protein (CRP) is the most common biomarker of low-grade systemic 
inflammation and is associated with atherosclerosis risk. People with a basal 
CRP concentration of >3 mg/L have a higher risk of experiencing cardiovascular 
problems. Circulating CRP concentrations can be affected by demographic 
factors (age, gender, and ethnicity) as well as environmental factors (diet, 
alcohol, smoking, socioeconomic status). (9) In a cross-sectional study 
conducted in the USA with four different populations, the familial clustering 
of three systemic inflammation markers (CRP, white blood cell count (WBC) 
and albumin) was investigated. In addition to CRP levels, it has been shown 
that there is a significant heritability between 35% and 40% for WBC and 
albumin levels. (10) In addition, interactions have been observed between CRP 
single-nucleotide polymorphisms and dietary intake that affect circulating CRP 
concentrations. (11) The CRP rs1205 T>C SNP has been associated with higher 
blood CRP levels in many populations. (12) After 12 months of Mediterranean 
diet intervention in metabolic syndrome patients in Spain, only GG homozygotes 
showed a decrease in plasma CRP concentration. (13) In a study of Canadian 
adults, a similar decrease in plasma CRP concentration was observed in GG 
carriers after 6 weeks of fish oil supplementation. (14)

An inverse relationship has been established between dietary factors, 
vitamin D and CRP. (15) High dietary intake of saturated fat or trans fats was 
associated with increased CRP concentrations, while high omega-3 fatty acid 
intake was associated with lower CRP concentrations. These studies suggest 
that dietary modifications may affect CRP concentrations associated with CRP 
genotypes, while personalized diets based on CRP genotypes may reduce the 
risk of inflammation and atherosclerosis. (16)

1.2.2. 5-Lipoxygenase

5-Lipooxygenase (5-LO) is the enzyme responsible for the production of 
proinflammatory leukotrienes from arachidonic acid (AA). It has been shown that 
gene-diet interactions associated with 5-LO increase inflammation by causing 
atherosclerosis in the subpopulation carrying the 5-LO allelic variant of n-6 
fatty acids, while n-3 fatty acids have the opposite effect. In a study conducted 
in the USA, it was determined that higher dietary intake of arachidonic acid 
and linoleic acid significantly increased the atherogenic effect of the variant 
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genotype. However, increased n-3 fatty acid intake reduced this effect. (17) In 
the study of Allayee et al. with 1885 individuals, the risk of MI was found to be 
higher in 5-LO alleles with high dietary AA intake. These genetic variants result 
in higher 5-LO expression and have been reported to increase the risk of CVD 
or MI in the presence of a diet high in arachidonic acid. (18)

1.2.3. PPAR gene

Other genes associated with CVD development are the family of PPARs 
(peroxisome proliferator-activated receptor). PPARs are known as key regulators 
of gene-diet interaction as they are involved in the regulation of glucose and lipid 
metabolism, adipocyte differentiation and inflammatory response. They play an 
important role in lipid metabolism and fatty acid oxidation by binding to lipids 
and their metabolites, regulating gene expression related to lipid metabolism. 
PUFAs bind to PPARs and cause changes in gene expression related to lipid 
metabolism. (19)

The most important form associated with CVDs is PPAR-γ2. In a study 
examining the effects of a 2-year dietary intervention on adiposity in patients 
with high CVD risk due to the Pro12Ala polymorphism of the PPAR-γ2 gene, 
774 individuals with high CVD risk were given a Mediterranean diet and a low-
fat diet and followed for 2 years. Carriers of the 12Ala allele on a low-fat diet 
had a statistically higher change in waist circumference. This adverse effect 
was not observed among 12Ala carriers in both Mediterranean diet groups. 
The Mediterranean diet has been reported to reduce waist circumference in 
individuals at high CVD risk and reverse the negative effect of the 12Ala allele 
carriers of the PPAR-γ2 gene. (20)

To examine the effects of the Dietary Approaches to Stop Hypertension 
(DASH) diet on PPAR-γ gene expression, 44 female participants aged 20-50 
years at risk for CVD (BMI > 25 kg/m2 and low physical activity) had regular 
regular diets with healthy dietary recommendations for 12 weeks. followed a 
diet (n = 22) or a DASH (n = 22) diet. At the end of the study, it was shown 
that the DASH diet significantly reduced the expression of PPAR-γ (p=0.004). 
(21) Fourteen SNPs were studied in 161 volunteers who consumed 500 mL/
day of skimmed or semi-skimmed milk for 12 months in addition to their daily 
diet. A TT genotype for the PPAR rs135549 polymorphism was associated with 
reductions in total cholesterol/HDL and LDL/HDL ratios after 12 months of 
skim milk intake. However, no difference was observed in C allele carriers after 
milk consumption. It has been stated that genetic analysis of PPARA rs135549 
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can help identify individuals who are more likely to benefit from low saturated 
fat diets. (22)

1.2.4. MTHFR

The 5-10-Methylene tetrahydrofolate reductase (MTHFR) gene is located on 
the short arm of chromosome 1 and catalyzes the reduction of 5,10 methylene 
tetrahydrofolate (THF) to 5-methyltetrahydrofolate. It encodes the enzyme 
MTHFR, which is important in folate and homocysteine   metabolism. The 
decrease in the activity of this enzyme causes an increase in the plasma 
concentration of homocysteine   (HCy), resulting in a risk of venous or arterial 
thrombosis and thus cardiovascular risk. (19)

At 677 base pairs of the 5-10-Methylene tetrahydrofolate reductase 
gene, most individuals have a cytosine (C) nucleotide. Some individuals have 
thymine (T) at this position in the MTHFR gene. Individuals homozygous for 
the T variation have less methionine and may have hyperhomocysteinemia 
when the diet is low in folic acid. It is known that high homocysteine   plasma 
levels increase the risk of CVD. When supplemented with folic acid, T/T 
homozygotes can metabolize excess homocysteine   and normalize methionine 
levels. (23) Randomized studies in hypertensive patients (with and without 
CVD) show that targeted riboflavin supplementation in homozygous individuals 
(MTHFR 677TT genotype) reduces systolic blood pressure by 6 to 13 mmHg, 
independent of the effect of antihypertensive drugs. It has been reported that 
riboflavin supplementation for hypertensive patients may offer a drug-free 
treatment to effectively lower blood pressure in individuals identified with the 
MTHFR 677TT genotype. (24)

Although MTHFR polymorphisms are generally studied in relation to 
homocysteine   levels, they have also been associated with increased oxidation 
of LDL. The diet-gene interaction of the Mediterranean diet and the MTHFR 
C677T mutation was examined in 574 men and women, and adherence to the 
Mediterranean diet was found to be inversely related to LDL oxidation levels. 
While adding genotype to the analysis, it was found that adherence to diet was 
associated with lower LDL oxidation only in variant alleles, but not in individuals 
with homozygous CC genotype. (25)

1.2.5 Apolipoprotein A-I

Apolipoprotein A-1 (APOA1) is the largest structural protein component of 
HDL. HDL is produced by the liver and intestine and is responsible for the 
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transport of cholesterol from peripheral tissues to the liver through a series of 
complex interactions with other lipoproteins, enzymes, transfer proteins and 
receptors. One way diet can affect APOA1 gene expression is through dietary 
intake of essential fatty acids, also called omega-3 and omega-6 fatty acids. The 
APOA1 gene, located on chromosome 11, contains the nucleotide guanine (G) 
or adenine (A) at position 75 in the promoter region of the gene. A shift from 
AG to A in the promoter of the APOA1 gene has been associated with increased 
HDL cholesterol concentration. (26)

In a weight loss study conducted by Abdullah et al. in 82 obese patients, 
it was shown that GG genotype carriers in APOA1 had lower serum HDL 
cholesterol concentrations than A allele carriers both at baseline and after 12 
weeks of hypocaloric diet (500 kcal/g) administration. (27) Ordovas et al. 
observed a significant interaction of HDL cholesterol concentration between 
APOA1 genotype and polyunsaturated fatty acid (PUFA) intake in 755 men and 
822 women in the Framingham Study. (28) In women carrying the A allele, HDL 
cholesterol concentrations increased significantly with increasing PUFA intake, 
and in women carrying the G allele, HDL cholesterol concentrations decreased 
as PUFA intake increased. In men, PUFA intake had no significant effect on 
HDL cholesterol or APOA1 concentrations. It has been reported that women 
who are carriers of the A allele can increase their PUFA intake to increase HDL 
cholesterol concentrations and reduce the risk of CVD.

1.2.6. Apolipoprotein E

Apolipoprotein E (APOE) is a multifunctional protein that plays a key role in 
the metabolism of plasma lipids and is found on the surface of triglyceride-
rich lipoproteins. Three common APOE alleles (E2, E3, and E4) and many rare 
mutations have been identified. The frequencies of these variants differ between 
populations. (29) The E3 allele is the most common and the E4 isoform is the 
most atherogenic. Individuals carrying the E4 allele have higher LDL cholesterol 
levels with increased dietary fat intake compared to those carrying the E1, E2, 
and E3 alleles. Persons carrying the E2 allele have lower cholesterol levels than 
those carrying the most common E3 genotype. (7,30)

In a study conducted by Atilla et al. with 199 people, it was concluded 
that the frequency of E4 allele is significantly higher in coronary artery disease 
(CAD) patients, therefore, the APO-E4 polymorphism is associated with the 
development of CAD in southern Turkey. (31) In a study testing National 
Cholesterol Education Program (NCEP) recommendations in those with APOE 
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genotypes, men with the E4 allele given a low saturated fat diet had significantly 
greater LDL cholesterol levels than those with the E3 allele. (32) In another 
study examining the HDL cholesterol response of carbohydrate intake by APOE 
genotype and gender, HDL cholesterol was found to decrease with increasing 
carbohydrate intake in men, regardless of APOE genotype. However, female 
participants with only the E4 allele had reduced HDL cholesterol under similar 
conditions. These results provide a possible mechanism to explain the frequently 
observed gender differences in HDL cholesterol levels. (33)

A study examining the effect of quercetin supplementation in a cohort of 
overweight and obese individuals with metabolic syndrome showed a significant 
reduction in HDL in a subset of patients with the APO-E4 polymorphism, unlike 
APO-E3 carriers. (34) In another study by yang et al., It found that APO-E3 
and APO-E4 genotypes were significantly associated with a higher risk of acute 
myocardial infarction (MI) in patients on a high saturated fatty acids (>10%) 
diet compared with APO-E2 carriers. (35)

2.  Conclusion 

Nutrigenomics is the study of the effect of dietary bioactive components on 
the genome to alter gene expression and ultimately phenotype. The aim is to 
achieve more effective individual dietary intervention strategies aimed at 
preventing disease, improving quality of life and healthy aging. Genetics has 
an important role in the emergence of diseases. Because many genes and their 
variants can affect CVD risk in different ways. Genetic variations interact with 
the environment and specific nutrient intake influences CVD risk. Current 
nutrigenomic studies have reached important results in the prevention and 
treatment of cardiovascular diseases. Current results show the effect of genotype 
on responsiveness to dietary factors or nutrients that may reduce CVD risk. These 
results will form the basis for increasing the consistency of future research. With 
adequate knowledge of the interaction between specific genetic polymorphisms 
and diet and CVD risk, it may be possible to provide individuals with dietary 
guidance tailored to their genotype.
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1. Introduction

According to the European Society of Clinical Nutrition and Metabolism 
(ESPEN); malnutrition can be defined as “the decrease in mental and 
physical functions and impaired clinical outcome from disease caused 

by the deterioration of body composition (decrease in lean tissue mass) and 
the body’s cell mass as a result of insufficient nutritional intake or unbalanced 
nutrition”. (1) Malnutrition is frequently observed in the hospitalized patients 
and associated with a decreased response to treatment, an increased length of 
hospital stay, morbidity, and mortality. Prevalence rates ranging between 20% 
and 50% have been reported for malnutrition in the hospitalized patients. (2-4) 
The majority of these patients have malnutrition upon admission to the hospital 
that worsens further during the treatment period. Therefore, timely nutritional 
interventions are required to reduce the adverse effects of malnutrition. (5,6) 
The ESPEN guidelines recommend nutritional assessment using an appropriate 
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and validated assessment tool within 24-48 hours after initial admission and 
with regular intervals thereafter in the hospitalized patients. (1) More than thirty 
nutritional screening tools, each comprising different variables (i.e., involuntary 
weight loss, insufficient food intake), have been proposed in the literature to 
evaluate the risk of malnutrition. (7)

The loss of muscle mass is one of the distinctive characteristics of 
malnutrition. (8) Various methods are used to evaluate the loss of muscle mass 
in clinical practice, such as physical examination, bioelectrical impedance 
analysis and anthropometry. Anthropometry is regarded as an advantageous 
method in evaluating the loss of muscle mass because the accuracy of 
bioimpedance analysis is often affected by the confounding factors (i.e., 
edema, hypoalbuminemia) that are commonly observed in the clinical practice 
and that anthropometry provides more objective data compared to physical 
examination. (9) In clinical studies, the muscle mass losses are evaluated mainly 
by the measurement of the mid-upper arm circumference (MUAC); however, 
the MUAC is an indirect measure of the muscle mass due to the adjustments 
made for both subcutaneous fat tissue and bone area. (10) The Adductor pollicis 
muscle is the only muscle that can be measured directly using a caliper. (11) 
The aim of this study is to review the scientific findings about the efficacy of 
the measure of the Adductor pollicis muscle thickness (APMT) for nutritional 
assessment in hospitalized patients.  

