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NEUROBIOLOGICAL AND NEUROPSYCHIATRIC STUDIES 
ASSOCIATED WITH TOXOPLASMA GONDII INFECTION

Serdar GÜNGÖR1

ABSTRACT

Toxoplasma gondii is classified within the Apicomplexa phylum in which 
protozoon parasites important for human health are found. It is among the most 
common causes of disease in humans and animals worldwide, and it leads to 
toxoplasmosis in its hosts. After the transmission, following the acute infection 
that is characterized by the rapidly proliferating tachyzoite development, chronic 
infection that is characterized by the tissue cyst development in various tissues 
including the central nervous system begins. Chronic T. gondii infection is 
considered to be a risk factor for the development of neurodegenerative disorders 
and psychiatric diseases, primarily Schizophrenia. In this review, neurobiological 
and epidemiological studies revealing the relationship between T. gondii infection 
and neuropsychiatric diseases are included.     

Keywords: Toxoplasma gondii, schizophrenia, Alzheimer’s disease,  Parkinson’s 
disease, neurotransmitters 

INTRODUCTION

The idea that psychotic disorders may be related to infectious diseases 
was put forward in the 19th century. At first, Kraepelin suggested that 
toxins originating from infectious agents might cause brain pathologies 
(Kraepelin, 1919). Later, Menninger developed a viral etiology theory for 
encephalitis and schizophrenia after the 1918-1919 influenza pandemic 
(Meninger, 1926). Subsequently, parasites started to attract the attention of 
scientists, and parasites such as Toxoplasma gondii (T. gondii) were studied 
regarding the subject. Among the infectious agents, T. gondii is the parasite 
that has attracted the most attention due to being located in the central 
nervous system.

T. gondii is an obligate intracellular protozoan parasite and is classified 
within the Apicomplexa phylum, which includes species such as 
Plasmodium, Cryptosporidium, and Babesia that are important for human 
health. It is estimated that approximately 25-30% of the world population is 
infected with T. gondii. T. gondii’s definitive host is cats, and its intermediate 
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host is a variety of mammals, especially humans, and birds. Parasites 
reproduce asexually in intermediate hosts, and both sexually and asexually 
in consecutive periods in the intestinal epithelium cells of the definitive 
host. In addition to being the definitive host, cats also serve as intermediate 
hosts (Dubey, 2006). It has three infective forms, being oocyst, tachyzoite, 
and bradyzoite (tissue cyst) forms. While the oocyst form is formed only 
by sexual reproduction in cats, which are the definitive hosts, the tachyzoite 
and bradyzoite (tissue cyst) forms are formed by asexual reproduction in 
the definitive host and other intermediate hosts. Tissue cysts containing 
bradyzoite live in the host organism for many years and lead to chronic 
infection (Dubey, 2006). It was reported that tissue cysts can survive for 
many years in the host cell by inhibiting cellular apoptosis (Parlog et al., 
2015). In immunocompetent individuals, the release of bradyzoites with the 
rupture of living tissue cysts is not frequent, and the released bradyzoites are 
rapidly phagocytized by surrounding macrophages. By this means, chronic 
infection is constantly kept under control. On the other hand, T. gondii 
infection leads to pathologies that can result in death due to multiple organ 
involvement, as well as encephalitis, especially in immunocompromised 
patients.

T. gondii infection is associated with behavioral changes and moreover 
some psychiatric and neurodegenerative disorders, and it is observed that 
more than 100 studies have been conducted on the subject in the literature 
in the last decade (Grande et al., 2017). As a result of T. gondii infection, 
tissue cysts frequently settle in the part of the brain associated with fear that 
is called the amygdala, and as a result, the loss of fear occurs in the host. 
The best example of this situation is observed in the case when mice with 
chronic toxoplasmosis are not afraid of cats, their natural enemies (Vyas et 
al., 2007). It was also demonstrated that the dopamine content increases 
in chronic toxoplasmosis hosts and it was reported in experimental 
studies that abnormalities in dopamine metabolism are associated with 
physiological, behavioral, and motor changes (Prandovszky et al., 2011; 
Parlog et al., 2015). Likewise, dopamine was found at high levels in patients 
with schizophrenia, and this was reported to be associated with aggression 
and impulsivity (Joiner et al., 2009; Karabulut, 2013). On the other hand, it 
is known that tissue cysts can infect neurons, astrocytes, and glial cells in 
the brain (Vern and Yasuhiro, 2007). Infected astrocytes lead to glutamate 
accumulation, which can lead to the false stimulation of neurons and even 
neuron deaths (Clément et al., 2016). Chronic toxoplasmosis can indirectly 
cause some changes related to neuropsychiatric disorders. In respect to this 
issue, during chronic toxoplasmosis, a strong immune response is generated 
by the host, and as a result of this response, tryptophane, which is used in 
the synthesis of serotonin, is reduced to kynurenine. This situation results 
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in two ways. In the first one, the increased kynurenine leads to neuron 
death, and in the other one, the synthesis of serotonin decreases due to the 
loss of tryptophane, which results in the development of severe depression, 
as well as unhappiness (Fabiani, 2015). Definitively, toxoplasmosis is also 
associated with suicidal events, and a hypothesis was developed for this 
situation. According to this hypothesis, suicide attempts may take place 
with the loss of fear due to the intense cyst settlement in the amygdala 
section of the brain, aggression and impulsivity due to the increased 
dopamine and glutamate levels, the development of severe depression and 
the increased desire for being unsafe, as well unhappiness, as a result of 
decreased serotonin due to the loss of tryptophane (Hsu et al., 2014).

Neurobiological Studies
One of the most suitable explanations for behavioral and neurological 

disorders is that the parasite kills neurons or infects neurons in such a way 
that it inhibits/disrupts their functions. The cyst location plays an important 
role in behavioral changes, and many parts of the central nervous system 
are permanently invaded by tissue cysts. However, it was reported in some 
studies that the parasite exhibits more specific tropism to certain brain 
regions (Vyas et al., 2007; Haroon et al., 2012). In a study conducted, the 
tissue cyst density in mice infected with T. gondii was determined to be 
higher in the amygdala region of the brain compared to other regions, and 
it was reported that this led to the loss of fear of cats in mice (Vyas et al., 
2007). In fact, this represents the transition from the intermediate host to 
the definitive host in nature and suggests that T. gondii may take control 
in hosts it infects. Upon examining the studies conducted on humans, 
it has been reported that post-mortem material is difficult to access and 
there are few studies identifying the pathological processes and locations of 
cysts in human brain samples (Parlog, 2015). Existing studies focused on 
immunocompromised patients with acute toxoplasmosis, and as a result 
of MR examinations performed on patients with cerebral toxoplasmosis, 
lesions were mainly detected in the cortex and cerebellum and it was 
reported that this was consistent with a few studies on mice (Maeda et al., 
2006; Schroeder et al., 2006; Suzuki et al., 2010).

The strongest hypothesis explaining the neuromodulatory effect of 
T. gondii infection is tissue cysts that disrupt dopamine metabolism. 
In relation to this, Gaskell et al. found two genes encoding tyrosine 
hydroxylase (TH), which is necessary for the synthesis of dopamine in the 
T. gondii genome (Gaskell et al., 2009). This enzyme (TH) is an enzyme 
that converts L-tyrosine into L-dihydroxyphenylalanine (L-DOPA) and is 
described as the rate-limiting factor of the DOPA synthesis in the brain 
(Figure 1). In a subsequent study, it was shown by using the in vivo and in 
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vitro approaches that neurons carrying tissue cysts synthesize TH, and even 
dopamine (Prandovszky et al., 2011). Furthermore, upon comparing the 
infected cells with non-infected cells in the same study, it was observed that 
there was a triple increase in the dopamine content of the infected cells. It 
was stated that dopamine increases occurring due to the parasite infection 
interfere with vital brain functions (movement, cognition, memory, mood, 
learning, reward). Dopamine and dopamine signaling pathways disorders 
in humans were associated with many neurodegenerative and psychiatric 
diseases (Parlog, 2015).

Figure 1. Steps of the dopamine synthesis  
(Cited and modified from Henriquez et al., 2009)

Tirozin: Tyrosine

Tirozin Hidroksilaz: Tyrosine Hydroxylase 

Dihidroksifenilalanin (L-DOPA): Dihydroxyphenylalanine (L-DOPA)

DOPA dekarboksilaz: DOPA decarboxylase

Dopamin: Dopamine

Tissue cysts are known to infect neurons, astrocytes, and glial cells in the 
brain (Vern and Yasuhiro, 2007). Astrocytes are responsible for removing 
glutamate, a neurotransmitter, from synapses, and astrocytes infected with 
tissue cysts cannot perform this function. Excess glutamate accumulation 
also leads to the false stimulation of neurons and even neuron deaths. It was 
reported that this situation (excess glutamate accumulation) is observed in 
ALS, MS, and Alzheimer’s patients (Clément et al., 2016). In connection 
with this, the fact that T. gondii tissue cysts infect neurons eventually leads 
to changes in the morphology of neurons. These physical changes lead to 
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disruptions in the functions of neurons, forming neural networks, and 
signal transduction. As a conclusion, it was reported that the information 
obtained from the environment cannot be correctly read or stored by the 
brain (Parlog et al., 2015).

Programmed cell death is known to be an important mechanism that 
takes place in the host organism to fight invading pathogens and regulate 
the immune response (Jorgensen et al., 2017). It is considered that T. 
gondii tissue cysts probably develop direct prevention strategies for host 
cell apoptosis to eliminate the immune response of the host. Among the 
suggested intracellular mechanisms is the enhancement of the regulation 
of anti-apoptotic genes in the host cell or the attenuation of apoptotic 
signaling cascades (Orlofsky et al., 2002; Kim and Denkers, 2006).

The data obtained from animal studies have shown that when the central 
nervous system is invaded by T. gondii, a chronic neuroinflammatory 
medium characterized by the Th1 type (IFN-gamma, IL-12, IL-1, IL-6, TNF) 
immune response is induced in the brain (Carruthers and Suzuki, 2007). 
Similarly, the biological markers mentioned were also found at increased 
levels in patients diagnosed with major depression, obsessive-compulsive 
disorders, and schizophrenia. The resulting chronic neuroinflammation 
leads to neurodegeneration, neurotransmitter abnormalities, and/or 
behavioral changes and neurological disorders by initiating subtle changes 
in the morphology and functions of neurons (Parlog, 2015).

Irregularities at neurotransmitter levels have been associated with 
different pathological findings. Cytokines and inflammatory mediators 
released by the host organism during T. gondii infection can affect 
neurotransmitters through excitotoxicity and oxidative stress, in addition 
to causing the activation of indolamine-2,3-dioxygenase enzyme (IDO), 
activation of mitogen-activated protein kinase (MAPK), and changes in the 
enzyme activity of tetrahydrobiopterin (BH4). The increased expression 
of IDO leads to the degradation of essential amino acid tryptophan, the 
precursor of serotonin (Prandovszky et al., 2011). As a result of this event, 
tryptophane is reduced to kynurenine, and this results in two different 
ways. One of these is the prevention of T. gondii tachyzoite proliferation due 
to the degradation of tryptophan. Hence, it is concluded that tryptophane 
amino acid is used in the proliferation of T. gondii tachyzoites. Another 
consequence is the occurrence of neuron deaths, which is an undesirable 
situation due to increased kynurenine. Furthermore, a decrease in the 
amount of serotonin due to the degradation of tryptophane occurs with 
severe depression, as well as unhappiness (McConkey et al., 2013; Fabiani 
et al., 2015). On the other hand, cytokines (IL-1β, IL-6, TNF-α) produced 
during T. gondii infection affect the Hypothalamus-pituitary-adrenalin 
axis (HPA axis) associated with behavioral changes. Glucocorticoids, the 
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end-products of the HPA axis, affect tryptophane metabolism by leading 
to an increase in the level of tryptophan 2,3-dioxygenase (TDO) in the 
liver (Del Grande et al., 2017). This leads to the degradation of tryptophane 
and consequently, an increase in the level of kynurenine, similarly to the 
increase in the level of kynurenine occurring due to the increase in the IDO 
level (Figure 2).

Figure 2. The degradation of tryptophane to kynurenine (Cited and modified 
from Henriquez et al., 2009).

Triptofan: Tryptophane

İndolamin 2,3-dioksigenaz (IDO): Indoleamine 2,3-dioxygenase 
(IDO)

Triptofan 2,3-dioksigenaz (TDO): Tryptophan 2,3-dioxygenase 
(TDO)

Serotonin biyosentezi: Serotonin biosynthesis

N-formilkinürenin: N-Formylkynurenine

Arilformamidaz: Arylformamidase

Kinürenin: Kynurenine
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3-monooksijenaz: 3-monooxygenase

3-Hidroksikinürenin: 3-Hydroxykynurenine

Kinüreninaz: Kynureninase

3-Hidroksiantralinik asit:3-Hydroxyanthralinic acid

3-Hidroksiantranilat: 3-Hydroxyantranilate

3,4-dioksijenaz: 3,4-dioxygenase

2-amino 3-karboksi mukonik asit: 2-amino-3-carboxymuconic acid

6-semialdehid: 6-semialdehyde

Nöron fonksiyonları üzerinde doğrudan etki: Direct effect on the 
neuron functions

Epidemiological Studies

The idea that infectious agents can cause psychotic disorders dates back 
to old times. T. gondii is considered as a risk factor in the development 
of neuropsychiatric diseases since it can settle in the central nervous 
system of the hosts it infects. Therefore, the presence of T. gondii in 
individuals with neurological or psychiatric diseases is investigated by 
using various serological methods. 

It was stated that problems such as a decrease in the novelty seeking 
and perception-comprehension skills, an increase in encountering 
negativities in behavioral characteristics, and an increase in being 
involved in traffic accidents occur in anti-T. gondii antibody-positive 
individuals (Miman, 2013). Flegr et al. sought an answer to the question 
“Can subtle changes in the psychomotor performance have any effect 
on human behaviors?”. Thus, the T. gondii positivity was investigated in 
individuals responsible for causing motor vehicle accidents as a driver 
or a pedestrian, and 2.65 times more T. gondii positivity was reported in 
these individuals compared to the control group used during the study 
(Flegr et al., 2002). In a similar study conducted in Turkey, the T. gondii 
antibody positivity rate among drivers experiencing a traffic accident 
was found to be higher compared to the control group (Yereli et al., 
2006).