2. The Evaluation Of The Loss Of Muscle Mass As A Criterion For 
Malnutrition

Malnutrition can be defined as a decline in physical and mental functions and 
worsening in clinical outcomes because of an impairment in body composition 
(decrease in lean body mass) and body mass index (BMI) caused by insufficiency 
in food intake and irregular eating habits. (1) The losses in the subcutaneous fat 
and muscle tissues in case of a disease or an injury are affected by an array of 
factors involving the duration of starvation and the body’s natural response to 
stress. (12) During the period of starvation, the body aims to protect the muscle 
mass and uses glycogen stores as the source of energy in the initial phases. With 
the consumption of glucose sources within the first 24 hours, the body starts 
using amino acids to produce energy, and glucose levels decrease, resulting 
in a decrease in insulin secretion and high glucagon levels in the circulation. 
The increased glucagon levels, together with decreased insulin levels, lead to 
the breakdown of adipocytes to free fatty acids and ketones. As a result of the 
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subsequent adaptation process, a decrease occurs in protein catabolism and 
hepatic gluconeogenesis in relation to a decrease in resting metabolic rate. (12)

On the other hand, the stress response is characterized by an accelerated 
loss of muscle mass due to an increased resting metabolic rate, negative 
nitrogen balance associated with a decrease in protein efficiency, and increased 
catabolism. (13) The inflammatory response is directed by a series of hormones 
and cellular mediators (cortisol, catecholamines, growth hormone) in relation to 
the severity of injury or disease. (14) The increased circulating levels of free fatty 
acids through lipolysis and ketone production resulting from the consumption of 
acute-phase protein in tissue repair and immunity response leads to a significant 
increase in resting energy consumption and gluconeogenesis. (12) Amino acids 
are transferred from the muscles to the liver for gluconeogenesis. (13) The liver 
shifts from producing serum albumin to producing positive acute phase reactants, 
a process sustaining until the stress has ceased. (13,14) Cytokines promote 
muscle loss, resulting in impairment in muscle contraction and functions by 
preventing the repair and synthesis of muscle tissue and inducing apoptosis. (12) 
These mechanisms substantially affect the skeletal muscle protein reserves and 
lead to the net loss of lean muscle mass. (13) Although nutrition has the potential 
of repairing the damage during stress and periods of inflammation, sufficient 
intake of proteins and energy does not entirely eliminate or restore the effects of 
pro-inflammatory response. (15)

The Academy of Nutrition and Dietetics and the American Association of 
Parenteral and Enteral Nutrition have stated that there exists no single parameter 
to evaluate adult malnutrition in clinical practice and recommended the use of 
at least two out of the following six characteristics for the diagnosis: inadequate 
energy intake, loss of muscle mass, weight loss, loss of subcutaneous fat tissue, 
edema, and decreased functioning (as measured by the handgrip strength) and 
the evaluation of the loss of muscle mass is among the criteria mentioned above. 
(16)

3. Adductor Pollicis Muscle Thickness As An Anthropometric 
Parameter

Various methods are used to evaluate nutritional status in the hospitalized patients 
such as diet history, physical examination, clinical history, body composition 
analysis and biochemical measurements, all of which have specific advantages, 
limitations and disadvantages. Anthropometric measurements are among 
the methods used to evaluate nutritional status. (17) People use their thumbs 



102    REVIEWS IN MEDICAL AND HEALTH SCIENCE

actively in most daily activities. The atrophy in Adductor pollicis muscle due to 
inactivity and the loss of muscle mass in a catabolic state is considered to reflect 
an individual’s condition. (18) It was reported that this muscle could indicate 
changes in muscle composition, including changes caused by poor nutritional 
status and early changes related to the improvement in nutritional status. (10) 
Adductor pollicis muscle has a well-defined anatomical location, contains almost 
no fat tissue, and the thickness of this muscle can be measured directly without 
requiring calculations; the measurement of the APMT has the advantages of 
being rapid, easy-to-perform, and inexpensive, and the measurement can be 
performed both in an outpatient setting and in hospitalized patients. (11) The 
measurement is made by adipometer in the vertex of an imaginary triangle 
formed by 90 degrees’ extension of the thumb and the other fingers while the 
patient is in a sitting position with the arm placed on the femur at 90 degrees 
flexion and the hands released (Figure 1). (19)

Figure 1. Adductor Pollicis Muscle Thickness  
Measurement With An Adipometer.

After the development of a method by Edwards et al. (20) to test the functions of 
Adductor pollicis muscle, other researchers have started studying functional and 
morphological changes in this muscle in healthy adults, and an insufficient food 
intake was reported to cause a decrease in the strength and the relaxation rate 
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of the Adductor pollicis muscle, and exhaustion. (10,21) In a study on healthy 
adults conducted by Lameu et al. (10), the mean APMT was measured as 11.50 ± 
2.76 mm, the values being significantly higher in males (12.49 ± 2.85 mm) than 
in females (10.53 ± 2.29 mm). A positive correlation has been found between 
the APMT and MUAC, arm muscle area (AMA), and calf circumference while 
no significant relationship has been found with adipose tissue parameters. (10) 
In another study of a healthy adult population, a significant positive relationship 
was determined between APMT in both hands and the BMI and a weak but 
significant positive correlation with height and age. (11) 

There are studies in the literature evaluating the utility of the APMT as 
a parameter to evaluate nutritional status in the hospitalized patients. (22-30) 
In surgical patients, studies have demonstrated significant associations between 
APMT and BMI, (22-24) triceps skinfold thickness (TSFT), (22,24) MUAC, 
(22-24) calf circumference, (23,24) and Subjective Global Assessment scores 
(23,24) of the patients. Melo et al. (22) found no significant correlation between 
the APMT and AMA and MUAC. The researchers suggested that the lack of a 
change in the AMA and MUAC is an indicator of the preservation of muscle 
mass in the initial periods of malnutrition and that functional changes prevail 
anatomical changes in the case of malnutrition. Thus, the APMT can be used 
to evaluate nutritional status in the acute phase of malnutrition. In a study 
involving adult patients undergoing major gastrointestinal surgery, Bragagnolo 
et al. (24) reported that the relative risk of mortality in the postoperative period 
was increased by 25% in the patients with abnormal APMT. The researchers 
suggested that measuring the APMT is an effective method in evaluating 
nutritional status in surgical patients and that this measurement should be 
incorporated into the nutritional screening process of the hospitalized patients. 
(22-24) 

Other studies were performed with nephropathic, (25) and oncological 
(26) patients, a significant positive correlation was reported between APMT 
and anthropometric parameters such as BMI and AMA, (25,26) MUAC and 
body weight percentage, (25) arm muscle circumference, (26) and phase angle 
measurements. (25,26) Oliveria et al. (25) reported a 3.3-fold higher risk of 
hospitalization during a follow-up period of 12 months in the patients with 
abnormal APMT. Rosário et al. (26) found a positive correlation between 
the APMT and phase angle and standard phase angle and reported that this 
muscle’s thickness could be used as a prognostic marker in patients with heart 
failure.
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In studies examining the utility of the APMT in predicting nutritional 
status and clinical outcomes of the intensive care unit patients (27,28); a 
significant correlation was found between the APMT and all anthropometric 
parameters, (27,28) and the APMT showed high correlation with mortality and 
organ failure. (27,28) Ghorabi et al. (27) reported that the APMT showed the 
highest correlation with the length of intensive care unit stay compared to other 
anthropometric variables. In the study conducted by Caporossi et al., (28) the 
risk of death was eight times higher in the patients with The Acute Physiology 
and Chronic Health Evaluation (APACHE II) score higher than 20 and 6 times 
higher in the patients with abnormal APMT. The researchers reported that the 
APMT did not correlate with the length of intensive care unit stay but served 
as a good indicator of prognosis in critically ill patients and that it could be a 
valuable tool in predicting mortality in critically ill patients. (28)

In a study by Poziomyck et al. (29) evaluating the efficacy of APMT 
in predicting postoperative mortality in the patient with gastric cancer, the 
APMT in the dominant and non-dominant hands was found to be successful 
in predicting mortality, and a good correlation was reported with the Patient-
Generated Subjective Global Assessment scores and albumin levels. The 
researchers reported that the APMT, which is considered the gold standard 
method in most studies, correlates with nutritional parameters and predicts 
30-day mortality, which is considered a good marker of outcomes in clinical 
studies.

Vallandro et al. (19) carried out a research comparing anthropometric 
variables, Subjective Global Nutritional Assessment (SGNA) scores, Screening 
Tool for Risk of Impaired Nutritional Status and Growth (STRONGKids) 
scores, and APMT to evaluate nutritional status in the hospitalized pediatric 
patients. Their study found a significant negative correlation between the APMT 
and body fat tissue, body weight, height, and muscle reserves. They found a 
significant relationship with moderate-to-severe malnutrition (as assessed by 
SGNA), a high risk of malnutrition (as assessed by STRONGkids), and a low 
APMT. The length of hospital stay was longer in the patients with low APMT, 
and the researchers have suggested the APMT as an effective parameter in 
determining poor nutritional status in the hospitalized pediatric patients. In 
the study of Orucoglu et al. (30) found the same results; which presented a 
positive correlation between APMT and all anthropometric measurements of the 
patients. The longer hospital stay was observed in patients with reduced APMT, 
and there were also significant associations of severe malnutrition (assessed by 
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the SGNA) and high nutritional risk (assessed by the STRONGkids and PNRS) 
with reduced APMT. (30)

4. Conclusion

It is widely accepted that the APMT measurement has the advantages of being 
inexpensive, easy-to-perform, the muscle being at an anatomical localization 
that is easily accessible, and the direct measurement of the muscle thickness 
without necessitating the use of formulas. However, it must not be overlooked 
that the lack of a reference standard for different clinical settings, gender, and age 
groups may lead to results that do not reflect the patient’s actual nutritional status. 
The researchers must also be experienced and cautious about the calibration 
of the measurement devices considering the inter-observer variability in the 
measurement of skinfolds. Although the APMT may serve as an anthropometric 
variable reflecting the changes in the muscle mass related to poor nutritional 
status affecting most of the hospitalized patients, further studies are required 
to determine the cut-off points in different patient populations, age groups, and 
genders.
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1. Circulatory System
 The circulatory system consists of two parts.
a. Cardiovascular system

a.  It consists of heart and vessels. This system carries blood between the 
tissues and the heart bidirectionally.

b. Lymphatic system
a. It consists of spleen,
b. thymus,
c. thymus,
d. tonsils, 
e. lymph nodes and  nodules.

The task of this system is to collect the extracellular fluid lymph and return it to 
the cardiovascular system (1).

Minor Circulation (Pulmonary circulation)

The blood returning to the heart via the superior and inferior vena cava 
passes first to the right atrium and then to the right ventricle.  The blood 
is then pumped to the lungs via the pulmonary artery. After the blood is 

oxygenated in the lungs, it reaches the left atrium via the vena pulmonalis.  This 
circulation is called the minor circulation or pulmonary circulation (2).
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Major Circulation (Systemic circulation)

After the minor circulation, oxygenated blood enters the left atrium and then 
passes through the mitral valve to the left ventricle. The left ventricle pumps 
this blood into the aorta to supply all the tissues of the body. After supplying the 
tissues, oxygenated blood returns to the right atrium via veins (v. cava superior 
and inferior). This circulation is called the major circulation or the systemic 
circulation (2).

2. Anatomical Structure of the Heart

Heart is one of the vital organs of the circulatory system, which consists of heart 
muscle fibers and serves to pump blood, thus providing blood circulation. It 
is cone-shape, and the average weight of an adult human is 300 grams (g) in 
males and 250 g in females (3,4). The heart is anatomically located in the middle 
mediastinum, between the rib cage, vertebral column, diaphragm, and lungs (3,5). 

The heart has three anatomical faces;

a.  Obverse (facies sternocostalis); It is separated by the vertical 
atrioventricular groove. Its right side is formed by the right atrium, the left 
side by the left ventricle and part of the left auricula. On this face, the right 
ventricle and the left ventricle are separated from each other by the sulcus 
interventricularis anterior (6).

b.  Lower face (facies diaphragmatica); It consists of the right and left 
ventricles, separated from each other by the sulcus interventricularis 
posterior. A part of this face is the lower face of the right atrium, where the 
inferior vena cava drains (6).

c.  Base (basis cordis); (6). Basis cordis is located in the 2nd intercostal 
space behind the sternum (2,7).  The base of the heart faces right, back 
and upwards and is convex in structure. Great vessels and atria are located 
on this floor. The base of the heart also communicates with the posterior 
mediastinum organs (8).

Anatomically, apart from these three faces, it also has an apexcordis extending 
downward, anteriorly and to the left (6).  Apex cordis is notched in shape, 
and this notch is formed by the merging of the sulcus interventricularis on the 
anterior and lower faces with each other at the top. This notch divides the apex 
into two, and the right part belongs to the right ventricle, and the wider part to 
the left belongs to the left ventricle (8).
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Figure 1: The view of the anatomical neighborhood  
of the heart in the thoracic cavity (9).

Chambers of the Heart
The heart is divided into four chambers by a vertical chamber, and blood is 
pumped through these chambers.

1.  Left atrium
2.  Right atrium; located anterior to the left  atrium.
3.  Right ventricle; It is located in the anterior part of the left ventricle.
4.  Left ventricle (10).

Figure 2. Four chambers of the heart seen  
macroscopically in transversal section (9).
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3. Histology of the Heart

Heart skeleton is formed by four annulus fibrosus around the heart holes and 
the trigonum fibrosum dextrum and sinistrum between them (2). Heart walls are 
consisted of three layers: the pericardium (the outermost layer), myocardium (the 
middle layer, which is the muscle layer), and the endocardium (the innermost 
layer, which is the epithelial tissue layer) (6).

Figure 3. Cross-sectional view of the pericardium,  
myocardium and endocardium layers of the heart (10).

The pericardium layer, located on the outer surface of the heart, consists of 
two layers: outer fibrous (pericardium fibrosum) and inner serous (pericardium 
serosum) (2). It is located in the thoracic cavity and includes the points where 
the great vessels enter and exit the heart. It allows the heart to attach to the 
neighboring organs and diaphragm (8,11).  It consists of a single layer of 
squamous epithelium (mesothelium) and a thin connective tissue layer under 
this epithelium (12). 