On the other hand, T. gondii infection was reported to affect females 
and males differently. According to the data obtained from these studies, 
while the T. gondii positivity increases superego, skepticism, and jealousy 
in males, it leads females to be friendly, extrovert, easily trusting, and 
more tolerant (Flegr, 2007). It was also stated that individuals with the 
Rh-positive blood group are protected against latent T. gondii infection 
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and that personal/behavioral changes do not occur in these individuals 
(Flegr et al., 2010).

Furthermore, T. gondii infection has been associated with suicidal events. 
According to the results obtained, anti-T. gondii IgG antibody positivity 
was determined at higher titers in individuals attempting suicide (Arling et 
al., 2009). In a study conducted in Turkey, the T. gondii seropositivity rate in 
patients attempting suicide was found to be higher compared to the control 
group (Yağmur et al., 2010). Similarly, in a different study, it was reported 
that the suicide rates in 20 European countries were compatible with the 
prevalence of T. gondii (Lester, 2010).

Upon comparing individuals with various neuropsychiatric disorders 
such as schizophrenia, bipolar disorder, obsessive-compulsive disorder, 
unipolar depression, drugs, homicide, generalized anxiety and panic 
disorders, personality disorders, and mood disorders with healthy controls, 
it was reported that the higher rates of T. gondii seropositivity were found in 
these individuals (Flegr, 2015).

In a study, the seropositivity rate of T. gondii in patients with obsessive-
compulsive disorder was found to be 2.4 times higher compared to the 
control group (Miman et al., 2010). Similarly, in patients with bipolar 
disorder (manic depression), T. gondii seropositivity was determined at a 
higher rate (Hamdani et al., 2013). Interestingly, the symptoms of T. gondii 
positive patients with obsessive-compulsive disorder were only reduced by 
the T. gondii treatment (Brynska et al., 2001).

A lot of studies have been conducted on the relationship between T. 
gondii infection and schizophrenia. In one of these studies, the prevalence 
of T. gondii infection was found to be 2.7 times higher in schizophrenic 
patients compared to the control group by the meta-analysis method 
(Arias et al., 2011). In a study conducted in Turkey, seropositivity was 
found at a higher rate in patients with schizophrenia compared to the 
control group (Tamer et al., 2008). Furthermore, it was reported that 
children born with T. gondii infection acquired during pregnancy have 
a higher prevalence of schizophrenia at later ages (McConkey et al., 
2013). Epidemiological findings are summarized in Table 1, and the 
relationship and differences between schizophrenia and toxoplasmosis 
are shown.
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Table 1. Epidemiological findings supporting the association between 
toxoplasmosis and schizophrenia (Cited from Fabiani et al., 2015)

Factors Toxoplasmosis Schizophrenia

Genetic/Familial
Transmission 
from mother to 
baby is observed.

There is a high 
risk in first-degree 
relatives.

Miscarriage

The incidence of 
miscarriage is high 
among females 
infected with T. 
gondii during 
pregnancy.

The incidence 
of miscarriage is 
high in mothers 
diagnosed with 
schizophrenia.

Age of onset

Increased 
antibody response 
in males between 
the age of 15-35 
years

The early onset 
and primary 
clinical findings 
within 20-30 years 
in males 

Seasonal 
variation

The probability of 
getting infectious 
diseases, including 
toxoplasmosis, 
is higher in 
individuals born 
in winter or 
spring.

The risk of 
schizophrenia 
development 
is higher in 
individuals born 
in winter or 
spring.

Socio-economic 
situation

Low

*High prevalence 
in poor and 
crowded families

Low

*High prevalence 
in poor and 
crowded families

Living in the city 
or rural areas

There are 
conflicting data on 
the relationship 
between the 
prevalence of 
toxoplasmosis and 
places of living. 

There is 
compatibility 
between the onset 
of schizophrenia 
and being born 
and living in the 
urban area in 
childhood.

Contact with cats

The T. gondii 
seropositivity 
rate is higher 
in individuals 
keeping cats.

It is reported that 
schizophrenia 
patients have had 
more contact 
with cats in their 
childhood.
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Toxoplasmosis is also associated with neurodegenerative disorders 
except for psychiatric disorders. In one of the two different studies conducted 
on the relationship between T. gondii infection and Parkinson’s disease, T. 
gondii seropositivity was found to be higher in patients with Parkinson’s 
disease compared to the control group, and in the other one, there was no 
statistically significant difference between the two groups (Miman et al., 
2010; Çelik et al., 2010). It was reported that there was a decrease in the 
existing Parkinson’s disease symptoms of patients with toxoplasmosis and 
AIDS and with Parkinson’s disease symptoms with anti-T. gondii treatment 
(McConkey et al., 2013). Upon investigating T. gondii seroprevalence in 
patients with Alzheimer’s disease, which is another neurodegenerative 
disease, it was reported that higher positivity was determined in these 
patients compared to the control group (Küsbeci et al., 2011).

CONCLUSION

Upon examining the studies conducted, the presence of a relationship 
between T. gondii infection and neurodegenerative and psychiatric diseases 
is observed. The major findings obtained from these studies can be listed 
as follows. (1) T. gondii exhibits brain tropism, and behavioral changes 
can occur following its settlement in the amygdala region of the brain. 
(2) T. gondii infection can change the level of dopamine, an important 
neurotransmitter in the development of psychiatric diseases. (3) During 
the course of T. gondii infection, cytokines released by the host organism 
reduce tryptophane, the precursor of serotonin, to kynurenine, and as 
a result, the development of unhappiness or depression can occur. (4) 
Astrocytes infected with T. gondii tissue cysts cannot eliminate glutamate 
accumulated in synapses, and excess glutamate accumulation can lead to the 
false stimulation of neurons and neuron deaths. (5) The infected amygdala, 
increased dopamine content, decreased serotonin content, and glutamate 
accumulation in synapses during the course of T. gondii infection increase 
the risk of attempting suicide.  
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CRYPTOSPORIDIOSIS

Serdar GÜNGÖR1

ABSTRACT

Cryptosporidium, the agent of cryptosporidiosis, is a protozoan parasite with 
medical and veterinary importance, and it causes gastrointestinal complaints in a 
large number of vertebrates, including humans. Cryptosporidium muris (C. muris) 
was first described by Tyzzer in mice in 1910, and two years later C. parvum was 
described within a genus that includes 20 species and more than 60 genotypes. 
However, no relationship with gastrointestinal diseases in humans was detected 
until 1970 (Plutzer and Karanis, 2009; Leitcha and Heb, 2012). Studies conducted 
in the following years have shown that cryptosporidiosis may cause gastrointestinal 
symptoms that can usually heal spontaneously in healthy individuals and 
respiratory system infections in addition to severe diarrhea threatening life in 
immunocompromised patients (Can et al., 2013).

The genus Cryptosporidium is a member of Apicomplexa (=Sporozoa), 
a phylum that includes important parasite protozoa for humans such as 
Plasmodium, Toxoplasma, Isospora, Sarcocystis, Cyclospora and Babesia (Leitcha 
and Heb, 2012). Like other members of this phylum, Cryptosporidium has a 
complex life cycle involving sexual and asexual phases, and its infectious phases 
have a characteristic apical complex from which the name of the phylum is derived 
(Leitcha and Heb, 2012). 

Crytosporidium species have been shown to infect mammals, birds, reptiles, 
frogs, and fish (Silva et al., 2013). C. hominis and C. parvum are two species 
infecting humans the most. Among these two species, while C. hominis is found 
only in humans, C. parvum is found in many animals, as well as humans (Leitcha 
and Heb, 2012). In addition to these two species, species such as C. meleagridis, C. 
cuniculus, C. felis, and C. canis were isolated from humans (Chalmers and Katzer, 
2013). 

In humans, cryptosporidiosis courses with the infection of the jejunum and 
ileum areas, which results in persistent aqueous diarrhea lasting for two weeks 
(Current and Garcia, 1991). It has been stated that spontaneous recovery is the 
rule and there is no effective specific therapeutic agent (Hunter and Nichols, 2002). 
Furthermore, nitazoxanide is recommended in the treatment of cryptosporidiosis 
in children older than one year of age and in immunocompromised patients 
(Chalmers and Katzer, 2013). 

The infection is transmitted with the intake of oocysts with food and water 
from human to human and from animal to human. Cryptosporidium oocysts 
are morphologically smooth, thick-walled and colorless, and sporulated oocysts 
have a round or oval appearance with four bare sporozoites inside. Variability is 
observed between the species in terms of the size. For example, the oocysts of C. 
parvum are 4.5 x 5.0 μm (Leitcha and Heb, 2012). 

Keywords: Cryptosporidium, Cryptosporidium genotypes, Cryptosporidium 
Diagnosis
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INTRODUCTION

Cryptosporidium, the agent of cryptosporidiosis, is a protozoan parasite 
with medical and veterinary importance, and it causes gastrointestinal 
complaints in a large number of vertebrates, including humans. 
Cryptosporidium muris (C. muris) was first described by Tyzzer in mice 
in 1910, and two years later C. parvum was described within a genus that 
includes 20 species and more than 60 genotypes. However, no relationship 
with gastrointestinal diseases in humans was detected until 1970 (Plutzer 
and Karanis, 2009; Leitcha and Heb, 2012). Studies conducted in the 
following years have shown that cryptosporidiosis may cause gastrointestinal 
symptoms that can usually heal spontaneously in healthy individuals and 
respiratory system infections in addition to severe diarrhea threatening life 
in immunocompromised patients (Can et al., 2013).

The genus Cryptosporidium is a member of Apicomplexa (=Sporozoa), 
a phylum that includes important parasite protozoa for humans such 
as Plasmodium, Toxoplasma, Isospora, Sarcocystis, Cyclospora and 
Babesia (Leitcha and Heb, 2012). Like other members of this phylum, 
Cryptosporidium has a complex life cycle involving sexual and asexual 
phases, and its infectious phases have a characteristic apical complex from 
which the name of the phylum is derived (Leitcha and Heb, 2012). 

Crytosporidium species have been shown to infect mammals, birds, 
reptiles, frogs, and fish (Silva et al., 2013). C. hominis and C. parvum are 
two species infecting humans the most. Among these two species, while C. 
hominis is found only in humans, C. parvum is found in many animals, as 
well as humans (Leitcha and Heb, 2012). In addition to these two species, 
species such as C. meleagridis, C. cuniculus, C. felis, and C. canis were 
isolated from humans (Chalmers and Katzer, 2013). 

In humans, cryptosporidiosis courses with the infection of the jejunum 
and ileum areas, which results in persistent aqueous diarrhea lasting for 
two weeks (Current and Garcia, 1991). It has been stated that spontaneous 
recovery is the rule and there is no effective specific therapeutic agent 
(Hunter and Nichols, 2002). Furthermore, nitazoxanide is recommended 
in the treatment of cryptosporidiosis in children older than one year of age 
and in immunocompromised patients (Chalmers and Katzer, 2013). 

The infection is transmitted with the intake of oocysts with food and water 
from human to human and from animal to human. Cryptosporidium oocysts 
are morphologically smooth, thick-walled and colorless, and sporulated 
oocysts have a round or oval appearance with four bare sporozoites inside. 
Variability is observed between the species in terms of the size. For example, 
the oocysts of C. parvum are 4.5 x 5.0 μm (Leitcha and Heb, 2012).  
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Cryptosporidiosis has been recently shown as the leading waterborne 
disease in many countries, and drinking water and swimming pools 
are considered to be the transmission route. As a result of revealing the 
relationship between drinking water and Cryptosporidium, scientists 
in the United Kingdom and America have started to recommend 
immunocompromised individuals to drink boiled water (Hunter and 
Nichols, 2002).  

On the other hand, the incidence of Cryptosporidium worldwide is 
not well known, and it is defined as the major cause of severe diarrhea 
in children under five years of age in low-income countries (Widerström 
et al., 2014). In gastroenteritis patients, it is reported to be observed 
between 1%-4% in Europe and North America, and between 3%-20% in 
Africa, Asia, Australia, South and Central America. Upon examining the 
prevalence of Cryptosporidum in HIV-positive patients, it is observed 
to be between 3%-4% in Europe and America, 3.5%-22.4% in Brazil, 
~50% in Africa and between 3.6%-4.3% in Asia (Chalmers and Katzer, 
2013). Upon reviewing studies conducted in Turkey, the prevalence 
of Cryptosporidium spp. varies between 0% and approximately 35% in 
various patient groups. 

There is still no diagnostic method that is accepted as the gold standard 
for the diagnosis of Cryptosporidium spp. in humans. Therefore, the most 
accurate result is achieved by using more than one method in the routine 
diagnosis. For the diagnosis of cryptosporidiosis, microscopy, culture, 
antigen searching, flow cytometry or DNA detection techniques are 
routinely used in stool, sputum and bile samples. In general, microscopic 
diagnostic methods involving specific staining methods and antigen 
searching are commonly used separately or together, while molecular 
methods are used for the identification of the source of infection and 
distinguishing species in cases such as epidemics (Can et al., 2013).  

As a result, since there is no diagnostic method that is accepted as 
the gold standard in the diagnosis of Cryptosporidium, new diagnostic 
methods are required. On the other hand, since this infection can 
cause conditions that may result in serious fatalities in children and in 
immunocompromised patients, there is a need to equip drinking water 
and swimming pools that are shown as the major source of transmission 
of the disease with a more specific infrastructure. Moreover, since it is 
an infection that can also be transmitted from animals to humans, it 
is considered that individuals occupied in animal husbandry or people 
keeping pets at home should be educated on how to protect themselves 
from this infection and other parasitic infections.   
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Lifecycle of Cryptosporidium spp. 

After the disruption of oocysts in the intestinal lumen, sporozoites 
penetrate the host cells and develop into trophozoites within the 
parasitophorous vacuole remaining limited in the microvillus area 
of the mucosal epithelium. Trophozoites undergo asexual division 
(merogony) to form merozoites. After type 1 merozoites are formed, 
invasive merozoites enter adjacent host cells and form additional type 1 
merozoites or type 2 merozoites. Type 2 merozoites do not sustain this 
cycle but enter the host cells to generate microgametes and macrogametes 
that will initiate the sexual phase. After the microgamete fertilizes 
the macrogamete, many zygotes are formed, and they develop into 
environmentally resistant thick-walled oocysts. Afterwards, they form 
sporulated oocysts containing four sporozoites with sporogony. Finally, 
sporulated oocysts are removed from the body with feces, and the next 
cycle is restarted when they are taken by a new host.  A small number 
of zygotes (approximately 20%) do not form thick-walled oocysts but 
similarly form thin-walled oocysts with four sporozoites. These oocysts 
cause autoinfection (Bouzid et al., 2013).     