1. Epicardium; It is the counterpart of the tunica adventitia in blood vessels. 
It is the visceral leaf of the pericardium, a double-leaf serous membrane 
surrounding the heart (9,12,13). This visceral layer consists of a single 
layer of mesothelium cells and the connective tissue and adipose tissue 
underlying these cells (10). 

 There is a pericardial space between the outer leaf called the parietal 
pericardium and the visceral pericardium (14).  A small amount of slippery 
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serous fluid in the pericardial cavity facilitates the movements of the heart 
by minimizing the friction of these two leaves during the contractions of 
the heart (9). 

2.  The middle layer of the heart is called the myocardium. This layer consists 
of cardiac muscle fibers and these fibers are also spiral and circular (10). 
Cardiac muscle fibers in this layer are connected to each other by connective 
tissue, forming bundles and forming layers in these bundles. The nerves of 
these fibers are supplied by the autonomic nervous system (2,8). 

 The myocardium layer is the thickest histological layer (9,12,13).  It 
corresponds to the tunica mediana in blood vessels (10,14,15). The 
cardiomyocyte cells that make up the myocardium, while performing 
the pumping activity of the heart, are also specialized to form the heart’s 
impulse-transmission system by making endocrine secretion (10). Muscle 
fibers are divided into three groups: fibers surrounding the atria, fibers 
surrounding the ventricles, and fasciculus atrioventricularis (Bundle of 
His) (2). The fibers surrounding the atrium are thinner than the fibers in 
the ventricular wall and consist of two layers with different alignment 
directions. The fibers surrounding the ventricles are thicker compared to 
the atrium layer and show a more complex arrangement (2).  Since there 
is a fibrous heart skeleton between the atrium and ventricles, the muscles 
surrounding them can contract separately. Each muscle fiber starts from 
the cardiac skeleton and extends in different directions to form three layers 
and ends again in the cardiac skeleton (2,8).

3. In the innermost part, there is the endocardium layer, which forms the 
heart valves. The endocardium is the epithelial tissue layer that covers the 
cavities of the heart (16). It consists of three layers: the endothelium in the 
inner part, the subendothelial (connective tissue layer) layer (consisting 
of smooth muscle cells and collagen fibers) and the subendocardial layer 
(consisting of collagens, elastic and smooth muscles) in the middle (2,15). 
It covers the inner surface of the heart cavities, papillary muscles, chordae 
tendineae and heart valves, pectinati muscles and trabecula carnea and has 
the appearance of a thin membrane (2,17).  The subendothelial layer in 
this layer is absent in the papillary muscles and chordae tendinea regions 
(10). Collagen fibers in the subendothelial layer prevent the heart from 
expanding too much by making it flat during diastole.  During diastole, the 
heart is restored to its original state with the help of elastic fibers (2).
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The endocardium layer, which corresponds to the tunica intima in blood 
vessels, is the innermost layer of the heart that provides blood contact (7,10). 
Its thickness varies between 20-500 microns. There are no blood vessels in the 
endocardium layer. Lympha tracts emerging from the myocardium layer provide 
nutrition to this layer by entering under the endothelium layer (8).

Heart valves consist of three layers.  These are;

a. Fibrosa layer: forms the center of the heart valves and contains irregular 
stretches of tight connective tissue from the skeleton of the heart. 

b. Spongiosa layer: loose connective tissue found in the atrial or blood vessel 
portion of each valve. It consists of loosely arranged collagen and elastic 
fibers.

c. The ventricularis layer is adjacent to the atrial or ventricular surface of each 
valve and is covered with endothelium. It consists of dense connective 
tissue containing a dense elastic fiber layer (11).

Figure 4. Purkinje fibers seen in the transversal section of the heart (10).  
Histological structure of the heart wall, E; Endothelium, EN; Endocardium, 

DB; Irregular Connective tissue, My; Myocardium (10)

4. Embryology of the Heart

The heart is the first organ to form during embryonic development (10). In the 
middle of the third week of embryonic development, the cardiovascular system 
begins to develop (18,19).
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The cardiovascular system develops from four structures.

1. Splanchnic mesoderm: the primordium of the heart develops.
2. Paraxial and lateral mesoderm
3. Pharyngeal mesoderm

5.  Neural crest cells (14).

The embryo, which can meet its nutritional needs by diffusion in the early stages 
of its development, grows rapidly after a short time and needs a system that 
can meet both its oxygen and nutrient needs.  In this case, the cardiovascular 
system begins to form, the first system that completes its development during 
embryonal development.

While heart cells originate from epiblasts lateral to the primitive line, cells 
that will form the caudal of the heart such as the right ventricle, left ventricle 
and sinus venosus begin to migrate. In the meantime, primitive blood cells and 
first blood vessels begin to differentiate into endothelial cells with the process of 
vasculogenesis from the blood islets (angiogenetic cell stacks) formed. All these 
cell groups come together to form a tube, and this tube is called the cardiogenic 
region. This region continues to develop by becoming the pericardial space in 
the following periods (19).

On the 19th day of the embryonic period, endocardial heart tubes begin 
to appear in the cardiogenic region. By the 20th day, the embryo begins to fold 
laterally, so that the two heart tubes converge and merge into a single tube to 
form the primitive heart tube.

The primitive heart tube was originally composed of endothelium only.  
On the 22 nd day of development, a thick layer of splanchnopleural mesoderm 
surrounds the heart tube and transforms into two new layers. The first of these 
forms the myocardium layer. The mesothelial cells above the myocardium 
differentiate to form the epicardium (visceral pericardium). Thus, the heart 
becomes a three-layered tube, called the endocardium, an endothelial layer 
lining its inner part, a primitive myocardium layer surrounding it from the 
outside, and the epicardium layer at the outermost. heartbeats start on 22 nd – 
23 rd days and blood flow starts in the 4th week (9,15). Afterwards, the second 
new layer, the cardiac gel layer, begins to develop. The cardiac gel layer, a thick, 
acellular matrix, is secreted by the developing myocardial cells and separates 
the myocardium from the endocardial tube.
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Figure 5. Schematic drawing showing the heart tube and heart tube layers 
formed as a result of the fusion of endocardial heart tubes (17).
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The term “theranostic”, which is formed by combining the words 
“Therapy” and “diagnostics”, is the combination of the diagnosis 
and treatment method in the disease management process in general 

terms (1-3). The term theranostic was first used by Funkhouser (4).  Although 
theranostic agents are mostly used in oncology, they are also used in the 
diagnosis and treatment of other diseases. The use of iodine-131 (I-131) in 
the diagnosis and treatment of both thyroid diseases and thyroid cancers is 
an example of the use of theranostics in cancer and non-cancer diseases. 
Theranostic approaches, created by combining diagnosis and treatment 
methods, combine the results obtained from the diagnosis with target-specific 
treatment and can be applied in a personalized medicine approach (Figure 
1). Theranostics aim to monitor the response of the patient to treatment, to 
increase drug efficacy and safety. Treatment management with theranostics 
is a combination of multidisciplinary disciplines such as pharmacogenomics, 
imaging, therapy and targeting (1,5).
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Figure 1. Theranostic Approaches

In theranostic approaches, a diagnostic test is used to determine whether a 
patient can benefit from a specific drug. For example, in the treatment of breast 
cancer, it is necessary to determine the expression status of human epidermal 
growth factor receptor-2 [human epidermal growth factor receptor-2 (HER2)] 
as a prerequisite for treatment with trastuzumab, and for this a diagnostic test 
is used (6). These diagnostic tests used can be done in the form of imaging 
studies.

Use of Formulations Developed for Diagnostic and Treatment Purposes in 
Different Imaging Methods

It covers a broad range of topics such as theranostics, personalized medicine, 
pharmacogenomics, and molecular imaging to develop effective new forms of 
targeted therapy that provide patients with an adequate benefit/risk ratio and to 
develop a better molecular understanding of how to optimize drug selection. 
Molecular imaging in theranostic systems serves the diagnostic part of the 
theranostics concept. The imaging component of an ideal theranostic system 
provides important information for the presence of biological targets to which 
the therapeutic is targeted and the anatomical location of these biological 
targets (7).
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Magnetic resonance imaging (MRI), optical imaging, computed 
tomography (CT), ultrasonography (USG), and nuclear medicine in theranostic 
systems [positron emission tomography (PET), single-photon emission 
computed tomography (SPECT”)] imaging methods such as imaging are used 
(Figure 2) (2). 

Figure 2. Imaging methods in theranostic systems.

Nuclear Medicine Theranostic Methods

PET/CT, SPECT/CT or planar imaging+SPECT are used in imaging as 
radionuclide-based imaging methodsThe basis of these methods is γ-ray 
emissions. PET and SPECT use radiopharmaceuticals that can be viewed by 
a camera. SPECT and PET images are obtained over a low background signal 
(8). PET is 10 times more sensitive than SPECT, but it is considered more 
advantageous than PET because it enables simultaneous imaging of different 
radionuclides in SPECT (8).

PET and SPECT imaging methods provide an opportunity to produce 
new diagnostic and therapeutic radiopharmaceuticals by contributing to the 
development of new nanoparticle drug systems. Diagnosis (imaging methods) 
and treatment (delivery of drugs or beta-emitting radionuclides) can be performed 
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using the same biological and pharmacological mechanisms as a multifunctional 
and nanoscale drug dosing system (9).

For imaging purposes, positron emitters with short half-lives such as 
gallium-68 (Ga-68) and fluorine-18 (F-18) are well suited for labeling drugs 
with fast dispersion kinetics. The short half-life of radiopharmaceuticals reduces 
radiation exposure. For other vectors, such as antibodies, that reach their targets 
more slowly, radionuclides with longer half-lives such as copper-64 (Cu-64), 
scandium-44, zirconium-89 (Zr-89) are needed. Also, pairs of β+/β− isotopes 
such as Cu-64/Cu-67 are of particular interest for diagnostic/therapeutic 
radiopharmaceuticals. For therapeutic targets, the size of the targeted tumor 
should match the penetration path length of the radioactive emission (10). Some 
studies on the use of Theranostic in SPECT and PET methods are summarized 
below.

In a study by Kotzerke et al., a Ga-68 labeled aerosol (Galligas®, 
Cyclomedica Australia Pty Ltd, Australia) for lung ventilation and Ga-68 labeled 
albumin particles (microspheres) for lung perfusion imaging were produced and 
tested for effectiveness (11). PET/CT examination was performed on 15 patients 
with suspected pulmonary embolism after administration of Galligas inhalation 
and Ga-68 labeled microspheres. According to the results obtained, this method 
was found to be successful in imaging studies of lung perfusion (11).

In a study in which SPECT was used with theranostic nanoparticles, gold 
nanoparticles were developed to target A-549 human lung cancer cells and C225 
monoclonal antibodies by conjugation with antibodies targeting the epidermal 
growth factor receptor labeled with I-131 (12). In this study, conducted by Kao 
et al. The study demonstrated the binding specificity of the compound and the 
therapeutic activity of the theranostic system on mouse models (12).

Biocompatible mesophor silica nanoparticles suitable for PET were used 
as a contrast agent by Chen et al (13).  These PEG nanoparticles with a diameter 
of 80 nm were combined with TRC105 antibodies targeting the breast tumor 
to visualize the breast tumor, and at the same time, DOX was successfully 
delivered (13).

Nuclear Theranostic Approaches in Neuroendocrine Tumors

The term radiotheranostic is used to describe the use of radioactive materials 
in the theranostic field. They can be used in various disease groups such as 
theranostic systems, nuclear oncology, infectious diseases, neurodegenerative 
diseases and neuroinflammation, cardiovascular diseases and inflammatory 
diseases.
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Cancer ranks first among the causes of death worldwide. According to the 
2018 data of the World Health Organization, it is responsible for an estimated 
9.6 million deaths and globally, approximately 1 in 6 deaths are due to cancer 
(14,15).

In cancer therapy, knowledge of the molecular profile of the tumor not 
only guides clinical decisions to optimize therapy, but is also used to objectively 
monitor response to therapy. Therefore, theranostic approaches are gaining 
importance for the diagnosis and treatment of various types of cancer (16). 
Combining diagnostic imaging modalities with the same molecular targeted 
therapy interventions, theranostics make patients more likely to respond to a 
specific treatment, thus preventing unnecessary treatment and increasing the 
therapeutic/toxicity ratio. Nanotheranostics in cancer treatment; It provides real-
time and non-invasive visualization of the tumor aggregation behavior of drugs, 
definition of the boundaries of the drug’s action zone, and real-time visualization 
of the drug release process, optimizing the dose and timing of drug therapy. By 
monitoring the therapeutic responses, it is possible to immediately understand 
how effective the treatment is in the patient and to change the treatment strategies 
as necessary. However, for most of the nanoparticle systems developed, safety 
studies for humans have not yet been conducted, and a better understanding of 
the mechanisms by which theranostic nanoparticles are cleared from the body 
and interact with the immune system is needed (17).

The theranostic approach is very important in the diagnosis and treatment of 
neuroendocrine tumors (NET). Successful examples of the theranostic approach 
have emerged with the use of NET peptide receptor scintigraphy and peptide 
receptor radionuclide therapy. The development of these treatment methods as a 
result of labeling of somatostatin analogs with various radionuclides has guided 
the establishment of the Theranostic approach in patient management and other 
oncology indications (18).

NETs have overexpressed somatostatin receptors (SSTR). Somatostatin 
receptor scintigraphy (SRS) with indium-111 (In-111) pentetreotide has been 
used in the diagnosis of NETs. The development of new somatostatin analogues 
for labeling with Ga-68 with therapeutic radionuclides such as lutetium-177 
(Lu-177) and yttrium-90 (y-90) has enabled the specific targeting of NETs for 
theranostics (18). Diagnostic imaging with In-111/Ga-68 labeled analogues 
targeting SSTRs and treatment with y-90/Lu-177 labeled analogues produce 
NET theranostics (19).

The target molecule for the theranostic approach in well-differentiated NETs 
is somatostatin receptors (SR) expressed on the cell surface (20). Diagnostic 
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imaging with In-111/Ga-68 labeled analogues targeting somatostatin receptors 
and treatment with y-90/Lu-177 labeled analogues produce NET theranostics.