Cryptosporidium genotypes

Molecular studies conducted within the last 20 years have provided a 
large collection of data on the Cryptosporidium genus. Cryptosporidium 
genotypes have been named depending on significant sequence 
differences in other genes such as a 70-kDa heat shock protein and 
actin gene or in small subunit rRNA genes. Almost 61 Cryptosporidium 
genotypes (unspecified species status) were identified based on SSU 
rRNA sequences. Among them, deer, monkey, pig, skunk, horse, rabbit 
and mouse genotypes were also found in humans (Plutzer and Karanis, 
2009).
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Table 1.  Cryptosporidium species, host locations and oocyst sizes (Table 1; cited 
and modified from Plutzer and Karanis, 2009)

No Species Infection site Oocyst size (µm)

1 C. andersoni Stomach 7.4 (6.0–8.1) x 5.5 (5.0–6.5)

2 C. baileyi Cloaca, bursa, and 
trachea 4.8 (4.8–5.7) x 6.4 (5.6–7.5)

3 C. bovis Small intestine 4.89 (4.76–5.35) x 4.63

4 C. canis Small intestine 4.95 x 4.75

5 C. fayeri Small intestine 4.9 (4.5–5.1x 4.3 (3.8–5.0)

6 C. felis Small intestine 4.5 (5.0–4.5) x 5.0 (6.0–5.0)

7 C. fragile Stomach 6.2 (5.5–7.0) x 5.5 (5.0–6.5)

8 C. galli Proventriculus 8.25 (8.0–8.5) x 6.3 (6.2–6.4)

9 C. hominis Small intestine 4.8 (64.4–5.4) x 5.2 (4.4–5.9)

10 C. macropodum Small intestine 4.9 (4.5–6.0) x 5.4 (5.0–6.0)

11 C. meleagridis Small intestine 5.0 (4.5–6.0) x 4.4 (4.2–5.3)

12 C. molnari Stomach 4.72 (3.23–5.45) x 4.47 
(3.02–5.04)

13 C. muris Stomach 6.1 (5.6–6.4) x8.4 (8.0–9.0),
8.1 (7.0–9.0) x5.9 (5.0–6.5)

14 C. parvum Small intestine 4.9 (4.5–5.4) x 4.4 (4.2–5.2)

15 C. ryanae Small intestine 3.16 (2.94–4.41) x 3.73 
(2.94–3.68)

16 C. scophthalmi Small intestine and 
stomach

4.44 (3.7–5.03) x 3.91 (3.03–
4.69)

17 C. serpentis Stomach 6.2 (5.6–6.6) x 5.3 (4.8–5.6)

18 C. suis Small and large 
intestine 4.6 (4.9–4.4) x 4.2 (4.0–4.3)

19 C. varanii Stomach and Small 
intestine 4.7 (4.2–5.2) x 5 (4.4–5.6)

20 C. wrairi Small intestine 4.6 (4.0–5.0) x 5.4 (4.8–5.6)
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Cryptosporidium subgenotypes
The Gp-60 gene encodes a precursor protein that is proteolytically cleaved 

to produce mature cell surface glycoproteins, gp45 and gp15. Both proteins 
are involved in invasion and binding to enterocytes. The most important 
feature of this gene is the high degree of sequence polymorphism in C. 
hominis, C. parvum, and C. meleagridis isolates. A large number of subtypes 
are defined among these species. Accordingly, 7 subtypes (Ia-Ig) were 
detected in C. hominis, 2 zoonotic (IIa, IId) and 10 non-zoonotic (IIb, IIc, 
IIe-III) subtypes were detected in C. parvum, and 6 subtypes were detected in 
C. meleagridis (Plutzer and Karanis, 2009). Furthermore, regional, seasonal 
and age-related variations were observed in the incidence of C.parvum and 
C.hominis. In summary, regionally, two species were detected at the same 
frequency in Europe and America, and C. hominis was detected at the rate of 
88% in tropical regions; seasonally, the prevalence of C. hominis increased in 
autumn, while the prevalence of C. parvum increased in spring; considering 
the age-related prevalence, C. hominis was observed in children, while C. 
parvum was observed in elderly people (Chalmers and Giles, 2010).

Immune response in cryptosporidiosis
It has been stated that the immune response to C. parvum has not been 

well understood yet. However, both innate and acquired immunity have 
been reported to be important in Cryptosporidium infection (Vanity et al., 
2017). Many laboratory animals have developed a innate immune response 
to the infection, and many experimental studies have attempted to reveal 
specific immune factors responsible for this resistance. Although a general 
consensus has been formed that gamma interferons play a role in removing 
Cryptosporidium from the intestine, the exact mechanism has not been 
completely enlightened. It is also assumed that CD4 T lymphocytes are 
necessary for the elimination of acute and chronic cryptosporidiosis (Hunter 
and Nichols, 2002). In addition, infection has been reported to cause a less 
severe clinical picture in individuals with the lymphocyte count >200 cell/
mm3 (Leitch and He, 2012). Experimental infection studies conducted with 
mice and cattle have shown that immunity depends on CD4 T cells and 
the production of interleukin (IL) 12 and gamma interferon also plays an 
important role. Furthermore, it has been stated that there is no difference in 
normal and B-cell damaged newborn mice in cryptosporidiosis infection, 
and in parallel with this, antibody production plays little role in recovery 
from infection. The role of CD8 T cells in infection is still unclear. However, 
they have been reported to play a role in keeping the infection under 
control. Mast cells play a role in the innate immune response in mice. It 
has been indicated that IL-2 and tumor necrosis factor (TNF) alpha have 
no function in the innate immune response to C. parvum and the status of 
innate killer (NK) cells is unclear (Hunter and Nichols, 2002). 
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Cryptosporidiosis in HIV patients
Many studies have investigated the epidemiology and prevalence 

of cryptosporidiosis in individuals with HIV infection. The results of 
studies investigating the prevalence of cryptosporidiosis in HIV-positive 
individuals with diarrhea have provided an estimate. Accordingly, the 
prevalence varies between 0 and 100% from one study to the other and is 
32% on average (Hunter and Nichols, 2002). It has been reported that it is 
not clear to what extent this large difference can be explained by the study 
design, geographical location, study group, sensitivity of the laboratory 
method or phase of the disease, but the prevalence of Cryptosporidium 
oocysts in individuals without diarrhea is very low  (Hunter and Nichols, 
2002). 

6.6% of HIV-positive individuals in Europe are cryptosporidiosis 
positive (Pedersen et al., 1996). In a study conducted in Los Angeles, 
cryptosporidiosis was found at the rate of 3.8% in HIV-positive individuals 
(Sorvillo et al., 1994) 

The risk of infection increases in immunocompromised individuals 
depending on the amount of CD4 T-lymphocytes. Various social and 
behavioral factors also increase the risk of infection. For example, in 
studies conducted in Europe, the risk of cryptosporidiosis is lower among 
individuals using intravenous medications compared to homosexual 
individuals, and among females compared to males. This shows the 
importance of sexual behaviors (Hunter and Nichols, 2002). 

In a study conducted in the United States, sexual behaviors were 
defined as a risk factor. The results of the study showed that the prevalence 
of cryptosporidiosis was higher among individuals in the category with 
the suspicion of HIV (3.9 %) compared to individuals in the other HIV 
category (2.6 %) and among immigrants from Mexico (5.2 %) compared to 
patients born in the United States (3.8 %). Furthermore, it was also reported 
in the same study that the prevalence of cryptosporidiosis was lower in the 
black population (2.7 %) compared to white (4.1 %) and Latino population 
(4.2%) (Hunter and Nichols, 2002). 

In a separate study, it was indicated that the risk of cryptosporidiosis 
increases only in HIV-positive patients who have dogs. In another study, 
anti-cryptosporidial antibodies were serologically investigated in HIV-
positive individuals. An increased serological response to one or more 
antigens was reported to be associated with a number of sexual practices 
such as entering sexual intercourse during the last 2 years, having more 
than one partner at that time, having anal sex and visiting a spa or sauna 
(Hunter and Nichols, 2002).
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Molecular epidemiological studies have become important tools used 
to demonstrate the source of infection in Cryptosporidium outbreaks. In 
a study conducted in the United States, 10 of the 13 strains detected in 
AIDS patients were identified as C. parvum type 1, and the remaining 3 
strains as C. parvum type 2 (innate et al., 1998). In a study including HIV-
positive patients living in Kenya, Switzerland and the United States, 6 of 
the 22 isolates were identified as C. parvum genotype 1, 8 as C. parvum 
genotype 2, and among the remaining 8 not C. parvum strains, including 
also C. meliagridis, were found (Morgan et al., 2000).  

Although C. parvum genotype 1 and genotype 2 are frequently found 
in humans among genotypes, C. meliagridis and the undefined dog strain 
are also observed. Furthermore, although C. parvum genotype 1 strain was 
predominantly detected in North America, it is thought to be uncertain 
whether this situation increases transmission from human to human 
(Hunter and Nichols, 2002).     

Although infections caused by C. parvum were reported to increase in 
HIV-positive patients, Xiao et al. reported that species such as C. wrairi, 
C. meleagridis, C.saurophilum, C. felis, C. baileyi, C. muris, C. andersoni, 
C. serpentis and C. nasorum in addition to C. parvum were detected in 
immunocompromised patients (Xiao, 2009).

Results of some Cryptosporidium studies conducted in Turkey 

Province
Number 

of 
samples

Positive 
sample 

(%)
Method Patient 

characteristic References 

Izmir 3925 6.27 Acid Fast Intestinal 
complaint 

Değirmenci 
et al., 2007

Izmir 5073 33.47 Acid Fast Intestinal 
complaint

Turgay et 
al., 2012

Izmir 89
12.35

7.86

ELISA

Acid Fast

Children 
with 

diarrhea and 
diagnosed 

with 
leukemia and 

lymphoma 

Tamer et 
al., 2008

Izmir 554 1.3 Acid Fast

Patient with 
immune 
system 

disorder and 
diarrhea 

Aksoy and 
Tuncay., 

2007



Medical Studies 31

Adana 500 -

Immunochro-
matographic 

method 
Direct Fluores-
cent Antibody

Vector Bayramoğlu 
et al., 2012

Van 393 1.27 Modified Ziehl 
Neelsen Vector Körkoca et 

al., 2013

Mersin 70 5.5 
Acid Fast 

Auramin –O
Child Otağ et al., 

2007

Şanlıurfa 46 - ELISA and Acid 
Fast Child Yentür et 

al., 2013

Cryptosporidium Diagnosis
There is currently no high-level test for the diagnosis of Cryptosporidium. 

The presence of oocysts or antigens belonging to Cryptosporidium species 
in various samples is sufficient for the diagnosis. However, the reproduction 
of parasites in the in vitro culture medium is not possible. Therefore, the 
identification of oocysts, antigens or DNA from stool samples and other 
body fluids is used for the diagnosis (Can et al., 2013). 

Primary diagnostic methods for the diagnosis of Cryptosporidium are 
based on the detection of oocysts by conventional staining or fluorescent/
immunofluorescent staining or on the detection of Cryptosporidium antigens 
in stool samples by ELISA (Uppal et al., 2014). In addition to these, PZR-
RFLP or sequencing methods are used in determining Cryptosporidium  
species causing the infection. 

A number of difficulties have been reported in the diagnosis of 
Cryptosporidium as in the diagnosis of other parasitic agents. The fact that 
oocyst shedding is not constant and the amount of oocysts is not always 
sufficient for the diagnosis are listed among them (Uppal et al., 2014). 
In eliminating these disadvantages, it was stated that at least three stool 
samples should be examined during a 10-day period for the first case, and 
one of the various concentration methods should be routinely applied to all 
stool samples for the second case. Among concentration methods, flotation 
methods prepared with sucrose, zinc sulfate or salt and sedimentation 
methods in which formol-ethyl acetate is used are employed. In the routine 
diagnosis of intestinal Cryptosporidium, the Acid Fast stain and Direct 
fluorescent antibody test (DFA) modified with the Ziehl-Neelsen and Fuxin 
stains are used.  However, the sensitivity of these tests is low. Accordingly, 
it is stated that while sensitivity in Acid Fast staining is 75%, at least 1000 
oocysts should be present in 1 g of stool in the DFA method. 
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The ELISA method, which has a specificity 10 times higher than 
that of microscopic techniques, is frequently used in the diagnosis of 
Cryptosporidium. The surface antigens of Cryptosporidium species are 
investigated with this technique. Many researchers accept this method as 
the gold standard in the diagnosis of Cryptosporidium (Omoruyi et al., 
2014). Moreover, it has been suggested that a single method is not sufficient 
for the diagnosis and the diagnostic sensitivity and specificity can be 
increased by using more than one method together.  

In addition to microscopic and antigen detection tests, the Polymerase 
Chain Reaction (PCR) has recently been used in many laboratories in the 
diagnosis of Cryptosporidium. Conventional PCR, Nested PCR, Multiplex 
PCR and Real-Time PCR are molecular methods used in the diagnosis. In 
the molecular diagnosis, 18s rRNA gene, oocyst wall protein gene, 60-kDa 
glycoprotein gene, heat shock protein 70 gene, β-tubulin gene, microsatellite 
locus 1 and microsatellite locus 2 genes are targeted. In studies in which 
the PCR method is used, sensitivity is given as 97%-100% and specificity 
as 100%. It has also been indicated that sensitivity decreases in formol-
containing and frozen stool samples (Omoruyi et al., 2014). 

At the same time, the species/genotype and subtype of the organism 
can be determined by the PCR method (Sharma et al., 2013). In the 
genotyping of Cryptosporidium species, the SSU rRNA gene is widely used. 
In accordance with the information obtained from the data on the SSU 
rRNA gene sequence, more than 60 genotypes have been identified to 
date. In addition to this gene region, the gp-60 gene is used in determining 
Cryptosporidium genotypes/subtypes. In accordance with the information 
obtained from the data on the highly polymorphic Gp60 gene sequence, 7 
subtypes of C. hominis and 12 subtypes of C. parvum have been identified. 