Five different SR subtypes (SRs) are known: SRs-1, SRs-2, SRs-3, SRs-4 
and SRs-5. Of these, SRs-2 is a potential target molecule used in the diagnosis 
and treatment of NET. Somatostatin analogues with variable affinity have been 
developed for different SRs, mainly SRs-2. With the radiolabeled forms of these 
analogues, it is possible to confirm the diagnosis of NET and to evaluate the extent 
of the disease. These molecular imaging methods also provide information about 
SRs-2 density, which is indispensable in peptide receptor radionuclide therapy 
(PRRT) decision and patient selection (21). In general, PRRT is recommended 
for inoperable and metastatic patients expressing SRs-2.

In-111 Marked Theranostics

In-111 DTPA-octreotide is a widely used radiopharmaceutical for NET 
detection and staging by binding to SRs-2 receptors. Planar and, if possible, 
SPECT imaging is performed at the 4th and 24th hours after the injection (22). 
In-111 DTPA-octreotide scintigraphy seems to be an effective method with 
80% sensitivity in the evaluation of tumor burden (23). However, even if hybrid 
SPECT/CT systems are used, the success rate decreases in small and deeply 
located lesions (24). Although it has a historical place today, In-111 has been 
used not only in the diagnosis and staging of NETs, but also in the treatment. 
Partial response was reported in 1, minimal response in 6, and stable disease 
in 14 of 40 patients treated with In-111 (25). In another study, morphological 
partial response was observed in only 2 of 27 patients (26). In our clinic, a total 
of 45 cycles of In-111 DTPA-octreotide treatment was applied to 14 patients 
with a diagnosis of metastatic NET. While partial response was observed in only 
2 of these patients, stable disease was found in 7 patients and progression was 
found in 5 patients (27). The limited tissue penetration of the Auger electron 
in the treatment with In-111 causes tumor regression to be rare (28). For this 
reason, the use of In-111 has decreased in recent years and has been replaced by 
new theranostic molecules.

Ga-68 and Y-90/Lu-177 Marked Theranostics

Today, PET agents have replaced In-111 DTPA-octreotide in NET imaging. A 
radioisotope generator product, Gallium-68 (Ga-68), which is frequently used in 
PET imaging with somatostatin analogues. The half-life of the Ga-68 isotope is 
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68 minutes. It is supplied from the Ge-68/Ga-68 generator. For optimal amount 
of radioactivity injection, binding should be done just prior to the PET/CT 
study. In clinical practice, three different somatostatin analogues labeled Ga-68 
are routinely used, and the chelating agent that enables Ga-68 and peptides to 
form stable complexes is DOTA (29). Accordingly, Ga-68 labeled somatostatin 
analogs that are frequently used in routine practice; It is called DOTA-D-Phe-
Tyr3-octreotide (DOTA-TOC), DOTA-1-NaI(3)-octreotide (DOTA-NOC), and 
DOTA-D-Phe-Tyr3-octreotate (DOTATATE). The highest affinity for SRs-2, 
which is most frequently expressed in NETs, belongs to DOTATATE. Reubi et 
al. reported that the affinity of DOTATATE for SRs-2 is ten times higher than 
the affinity of DOTATOC and DOTANOC (24). Compared to In-111 DTPA-
octreotide, Ga-68 DOTATATE PET/CT is more successful in detecting small and 
low-intensity SR-expressing lesions due to its high resolution (30). According 
to the preliminary results presented by Haug et al, PET/CT with Ga-68 labeled 
somatostatin analogues can detect NETs with 87% accuracy (31). In a study 
comparing conventional imaging methods such as endoscopic ultrasound and 
CT with PET/CT; It was revealed that PET/CT changed the staging in 29% 
of the patients and the treatment plan in 76% (32). Based on their experience 
with more than 5800 patients, Baum et al reported that many lesions that were 
not detected by CT, magnetic resonance imaging (MRI), bone scintigraphy, and 
ultrasonography (US) could be detected with PET/CT performed with Ga-68 
labeled somatostatin analogues (18). In a study comparing PET, CT and SPECT 
in the staging of NET, it was revealed that PET detected more lymph node, liver 
and bone lesions than CT and SPECT. Overall, PET provides additional clinically 
relevant information in 21% of patients compared to CT and 14% of patients 
compared to SPECT (33). In addition, it is an important advantage to be able 
to perform a single session imaging in a short time like 30-60 minutes after the 
injection of the radiopharmaceutical. Another advantage of PET/CT with Ga-68 
labeled somatostatin analogues is the tight correlation between the standardized 
uptake value (SUV) and the immunochemical score showing the density of SRs 
in the tissue (34). This reveals the importance and theranostic value of PET/CT 
performed with somatostatin analogues for molecular imaging. In addition to 
observing the receptor distribution before treatment with PRRT or somatostatin 
analogues, it is possible to evaluate and monitor the molecular response by 
quantifying the molecular tumor volume and SR density. In addition, it can be 
used for detection of recurrence and restaging in patients with elevated tumor 
markers (chromogranin A, serotonin, calcitonin, glucagon).
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Currently, the most widely used radionuclides developed for therapeutic 
purposes are y-90, which is a beta (β) emitter, and Lu-177, which is a β and 
Gamma (γ) emitter. Lu-177 is produced in the nuclear reactor in two different 
ways: It is obtained indirectly by direct irradiation of (Lu-176) or by irradiation 
of ytterbium 176 (yb-176) into yb-177 and then decaying into Lu-177. is 
done. In general, it is recommended to apply at a specific activity of 37-74 
MBq per microgram (31). Otte et al reported disease progression in only 3 
patients out of 127 treatments administered to 29 patients with at least 3.7 GBq 
y-90 DOTATOC (35). Waldherr et al. reported complete response in 5% of 
patients and partial response in 18% of patients with 7.4 GBq y-90 DOTATOC 
administered at 6-week intervals (36). The most frequently reported side effect 
related to treatment is deterioration in renal functions with an annual decrease of 
7.3 in creatinine clearance (37). Studies have reported that Lu-177 DOTATATE 
is better tolerated than y-90 DOTATOC. For this reason, Lu-177 DOTATATE is 
routinely used with Ga-68. Additional survival of 40-72 months was observed 
in 310 NET patients treated with 27.8-29.6 GBq Lu-177 DOTATATE (4 cycles 
at 6-10 week intervals) (38). In addition to significant improvement in quality 
of life with Lu-177 DOTATATE, a 13-month progression-free survival time 
has been reported after repeated PRRT for salvage (39). Since progression-free 
survival is correlated with the injected dose, at least two treatment cycles should 
be administered (40). The most important side effects related to treatment are 
marked deterioration in renal functions and bone marrow suppression. These 
effects are observed in approximately 1% of patients (41,42). Amino acid 
solutions are recommended before and during treatment in order to reduce 
the absorbed renal dose and renal parenchymal damage. Care should be taken 
in terms of hyperkalemia that may occur during amino acid infusion (22,43). 
Because of deep tissue penetration, y-90 is recommended for larger lesions, 
while low-energy Lu-177 is recommended for smaller lesions. The combination 
of y-90/Lu-177 DOTATATE gives better results than the single application of 
y-90 DOTATATE, which provides a lower survival rate (44). PET/CT performed 
with Ga-68 labeled somatostatin analogues before treatment can also provide 
information about the prognosis after treatment. Haug et al. reported that tumor/
spleen SUV ratio and time to progression can be predicted in Ga-68 DOTATATE 
PET/CT performed 3 months after the first treatment cycle (45).

Dosimetric Approach

The term theranostic refers not only to the labeling of peptides for diagnostic 
and therapeutic purposes, but also to personalized patient preparation before and 
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after PRRT. Since the kidneys are dose-limiting organs during PRRT, 24-hour 
urinalysis and renal scintigraphy should be performed to evaluate kidney functions 
(46). Van Binnebeek et al. reported a case report and also in a phase 2 study, 
with a personalized dosimetry-based approach, they reported that by reducing 
the doses of y-90 DOTATOC, they maximized the dose delivered to the tumor, 
while reducing the biological effective dose and minimizing the development of 
side effects (47,48). The authors used In-111-pentetreotide for dose estimation 
and calculated the maximum tolerable dose for y-90 DOTATOC in terms of renal 
function loss as 37 Gy. Helisch et al. showed that y-86 (biochemically similar 
to y-90) DOTATOC and In-111 pentetreotide are both suitable for calculating 
cumulative organ doses and for identifying patients with high renal doses (49). 
Considering the post-treatment dosimetric approach, urine, blood tests, whole 
body scanning, planar and, if possible, SPECT/SPECTCT imaging should be 
performed for 3 days after PPRT (22). Thanks to its gamma photon, Lu-177-
DOTATATE allows post-treatment whole body scanning, imaging/staging and 
dosimetry with the same isotope. Therefore, scintigraphic images taken after the 
first treatment may be appropriate (50).

Conclusion

Today, with the rapid development of radiopharmaceuticals and diagnostic and 
therapeutic techniques, the use of theranostic agents is constantly increasing; 
studies on this subject are gaining importance. Molecular imaging, which serves 
the diagnostic part of theranostic systems, allows to obtain important information 
for the presence of biological targets to which the therapeutic is targeted and the 
anatomical location of these biological targets. Successful studies have been 
carried out on the application of theranostics in different imaging methods using 
radionuclides and/or various carrier systems. The applicability of theranostics 
for targeted therapy prevents patients from wasting time with unnecessary and 
wrong treatments. The nuclear theranostic approach has important advantages 
in identifying new biological targets, predicting possible off-target effects, and 
monitoring the response to treatment. Different somatostatin analogues labeled 
with radionuclides are used in the diagnosis and treatment of NET. In111-labeled 
theranostics have been used in the recent past with high sensitivity and few 
side effects. However, PET imaging with Ga-68-labeled radiopharmaceuticals 
is a more sensitive and successful method in small and deeply located lesions. 
According to studies in the literature, Lu-177-DOTATATE is an agent with 
prolongation of survival, increase in quality of life and less side effects. 
However, prospective, multicenter, randomized studies such as NETTER-1, 
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which are ongoing, are needed to support the efficacy and safety of PRRT. 
Another issue that needs research is to determine whether PET/CT with Ga-68 
labeled analogues can be used before treatment for the personalized dosimetric 
approach.
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Microenvironment (Niche)

The microenvironment (niche) formed by extracellular matrix elements, 
secretory proteins and neighboring cells are special micro-environments 
that provide the number, maintenance and state of the stem cells (1,2). 

Components such as interactions between stem cells, stem cell-
differentiating cell interactions, stem cell-adhesion molecules interactions, 
extracellular matrix components, cytokines, growth factors, oxygen level and 
the natural structure of the environment are important. Interactions between 
stem cells (SCs) and adhesion molecules affect the microenvironment-KH 
relationship. Signaling molecules regulate stem cell behavior along the Jak-
STAT pathway (3). 

The stem cell microenvironment in mammals exhibits an asymmetrical 
pattern. When a cell division event occurs in the microenvironment, one of 
the cells remains in the microenvironment, while the other turns into a mature 
cell (4). 
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Stem Cell

Although gene expression of human embryonic stem cells and the morphology 
are similar, they differ from each other due to the differences in the inner cell 
masses from which they originate (5–7). With the determination of optimal 
environmental conditions for embryonic stem cells, these differences 
increase with the support of environmental factors (8). Differentiation 
and self-renewal of embryonic stem cells are also affected by the special 
microenvironment in which the cell is located (9). During embryonic 
development, factors in the microenvironment change the gene expression 
of embryonic stem cells and direct them to either cell proliferation or cell 
differentiation (4).

Non-embryonic stem cells are undifferentiated cells in a differentiated 
tissue. The main functions of adult stem cells are to repair and protect the 
integrity of the tissue in which they are located. The effects of niche elements 
in a number of adult stem cell microenvironments on stem cells have been 
indicated. Thus, stem cells and factors in their microenvironment give mutual 
signals to each other during development and adulthood (4).

Tumor Microenvironment 

When the tumor tissue is examined, there are clustered cancer cells. This is 
because cancer cells have accumulated damage in their DNA and multiply 
uncontrollably. Cancer cells affect the “healthy cells” around them, modifying 
them to help themselves. It creates the “tumor microenvironment” by realizing 
this change with growth factors, cytokines, etc (10). 

Metastasis, progression, and aggressiveness of solid tumors are due 
to genetic alterations and some changes in cancer cells, as well as the tumor 
microenvironment (11,12). Low CD8+ Tcell/Tregulator ratio indicates a poor 
prognostic process. Tumor-associated macrophage clusters are encountered 
because they have a hypoxic environment in the tumor microenvironment. 
A high TIM level causes a low survival rate. In addition, cancer-associated 
fibroblasts are important in the development of desmoplasia, which is a poor 
prognostic factor in cancer. For these reasons, the detection of changes in 
the tumor microenvironment and the development of specific treatments are 
promising for the future (13).

It is seen that many drugs or plant extracts that kill cancer cells in vitro 
cannot achieve the same success in vivo. With the tumor microenvironment, 
the cancer cell acquires many features. The tumor microenvironment allows the 
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cancer cell to spread to different tissues, easily mutate and gain drug resistance. 
In addition, the hypoxic environment in the tumor microenvironment causes the 
mechanisms that will enable the cancer cell to “metastasize” (14). 

In summary, the tumor microenvironment is an organized and special 
environment in which cancer cells as well as biochemical and cellular structures 
coexist and interact with each other (10). Therefore, it is in close interaction 
with dozens of different cells around it and is the strongest in its environment. 
Therefore, only some of the many drugs or plant extracts may be from promising 
studies (14).

Stem Cell Differentiation

Stem cells have high differentiation abilities. While stem cells protect their own 
backup, they also turn into cells that progress towards differentiation. In the 
process called differentiation, while cells stop dividing, they also prepare to 
respond to stimuli from the environment. Differentiation and proliferation time 
do not occur simultaneously. The cell first multiplies and reaches a sufficient 
amount, and then closes the pathways related to self-renewal. Then the process 
of differentiation mechanism begins. If the differentiation-inducing factors 
disappear, the cell re-enters the division cycle (15). 