Treatment
Cryptosporidium treatment is performed non-specifically (sample: 

liquid supplement) or specifically (administration of antiprotozoal agents). 
In healthy individuals (=immunocompetent ones), cryptosporidiosis has a 
limited number of symptoms, and spontaneous healing is mostly observed 
in this group. However, the maintenance of fluid balance and medical 
treatment are less frequently used in healthy individuals. On the other 
hand, since severe chronic diarrhea develops in immunocompromised 
individuals, specific treatment protocols are applied to them. 

Although more than 95 compounds were tested in cryptosporidiosis 
patients, only a very limited number of compounds exhibited activity against 
C. parvum. These agents were observed to be usually non-therapeutic and 
only prevent worsening during infection. 
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Albendazole: It was observed that the use of high-dose albendazole 
(800 mg) twice a day for two weeks improved symptoms and ensured the 
eradication of the parasite (Kelly et al., 1998).  These results are accepted 
as preliminary, and it is stated that further studies on the subject should be 
carried out. 

Azithromycin: The first one of azalide antibiotics showed good effectiveness 
in immunocompromised animal models with cryptosporidiosis. The use of 
the medication in a dose of 600 mg/day showed a reasonable activity in HIV-
positive patients with acute cryptosporidiosis (Bessette and Amsden 1995). 

Diclazuril: Another agent used is the benzene acetonitrile derivative 
used as an anti-coccidial agent in poultry. 

Nitazoxanide: It is a 5-nitrothiazole derivative with a broad anti-parasitic 
spectrum containing coccidia, flagellate protozoa, amoebas, nematodes, 
cestodes, and trematodes. In a preliminary study, it was observed that 
administration of nitazoxanide (500 mg) twice a day for 7 days in AIDS 
patients caused a 90% decrease in C. parvum oocysts or their complete 
eradication. Studies investigating the effectiveness of this medication are 
still in progress (Doumba et al., 1997). 

Paromomycin: It was stated that the non-absorbable oligosaccharide 
aminoglycoside improved symptoms and showed possible parasitological 
recovery in a small series of patients.  

Immunotherapy:  A decrease in diarrhea and oocyst eradication in 
some samples were observed with the administration of hyperimmune 
colostrum. It was also stated that further studies should be conducted to 
verify the effectiveness. 
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PHOTODYNAMIC THERAPY STUDIES ON CUTANEOUS 
LEISHMANIASIS

Sercin OZLEM CALISKAN1

ABSTRACT

Leishmaniasis is an infectious disease caused by Leishmania spp. transmitted by 
the flies of the vector Phlebotomus genus, and this disease is ranked second after 
malaria among the six most important tropical diseases published by the World 
Health Organization. Infection is known to cause various clinical presentations 
through the cutaneous, visceral and/or mucosal involvement. 

In the treatment of cutaneous leishmaniasis, intralesional therapy, topical 
therapy, and systemic drug therapy or one or several physical methods (surgical 
excision, cryotherapy, radiotherapy, etc.) are applied together. The scar that 
develops in cases with unsuccessful treatment or delayed treatment may lead to 
cosmetic and psychological problems. New, cheap and easily applicable methods 
with fewer side effects such as new chemical or plant agent applications and 
photodynamic therapy are intensely investigated each passing day due to the 
difficulties experienced in the treatment.

Photodynamic therapy (PDT) is a form of treatment that destroys the target cells 
(cancer and non-cancer) with the formation of singlet oxygen in the presence of 
molecular oxygen by using the photosensitizer and the light in visible wavelengths 
together. The use of PDT in parasitic diseases is very new, and the effectiveness of 
photodynamic therapy on experimental and natural cutaneous leishmaniasis has 
been investigated in recent years.

Keywords: Photodynamic Therapy, Cutaneous Leishmaniasis

GENERAL INFORMATION ABOUT LEISHMANIA

Leishmaniasis is an important parasitic infectious disease observed in 
98 countries on 4 continents that leads to different clinical presentations 
from self-healing skin lesions to lethal internal organ involvement caused 
by more than twenty Leishmania species transmitted by the vector 
Phlebotomus. It is known that 13 species are dermotropic in the world. In 
our country, the causative agent of cutaneous leishmaniasis (CL) is often 
Leishmania tropica, it is known that approximately 2000 cases on average 
are detected per year in the Southeastern Anatolia Region, and the disease 
is spreading more and more every day in our region. CL, which is known 
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by the name “Oriental sore” among people, is characterized by long-term 
non-healing skin lesions on exposed areas of the body such as the face, 
hand, arm, and leg.

Leishmania parasites, which are the causative agent of leishmaniasis 
that is reported to be endemic in 98 countries in the world, infect wild 
and domestic carnivores and small mammals as well as people and are 
transmitted by sand flies (Phlebotomus, rowanberry, midge). It is reported 
that 350 million people are under risk and 2 million new cases are observed 
every year in the world. According to the analyses of the World Health 
Organization, it is reported that Leishmaniasis is ranked ninth in the ranking 
of the most serious infectious diseases (Hotez N 2007, WHO 2010). It is 
known that the infection leads to different clinical presentations in which 
only the self-healing skin is involved, as well as visceral involvement that can 
be fatal if it is not treated depending on Leishmania species and the person’s 
immune resistance. Visceral (VL) and cutaneous leishmaniasis (CL) are 
observed in Turkey. It is known that there are 13 dermotropic species with 
skin involvement in the world. Among these species, L. tropica, L. major, L. 
aethiopica and L. infantum are the causative agents of CL observed in the 
Old World. The Old World cutaneous leishmaniasis is a skin disease that is 
known as “Oriental sore, Aleppo Boil, Güzellik Çıbanı, etc.” among people 
and is characterized by lesions that can involve the skin and sometimes 
mucosa, and the disease usually heals by leaving a permanent scar and 
immunity if it is not treated. It is characterized by a painless crusted skin 
lesion that starts with a papule up to the number of bites and gradually 
becomes ulcerous within 3-6 months in the bitten area 1-12 weeks after 
being transmitted while sucking blood by infected Phlebotomus. Lesions 
are usually observed on the exposed parts of the body and often on the face, 
hands, arms, and legs, and the number of lesions usually varies between 1 
and 20. It is reported that a large proportion of CL cases are observed in 
countries such as Afghanistan, Iran, Syria, Saudi Arabia, Brazil, and Peru. 
Furthermore, the disease can also be observed in people who come to the 
endemic regions for different purposes (tourist, soldier, worker, etc.) in 
Northern Europe and North America. Therefore, the disease can threaten 
all the masses. 

Healing is accelerated in the treatment of cutaneous Leishmaniasis for 
the purpose of decreasing cosmetically undesirable scar development and 
especially the dissemination of the agent in mucosal cases, avoiding relapses 
and preventing the case from constituting a source (Murray et al., 2005). 
In the treatment of CL, intralesional therapy, topical therapy, and systemic 
drug therapy or one or several physical methods are applied together 
depending on the Leishmania species, the location, severity, and the 
number of lesions, and the immune status of the person (Hepburn, 2000). 
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Other important factors in the selection of CL treatment are related to the 
characteristics of the lesion. In treatment, it is reported that systemic drug 
therapy should be preferred in lesions presenting with multiple, common, 
resistant, lymphangitis or including mucosal involvement (Alrajhi et al., 
2002). Imidazole compounds were tested for the topical therapy of CL, and 
they were demonstrated to be less effective than other methods (Hepburn, 
2000). It is stated that the most commonly used physical methods are 
curettage, surgical excision, cryotherapy and hot application, radiotherapy 
and laser and that relapses are observed after treatment with these methods 
(Alkhawajah 1998). Sodium Stibogluconate (Pentostam™) and Meglumine 
Antimonate (Glucantime™) that are pentavalent antimony compounds 
have been used as the first option in intralesional therapy for the last 50 
years. Parenteral administration should be applied when the systemic 
administration of these drugs is needed, they also show toxic effects, and 
their effects can also be variable. Furthermore, it is also reported that 
an increase has been observed in cases resistant to these drugs in recent 
years (Croft and Yardley, 2002). Pentavalent antimony compounds, which 
are also the first choice in our country, are administered free of charge by 
the Ministry of Health. In the studies carried out especially in endemic 
regions in CL treatment, it is reported that various drugs have been tested 
(such as topical paromomycin, oral miltefosine, ketoconazole, rifampin, 
and zinc) and that the varying rates of response to treatment have been 
received (Berman 2003). Nowadays, the searches for alternative treatments 
are going on, and many studies are carried out for this purpose. Currently 
applied treatment methods vary depending on the Leishmania species 
that is the causative agent, the clinical presentation of the patient, and the 
person’s immune system, etc. There is no effective form of treatment with 
low side effects in CL, and new, cheap and easily applicable alternative 
treatment options with fewer side effects such as new chemical, plant agent 
applications and photodynamic therapy are investigated each passing day 
due to the difficulties experienced in the treatment.

Photodynamic Therapy 
Photodynamic therapy is an alternative treatment method that causes 

reactions leading to death in cells through direct and indirect mechanisms 
as a result of the initiation of photochemical reactions leading to the 
formation of singlet oxygen by the exposure of a photosensitizer, that is 
selectively taken by the localized target tissue, to a visible light at a suitable 
wavelength in the presence of molecular oxygen in the environment 
(Grossweiner et al.,  2005).
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In photosensitization reactions, the photosensitizer that reaches a 
higher energy level with the absorption of light by a photosensitizer gives 
this energy to another molecule in the system, causes a chemical change 
in that molecular and returns to the basic energy level again. PDT is based 
on the principle that the photosensitizer that accumulates selectively in 
the target tissue is exposed to a visible light that is compatible with the 
absorption spectrum at a suitable wavelength. This mechanism of action of 
photodynamic therapy is described as follows:

(1) Following the intake of a PDT agent, this agent goes into a triplet 
energy state by being exposed to radiation in the target tissue, 

(2) The formation of singlet molecular oxygen (1O2) resulting from the 
transfer of electron excitation energy of the PDT agent in triplet state to 
molecular oxygen near it,  

(3) Initiation of the events that would remove the pathological condition 
(cancer, etc.) in the target tissue by the reaction of 1O2 with the target tissue 
(Bilgin, 1999).

In photodynamic therapy, these agents produce highly reactive 
hydroxyl radical species (Type-1) or singlet oxygen (Type-2) when they are 
stimulated by light at a suitable wavelength. In Type I reaction, it takes place 
by the electron transfer between stimulated photosensitizer and substrate 
or the separation of a hydrogen atom, and this also results in free radical 
and radical ions. These free radicals interact with molecular oxygen and 
lead to the formation of reactive oxygen species (such as superoxide anion 
(O2

-) or hydroxyl radical (OH-) or the occurrence of biological damages by 
initiating the biochemical events. In Type II reaction, it transfers its energy 
to triplet oxygen (3O2) at the basic level, and singlet oxygen (1O2) that is 
non-radical but at highly reactive level is formed

There are 2 types of mechanisms associated with parasite inhibition after 
photodynamic therapy. Type I mechanism is the emergence of cytotoxic 
consequences after reacting with in situ biomolecules by the production of 
hydroxyl radicals and other active oxygen species. The reason for Type 2 
mechanism is the reactions between singlet oxygen and molecules that play 
a role in protecting structures such as phospholipids, peptides, and sterols 
in the cell membrane. It is known that Leishmania promastigotes are very 
sensitive to reactive oxygen species (Murray 1981; Channon and Blackwell, 
1985; Gantt et al., 2001).
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Photodynamic Therapy Studies in the Treatment of Leishmania 
in Humans

In the treatment of cutaneous leishmaniasis, PDT was first applied by Enk 
et al. (2003) in 32 lesions using aminolevulinic acid (ALA) in the treatment 
of cutaneous leishmaniasis caused by L. major in Israel. In this study, the 
researchers reported that photodynamic therapy was well tolerated, a 
significant decrease was observed in the lesion diameter after 1-2 doses, no 
side effect was found at the end of the treatment, and response to treatment 
could not be received only in one lesion. In the study carried out by Gardlo 
et al., it was reported that five lesions of 10 cutaneous leishmaniasis lesions 
in a Libyan case were administered with topical Methyl aminolevulinate 
(MAL) mediated 20 sessions of PDT and topical paromomycin sulfate was 
administered in the other five lesions, and that PDT was also administered 
to other lesions upon the fact that healing was observed in all of the lesions 
administered with PDT while healing was observed only in two lesions 
in the other group, and that complete healing was determined (Gardlo et 
al., 2003). According to the report of EM van der Snoek et al. (2008), in 
another study carried out by the same researcher, it was reported that MAL-
mediated PDT was administered for five sessions in a single cutaneous 
leishmaniasis lesion in one case, and a complete healing was achieved, and 
that hair loss and hypopigmentation were observed in the administered 
region as side effects (Van der Snoek et al., 2008). In a case report of Sohl 
et al. (2007) from Germany, it was reported that topical paromomycin was 
used in the treatment of cutaneous leishmaniasis developing on the face 
due to L.tropica after traveling to an endemic region, and that three sessions 
of PDT were administered using MAL as a photodynamic agent because 
of failure to receive response to cryotherapy treatment, and a complete 
healing was achieved in the case (Sohl et al., 2007). In a study carried out by 
Enk et al. in 2015 on 31 patients (11 Leishmania major and 20 Leishmania 
tropica), the researchers demonstrated that they achieved 89% success with 
MAL mediated DA-PDT (ENK et al., 2015).  In 2016, Fink et al. applied 37 
J/cm2 light dose to three cutaneous leishmania lesions in a Syrian case after 
three hours of ALA incubation. It was reported that the lesions no longer 
showed florid cutaneous leishmaniasis symptom after administering five 
PDT sessions per week in the case. It has been reported that photodynamic 
therapy, which is a non-toxic and easily applicable technique, has been 
investigated in many studies and that promising results are obtained each 
passing day (Ghaffarifare et al., 2006; Asilian and Davami 2006; Evangelou 
et al., 2011).



ACADEMIC RESEARCHES IN HEALTH SCIENCES42

Photodynamic Therapy Studies with the Animals Infected with 
Leishmaniasis

In their study, Akilov et al. (2007) reported that they determined a 
significant decrease in parasite load and tissue damage as a result of PDT 
application performed using ALA as a photosensitizer in experimental 
lesions created by L.major in the ears of mice  (Akilov et al., 2007). In the 
study carried out by Latorre-Esteves et al. (2010), PPA-904 (3,7-Bis(N,N-
dibutylamino) phenothiazinium bromide) was applied as a topical cream 
in experimental cutaneous leishmaniasis lesions developed in the ears of 
mice with L. major transfected with the GFP gene. In the study in which 
photodynamic therapy was applied using a photosensitizer after one hour 
waiting in the dark, it was stated that the follow-up of the treatment was 
assessed with an imaging system. As a result of the study, the researchers 
reported that they determined an 80% decrease in parasite load with PDT 
(Latorre-Esteves et al., 2011). 

In the study of Peloi et al., experimental cutaneous leishmaniasis 
infection was formed using L. amazonensis in the right foot of the hamsters, 
and it was reported that the left hind leg was used as a control. The lesions on 
the feet were observed and measured for 12 weeks, PDT was administered 
3 times a week for 3 months after administering methylene blue topically 
on the 90th day of the infection. The control group was only administered 
with methylene blue. Consequently, it was stated that a significant response 
to treatment was received in the group in which methylene blue-mediated 
PDT was administered together while no healing was observed in the 
lesions where methylene blue was used alone (Peloi et al., 2011). 

Sbeghen et al. (2015) created four groups after developing experimental 
cutaneous Leishmania infection with L. braziliensis promastigote in 
hamsters. One of the groups received no treatment, one of them was 
treated with Amphotericin B, one of them was treated with methylene blue 
intradermal and one of them was treated with topical methylene blue at the 
same concentration, and the lesions were then irradiated for an hour, three 
times a week for 12 weeks. The results revealed that PDT was effective in 
decreasing the parasite load and that the topical application of methylene 
blue was more effective than intradermal (Sbeghen  et al., 2015). 

Souza et al. reported that there was a decrease in parasite load and 
changes occurred in the expressions of the mRNA expression of cytokines 
after administering Balb/c to mice infected with L. braziliensis with PDT 
(Souza et al., 2016). 
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In vitro Photodynamic Therapy Studies in Species Causing 
Leishmaniasis

The first in vitro study was started by Sujoy Dutta et al. in 2005 with 
L. amazonensis, one of the New World species. In this study, it was 
demonstrated that aluminum phthalocyanine-mediated PDT rapidly killed 
the cells and that the parasite lost its morphological properties. 

Escobar et al. (2006) examined the photodynamic activity of zinc and 
chloraluminum phthalocyanine in Leishmania chagasi and L. panamensis 
promastigotes. PDT application was performed by incubating parasites with zinc 
and chloralum phthalocyanine for 24 hours, and after PDT, the growth inhibition 
of promastigotes was examined microscopically. L. chagasi promastigotes were 
found to be 30-50 times more photosensitive than L. panamensis promastigotes 
after the treatment of chloraluminium phthalocyanine. It was reported that 
the administration of zinc and chloraluminium phthalocyanine alone did not 
cause an effect on the inhibition of parasites.

In the in vitro study carried out by Akilov et al. in 2007, they reported 
that no parasitic effect was determined as a result of PDT application they 
performed by incubating L. major amastigotes with ALA as a photosensitizer 
in the dark for an hour (Akilov et al., 2007).

In their study, Morgenthaler et al. (2008) demonstrated that dimethyl 
and diethyl carbaporphyrin ketals that are photosensitizers on L. tarentolae 
promastigotes had a growth suppressive effect and that these compounds 
are promising molecules that can be used in photodynamic therapy 
(Morgenthaler et al., 2008).

In their study, Valdivieso et al. (2008) applied PDT (17 J/cm2) for 
0, 12 and 24 hours by incubating L.amozonensis promastigotes with 
chloraluminium phthalocyanine in three different dilutions for 24 hours 
and reported that dose-dependent growth was inhibited, the greatest 
inhibition was observed after 24 hours, and the parasite growth only in the 
treatment group administered with chloraluminium phthalocyanine was 
found similar to the treatment group administered with chloraluminium 
phthalocyanine mediated PDT. 

In the study carried out by Song et al. in (2011), they performed PDT 
application for 30 minutes after L. amazonensis promastigotes were kept 
in the dark for an hour with methylene blue and then methylene blue 
was removed; moreover, they applied methylene blue to L. amazonensis 
promastigotes in the dark only for an hour and removed it. They reported 
that cell toxicity increased along with the increase in the methylene blue 
concentration and that the use of methylene blue and methylene blue-
mediated PDT application are more effective when they are used together.



ACADEMIC RESEARCHES IN HEALTH SCIENCES44

In the study carried out by Barbosa et al. in (2012), they reported that 
they applied light to L.braziliensis promastigote using both toluidine blue 
and methylene blue and L.braziliensis promastigotes that were administered 
with methylene and toluidine blue in the dark for five minutes or one hour 
at different application durations (4.2 J/cm2= 5 and 2 min, 60 and 2 min; 
8.4 J/cm2=5 and 4 min; 60 and 4 min.), and that these two photosensitizers 
showed similar toxicity to each other when they were compared with the 
control, and the cell viability decreased as the concentration increased.

In a study, Dutta et al. (2012) stated that double-transfected leishmania 
with 2nd and 3rd stage enzymes in the hem-biosynthesis stage could be 
used in photodynamic immunotherapy/prophylaxis as a vaccine carrier 
molecule (Dutta et al., 2012). In another study, they demonstrated that 
they used two photosensitizers with separate target regions (uroporphyrin 
and aluminum phthalocyanine) together and that they were successful in 
amastigote and promastigotes. From this point of view, they reported that 
synergistically effective photosensitizers that are used more than once at 
low doses could increase the effectiveness of photodynamic therapy. 

In 2014, Mateus et al. demonstrated that ALA mediated PDT against 
intracellular amastigotes of Leishmania (Viannia) panamensis and 
Leishmania infantum decreased vitro antileishmanial activity. In 2015, 
Montayo et al. demonstrated that hypericin mediated PDT application 
they applied to intracellular amastigotes of L.panamensis promastigotes 
caused a decrease in the number of parasites. Pinto et al. demonstrated that 
e6-Chlorin mediated PDT application against Leishmania major and L. 
braziliaensis promastigotes decreased the number of parasites in treatment 
groups and that these groups underwent morphological changes (Pinto et 
al., 2016).

CONCLUSION

There are more than 20 Leishmania species in the world, and these 
species may cause very different clinical presentations. The lesions caused 
by the species that form a lesion on the skin also include clinical and 
pathological differences. The studies carried out by the relevant scientists 
on the subject all over the world have been focused on alternative new 
treatment methods due to reasons such as resistance development and the 
fact that the drugs used in the treatment of leishmaniasis are systemically 
toxic. Photodynamic therapy is also one of them.

Although PDT has been used clinically as an alternative treatment 
for the last 20 years in cancer treatment, photodynamic therapy against 
microorganisms and parasites is a relatively new research area. Leishmania 
is also one of these new discovery areas. When the studies carried out 
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are considered, it is observed that this is a current issue and it has been 
focused on, and new studies are added each passing day. The eradication 
of cutaneous leishmaniasis is also of great importance for Turkey, and 
the Ministry of Health initiated a special study on the disease, and the 
prevention of infectious disease is a very important factor in its spread. 
Therefore, the treatment of lesions by an easy and non-invasive method 
with an alternative method such as photodynamic therapy will facilitate the 
compliance to treatment and will be a candidate to be a useful method in 
decreasing the spread of the disease.  
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FOOD AND NUTRITION GUIDELINES FOR HEALTHY 
CHILDREN AND HEALTHY BABIES

Selçuk GÜREL1

ABSTRACT

The health and wellbeing of our babies and children are extremely important, 
not only for their lives now, but also for their futures. Good nutrition is key 
contributor to both health and development. This nutrition table provides the 
information to educate and encourage children and their families. This nutrition 
information document aims to promote health while also preventing obesity and 
diet-related metabolic diseases. The aim of the study is to give the right information 
about nutrition and correct food supplement to health professionals, baby and child 
families.  Note that the advice in this paper is intended to apply to healthy babies 
and children who have no special dietary requirements. For babies and children 
with special dietary requirements, this advice should be adapted by a dietitian or 
appropriate health practitioner.

Keywords:  Baby Nutrition, Breastfeeding, Food Supplement, Nutrition 
Guidelines

INTRODUCTION

An ideal, unique and living natural nutrient that cannot be replaced 
in the nutrition of infants is breast milk. Breastfed infants receive all the 
energy and nutrients necessary for healthy growth and development. Its 
bioavailability is high and it is digestive. It provides a lot of benefits to the 
infant and mother in terms of their health, immunity, psychology and 
development (Garipağaoğlu et al., 2015).

The most important feature of breast milk composition is that it varies 
by the gestational week (preterm or term), birth weight (low or normal) 
and month of the infant. During the period from the time of birth up 
to the first month, the nutritional composition of breast milk (in terms 
of nutrients) is different according to the gastrointestinal system of the 
infant. According to the period it is secreted and its composition, breast 
milk is called colostrum, transitional milk and mature milk. The milk that 
is secreted during the first 5 days after birth is colostrum. It is low in fat 
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and lactose. It is rich in proteins, especially proteins with anti-infective 
properties. Colostrum covers the infant’s gastrointestinal system by forming 
a mucosal layer with immunoglobulins, whereby it protects the neonate 
against pathogenic microorganisms from the external environment. Due 
to this feature, colostrum is considered as the first vaccination of the 
infant. Transitional milk: It is the milk that is secreted in 7-14 days after 
the birth. Mature milk: It is the milk that is secreted after the fifteenth day. 
Its composition may vary from one mother to another, from day to day, at 
different times of the day and by the duration of nursing and breastfeeding, 
and it may also vary by the nutritional characteristics of the breastfeeding 
woman and personal metabolic factors. For example; while the foremilk, 
which is rich in carbohydrate, comes at the beginning of breastfeeding, 
hindmilk, which is rich in fat, comes at the end of breastfeeding. While it 
varies from one infant to the other, the infant must suck strongly for about 
10-30 minutes for the hindmilk to come. Otherwise, it is not possible to 
reach the fat-rich hindmilk. It is known that the amount of breast milk that 
is secreted is about 40-50 mL on the first day, this amount reaches up to 
700-800 mL by the fifteenth day (Samur, 2012).

Energy and food 
items Colostrum Maturemilk Energy and 

fooditems Colostrum Maturemilk

Energy (ccal) 58 70 Vitamin K 
(mcg) 0.2 0.21

Lactose (g) 5.3 7.3 Tiamin (mcg) 15 16

Protein (g) 2.3 0.9 Riboflavin 
(mcg) 25 35

Casein (mg) 140 187 Niacin (mcg) 25 200
α-Lactalbumin 
(mg) 218 161 Folicasid 

(mcg) - 5.2

Lactoferrin(mg) 330 167 Vitamin B6 
(mcg) 12 28

IgA (mg) 364 142 Vitamin B12 
(mcg) 200 26

Fat (g) 2.9 4.2 Vitamin C 
(mg) 4.4 4.0

Cholesterol (mg) 27 16 Calcium (mg) 23 28
Vitamin A(mcg) 89 47 Sodium (mg) 48 15
Beta- Carotene 
(mcg) 112 23 Potassium 

(mg) 74 58

Vitamin D (mcg) - 0.04 Iron(mcg) 45 40
Vitamin E (mcg) 1280 315 Zinc (mcg) 540 166

Table1. Colostrum and mature milk nutrient composition (100 mL) (Modified 
Garipoğlu et al.,,2015).
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NUTRITION IN 0-6 MONTH OLD BABIES
Babies who are exclusively breastfed in the first 6 months are less likely to 

catch infectious diseases such as diarrhea, pneumonia and allergic diseases, 
and grow healthier. In the first 6 months, the baby should be exclusively 
breastfed. In these months, additional nutrients supplied with breast milk 
prevent the baby from benefiting from breast milk. In these months, the 
baby does not need water even in very hot weather. The breast milk that 
comes in the first days is very nutritious, and it is necessary to ensure that 
the baby is often breastfed and benefits from this milk ().

Breast milk includes all vitamins; only vitamin D is inadequate in it. 
Babies that are breastfed should be regularly given the drop or syrup with 
vitamin D that the doctor recommends starting from the second week.

Mothers’ breasts need to be emptied in order to increase breast milk. 
Therefore, the baby should be breastfed at frequent intervals. When the 
baby is not sucking, the mother should empty her breast by pumping. The 
milk of all mothers is beneficial. The milk may seem watery to the mother. 
This is a general property of breast milk; the mother should not worry about 
it. The baby may defaecate a little after each breastfeeding. This is normal; 
the mother should not worry. When breastfeeding a baby, pain, cracks, etc. 
may occur in nipples. In this case, the baby should be frequently breastfed, 
and the nipples should be kept dry. Breastfeeding mothers should always 
wear a bra which is large and made of cotton. New nutrients should not 
be given without consulting a doctor with the belief that the breast milk is 
not sufficient because a baby that regular gains weight, can be fed 8 times a 
day, pees 6 times a day, and defaecates 1-2 times means that he or she takes 
enough breast milk. The adequacy of breast milk is best understood when 
the child gains the required weight. Therefore, the baby should be taken for 
a health check at regular intervals. Working mothers can keep their milk 
in special milk storage bags, up to 24 hours in refrigerator shelves, and 6 
months in deep freezes after milking. Stored breast milk should never be 
boiled. Unboiled water should not be given to babies by the end of age one 
(WHO, 2009).

CONSIDERATIONS DURING BREASTFEEDING
1-The hands should be washed before breastfeeding.

2-The mother should sit comfortably in such a way that the back of the 
mother is supported when breastfeeding.

3-Mothers who cannot take a shower everyday should wipe their nipples 
with warm water once a day. The dampness of the nipples leads to nipple 
cracks.
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4-The mother should ensure that the nipple and the brown circle around 
it completely cover the mouth of the child when breastfeeding.

5-Care must be taken that the nostrils of a child are open when 
breastfeeding.

6-The baby must be burped after each breastfeeding session.

7-The nutritional program should be arranged in accordance with the 
willingness of the baby. This willingness may even be at intervals of 2 hours; 
it is necessary to comply with this (WHO, 1989).

The good nutrition of breastfeeding mothers is important for the health 
of the mother and baby. Therefore, mothers should take 2 liters (about 10 
glasses) of watery foods (water, milk, low-sugar lemonade, compote, soup, 
etc.) per day. At least 2 glasses of milk or yogurt, meat that is equal to 1 
meatball, 1 egg, 3 thin slices of bread or 3 portions of bakery products, 
2 fruits should be included in a daily diet. The mother should not smoke 
when breastfeeding and should not consume non-nutritious drinks such as 
tea and coffee.