Stem cells need certain physical and chemical conditions in order to be 
differentiated in the laboratory environment or the genetic program of the 
cell needs to be changed. Another way to differentiate is by modifying the 
genetic programs of cells using various cloning vectors. An example is induced 
pluripotent stem cells (iPSC). Transformation of non-pluripotent somatic cells 
to pluripotent through differentiation (16).

As a result of asymmetric cell division, stem cells take their own backups 
on the one hand, and on the other hand, they will turn into progenitor cells. In 
this way, the stem cell pool remains stable. The organelle, Ribonucleic Acid 
(RNA), Deoxyribonucleic Acid (DNA) and protein groups will pass into one 
of the daughter cells. As a result, when the original DNA passes to one of the 
daughter cells, new DNA is formed in the cell that will turn into a progenitor 
cell. In this way, stem cells can be protected from mutations in newly formed 
DNA (17).

Effect of Microenvironment on Cell Differentiation

The orientation of the cleavage plane is very important during the division of 
the stem cell. They play a role in determining the symmetrical or asymmetrical 
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division. If the cleavage plane is perpendicular to the niche cell during stem 
cell division, both daughter cells come into contact with the niche cell. If the 
cleavage plane is parallel to the niche cell, only one of these two cells comes into 
contact with the niche cell, and the other moves away from the niche and settles 
in a microenvironment where it can differentiate (18).  

After segmentation, one of the daughter cells stays close to the 
microenvironment (niche) and preserves its stem cell capability. The other 
daughter cell begins to differentiate because it loses its connection with the 
microenvironment. Thus, asymmetric division for the stem cell is provided by 
the microenvironment (niche). In 2010, Gazzon Muvdi and Quinones found that 
stem cells close to the niche do not differentiate and regulate the relationship of 
stem cells with signaling among themselves (17).

In order for cells to differentiate into the desired tissue type, they must be 
replicated in a suitable microenvironment (4).  

Types of Microenvironment

Localization of the microenvironment of adult stem cells is well defined in 
tissues. The stem cell microenvironment is divided into two as cellular and non-
cellular niches. 

Multi-cell niche

In this microenvironment, there are one or more conjugate cells interacting with 
the stem cell. These interactions are effective in the symmetric or asymmetric 
division of the stem cell. 

Cell-free niche

In this microenvironment, there are no conjugate cells interacting with the stem 
cell. The interaction here occurs between adhesion and binding proteins on the 
stem cell surface and molecules in the extracellular matrix. In this way, the 
functions of the stem cell are regulated. This microenvironment is also called 
the extracellular matrix niche. The microenvironment of adult stem cells is in 
the quiescent phase. However, in an injury, signals in the microenvironment 
come into play, directing cells to either proliferate or differentiate. When they 
are cultured in laboratory environments, their morphology and proliferation 
capacity decrease by entering the aging process. For this reason, adult stem cells 
must be produced in the right culture media in order to preserve their properties. 
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Embryonic stem cells are generally grown in serum medium containing 
Fibroglast Growth Factor-2 and cultured on the feeder layer. However, these in 
vitro conditions cannot meet the in vivo microenvironment (18). 

Hematopoietic Stem Cell Niche

With the birth, HSCs continue to live in the bone marrow and have 2 different 
types of niches that regulate their different functions. These niches, defined 
as endosthelial (osteoblastic niche) and endothelial (vascular niche), are not 
physically separate and are interconnected. Under different conditions, HSCs 
use one of these 2 niches. HSCs in the endosthelial niche are composed of 
cells with the potential for self-replication, while HSCs in the vascular 
niche are composed of cells that are more mature, proliferating and prone to 
differentiation (18). 

Hematopoietic Stem Cells (HSCs) have a calcium sensing receptor, and 
those that do not have this receptor are few in the endosteal niche. The signals 
of HSCs located close to the endosteal surface of the bone are obtained from 
a cluster of endosteal osteoblasts. Osteoblasts regulate the number of HSCs 
by secreting osteopontin. They also express many cytokines and adhesion 
molecules. Osteopontin is a signaling protein that is thought to have a negative 
effect on HSC proliferation and activity. Cross-communication in the niche 
can either regulate the expression of mediators such as BMI-1, p21, p18, and 
the ETS transcription factor MEF/ELF4, which silencing HSCs, or may cause 
inhibition of glycogen synthase kinase-3 (GSK-3), which maintains HSCs. 
The numerical variation of osteoblasts directly affects the number of HSCs. 
Although parathyroid hormone contributes positively to increasing the number 
of osteoblasts, Bone Morphogenetic Protein (BMPs) has a negative effect on 
increasing the number of osteoblasts (19). 

The sympathetic nervous system is located in the niche and is thought 
to play a role in the niche of HSCs. Adrenergic signals control osteoblast and 
CXCL12. The expression of CXCL12 is high in bone tissue and is thought 
to be important in attracting and retaining HSCs into the niche. Studies 
have shown that signaling molecules such as Wnts, Notch, SCF, FGFs, 
BMPs control HSC cell differentiation (19,20). Cathepsin is released from 
osteoblasts when damage, stress, and inflammation occur, thereby disrupting 
CXCL12 (SDF-1) in the endosthelial niche. When CXCL12 degrades, it can 
no longer bind to CXCR4 on the HSC and prevents HSC from remaining in 
the quiescent phase. 
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Figure 1: Relationship Between Osteoblast and HSC (18).

They bind to ligands such as Integrin on the HSC and VCAM on the osteoblasts, 
allowing the stem cells to be placed in the niche. N-cadherin, which is highly 
expressed on HSC, suppresses the expression of integrins and disrupts its 
connection with VCAM, thus causing HSC to leave its niche. It is responsible 
for the niche placement of stem cells by establishing a homophilic link between 
N-cadherin and another N-cadherin molecule on the HSC. When the Ang-1 
molecule expressed on osteoblasts and Tie-2 on HSC bind, they keep HSCs in 
the quiescent phase (19). 

Niche of Mesenchymal Stem Cells

Information on the niches of MSCs in the tissues they are found in is insufficient.  
It has been suggested that mesenchymal stem cells are located close to HSCs. 
In a study of immunocompromised mice, after MSC transplantation to the bone 
marrow it differentiates into stromal cells, pericytes, osteoblasts lining the 
bone, and endothelial cells. Studies have also shown that mesenchymal stem 
cells can differentiate into cardiac muscle cells, skeletal muscle myoblasts, 
neuroectodermal cells, hepatocytes, cholangiocytes, skin, liver, digestive 
(esophagus, intestines and stomach) and respiratory system epithelial cells and 
endothelial cells (18). 
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The Importance of the Microenvironment

It is seen that microenvironments have functions such as giving stem cell-like 
properties to cells that do not have stem cell properties. Parallel results were 
obtained in a study on invertebrates. In another study, it is seen that the same 
is true for mammals. Therefore, there is a possibility that the niche may confer 
stem cell-like properties on more mature cells (18).  

Since the microenvironment in which the cells are in is not fully provided 
in in vitro studies, it brings some difficulties in practice. In order for regenerative 
therapy to be able to observe cell proliferation and differentiation in vitro, the in 
vivo microenvironment must be applied in vitro (21). 

Stem Cell Applications in Clinical

Wound healing is a normal process in response to soft tissue injury involving 
a highly organized cascade of events.  These stages include hemostasis, 
inflammation, proliferation, and remodeling (22). For a normal healing 
process, all of the above steps must work in an appropriate order and at specific 
times (23,24). Therefore, interference with any of the four stages during 
wound healing may lead to disruption of the healing process. Differentiable 
and regenerative stem cells can be useful for making skin tissue. In recent 
years, stem cells have been extensively investigated, especially in critical limb 
ischemia and diabetic wounds (25). Bone marrow-derived stem cells (BMSC) 
and peripheral-derived mononuclear cells were administered to patients with 
varying degrees of chronic scars (26). Topical delivery of bone marrow-derived 
MSCs to a collagen sponge scaffold showed a significant improvement in 
wound healing (27). This therapy benefited wound healing in 18 of 20 patients. 
In other studies, autologous biografts and MSCs have shown healing of the 
damaged area in difficult-to-heal diabetic wounds (28). Therefore, cell therapy 
may be a promising treatment option for the treatment of difficult-to-heal 
chronic wounds. 

Chronic kidney failure is the most common organ failure in our country 
and around the world. The adult human kidney cannot produce new nephrons. 
For this reason, the kidney represents the most studied tool in regenerative 
medicine (29,30). There are two major hurdles in kidney regeneration. First, 
the kidney contains many different cell types that need to be remodeled and 
secondly the organ begins to develop late in embryonic development (31). 
Recent advances in SCs have enabled the in vitro fabrication of complex 
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structures resembling whole kidneys, organoids, or parts thereof, scaffolds, 
and engineered glomerular filtration barriers. The term “organoids” refers to 
suspensions of human pluripotent SCs that self-organize to form small organs 
and tissue arrangements in culture (32). Therefore, a kidney organoid is a 
miniaturized and simplified version of the kidney produced in vitro and showing 
a realistic kidney microanatomy. Organoids derived from human pluripotent 
SCs contain all components of the fetal human kidney (nephrons, collecting 
ducts, endothelial cells, interstitium) (33,34). The production of transplantable 
kidneys occurs by injecting pluripotent SCs (ESCs or iPSCs) into blastocyst-
stage embryos (35). Ideally, injection of donor pluripotent SCs developmentally 
compensates for the defect and forms the missing organ (36).  

The etiology of inflammatory bowel disease (IBD) is unknown. According 
to recently published data, the interaction of genetic, microbial and environmental 
factors appears to be responsible for the development and progression of IBDs 
(37,38). Immune cells infiltrating the colon, especially macrophages, dendritic 
cells (DCs) and T lymphocytes have an important role in the induction and 
progression of IBDs. Macrophages have very important functions in the 
pathogenesis of IBDs. Pro-inflammatory M1 macrophages produce inflammatory 
cytokines and promote intestinal inflammation (39). Conversely, alternatively 
activated M2 macrophages may act as non-inflammatory scavengers of 
bacteria (40). Therefore, therapeutic strategies that suppress the function of 
M1 macrophages and promote their transformation into the M2 phenotype are 
expected to be effective in the treatment of IBDs. DCs migrate to the inflamed 
gut of IBD patients. Through the receptors, DCs recognize bacterial antigens 
and become active. Activated DCs produce large amounts of pro-inflammatory 
cytokines. It expresses high levels of co-stimulatory molecules and primary 
CD4+ T cells against the colon. In this way, bacteria infiltrate (41). DC maturation 
and activation are important in the progression and reactivation of IBDs (42). 
Since depletion of CD4+ T lymphocytes results in a reduction in IBD symptoms, 
therapeutic agents that can reduce the influx of CD4+ Th1 cells will have 
beneficial effects in the treatment of IBDs. CD4+, CD25+, FoxP3+ T regulatory 
lymphocytes (Tregs) have an important role in the protection of the intestinal 
mucosa (43). Decreased number or dysfunction of Tregs contributes to the 
development of IBDs (44,45). Tregs inhibit gut inflammation by killing effector 
T cells and producing immunosuppressive IL-10. Therefore, therapeutic agents 
that can promote the expansion and infiltration of Tregs in inflamed colons 
may be effective in the treatment of IBDs. Epithelial and mesenchymal cells 
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can modulate the microenvironment of the gut by influencing the recruitment 
and activation of immune cells. At the same time, both cell types respond to 
immune cell-derived cytokines and growth factors. Accordingly, dysfunction 
of the epithelial barrier is crucial for the development and progression of IBDs 
(37). Bone marrow-derived mesenchymal stem cells (BM-MSC) represent a 
cellular source for epithelial repair. MSCs have at least three functions that 
can enhance angiogenesis and modulate the immune response during intestinal 
regeneration. It is to host the injury site, produce pro-angiogenic cytokines 
and trans-differentiate into functional endothelial cells. MSCs can promote 
angiogenesis by producing various pro-angiogenic factors (VEGF), essential 
fibroblast growth factor (bFGF), TGF-β, platelet-derived growth factor (PDGF), 
angiopietin-1, placental growth factor (46). MSCs can alter the function of all 
immune cells that play a fundamental role in the pathogenesis of IBDs. MSCs 
can alter the function of all immune cells that play a fundamental role in the 
pathogenesis of IBDs. MSCs can alter the function of all immune cells that play 
a fundamental role in the pathogenesis of IBDs. MSCs suppress inflammatory 
M1 macrophages and promote alternative M2 phenotype transformations (47). 
MSCs can suppress the maturation of DCs and change their secretion profile 
towards the tolerogenic phenotype. This may result in decreased production 
of pro-inflammatory IFN-γ and IL-12 and increased production of anti-
inflammatory IL-10 leading to attenuated activation of T cells. This may result 
in decreased production of pro-inflammatory IFN-γ and IL-12 and increased 
production of anti-inflammatory IL-10 leading to attenuated activation of 
T cells. MSCs can also directly alter the cytokine profile of CD4+ T cells by 
decreasing the production of Th1 and Th17 cytokines (IFN-γ and IL-17) and 
increasing the production of Th2 cytokines. MSCs can inhibit proliferation of 
effector T cells in a programmed death 1 (PD-1), TGF-β or IL-10-dependent 
manner and may increase the infiltration of Tregs in the gut, which can suppress 
the immune response and inflammation (48). MSCs also produce Galectin-3 
(Gal-3), a protein important for proliferation, adhesion, and migration of 
immune cells (49).  