NUTRITION OF 6-9-MONTH-OLD BABIES 
For exclusively breastfed babies, supplementary nutrients are started to 

be given after the 6th month at earliest. If the baby gains enough weight in the 
first 6 months, exclusive breastfeeding should be continued, and additional 
nutrients should be started after the 6th month. It should be noted that 
additional nutrients given to the baby in this period are complementary 
to breast milk. In the transition to additional nutrients, especially in the 
period when solid foods are started to be given, babies may push foods with 
their tongues (tongue revulsion reflex). This behavior that babies exhibit 
unintentionally is improved in some babies in the 4th month, and usually 
after the 6th month. The mother should not worry that the baby does not 
like the additional food. Children’s nutritional status is best evaluated by 
weight gain. For this, the baby should be taken to regular health checks.

ADDITIONAL NUTRIENTS
What makes a child get used to different tastes and consistencies, 

and introduces the habit of eating easily in the future is nutritive foods. 
Additional nutrients to be given in this period include foods such as fruit 
puree, vegetable puree, custard, yogurt, cheese, jam, biscuits, bread and 
eggs. Additional foods are given by starting in low amounts with a spoon 
or glass and then turned into a meal. Foods that can be considered as new 
should be given before the food that the child is used to when hungry. All 
the additional nutrients should be started in the same week. New nutrients 
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should be added to the nutritional program of the baby at intervals of 
3-5 days as a minimum. Care must be taken as to whether new foods are 
allergenic. When the suspected food is not given to the child, it is necessary 
to check whether the symptoms have passed. The baby should never be 
given a pacifier soaked in sugar, honey or jam. It is necessary to try to give 
important food that your child does not like again at intervals of 1-3 weeks. 
Care must be taken that all food to be given to the baby is clean and freshly 
cooked. It would be good to give your baby boiled water by the end of the 
12th month. Fruit juice and fruit puree: The juices of fruits such as apple, 
peach, grapes, mandarin, etc., and preferably their puree should be given 
starting from 1-2 coffee spoons and gradually increased. The first fruit to 
be given to the child is apple or peach according to the season. The fruits 
are thoroughly washed, their skin is peeled, and they are grated in a glass 
grater. Half a banana or medium-sized fruit may be given between meals 
once or twice a day. Sugar should not be added to fruit juice and puree. 
Fruit purees are mixed with yogurt and served as a meal.

Custard: It is started 1-2 weeks after the vegetable puree for 6-month-
old babies. It is usually served between 18:00 and 20:00 as dinner. Custard 
can be prepared with pasteurized milk or ready baby foods. Its preparation: 
Preparation with ready baby food (Formula milk): Water custard is made 
by mixing 1 glass of water and about 3 coffee spoons of rice flour. The stove 
is put out, and 6 units of ready baby food are added after it cools down 
slightly. If necessary, it is passed through the wire-mesh strainer.

Yogurt: Yogurt, which is usually a late afternoon additional food, may 
also be given instead of custard.

Preparation: The milk is boiled and cooled to the temperature that the 
hand can withstand (40°C). One liter of milk is added one tablespoon of 
yogurt diluted in1-2 tablespoons of milk as yeast and stirred slowly. It is 
kept in a warm place for 4-7 hours without moving.

Vegetable soup and puree: It is given 1-2 weeks after the custard is 
started around the sixth month (but before the custard in babies that gain 
weight well), usually for lunch, starting from 1-2 coffee spoons, and by 
gradually increasing.

Week one (vegetable soup):4 glasses of water, 2 medium-size carrots, 1 
medium-size potato, 1 coffee spoon of rice are mixed and cooked for 45-50 
minutes in a closed cup. If you will cook in a pressure cooker, it is enough 
to cook 1 glass of water and for 15 minutes. It is passed through a wire-
strainer or blender. This watery soup is first started with a half teacup, and 
it is gradually increased according to the demand of the child. The meals 
are supplemented with breast milk until the baby eats as much as it is full.
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Week two (simple vegetable puree):It is cooked as explained above, 
with less water and l coffee spoon of olive oil. Carrots and potatoes are 
mashed completely and crushed to puree.

Week three (mixed vegetable puree): The content is enriched by 
adding seasonal vegetables. It can be stored in the fridge for 1-2 days in 
small vessels. However; green leaved vegetables (spinach, parsley, chard, 
etc.) should be added daily and consumed immediately. Soups containing 
green leaved vegetables should not be heated more than once.

Week four (full vegetable puree): The puree prepared in an above-
mentioned manner is added one teaspoon of pasteurized butter. One 
heaping tablespoon of minced meat (minced three times) can be added to 
the vegetable puree that is prepared in this period.

Breakfast: The breakfast is started once the child gets used to the above 
foods.

Preparation: It is prepared with ready baby food (formula milk) or 
pasteurized cow milk, cheese, jam or molasses and bread. Unsalted cheese 
and jam are crushed in the milk, and the mixture is added crumbs. It is 
started to be given as 1-2 coffee spoons, and it can be gradually increased. 
Honey should not be given before the child reaches one year of age because 
it is allergenic. 1 teaspoon of butter can be added to the breakfast if desired. 
The breakfast can be prepared with 2-3 pieces of biscuits instead of half 
thin slice of bread. Shortly after cheese, jam, butter, and bread can be given 
separately from the milk.

Egg: Hard-boiled egg yolk is added to the nutritional program of the 
child as one teaspoon (in the 6th month) after the child gets used to the 
breakfast (it can also be given by mixing it with some vegetables before the 
vegetable meal), the amount is increased every day or once in two days. At 
the end of 8-10 days, the baby can eat a full egg yolk. Egg yolk can be given 
hard in the process of adaptation, after that, medium-boiled eggs can be 
given. It is discontinued if the symptoms of allergy (vomiting, diarrhea, 
rash) occur, and then retried 2-3 weeks later. It is not given again if the 
symptoms repeat. Non-allergic children are also given egg white (after the 
8th month).

Meat: In the 7-8th months, one heaping tablespoon of cooked minced 
meat or a thin, medium-sized steak or a piece of skinless chicken are added 
when preparing the vegetable puree. 

One tablespoon of minced meat is sufficient for one meal of vegetable 
puree or vegetable soup. 

Grained soups: Lentils, yogurt soup, and non-peppery soup can be 
given in the 8th month to introduce different tastes to children.
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Meatballs: Unseasoned grilled or fried meatballs and sauced meatballs 
with vegetables can be given in the 8th month. Care must be taken that it is 
fully cooked. Rice, pasta and stuffed vegetables can be given by mixing with 
yogurt after 8 months.

Water: Babies generally move more after the 8th month. They may get 
thirsty in-between the meals.

Fish (spineless) and chicken: It can be given interchangeable instead of 
meat in the form of puree in for lunch in the 8th month. It can be boiled 
or grilled.

Liver: It can be given once or twice a week interchangeably with meat 
during lunch in the 8th week. First, it is given as 1-2 teaspoons, then it can 
be increased up to 1-2 tablespoons. 

Its preparation: Lamb, sheep, or calf ’s liver is used. The liver is boiled in 
water with a little salt, its membrane is removed and added to the vegetable 
puree in the form of puree. Giblets such as brain, spleen and intestines are 
not given, before one year of age, except for the liver.

Tea: This non-nutritious drink has no place in the child’s diet. It can 
harm your child by preventing the absorption of other foods, especially 
iron, from the intestines.

Sample menu for a 6-7 month-old baby

When the baby wakes up in the 
morning

Breast milk

In the morning Fruit puree or breast milk

At noon Breast milk

In the afternoon
Vegetable puree and breast milk

In the evening Breast milk and/or custard*

At night Breast milk

Table 2. Sample menu for a 6-7 month-old baby *Custard can be given in the 
morning instead of the evening.
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Sample menu for a 8- 9 month-old baby

06:00-06:30            Breast milk

08:00-09:00           Breakfast+l tea glass of fruit juice (home-made, fresh)

Half egg yolk

l coffee spoon of cheese

l teaspoon of butter

l coffee spoon ofjam or molasses

4-5 biscuits

12:00-13:00 l bowl of vegetable puree with minced meat or 
chicken+breast milk

16:00-16:30 l bowl of yogurt + the puree of half a fruit or one 
biscuit

19:30 - 20:30 l bowl of custard + breast milk

Table 3. Sample menu for a 8-9 month-old baby

NUTRITION IN MONTHS 9-12
It should not be noted that supplementary foods that are complementary 

to breast milk are the main nutrition in this period. There is no need to 
prepare special food for the child in this period. All home-made meals 
cooked for adults (low-fat and pureed) can be given to the baby. It is enough 
for the baby to eat foods containing meat once a day.

When the child reaches the age of l, he/she should be accustomed to 
eating with the family by bringing the highchair near the table. The child 
should be given the opportunity to eat on his/her own. For this; vegetables, 
fruits, meatballs, potatoes, etc. can be put in front of the baby by preparing 
them in small pieces.

Before starting to feed the baby, the mother should sit with the baby, 
and talk to him/her in a way that calms down and encourages the baby. The 
behaviorsand speech of the mother should not bother the baby. It should be 
waited for the baby to open his/her mouth before starting to feed him/her. 
Your baby may want to hold the food with his/her own fingers, and he/she 
should be allowed to do so. The baby should be let adjust his/her own eating 
speed. The baby may not want to eat everything every day. The foods that 
he/she does not like should not be given for some time, and you should try 
again to give it when the baby is hungry. The child should be allowed to sit 



Medical Studies 57

at the family table when he/she reaches the age of one, and he/she should be 
allowed to eat on his/her own with the support of the mother. At this age, 
care must be taken that children drink 1 glass of milk a day in  addition to 
dairy products.

Sample menu for a 9-12 month-old baby

Morning

1 glass of milk (without sugar)

1 egg yolk

1 coffee spoon of jam or molasses

1 teaspoon of butter

1 thin slice of bread or 3-4 pieces of biscuits

Snack

Fruit puree

Lunch

Vegetable purees with minced meat

The inside of stuffed vegetables

Meatballs with vegetables

Dry legume purees, etc.

Accompanied by one slice of crumb and pot liquor

Evening Custard or the same as the lunch. 

 
Table 4.Sample menu for a 9-12 month-old baby 

NUTRITION AT THE AGES OF 1-5 YEARS
Breast milk should be continued to be given to the baby that is started to 

be fed with complementary food after the 6th month by the age of 2, and it 
should be ceased at a time that is suitable for the mother. The child can be 
made accustomed to using a spoon as of the 13th-14th months. He/she can 
be made sit at the table together with other members of the family by the 
age of 2. The child must have a separate plate, and care must be taken on 
how much he/she consumes each food. One of the most frequent mistakes 
is to feed the baby with pot liquor. This way of feeding with no nutrient 
value should not be applied. In this period, children should be fed 4 meals 
a day and consume in a sufficient and balanced way from these basic food 
groups (milk and dairy products, meats, eggs and legumes, vegetables and 
fruits, flour and starchy foods).

In general, a balanced nutrition list should be as follows:
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Children should be given half aliter of milk every day. Milk can be 
given in every way. The calcium contained in milk is very important for 
the development of children. 25 g of cheese contains the same amount 
of calcium as 200 g of milk. At least one of meat or legumes should be 
included in the list every day. One egg should be given to the baby every 
day (once in two days, for babies that are given meat regularly). Vegetables 
should be given once or twice a day. Fruits should be given once or twice 
a day. An extra meal of fruits can replace vegetables (fruit juices may also 
replace fruits). Starchy foods and 3 slices of bread should be included in 
the daily nutrition list once or twice a day. Children should be taught to 
eat using a fork and spoon on their own as early as possible. All kinds of 
sweets, cakes, bakery, ice cream are foods that should not frequently be 
given to children. Giving sweets to children in-between the meals is among 
the main reasons for tooth decay as well as leading to inadequate nutrition 
by leading to the loss of appetite. Giving tea, coffee, and coke to children 
makes them extremely irritated due to the stimulants they contain. The best 
thing is not  taste these drinks to children.

AFTER WEANING
Normally, breast milk should be given alone at least for 6 months if 

the baby wants to be breastfed and if there is sufficient milk. At this age 
(6 months), it is necessary to start mixed nutrition immediately in order 
not to have nutritional problems later. It is suggested that the mothers 
who are willing to continue breastfeeding can do it for 2 years (both by the 
American Paediatrics Academy and the World Health Organization). In 
the meantime, breast milk slowly decreases and finally ceases if the baby 
gradually stops sucking. The doctor should interfere if the baby does not 
suck and the mother does not want the milk to come. The formation of 
milk in the breasts of the mother is a situation that occurs under the effect 
of various hormones, and it continues with the sucking of the baby. If it 
is necessary to wean the baby for some reason, this will occur when the 
mother consults a gynecologist and applies a drug (this is generally in the 
form of injection) that the doctor gives to her (by hindering the secretion 
of these hormones). If this is not applied, the milk that accumulates in the 
breast may cause pain, as well as leading to mastitis by becoming infected 
(Devecioğlu & Gökçay 2012).

LACK OF APPETITE IN CHILDREN

Appetite means eating food with pleasure, enjoyably and willingly. When 
we see a child that keeps the food in his/her mouth for a long time and tries 
to gain time for chewing and can never finish the food in the plate, it should 
first make us think whether the child has a physical disorder. For example; 
a disorder such as high fever, earache, sore throat and upper respiratory 
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tract infections like cold and flu that make it hard to breathe leads to the 
reluctance of the child at the table. In such a case, the best thing to do 
is to consider the wishes of the child that was put through doctor’s check 
when giving the child foods in the suggested manner. Forcing the child to 
eat during the disease is no good. The most important thing parents must 
know about appetite is that children show individual differences. Therefore, 
looking at other children and comparing the eating of your own child can 
make you think that your child eats less.

WHAT CAN BE DONE? 
The fact that some children have a good appetite while some do not 

may depend on various factors. What they live in their inner world is the 
most important factor that makes a child have a good appetite or not. 
A child’s subconscious anxiety, sadness, hatred or jealousy may lead to 
the loss of appetite. Therefore, while a child with a poor appetite is first 
investigated for an organic disorder, whether there is an emotional conflict 
or problem should also be investigated. In the meantime, it should be taken 
into consideration that children may be problematic because they cannot 
get enough good food, and may also have a poor appetite since they are 
problematic (Faith et., 2004).

Above all, the child should not be forced to eat at the table. Each child 
has its own eating capacity, and he/she cannot eat more. When we insist 
on child’s eating, the child can vomit the excess food. Each child has an 
amount of food in relation to his/her growth rate. For example, as the years 
pass, the amount of food that is initially taken may decrease. Appetite may 
increase again during adolescence and puberty.

Giving children candies, chocolates, chips, etc. snacks before the meal 
time can also hinder appetite. Nevertheless, when the child is hungry, it is 
necessary to give him/her food without waiting for the meal time. Making 
a hungry child wait for the meal time tenaciously may cause him/her to lose 
his/her appetite. The loss of appetite can be prevented by giving the child 
some of the foods that he/she must take from the meal that is not yet ready.

Leaving children alone at the table as much as possible and allowing 
them to eat on their own, and not forcing them not to pollute the house and 
comply with certain rules may make it easier for children to develop more 
positive attitudes to the eating behavior. Sometimes, forcing and exercising 
influence over the child may underlie the lack of appetite, and the child may 
have moved away from eating as a result of these interventions. It is best 
not to react to the child’s idling around and eating slowly at the table. In the 
meantime; talking to the child, telling stories, telling jokes can make eating 
more enjoyable (Rapley, 2011).
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Food lists that are prepared by taking into consideration the food that 
small children want to eat and need will keep them healthier. In addition 
to offering different alternatives to the child, decorating the foods that they 
need to take and making them more eye-pleasing and diversifying them 
may also help them act positively against the foods that they do not want 
to eat. The aim is not to make the child eat a lot, but to make the child get 
the desired foods that are necessary for him/her. The relationship between 
the family members also has a significant impact on the child’s appetite. A 
tense atmosphere at home, a controversial environment may be a sufficient 
reason for the loss of a child’s appetite. Again, it should be noted in this 
context that children are affected by the sorrow of the adults they love, and 
they lose their appetite. For this reason, it is important to try not to make 
the child feel the troubles and sadness experienced. Sometimes childhood 
jealousy may also negatively affect the appetite. It should also be considered 
whether this condition exists in the problem of the lack of appetite. Some 
children may turn the lack of appetite into a gain for themselves since they 
want to attract the attention all the time. On the other hand, the presence 
of a little brother or sister and that the mother is interested in feeding them 
may also lead children to take a stand against eating and to ask the mother 
to give the food.

The lack of appetite may also be observed among children who are 
beaten up and often criticized by their parents. The child may want to 
punish the parents by not eating. The child who sees his mother or father 
sad when he/she does not eat may enjoy it and may resort to this in order 
to upset his/her parents when he/she is angry. Talking about negative, sad 
and disturbing events during the meal, talking about their naughtiness and 
their behaviors that you do not like, criticizing, blaming and condemning 
children may lead to the loss of appetite. During the meal, it is necessary 
to avoid disturbing situations and conversations. Putting as much food as 
the child can eat on the child’s plate, and sometimes appreciating the child 
each time the food on the plate is finished by putting little food can help 
strengthen his eating behavior. Another way to ensure that children have 
agood appetite is to make sure that they spend time outdoors. Fresh air and 
outdoor trips or games can help increase the appetite of children.

The situations when the child is not willing to eat much because he/
she drinks milk and is full of it should not be confused with the lack of 
appetite. Reducing the amount of milk given in this case may help to solve 
the problem. It is important to pay attention that the food is not cold and 
too hot as well as making sure that it is tasty and well cooked. Not making 
long speeches about the process and rules of eating during meals, and 
making the reminders in a tender and sympathetic way can make the child 
behave more positively towards eating.
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INHIBITION EFFECT OF TNFα ON CAIX EXPRESSION 
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ABSTRACT 

BACKGROUND:
CAIX is a transmembrane isoenzyme of carbonic anhydrase family related to 

tumor. CAIX has a great significance in pH control which control mechanisms 
has a key importance in progression of tumor and cell adhesion and expression of 
CAIX related to disease process in various kind of cancer.

AIM : The present study examines the effects of TNFα in modulation of 
Carbonic anhydrase IX expression in Human colon adenocarcinoma cell line (HT-
29) along with the relationship with cells cycle and apoptosis parameters.

METHODS : 
CAIX expression was determined by flow cytometry from HT-29 cells 

treated with different concentrations of TNFα for 24h, 48h and 72h. CA9 
mRNA expression in colon carcinoma was also examined by real-time reverse 
transcription-polymerase chain reaction (RT-PCR). Since CAIX is implicated with 
fast proliferating cells, the correlation of CAIX expression with cell proliferation 
and apoptosis needs to be addressed. The effect of   TNFα  on cell cycle and 
apoptosis parameters was also determined by flow cytometry analysis.

RESULTS: TNFα caused time and dose dependent decrease of CAIX protein 
level. This decrease was correlated with mRNA level indicated by qRT-PCR. Cell 
cycle analysis and AnnexinV assay were also performed in the cultured cells 
stimulated with the TNFα cytokine by flow cytometry.  TNFα also induced G0\G1 
arrest and cell necrosis of colon cells.

CONCLUSION: TNFα  decreased a hypoxia-related gene CA9 mRNA and 
protein level. In addition, TNFα  caused the cell arrest in cell cycle leading to cell 
necrosis in HT-29 colon cells. 

Keywords: Carbonic Anhydrase IX; HT-29 colon cells; TNFα, cell cycle
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INTRODUCTION

Tumor metabolism adapting hypoxic conditions of cells and alterations 
in microenvironments have high priority in terms of improvement of 
tumor (Hu & Polyak, 2008; Rademakers et al., 2008). CAIX, which is a 
member of trans-membrane carbonic anhydrase enzymes, is the most 
important enzyme related with tumor metabolism. This enzyme catalyzes 
the hydration reaction of CO2 into HCO3- and proton. Moreover, this 
CAIX enzyme plays an important role in tumor invasion by the way of cell 
to cell adhesion. Expression of CAIX in normal cells is so limited. However, 
increasing expression of CAIX depending on hypoxic conditions of tumor, 
apparently indicates the relation with the various types of tumors (Parkkila, 
2008). This induction occurs HIF-1 (Hypoxia inducible factor-1), which 
is transcription factor, connects to HRE (Hypoxia response element) 
in the related promoters. Because of these reasons, CAIX is considered 
as a strong marker in terms of tumor hypoxia (Pastorekova, Ratcliffe, & 
Pastorek, 2008). Moreover, predictive and prognostic importance of CAIX 
is indicated by various clinic studies (Supuran, 2012).

The proofs about the relation between cell proliferation and dysplasia in 
colorectal tumors and CAIX asserted by Saarnio et al. Researchers found 
the presence of Ki-67 antigen which is also an important marker in terms 
of cell proliferation in colon cells along with CAIX expression (Holt, Moss, 
Kapetanakis, Petrotos, & Wang, 1997).

Cytokines are biological molecules which have roles in regulation 
of cellular reactions. Moreover, cytokines are released as a response to 
stimulant and affect target cells. It is known that cytokines have role in cell 
proliferation, differentiation, and tumor invasion in tumor metabolism. 
Moreover, the studies about cytokine become more of an issue since 
these molecules are used in immunotherapy. Tumor necrosis factor is a 
multifunctional cytokine with effects on lipid metabolism, coagulation, 
insulin resistance, and the function of endothelial cells lining blood vessels. 
It is well known that tumor necrosis factor (TNF) induce necrosis (death) of 
tumor cells and possess a wide range of proinflammatory actions (Balkwill, 
Charles, & Mantovani, 2005; Borden & Sondel, 1990; Dinarello, 2006).

Therefore, this study was conducted in order to investigate contribution 
of TNFα in expression of CAIX protein which is a crucial marker in 
colorectal cancer. Therefore, along with the relationships between CAIX 
and cytokines the relations among cytokines, cell cycle and apoptosis was 
also investigated.
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MATERIALS AND METHODS

Cell culture
Exponentially growing colorectal (HT-29) kindly provided by Sukran 

Yılmaz, Sap Institue, Ankara, Turkey. HT-29 cell line was cultivated in 
Dulbecco’s modified Eagle’s medium supplemented with 10% fetal bovine 
serum and incubated in a humidified 5% CO2 chamber at 37 oC. Cells were 
plated at a density of 5X105 per 25 cm2 flask a day before the start of the 
experiment. 

Flow cytometry analysis of cellular cycle of HT-29 cells
For the analysis of the cell cycle distribution, the Coulter® DNA 

Prep™ Reagents Kit (Beckman Coulter, USA) was used according to the 
manufacture’s recommendations. HT-29 cells were seeded into 25 cm2 
flasks (5X105 cells/flask) and treated with 1000U/ml TNFα and untreated 
cells. After the treatment, cells were harvested by cell scraper, washed with 
PBS and exposed to DNA Prep LPR for 1 min, followed by incubation with 
DNA Prep Stain for 15 min at room temperature in the dark. Cellular DNA 
content was monitored on a Beckman Coulter FC500 Flow Cytometry 
System with CXP software (Beckman Coulter, USA).

Annexin V–Propidium iodide (AnnexinV–PI) staining apoptosis 
test

HT-29 colon carcinoma cells were seeded into each well of a 6-well 
plate and after for 24h incubation 1000U/ml cytokine was added. The cells 
were then incubated for 24, 48 and 72h in 5% CO2 incubator. Cells were 
collected with cell scraper. The subsequent procedures were carried out 
according to the instructions provided by the manufacturer of AnnexinV-
FITC (Beckman Coulter, USA) kit. Briefly, cells were washed with PBS, 
suspended in binding buffer and then added with AnnexinV-FITC and 
propidium iodide (PI) for 10 minutes at ice bath. The samples were then 
read by a flow cytometer (Beckman Coulter FC500 System, USA).

Total RNA isolation and Reverse Transcription Reaction
The extraction of total RNA from the human HT-29 colon carcinoma cell 

line was performed by using RNeasy mini kit (Qiagen GmBH., Germany). 
Briefly, 350 ml RLT solution was used for lysing cells. The lysed cells were 
homogenized by a springing column. 350 ml of 70% ethanol was added into 
the lysate. The solution was washed by the RW buffer and the REP buffer. The 
RNA was eluted in 30 ml RNase free water and then quantified by using UV 
spectrophotometry at 260 nm. The RNA specimens were stored in -80 °C 
until RT-PCR.



ACADEMIC RESEARCHES IN HEALTH SCIENCES66

Reverse transcription (RT) took place in a final reaction volume of 20 
μl containing 50 units MuLV reverse transcriptase (Applied Biosystems, 
Foster City, CA), 10X PCR buffer, 5 pmol specific antisense primer, 4 U 
RNase inhibitor (Roche), 4 mmol/L of each dNTPs, 6.25 mmol/L MgCl2 
, and 2 μl cDNA template. The RT step was performed on a Perkin Elmer 
9700 Thermocycler at 42°C for 30 minutes followed by 94°C for 5 minutes.

Real-Time Quantitative RT-PCR Analysis of CA9 Gene 
Expression 

Analysis of CA9 and of housekeeping gene TATA binding protein 
(TBP) expression was carried out using the Rotorgene system (Qiagen, 
Germany), following the manufacturer’s instructions. A standard curve for 
gene expression of CA9 and TBP was constructed using total RNA from a 
human colon carcinoma cell line HT-29, In brief, 10-fold dilutions of cDNA 
in water were made to give five different calibrators, each with a known 
amount of HT-29 RNA. For both products a standard curve was generated 
and included in each PCR run. PCR amplification for analyzing gene 
expression was performed in a 25μl reaction volume. A reaction mixture 
(Qiagen Cyber Green mastermix, Qiagen, Germany) containing reaction 
buffer, nucleotides, and Taq polymerase was used for the PCR according to 
the supplier’s instructions. 12.5 μl Sybr Green mix, 15pmol sense primer, 
15pmol antisense primer, (Table 1) 6 μl H2O and 5.0 μl cDNA were added 
to this reaction mixture. Quantification was initiated by incubation for 
1 min at 94°C, followed by 40 cycles with the following profile: specific 
annealing temperature for 2 seconds, extension at 72°C for 10 seconds and 
denaturation at 94°C, immediately followed by the next amplification cycle. 
We calculated the relative quantification using the ratio between CA9 and 
TBP mRNA, to eliminate the constant differences between genes and gene 
transcripts that might be generated during the process. To ensure that no 
DNA contamination had occurred, we included sample without reverse 
transcriptase. Arbitrary copy numbers were analyzed using Rotor-Gene v.5 
software (Qiagen, Germany) The specificity of the reaction was confirmed 
by melt curve analysis. A melt curve was acquired from 65-99 °C on the 
green channel. qPCR was repeated three times.

Table 1. CA9 gene and TBP primer sequences

CA9 gene

Sense primer Tm GC%
AGCAGAGGTAGCCGAGACT 57,4 57,9

Antisense primer Tm GC%
ATGAGCAGGACAGGACAGTTA 56,7 47,6

TBP 
reference 

gene

Sense primer Tm GC%
5’-CTGTTTAACTTCGCTTCC-3’ 52 44,4

Antisense primer Tm GC%
CTCTTCTCAGCAACTTCC 54 50
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Flow cytometry analysis of CAIX protein expression in HT-29 
cells

Cells were seeded on 25 cm2 flasks in triplicate and allowed to grow 
overnight to reach 70% to 90% confluence and then left in an incubator 
for 24h, 48h and 72h. Cells were collected with cell scraper and washed 
with PBS, resuspended in PBS, and then cells that had traversed to the 
reverse side of the inserts were rinsed with PBS, and stained with human 
anti-CAIX antibody for 45 minutes in ice bath and then washed with PBS 
for unbinding antibodies. The assay was done in triplicate. CAIX protein 
expression was detected on a Beckman Coulter FC500 Flow Cytometry 
System with CXP software (Beckman Coulter, USA).

Statistical analysis
Data were expressed as mean ± S.D. and analyzed one-way ANOVA Test 

by SPSS 11.5 to determine the significance of differences between groups. 
P-value lower than 0.05 was considered to be significant.