Cells that play a role in heart function are cardiomyocyte, vascular 
endothelium and vascular muscle cell. In patients with heart disease, it is being 
researched that these cells can be replaced with stem cells. This technique is 
advantageous compared to transplantation and surgical intervention. In the 
study of Orlic et al., HSCs obtained from bone marrow were used for heart 
tissue regeneration. When HSCs were injected into the ventricular wall, 
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cardiomyocyte, vascular endothelial cell, and vascular muscle cell were 
formed. Thus, a new heart muscle is provided. Nine days after transplantation, 
the life span of the ventricles was prolonged and 68% were renewed (50). Stem 
cells can be injected directly into patients with heart disease, or they can be 
given intravenously (51). Early clinical studies have demonstrated the safety, 
feasibility and potential efficacy of BM-derived CD34+ cells for the treatment 
of heart disease (52). In the field of cardiac regeneration, skeletal myoblasts 
were the first cell type tested in both preclinical and clinical studies. Myoblasts 
are derived from satellite cells, a population of progenitor cells located under 
the basal lamina of skeletal muscle fibers (53). Intramocardial injection 
of MSC in patients has been shown to reduce scar size and predominantly 
reduce tissue perfusion as well as regional function at the injection site (54). 
The ability of ASCs to remodel cardiac remodeling, significantly reduce 
infarct size and improve cardiac function has been demonstrated in various 
preclinical studies (55). The adult heart has traditionally been regarded as 
the organ that lacks any significant capacity for self-renewal. However, this 
perspective has recently changed with the finding that the heart is capable 
of cardiomyocyte cycling, albeit to a very limited extent (56). ASCs have 
been shown to secrete VEGF, HGF, and IGF-1 in vitro and when applied to 
rats, it increased the capillary density in the infarct border region by ~28%. 
They concluded that because direct endothelial differentiation of injected 
ASCs is very low (<1%), enhanced neovascularization is mainly stimulated 
by paracrine release of cytokines (57). In addition, BM-derived MSCs have 
been shown to express and secrete cytokines that increase capillary density 
(58). Paracrine signaling positively affects the surrounding cardiovascular 
tissue by activating various signaling pathways (59). In addition, the effect of 
SCs on extracellular matrix (ECM) organization is still under investigation. 
It has been suggested that matrix metalloproteinases (MMPs) may play an 
important role in reducing scar size after SC transplantation. Administration 
of MSCs to fibrotic liver or uterine tissue is associated with lower collagen 
deposition and significantly increased MMP-9 levels (60,61). Pharmacological 
preconditioning is a cost-effective technique to stimulate the regenerative 
activity of SCs. As these cells exert their therapeutic effects on damaged tissue 
mainly by paracrine signaling, drug pretreatment was applied to increase their 
secretory activity (62). For example, incubation with oxytocin increased the 
release of cytokines in rat MSCs, including bFGF, CXCR4, and EGF (63).  In 
conclusion, these preconditioned MSCs were found to increase the survival 



THE EFFECT OF MICROENVIRONMENT ON CELL DIFFERENTIATION IN . . .     143

rate of cultured cardiomyocytes by ~50%. Inhibitors of prolyl-4-hydroxylase 
or cobalt protoporphyrin, which are inducers of oxygenase 1, led to increased 
cell survival, greater release of cytokines, and a higher proliferative capacity 
(64,65). In addition to pharmacological agents, growth factors and cytokines 
can be used to modify SC activity before administration to damaged hearts. As 
reported by Pasha and colleagues, pre-incubation of MSCs with SDF-1 resulted 
in a large increase in their targeting abilities and pro-angiogenetic properties 
(66). Enhancement of the therapeutic activity of MSCs was provided by TGF-
α. This positive effect on the regenerative abilities of MSCs was hypothesized 
to be due to the upregulation of VEGF (67). Numerous studies have proven 
that preconditioning at low oxygen levels can lead to positive effects on SC 
efficiency (68). 

Overexpression of anti-apoptotic factors has been found to positively 
affect the viability and therapeutic efficacy of administered SCs (69). Similarly, 
overexpression of Akt and integrin-related kinase (ILK) enhanced SC survival 
and regenerative SC properties in ischemic myocardium (70,71). Small 
regulatory RNAs offer a safe possibility to optimize SC potential without altering 
the genome of the target cell (72,73). The introduction of miRNAs has been 
reported to modulate the paracrine activity of SCs. Overexpression of miRNA 
has been reported to affect the differentiation and maturation of pluripotent 
SC-derived cardiac cell types (74).

The Importance of Stem Cell Use 

Stem cells are responsible for regulating vital body functions. Stem cells can 
be used instead of cells that cannot show their functions in various diseases. 
It also has areas of use in transplantation immunology. Embryonic stem cells 
are very important in embryonic development, detection of congenital defects, 
prevention and treatment of them. In this way, growth factors that play a role in 
embryo development are important in elucidating genes and other molecules. 
The goal is to destroy, treat or replace cancerous cells in cancer patients by using 
differentiated cells obtained from stem cells. By using pluripotent cells, it is 
possible to detect chromosomal disorders in the embryonic early development 
period and to monitor embryonic childhood tumors. Another use of stem cells is 
experimental drug tests. Thus, the detoxification capacity of experimental drugs 
can be determined by differentiating from stem cells to liver cells. In fact, when 
the human genome project and stem cells are taken together, it will bring many 
innovations in the future (75). 
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1.  Introduction

The cells (chromosome and genes) that make up the human being allow 
our body to grow healthy and do the actions that keep us alive. From the 
moment of formation until the end of its life, chromosomes and genes 

are the essential structures that codify the creation and growth of the organism. 
The long strands of DNA in chromosomes hold vital genetic information. 
Each chain or helix is made up of millions of chemical building blocks, which 
are also known as bases (nucleotides). The four chemical elements (adenine, 
guanine, thiamine and cytosine) that make up DNA’s coding are represented by 
four letters (A, G, S, and T). The characters in our genes are defined by these 
four letters of DNA. Genes, which are tiny portions of DNA, use the genetic 
codes they contain in order to encode proteins. Characters are represented by 
distinct combinations of letters (nucleotide bases ACGT). Proteins encoded by 
mutation or recombination in gene sequences can change the sequence of the 
nucleotides. Each gene is responsible for a certain protein structure or function. 
Genes influence whether you’ll be short or tall, the color of your hair or eyes, 
your risk of contracting certain diseases, your athletic performance and your 
ability to adapt to the environment. Genes also play a role in the development 
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and operation of basic structures including muscle, bone, and blood. The body’s 
usage of these chemicals is determined by hormones and enzymes.

Scientists have published the first comprehensive map of the human genome 
that shall reveal critical information about disease-causing mutations and genetic 
variety in the world’s population of about 8 billion people. Despite the fact that 
researchers announced the whole sequence of the human genome (92 percent) 
in 2003, the results of a recent study show that roughly 8% of the sequence 
is still unsolved. Covering the remaining 8% of the genome, the Telomer-to-
Telomer (T2T) Consortium sequenced a human genome of 3.055 billion base 
pairs, with gapless assemblies for all chromosomes except y, and roughly 200 
million bases expected to be protein coding of 99 of the 1956 genes discovered 
in the pair sequence. Many ongoing researches to understand all of the functional 
differences of the human genome will benefit from opening the finished complex 
portions of the genome to variational and functional studies (1).

The human genome’s whole map includes the human base pairs that were 
used to build chromosomes and genes, along with 19,969 protein-coding genes. 
2,000 additional genes are more detailed thanks to the improved approximation. 
It’s ideal if 115 of these late deactivation genes remain alive. Some genes could 
not be recorded in prior gene map determination analyses because they were 
placed in the dark matter of the genome, and the determination of the relevant 
genes took approximately 20 years.

Understanding how and why genetic variation influences changes in 
response to a stimuli is critical. Following the conclusion of the Human Genome 
Project in 2003, the number of genetic analyses began to rise and spread over the 
globe. Instead of a single gene, genetic researches are now being examined and 
interpreted as multi-gene and multi-factorial.

The body’s shape, physical performance limits, exercise adaptability, 
calories burnt during activities, anatomical structure and physiological 
characteristics, and so on are all determined by genetic codes (2). The 
differentiation caused by changes in behavior over time is determined by gene 
sequences that set the limitations of physical performance. After all, it is evident 
that the impacts of genetic variances between individuals play a role in whether 
an individual makes the podium or not. The presence or lack of a specific base 
nucleotide at a specific spot in a gene, for whatever reason, produces individual 
variances. These distinctions may give important benefits while producing 
serious shortfalls or diseases. The genetic background is vulnerable to danger, 
then this can be seen in some people at a high rate (3).
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2.  Obesity Associated Genes 

Misconfiguration in genes may result in disease and health-related concerns. 
In the genesis of comparable diseases like diabetes, obesity and hypertension, 
genetic mutations and environmental variables play a significant impact. 
Obesity, which is among the most frequent chronic diseases among children, 
is a major health issue that affects 25-30% of children and adolescents. Obesity 
has reached the most alarming point in this age’s pyramid, while it continues 
to rise year after year (4). In 30-70 percent of all phenotypic differences, genes 
are thought to be the source of obesity. Body form and diet are influenced by 
around 41 genes. Individuals with a specific mutation of the FTO (obesity gene) 
gene, for example, have 20-30 percent greater binge eating behavior and obesity 
compared to the general population. The FTO gene influences appetite and 
is known as the obesity gene. The obesity gene has an impact on at least one 
out of every ten people. This gene leads to a higher intake of high-fat foods, 
a decreased sense of satiety and increased appetite between meals. Fatty acid 
binding protein is one of the obesity-related candidate genes (FABP4). According 
to recent researches, the release of adipose tissue, various bioactive lipids and 
substrates, along with various adipokines (released from adipose tissue and are 
involved in fat and carbohydrate metabolism, inflammation, hunger and satiety 
signaling pathways), makes it a central focal point for mediating intracellular 
signaling and communication. Fatty acid binding protein 4 (FABP4), which is 
highly secreted in adipose tissue, controls critical integration or communication 
between these mediators and responses. FABP4 is a hormone that maintains 
glucose homeostasis and improves integration and communication between 
energy storage systems and distant organs in response to life-threatening events, 
according to recent research. FABP4 has also been linked to the aggravation of 
a number of immuno-metabolic disorders like obesity, diabetes, asthma, cancer, 
and atherosclerosis, as well as chronic involvement in immuno-metabolic stress 
situations. In both laboratory mouse models and people, circulating FABP4 
levels have been linked to the occurrence of metabolic illness. It’s also been 
discovered that reducing FABP4 levels or activity is linked to better metabolic 
health. FABP4 has been discovered as a potential gene for the development of 
diabetes II and coronary heart disease in humans. Meanwhile, reduced FABP4 
gene activity appears to be linked to improved lipid metrics and a reduction 
in human cardio metabolic end points, according to findings acquired from 
low expression variant carriers. Many of the improved metabolic phenotypes 
are developed or exclusively expressed within the context of obesity in an 
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environment of genetic deficiency or genetically reduced expression of FABP4 / 
aP2, setting forth that the systemic effects of obesity on immuno- metabolic risk 
are mediated by adipokine FABP4 / aP2 (5).

Melanocortin-4 receptor (MC4R) is another potential gene linked to 
obesity, being associated with daily physical activity participation behavior. 
Alterations in the MC4R gene have also been identified as the most common 
cause of obesity. The peroxisome proliferator-activated receptor alpha 
(PPARA-α) is another crucial gene that consumes our body’s energy by choosing 
carbohydrates and fats. PPARα is a transcription factor that governs body 
weight and vascular inflammation through regulating lipid, glucose and energy 
homeostasis. PPARα is highly expressed in tissues which catabolize fatty acids, 
such as the liver, skeletal muscle and heart, and is expressed at lower levels 
in other tissues, such as the pancreas. PPARα controls the expression of genes 
that code for a number of important muscle enzymes involved in fatty acid 
oxidation (4).

Complex qualities like muscle strength and fitness are known to have 
a significant hereditary influence on the development of physical activity 
status. Several genetic variations are extremely rare, yet they have the 
ability to influence athletic performance. Body mass index and leisure time 
exercise participation have been linked to the leptin receptor (LEPR) gene. 
Melanocortin-4 receptor (MC4R), which is another potential gene, is linked to 
daily physical exercise involvement. Among adult men, women, and children, 
it immediately activates the sense of exercise reward or preventive exercise. 
Moreover, among adult women, the dopamine 2 receptor (DRD2) gene has 
been linked to physical activity, sports involvement and occupational physical 
activity. The calcium-sensing receptor (CASR) gene was widely expressed in 
skeletal muscles, brain and smooth muscle, while exercise participation was 
found in the hours devoted to physical activity during the week, according 
to a study made among adolescent women. The PAPSS2 (bifunctional 
3’-phosphoadenosine 5’-phosphosulfate synthetase 2) gene was shown to 
be highly expressed in skeletal muscles, the brain and smooth muscle, and 
was closely linked to exercise capacity and involvement. Furthermore, it was 
discovered that the angiotensin converting enzyme (ACE) gene accounts for 21 
percent of the change in leisure time physical activities among men and women 
with hypertension, and that those with ACE II genotypes have selective features 
such as high density exercise ability and especially more responsiveness to 
training (3).
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3.  Physical Performance and Candidate Genes

More studies on the genetic association with performance-related features 
have been undertaken as a result of breakthroughs in research and technology, 
while more than a hundred genes have been identified in the recently published 
human gene. Individual genotype characteristics may be a useful and usable 
tool for developing individual-oriented training programs and identifying 
individuals with the genetic potential to become elite athletes by guiding the 
athlete in a harmonious direction or activities / branches in which they can 
perform optimally. Researchers are attempting to understand how muscles 
adapt to stimuli, how muscles function under various settings and how skeletal 
muscle shapes and properties change over time. Individuals of the same 
genotype respond to training stimuli more similarly compared to those of 
different genotypes.

Only 20 of the more than 200 genes linked to performance that have 
been identified so far are thought to have a direct impact on high-level athletic 
ability (4). The ACE, ACTN3, ADRB2/ADRB3), AGT, BDKRB2, and COL5A1 
genes, which are involved in muscle contraction physiology, cardiovascular 
and pulmonary responses to exercise, blood pressure regulation and tendon size 
range of flexibility, are the most studied candidate genes associated with athletic 
performance. HIF1A and PPARGC1A are energy genes involved in oxygen and 
glucose transport and metabolism. HFE, HIF1A, HNF4A, IGF1, IL-1B, MSTN, 
GDF8, and NAT2 genes are involved in the organism’s responses to exercise 
stimuli, glucose, insulin, inflammation, homeostasis maintaining in iron storage 
levels and muscle cell hipertophy. Meanwhile, CREB1, KIF5B, NOS3, and NPY 
genes are associated with smooth muscle relaxation, cardiovascular functions 
and blood lipid concentrations along with heart working performance, heart rate 
responses to exercise, mitochondrial developmental stages. ADRB1, APOE, and 
NRF1 genes are associated with oxygen uptake, lipoprotein metabolic control, 
mitochondrial genesis and oxidative phosphorylation. In addition, AMPD1, 
APOA1, PPARA, PPARD genes are involved in responsiveness lipid metabolism, 
muscle glycolysis, fatty acid oxidation, and glucose homeostasis; CKMM / 
CKM, IL6 genes are involved in recovery, energy source management, transport, 
inflammation and muscle damage repair; COL1A1, COL5A1, GDF5, MMP3, 
and CILP genes, which affect ligament and tendon strength, are also associated 
with collagen formation, cartilage structure, extracellular matrix maintenance, 
and tendon repair.



156    REVIEWS IN MEDICAL AND HEALTH SCIENCE

Individual genetic differences can also influence the impact of performance 
enhancers (supplements intended to boost the effects of training) on metabolism, 
either positively or negatively. In addition to ergogenics like creatine, caffeine, 
arginine and carnitine, performance-enhancing banned substances including 
EPO, Growth hormone (GH) and insulin-like growth factor-1 (IGH-1) contribute 
positively to some of them while having negative side effects in others. When 
faced with intervention or opposition, people react in different ways. It’s not 
surprising that the body’s response to varied exercise loads, nutrients or chemicals 
differs in circumstances like weight loss, exercise and dietary adjustments, as 
well as when pharmaceuticals are used in medicine. This variance between 
individuals, which is known as inter-individual variation, is the result of right or 
wrong nucleotide sequences at the start of human development.

As there are so many variables that influence athletic performance, even 
if one competitor is thought to be superior to another, the outcome is virtually 
always uncertain. Although perfect genes are likely to propel an athlete to 
greatness, they do not ensure the best possible outcome. While explaining the 
perfection in the process involved in athletic performance development, training, 
motivation, environment, and so on, genetic testing can only explain a portion 
of an individual’s future success potential due to the remarkable complexity of 
athletic performance and the necessity of years of intense, sport-specific training. 
The intricacy of genetic and environmental influences on physiological, motor, 
and psychological features limits the scope of evaluating athletic ability and 
developing a genetic profile for targeted success.

4.  Genetics Reflections and Sports Injuries

While many sports and exercise forms are beneficial to one’s health, other 
activities may raise the risk of injury, disease or sudden death. Some injuries, 
illnesses and even death can be passed down through the generations. Because it 
is becoming easier to measure injury losses, both sports leagues and professional 
athletes may want to use genome profiles in contract negotiations. In today’s 
world, we may benefit from genes to determine the types of muscle fibers, the 
direction in which to select athletes for the most ideal sports in which they may 
obtain the best results, and to assess injury susceptibility and rehabilitation 
programs.

ACTN3 genotypes are linked to an increased risk of muscle injury during 
eccentric activity. The R allele of ACTN3 appears to be injury-protective in 
some cases (6-7-8-9). This is because of the combination of strength and its 
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exercise-induced muscle injury and flexibility altering effects. This data may be 
utilized to help athletes recuperate between loads, as well as during training and 
competitions. Athletes with this genotype are genetically predisposed to more 
muscular injury, a longer recovery period or a higher level of attention. The X 
allele, according to a study focusing on sports injuries, increases the incidence 
of ankle injuries and other sports injuries (10-11-12-13). In this instance, X 
allele carriers can be utilized to increased general strengthening workouts that 
have the purpose of reducing the risk of injury and workouts for neuromuscular 
development training. The impact of genetics on injury susceptibility has been 
investigated most extensively within the context of tendon and ligament damage, 
with SNPs in two genes, COL1A1 and COL5A1, being linked to greater injury 
vulnerability. Pruna et al. (2013) studied the effect of ten SNPs on the kind 
and severity of muscle injuries in 73 professional elite male football players 
who played for FC Barcelona for three seasons (14). There were a total of 203 
non-contact muscle injuries. Two single nucleotide polymorphisms (SNPs) in 
the IGF2 and CCL2 (chemokine genes) genes have been linked to the severity 
of muscle damage. The effect of a single SNP in ACTN3 on the incidence and 
severity of muscle injuries in 257 Italian male professional football players 
was studied by Massida et al. (2017). (13). In addition, compared to carriers of 
the R allele, players with the XX genotype were much more likely to sustain 
an injury, according to another study. These injuries are also more likely to be 
severe. An SNP in the MCT1 gene was also found to be strongly linked with the 
occurrence of muscular damage in a smaller group of Italian football players 
(n = 173). (15). The postulated explanation is that this SNP partially modulates 
muscular fatigue, a recognized injury risk factor, because MCT1 is a lactate 
transporter (16). Starting from the beginning of the 2010-11 season until the 
end of the 2014-15 season (17), 107 elite male football players were studied for 
the interaction between genotype and hamstring injury. A wide range of SNPs 
were discovered to demonstrate temporal relationships with muscle damage. 
Muscular architecture (ACTN3), muscle fatigue (MCT1), inflammation (IL6), 
along with tissue repair and remodeling (HGF and IFG1) are among the SNPs 
involved (13-14-15-17-18).

Individuals’ adaptive responses to applied training loads differ substantially 
(19-20-21). Random variation and true inter-subject neuro-biological variability 
have ties with inter-individual variation (22). Both the initial injury phase and 
the ensuing inflammatory phase are affected by genetic variation. ACTN3 has 
been demonstrated to play a role in the early stages of injury, with XX genotypes 
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anticipated to experience more muscle damage after being exposed to eccentric 
loads (6-23-24). Furthermore, XX homozygotes are more prone to have muscle 
pain and a delayed inflammatory response, both of which affect recovery 
time and pain (25). In this instance, tailored nutrition suggestions based on 
genetics can be developed. Individuals with a genetic predisposition to a higher 
inflammatory response may increase their consumption of flavonoids, omega-3 
fatty acids and other nutrients linked to lower inflammatory biomarkers after 
eccentric exercise in this study (26-27-28).

5.  Metabolic Diseases and FABP-4 

Hereditary variances can be detected that bring some advantages and drawbacks 
to individuals, aside from diseases caused by genetic traits. Despite not having 
a chronic illness, the genetic structure of those treated in the intensive care 
unit could not produce the protein group known as “type I interferon”, which 
fights the virus, according to the study realized by the “Covid Human Genetics 
Consortium”, which was founded by researchers from 50 genetic centers 
around the world. It was discovered that the innate mutations in the genes 
involved in the interferon signal transmission pathway of people with severe 
diseases interfered with the formation of antibodies in the body by studying 
the genomes of 650 severe Covid-19 patients, while 60 of them being from 
Turkey and 600 of them being from rest of the world. In people who have had 
a serious sickness, the genetic and immunological reasons of severe Covid-19 
disease, which is life-threatening owing to the absence of type I interferon, 
which defends the body from viruses and consists of 17 proteins, have been 
revealed. The DNA sequences of 13 genes that are known to be important in the 
body’s response to the influenza virus were compared between the two groups 
in the first stage of the study. The type I interferon response was recognized 
to be regulated by these genes. It has been discovered that a significant rate 
of people with severe disease have rare mutations in the 13 genes mentioned 
above, while more than 3 percent do not have a functional gene. Cell biology 
tests have revealed that these patients are unable to produce type I interferon 
against Covid-19 at all (29).

Prentice et al. (2019) found FABP-4 and then fabkin, a new hormone that 
impacts the development of Type 1 and Type 2 diabetes, just before the human 
genome project was completed (5). By studying the signals that elicit proper 
endocrine responses by transmitting the state of energy reserves in adipocytes 
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(fat cells) to other metabolic organs, the relevant researchers discovered a new 
mechanism that controls insulin secretion from pancreatic beta cells. Prentice 
et al. (2021) expressed that blocking this new hormone that they called fabkin 
prevented illness in mice with Type 1 and Type 2 diabetes. Fabkin hormone is a 
hormone released by fat cells as a result of fat breakdown. The hormone fabkin 
impacts the function of the pancreas and governs the synthesis of insulin from 
beta cells, according to the relevant study. The hormone Fabkin levels in the 
blood were excessively high in mice with Type 1 or Type 2 diabetes, according 
to the survey realized by the reseachers that was published in the journal Nature, 
and a similar condition was observed in humans. The fabkin hormone complex 
has the same effect on human beta cells, according to researchers, while it is 
expected to be a very promising and quickly implemented method of treatment, 
prevention and therapy for diabetes disease (30).

Many hormones, including the Fabkin hormone insulin and the leptin 
hormone, share comparable chemical features and play a role in metabolic 
regulation. As the relevant hormone is not a single molecule with a single 
specified receptor, it behaves in a unique way compared to other hormones 
and uses a brand new chemical mechanism. The fabkin hormone, contrary to 
typical hormones, is made up of a functional protein complex formed by three 
different proteins: fatty acid binding protein 4 (FABP4), adenosine kinase 
(ADK) and nucleoside diphosphate kinase (NDK) (NDPK). The hormone 
fabkin regulates energy signals outside of cells, which then operate through 
another receptor family to manipulate target cell function, according to the 
researchers.

The circulating rate of fabkin hormone formed at abnormal amounts by 
adipose tissue increases in both Type 1 and Type 2 diabetes, causing the beta 
cells in the pancreas that create insulin to die by interrupting their functioning. 
It is expressed that both types of diabetes can be avoided if the release level 
of the relevant hormone is decreased through genetic means or the use of a 
prototype medicine (30). In a study published in 2019, Prentice et al. discovered 
that a protein known as FABP4 is secreted during the breakdown of fat stored 
in adipocytes in response to hunger (lipolysis), and that FABP4 levels in the 
blood are linked to a variety of metabolic diseases such as obesity, diabetes, 
cardiovascular disease, and cancer (5). Prentice et al., (2019) made feasible the 
potential of a new and effective treatment for diabetes, allowing an important 
new point of view in endocrinology and metabolism domains to arise.
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6.  Conclusion

Almost all study published about sports and genes, as well as the most recent 
scientific research studies where new genes are discovered on a regular basis, 
are opening new boundaries in the galaxy of research activity and new black 
holes in the field of sports science. New findings that have been brought to 
the literature with an increasing intensity, as well as new approaches and 
methods for the improvement of athletic performance and chronic/metabolic 
diseases, have begun to be shared with the scientific world one after another, 
particularly in the last twenty years, with the deciphering of the human 
genome.
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1.  Introduction 

P. aeruginosa has a permeable barrier includes a cytoplasmic membrane 
constructed of bi-layer phospholipid and outer membrane with inside 
of a phospholipid and outside of lipopolysaccharide layer. The outer 

membrane of P. aeruginosa has many of known and some unknown proteins with 
lipoproteins and channels (1). Cell surface hydrophobicity can increase ability of 
microbial adhesion (2). The opportunistic pathogen Pseudomonas aeruginosa is 
an adaptable bacterium that grows in different habitats, including soil, marshes, 
and coastal marine, plant, animal, and human (3). Fast adaptation to the variety 
of environments as a result of extracellular DNA and their composite regulating 
system and flexible metabolic requirements as well as resistance mechanisms to 
antibiotics. P. aeruginosa is an oppurtunistic pathogen and healthy individuals has 
a defence agains it but it can rapidly constructs persistant infection, is especially 
demaged of the physical as in chronic wounds, surgery and burns frequently results 
in life-threatening infection by this pathogen (4, 5). Many of the P. aeruginosa 
virulence factors including, elastase, protease, pyocyanin, hydrogen cyanide, 
rhamnolipid are host-non specific, and upraising the initial attchment in the 
host interaction and expansion of the infection under biofilm with multifactorial 
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regulatory systems together to establish of a dynamic infection. Thanks to the 
two-component regulatory system (TCS) as an essential device to sensing of 
environmental signals to initiate infection properly. P. aeruginosa has a great 
number of two-component regulatory systems provides capability to control 
variety of virulence and resistance operations (6). P. aeruginosa with a complex 
capacity to control of adaptation mechanisms during fluctuating environments to 
sense and respond is vital for their survival (7). Transformation and arrangement 
of gene expressions are essential for microorganism’s adaptation on variety of 
host environment since their capacity to detect and react to have natural signals 
is urgent for their survival (6). During phosphate consumption P. aeruginosa; 
they induced phosphate signaling (PhoB), the MvfR (multiple virulence factor 
regulator)-PQS pathway of quorum sensing, and pyoverdin iron acquisition 
system (8). P. aeruginosa has two specific iron acquition systems as Phu and 
Has framework with haem-binding proteins HasAp and HasR, respectively (9). 
Rhamnolipids  are biosurfactants which are  produced by P. aeruginosa as mono-
and di-rhl. Rhamnolipids increases the cell surface hydrophobicity by inducing 
LPS and modify the bacterium-substrate interaction (10). The objective of our 
study was to investigate to outer membrane protein profile of P. aeruginosa 
during phosphate limitation by semi-quantitative proteomics (This manuscript 
generated from Ph.D. thesis). 

2.  Materıal and Methods

2.1.  Strain and culture conditions

Pseudomonas aeruginosa PAO1 wild-type, P. aeruginosa ΔrhlA mutant 
constructed for Ph.D. were stored at 80 ± 2°C in 10% glycerol stocks. Before 
experiments, bacterial cells were grown in LB (Luria-Bertani-Supplemented 
Data-SD1) agar for 24 h, at 37°C. A single bacterial colony grown on LB agar 
was inoculated in 5 ml of a test tube with PPGAS (Phosphate-limited-Peptone-
Glucose-ammonium Salt-SD2) medium as preculture and incubated at rotator 
(180-220 rpm) (Neolab, Heidelberg) for 16 h, at 37°C. Erlenmeyer flasks (500 
ml) containing 200 ml of main media were inoculated with 200 μL preculture 
(OD580: 0,05) and incubated for 48 h, at 37°C.

2.2.  Outer membrane proteins extraction

Bacterial cultures centrifuged for 45 min. at 4000 x g and washed twice with 
0,01 M Sodium-phosphate buffer (SD3) and resuspended in 3 volumes of 50 
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mM sonification buffer (SD4). Following the cell disruption by using ultrasonic 
(30 W, 4 min with intervals 20s on ice, SONOPULS HD60, Bandelin, Berlin), 
the cell debris was pelleted by centrifugation (2500 x g, 10 min) and the 
supernatant was collected and centrifuged at 45000 x g for 1 h at 4°C. The pellet 
was resuspended in a proper amount of 2 % lauryl sarcosinate for solubilization 
of insoluble membrane proteins and incubated 1 h at room temperature. The 
supernatant was collected after centrifugation at 45.000 x g for 1 h at 4°C and 
resuspended in rehydration buffer (SD5)(11). The protein amount was measured 
by “2D Quant Kit” (GE Healthcare, UK) following the manufacturer’s protocol.

2.3.  Two-dimensional gel electrophoresis

OMPs profiles were investigated by two-dimensional gel electrophoresis (2-DE). 
A total of 150 μl final volume of samples (200 μg of proteins) were prepared 
in isoelectric focusing (IEF) buffer. Rehydration of Immobiline DryStrip gels 
(pH 3-11, GE Healthcare, UK) was performed with the gel side down, in the 
appropriate volume of rehydration buffer, using Immobiline DryStrip Reswelling 
tray. Then the Immobiline DryStrip gels were covered with Immobiline DryStrip 
“Cover Fluid [10]” (GE Healthcare, UK) and allowed the IPG strips to rehydrate 
overnight. The second dimension of protein was performed by SDS-PAGE using 
a 12 % (w/v) polyacrylamide resolving gel. After separation of proteins, they 
were visualized by Coomassie-Blue (CB) staining (SD6, CB staining solution, 
SD7, CB disdaining solution) (12). 

2.4.  Gel analysis

Image analysis was achieved by 2D software Delta2D (Decodon, Greifswald, 
Germany). For analysis of images, three 2-DE gels were paired together to form 
a Gel Master image. The two master gels were then paired together and protein 
spots from the two different strains were recorded to display significant semi-
quantitative differences according to following criteria: p values 0.05 (t-test); 
differential tolerance fold change ≥ 2.

2.5.  Protein identification

After analysis of the 2D gels, interesting spots were excised from the gels 
using a Pasteur pipette and transferred into a fresh tube. Using 350 μL of a 
wash solution (SD7) the spots were incubated for 20 min at room temperature. 
The washing step was repeated until the gel spots returned to transparent and 
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dried in vacuum centrifuge for 20 min. Then incubated for 30 min in room 
temperature in the 3 μl of trypsin solution (SD8), after incubation the samples 
were overcoated a further 6 μl of Tris-HCl solution and incubated for overnight 
at room temperature. After washing steps, 1 μl of the sample was applied to 
the pre-spotted Anchor chip plate (Bruker Daltonics, Bremen, Germany) 
and incubated for 3 min, 7 μl of washing solution (SD9) was added and 
incubated for 5 s and dried with a cotton swab. Subsequently, MALDI-TOF 
measurements were performed with Ultraflex III TOF/TOF mass spectrometer 
(Bruker Daltonics, Bremen, Germany). For protein identification, MS/MS 
peak lists were recprded and compared to the NCBI protein database defining 
to P. aeruginosa using the MASCOT software. The protein verification was 
performed according to peptide fragmentation pattern score higher than 20. If 
the protein was not met to this criteria, peptides were checked to confirm of 
MASCOT suggestion or re-perform of MALDI-TOF. The detailed information 
of identified proteins and in particular for unknown proteins were informed 
from the genom database of P. aeruginosa web site (accessible at (http://www.
pseudomonas.com).

3.  Results 

3.1.  Outer Membrane Proteins from Strains P. aeruginosa ΔrhlA vs. wild 
type PAO1

To understand protein differences between the strain ΔrhlA vs. PAO1, three 
different gels were produced in separated days, and representative gels are shown 
in Figure 1. Spots with different expression level were summarized in table 1. MS/
MS is method to identified of peptides that may correspond to any protein in the 
cored spot and does not suggest the most abundant protein. The limited number 
of protein spots were identified  and some proteins were identified in more than 
one location.However, this may represent the limitation of cell decreases during 
the stationary phase required for rhamnolipid production. The presence proteins 
that were differentially expressed in the rhamnolipid deficient mutant (ΔrhlA) 
under Pi limitation can be sorted into three groups as iron acquisition system, 
motility-biofilm formation, and QS related outer membrane transport proteins. 
Systematic analysis of the proteins that may differently be expressed, including 
during phosphate limitation that stimulates the rhamnolipid production has 
already known to its relation to surface attachments. Bacterial attachment to host 
membranes or inert surfaces is the first step to begin an infection for pathogenic 
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bacteria. Surface topography affects bacterial attachment. In detail surface 
hydrophobicity composed by rhamnolipid releases from P. aeruginosa has a 
significant role in relation to surface and bacterial attachment. The proteomic 
results indicate that the rhamnolipid and outer membrane proteins interaction in 
driving special effects into the cell transfer system to enhance the early surface 
attachment as well as rhamnolipid the cell membrane decrease.

3.2.  Outer membrane proteome profile of ΔrhlA vs. PAO1

Outer membrane proteome results suggested that; four P.aeruginosa OMPs 
significantly changed expression levels. One protein was PA2398 (Nr. 2), the 
ferripyoverdine receptor FpvA, which is a receptor of the pyoverdine-Fe (III) 
complex and PA4221 (Nr. 4), the Fe (III)-pyochelin receptor precursor, which 
was up-regulated twofold in the ΔrhlA. Both of them are responsible for the 
uptake of ferric iron (Fe III) but with different affinity. These proteins are 
controlled by iron-regulated gene that produces the “ferric uptake regulator” 
protein, which acts as an iron-responsive, DNA-binding repressor protein. 
Because the ΔrhlA produces a high level of PQS (data not shown here), the 
Fur protein is up-regulated, and iron-chelating activity is induced. The rest of 
four differently expressed proteins were PA1777 (Nr. 8) OprF and PA1094 (Nr. 
6) FliD. OprF major outer membrane protein were significantly downregulated 
and FliD protein was disappeared in the ΔrhlA strains compared to wild-type 
PAO1. FliD PA1094 (Nr. 6), flagellar capping protein, is particularly important 
for rhamnolipid mediated bacterial initial attachment.

Figure 1: 2-D Gels of the extracellular proteins of P. aeruginosa PAO1 and 
ΔrhlA  (in a pH range of 3-11). The top two gels show the protein patterns of 

ΔrhlA (left) and wild-type P. aeruginosa PAO1 (right).
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Table 1: The outer membrane proteins expressions of  
P. aeruginosa ΔrhlA vs wild type PAO1.

Spots 
Nr.

PA Nr. Function Gen MW pI Rlt. 
ExpressLevel

1 PA0595 OstA precursor ostA 104 5,29 Ø

2 PA2398 Ferripyoverdine receptor FpvA 91,2 5,28 ↑

3 PA4710 Heme/Hemoglobin 
uptake omp receptor

PhuR 84,7 5,94 ↑

4 PA4221 Fe (III)-pyochelin omp 
receptor precursor

FptA 80 6,11 ↑

5 PA1092 Flagellin type B FliC 49,2 5,18 ↑

6 PA1094
 

Flagellin capping protein 
FliD

FliD 49,2 6,11 *

7 PA2760 OprQ OprQ 46 5,51 ↓

8 PA1777 Major porin and 
structural outer 
membrane porin OprF 
precursor

OprF 37 4,75 ↓

9 PA0958 OprD precursor OprD 48 4,75 Ø

The symbols represent the differential expression of the proteins of ΔrhlA strain 
compared to the wild type PAO1 (↑ upregulated, ↓ downregulated, Ø the same 
regulated, *disappearance). 
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4.  Discussion

In the present study, the outer membrane composition of P. aeruginosa after 
adaptation for 48 hours in rhamnolipid production conditions (Pi limitation) in 
ΔrhlA, non-rhamnolipid production strain was characterized. Using the spot 
filtering and editing system of 2D software Delta 2D, a spot picking list of 20 
spots (for three independent prepared gels) was prepared, and MALDI-TOFF 
was performed.  The spot locations are indicated on the gel in Figure 1, and 
the characteristics and expression levels of the 9 protein spots from 20 spots 
(t-test at least %90) are listed in Table 1. Before the investigation of ΔrhlA, Omp 
patterns of P. aeruginosa wild-type PAO1 in the same conditions were specified, 
and Master gel of the P. aeruginosa wild-type PAO1 were composed by three 
independent gels produced to be sure that the q value (q ≤ 0.05) that any mistake 
analyzed can occur. Specifying of the outer membrane proteins of wild type PAO1 
is considered to provide convenience to the detection of Omp profiles during the 
Pi limitation induced rhamnolipid production. The protein hydrophobicity is the 
main challenge during first dimension process in which they often precipitate at 
their pI in the immobilized pH gradients, hence, the second-dimension transfer of 
the proteins became problematic. The second difficulty was the reduced number 
of bacteria that developed rhamnolipid production during the exponential phase 
resulted in reduced concentration of Omps from each extraction. The sufficient 
amount for outer membrane extraction was achieved by the preparation of the 
high volume of the bacterial cultures. The other most critical question of the 
outer membrane protein expression alterations during rhamnolipid production 
is that the detergent effect of the rhamnolipid reduced effect on the Omps. 
OprF is one of the known porin allowing non-specific diffusion of ionic species 
and small polar nutrients, and it has been identified as a Lectin B binding 
surface-associated protein (13). OprF was down-regulated in ΔrhlA compared 
to wild type PAO1. OprF is required for rhamnolipid production, and in the 
OprF mutant, mRNAs encoding the rhl biosynthesis enzymes RhlA and RhlB 
were strongly decreased in the absence of OprF (14). Opr F might be acting 
as a transmission channel for rhamnolipid. This scenario was true for ΔrhlA 
strain outer membrane proteins, including PA4221-Fe (III)- pyochelin receptor, 
PA2398 ferripyoverdine receptor, and PA4710 Heme/Hemoglobin uptake outer 
membrane receptor PhuR receptor. The ΔrhlA mutant has high PQS levels 
(data are not shown), and it probably activates to PhuR-iron mechanism and 
contributes high virulence phenotype under the Pi depletion conditions. It also 
led to the up-regulation of pyoverdin-associated genes, pyoverdin is required 
to supply iron or to act as a direct signal to activate the phosphate signaling 
pathway (15). P. aeruginosa, generally expresses a single polar flagellum, 
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which exhibits the typical conserved structure established for many gram-
negative pathogens. This flagellum provides motility and chemotaxis functions 
for microorganisms. The protein PA1092, flagellar filament protein flagellin 
type B, promotes swimming motility in liquid and semi-liquid environments 
(16). The swimming plate test performed the confirmation of the outer PA1092 
protein expression levels and ΔrhlA mutant can swim properly (data not shown 
here). The other important protein for motility and biofilm formation that was 
disappeared in ΔrhlA mutant outer membrane proteins and down-regulated in 
extracellular proteome compared to the wild type PAO1 strain was PA1094, the 
flagellar capping protein Fli D. Fli D capping protein, which is located at the end 
of the flagellum and is found at the tip of the flagellar filament, was shown to be 
the mucin specific adhesin (17). The Fli D protein was capable of specifically 
inhibiting the association of P. aeruginosa cells with mucin. Scanning electron 
photomicrographs of the surface of the CF epithelia suggest that the initial 
interaction of the flagellar tip is with mucin (18). This depiction is the first step 
of the bacterial attachment to the surfaces. This fragile interaction can then be 
strengthened by further attachment with additional Fli D proteins located in the 
outer membrane, which are synthesized as a consequence of flagellar breakage 
following the initial binding step. As a suggestion, the rhamnolipid required 
for Fli D cap opening for the transfer components to host cell membranes. The 
theory behind this is that rhamnolipid forms a high polar surface that promote the 
release of cap FliD from flagellum and enables to first bacterial attachment. This 
hypothesis needs to be further investigated. In general, bacterial extracellular 
matrix proteins involved in the motility of microorganisms are needed for the 
initial step of attachment. Migration-dependent formation of the cap protein 
of the mushroom-shaped structures in P. aeruginosa biofilm is known to be 
facilitated by rhamnolipid production. The ΔrhlA and pilArhlA double mutant 
both formed flat biofilms (19). The flat biofilm does not allow to change of the 
extracellular DNA and the new messages between bacteria and the spread of the 
bacterial colonies to the new possible area to enhance and stronger the infection.

4.  Conclusıon

Alterations of the outer membrane protein composition have depended on 
environmental conditions in Pseudomonas aeruginosa that controlled by 
Two Component Regulatory System and flagellum which contributes initial 
bacterial attachment the surfaces. This initial fragile interaction can then be 
strengthened by further attachment with additional Fli D protein located in the 
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outer membrane, which are synthesized as a consequence of flagellar breakage 
following the initial binding step. As a suggestion, the rhamnolipid required 
for Fli D cap opening for the transfer components to host cell membranes. The 
theory behind this is that rhamnolipid forms a high polar surface that promote 
the release of cap FliD from flagellum and enables to first bacterial attachment. 
This hypothesis needs to be further investigated.
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