RESULTS

CAIX protein expression in HT-29 cells by Flow Cytometry 
analysis

CAIX protein expression in HT-29 cells was determined from the cells 
treated with TNFα along with control cells by flow cytometry using human 
CAIX antibody labeled as PE.  Initially, different concentrations of TNFα 
and time points were used in order to see if there is any concentration 
dependent effect and time-dependent effect of TNFα in HT-29 cells. The 
different concentrations of TNFα (100U/ml, 500U/ml and 1000U/ml) 
were incubated for 24h, 48h and 72h in HT-29 colon carcinoma cells. The 
affective dose of TNFα was subjected to the further analysis and repeated as 
triplicate. Viable population was taken to consideration for analysis of the 
results of flow cytometry 

For 24h incubation, the results of TNFα exposed cells in the 
concentrations of 100U/ml, 500U/ml and 1000U/ml with respect to 
control group cells (100%) were determined as 101,8 %, 99,20 %, 78,4 %, 
respectively. The % cell count showing CAIX expressions with an affective 
dose, which is 1000U/ml TNFα, were 82,2±7,5 % as 100±6,3 % was taken 
for control cells. It was determined that TNFα caused some decrease in 
CAIX protein expression (Figure 1). For 48 hours incubations, the results 
of TNFα exposed cells in the concentrations of 100U/ml, 500U/ml and 
1000U/ml with respect to control group cells (100%) were determined 
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as 101.9 %, 105.9 %, 60.0 %, respectively. CAIX expressions of 1000U/ml 
TNFα exposed cells and control group cells were determined as 100±5.6 
% and 57.2±12.4 %, respectively. The statistically important decrease of 
CAIX expression was determined in 48h incubations in HT-29 cells. A 
statistically significant decrease of CAIX expression was also determined 
for 72 hours when compared to control group cells (100%). The results 
of TNFα exposed cells were 107.0 % (100U/ml), 95.3 % (500U/ml), 64.7 
% (1000U/ml). CAIX expressions of 1000U/ml TNFα-treated cells and 
untreated cells were 100±7.7 % and 58.6±10.2 %, respectively.

Figure 1 Inhibition of transmembrane expression of CAIX treated and 
nontreated with TNFα in HT-29 cells as determined at 24, 48 and 72 hours 

incubation by flow cytometry. * indicates that p value<0.05.

CAIX mRNA expression in HT-29 cells treated with TNFα
CAIX mRNA expression in HT-29 cells was determined from the cells 

treated with TNFα along with control cells by Quantitative real time RT-PCR 
analysis. A decreasing effect of TNFα concentration (1000 U/ml) detected by 
flow cytometric analysis was used in order to see if there is a correlation with 
mRNA level for three different incubations times (Figure 2). 

Quantitative real time RT-PCR analysis on CA9 mRNA level at 24h 
incubation time showed 1.4±0.4 fold decrease in 1000U/ml TNFα exposed 
cells with respect to that of control group cells. This decrease reaches the 
highest level with 3.5±0.6 fold at 48h TNFα incubation. At 72h incubation, 
CA9 mRNA level still remain at a decreased level with 2.7±1.4 fold as 
compared to untreated HT-29 cells. 
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Figure 2 1000U/ml concentration of TNFα regulate CA9 RNA expression in HT-
29 cells at 24h, 48h and 72 hours incubation. * indicates that p value<0.05.

Cell cycle and cell viability analysis of TNFα in HT-29 cells by 
Flow Cytometry 

In order to see if there is any effect of a CAIX decreasing TNFα 
concentration on cell cycle of HT-29 cells, cell cycle analysis on TNFα 
treated HT-29 cells was performed by using flow cytometry. Cell cycle 
analysis was carried out with 1000U/ml TNFα concentration for three 
time points. A percent of cell count was determined for control group and 
1000U/ml TNFα introduced cells at G0/G1, synthesis phase and G2/M 
phase (Table 2). Cell cycle analysis showed that TNFα leads to G0/G1 arrest 
especially with 24h incubation of HT-29 cells. This effect goes on 48h and 
72h to some extent. 
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AnnexinV assay was performed for the further analysis of cell behavior 
so as to see if there is an apoptotic effect of TNFα on HT-29 cells. The 
results obtained by AnnexinV assay for 24h, 48h and 72h incubation do not 
show any statistical different apoptotic effect between TNFα treated HT-29 
colon carcinoma cells and control cells. There is a statistically significant 
increasing necrotic effect and decreasing cell viability at 24h incubation of 
TNFα on cells. This effect still remains at 48h and 72h incubation periods.

Table 2 After treatment of TNFα, cell cycle parameters which G0G1, S, G2M 
were measured by flow cytometry in HT29 cells for 24h, 48h and 72h.

% of cell cycle phase
G0G1 (%) S (%) G2M (%)

Control group (24h) 79,7±1,41 7,4±1,4 13,2±0,8
TNFα treated group 

(24h)  88,2±0,3 4,1±0,1 7,4±0,7

Control group (48h) 81,5±5,0 9,0±3,6 9,3±4,0
TNFα treated group 

(48h) 85,7±4,7 4,7±2,9 5,4±1,0

Control group (72h) 79,9±3,6 10,6±0,7 9,9±2,8
TNFα treated group 

(72h) 80,3±1,2 10,1±1,1 9,7±1,0

Figure 3 Effect of TNFα (1000U/ml) on cell cycle phases in HT-29 cells at 24h, 
48h and 72 hours incubation. * indicates that p value<0.05.
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DISCUSSION

TNFα are proinflamatuar cytokines and inductions of which by 
inflamation are effective on expression on lots of genes. TNFα produced by 
active immune effectors cells directly regulate cell proliferation of tumors 
(Borden & Sondel, 1990). It is observed that TNFα produced by recombinant 
DNA technology inhibits proliferation in tumor cell in studies conducted 
as in vitro. It is shown that approximately 30-40 % of series of tumor cells 
were inhibited by this molecule (Munker, Munker, Saxton, & Koeffler, 1987; 
Ruggiero, Latham, & Baglioni, 1987; Sugarman et al., 1985). Therefore, it is 
determined that TNFα has therapeutic role in most of tumors (Dinarello, 
2006). TNFα develops resistance to anti-proliferative effect in most of not 
transformed diploid cells except for endothelium cells. Stimulator effect of 
TNFα on angiogenesis can be considered as one of pleiotropic biological 
effects (Fràter-Schröder, Risau, Hallmann, Gautschi, & Böhlen, 1987; 
Kehrl, Alvarez-Mon, Delsing, & Fauci, 1987; Sato et al., 1986). This effect on 
angiogenesis contradicts inhibition effect on endothelial cell proliferation. 
Although it is seen that anti-tumor effect of TNFα is directly related with 
anti-proliferative effect of which it is considerably complicated for this 
relation. The association between expressions of cancer related genes and 
pro-inflammatory cytokines could still not have been raised. 

Carbonic anhydrases IX which is transcriptional regulated by hypoxia 
related factor, HIF1α, are a crucial enzyme in most cancer types. There is 
rather limited study on the action of any cytokine to expression of CA9 
gene. Yildirim and Kockar found that TGFβ transcriptionally upregulates 
CA9 expression in hepatoma cell model, HEP3B (Yildirim & Köçkar, 
2009). HT-29 human colon cancer cells are chosen since several studies 
support the increased CAIX expression in colorectal cancers (S. Rasheed 
et al., 2009; Shahnawaz Rasheed, McDonald, Northover, & Guenther, 2008; 
Saarnio et al., 1998). This study indicates that HT-29 colon carcinoma 
cells in which increasing CAIX expression is observed against decreasing 
oxygen level have potential to make tumor in nude-mice model (Chrastina 
Adrián et al., 2003). According to Niemela et al. (2007), it was proved that 
CAIX can be used as target genes for treatment in HNNPC (Niemelä et 
al., 2007). HT-29 which have most of characteristic colonic epithelium 
have significance in many studies (Evans, Jones, & Ziegler, 2003). When 
G250/MN/CA9 expression in HT-29 colon carcinoma cells was analyzed 
by flow cytometric, 58±18.1 % positive stained cell was detected (Li, 2001). 
Therefore, the aim of our study is to determine if there is any association 
between TNFα and tumor associated CAIX gene.

In this study, TNFα decreases CAIX protein expression time dependent 
and dose dependent manner. As a result of the effect of different doses 
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on the protein expression of CAIX in HT-29 cells, 1000U/ml TNFα has a 
significant decreasing effect 24, 48 and 72 hours. CAIX mRNA level is also 
correlated with the CAIX protein expression data. The decreasing effect 
of TNFα was shown in some cancer-related genes. It was determined that 
TNFα indicates the similar effect on histon deasitalase 3 in HT-29 cells 
(Spurling et al., 2008).
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FERTILITY CONTROL: STERILIZATION

Sevgül DÖNMEZ1

ABSTRACT

Throughout history, various family planning methods have been developed and 
used in order to provide fertility control. Despite improvements and advances in 
contraceptive methods, unintended pregnancies are still a global problem. Today, 
women have access to several contraceptive options. However, the requirement 
for contraceptives in underdeveloped countries cannot be fully met. On the other 
hand, in modern societies, it is observed that the status of women is gradually 
changing in parallel with changes in various socio-economic and demographic 
conditions. Despite these advances recorded in the status of women in modern 
countries, contraceptive use is still low in several countries. This is actually a very 
challenging and complex issue influenced by sociological, cultural and religious 
beliefs. For the prevention of unintended pregnancies, and for men and women 
who do not want more children, sterilization is a contraceptive method becoming 
increasingly widespread throughout the world. Vasectomy is one of the safest 
methods for couples who do not want any more children and want to end their 
fertility. Voluntary surgical sterilization is acceptable if it is performed safely and 
effectively. In order to do so, it should be taken into account whether the procedure 
is appropriate for the person to undergo, whether he has made a conscious choice, 
and whether he has health risks for the surgical procedure  

Keywords: women, fertility control, family

INTRODUCTION

Family planning was defined in 1999 as “the ability of families to have 
as many children as they can look after by spacing and timing their births” 
(CDC, 1999). World population growing at 78 million a year reached 6 
billion in 2000 and it is estimated to exceed 8 billion by 2025 (UNFPA, 
1999). These statistics suggest that if measures are not taken, impending 
population explosion seems inevitable. It is clear that family planning 
methods, which provide the primary measure in this respect, are an 
important health service that contributes to maternal and infant health and 
thus plays a role in increasing the health level of the society positively by 
preventing both unintended pregnancies and excessive fertility (Gözükara 
et al, 2015). Throughout history, various family planning methods have 
been developed and used in order to provide fertility control. Despite 
improvements and advances in contraceptive methods, unintended 
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pregnancies are still a global problem. Today, women have access to several 
contraceptive options. However, the requirement for contraceptives in 
underdeveloped countries cannot be fully met, and the number of women 
who do not use any contraceptive method is estimated to be 222 million 
(Joshi et al, 2015). On the other hand, in modern societies, it is observed 
that the status of women is gradually changing in parallel with changes in 
various socio-economic and demographic conditions.

Despite these advances recorded in the status of women in modern 
countries, contraceptive use is still low in several Sub-Saharan African 
countries including Nigeria. According to the 2013 Nigeria Demographic 
and Health Survey (NDHS) report, contraceptive use among married 
Nigerian women is about 15%. This is actually a very challenging and 
complex issue influenced by sociological, cultural and religious beliefs, 
which can be attributed to the fact that the region has predominantly an 
agriculture-based economy and that the majority of the population live in 
rural areas. In addition, early marriages and the use of abortions as a birth 
control method still continue to be normative practices, particularly in 
sub-regions (Salami and Olados, 2016). For the prevention of unintended 
pregnancies, and for men and women who do not want more children, 
sterilization is a contraceptive method becoming increasingly wide spread 
throughout the world. Sterilization, an irreversible process, is the closing 
of the tracts through which ovum passes in females and sperm passes 
in males with a surgical procedure (Artunç and Birge, 2015). Female 
sterilization is also called tubal sterilization, tubal ligation, voluntary 
surgical contraception, tubectomy and bi-tubal ligation (Lowe, 2016). 
Female sterilization can be performed both in the postpartum period 
and when the woman is not pregnant (Gilliama et al, 2008). In addition, 
female sterilization is a method with a very low risk of failure. Over the first 
year after sterilization, pregnancy occurs in less than 1 out of 100 women, 
in other words, 995 of 1000 females will not conceive (WHO, 2011). 
Vasectomy, referred to as male sterilization, is performed by urologists 
in an outpatient setting under local anesthesia. It has become popular in 
the United Nations since 1965 and is accepted all over the world. It is a 
method that prevents the passage of sperm by severing the vas deferens in 
the male. Compared to female sterilization, male sterilization is safer, more 
economical and more effective. Vasectomy is not immediately effective, 
and another contraceptive method should be used until the azoospermia 
is confirmed in the semen analysis (98-99% of the men are azoospermic 
at six months after vasectomy) [American College of Obstetricians and 
Gynecologists (ACOG, 2013). Pregnancies after vasectomy usually occur 
right after the operation. Therefore, those who choose this method should 
be told that they should use another method of contraception for 3 or more 
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months (20 ejaculations) after the procedure and that the semen analyses 
should be performed after 8-16 weeks until after at least two negative results 
are obtained. Vasectomy is one of the safest methods for couples who do 
not want any more children and want to end their fertility. Voluntary 
surgical sterilization is acceptable if it is performed safely and effectively. 
In order to do so, it should be taken into account whether the procedure 
is appropriate for the person to undergo, whether he has made a conscious 
choice, and whether he has health risks for the surgical procedure (Murray 
and McKinney, 2014)

Female And Men Sterilization Use

Sterilization has become the most popular contraceptive method and 
the aim in more than two-thirds of sterilization procedures performed 
worldwide has been contraception (Joshi et al., 2015). Female and male 
sterilization used by more than 220 million people worldwide is an 
effective, safe and permanent contraceptive method. In the United States 
approximately 600,000 tubal ligation and 200,000 vasectomies are performed 
annually. For women looking for a permanent contraception, sterilization 
is the best method since it eliminates the need for contraceptives during 
the reproductive age, and also provides an alternative to those who have 
medical contraindications to reversible contraceptive methods (ACOG, 
2013). Annual female sterilization cases increased dramatically in the 
1970s, peaked with 702,000 cases in 1977, stabilized in the 1980s and at 
the beginning of 1990s, and declined to 643,000 cases in 2006 (Chan and 
Westhoff, 2010). Since 1990, although the rate of women sterilization varies 
from region to region, it is still widely used in Asia, Latin America, and 
Caribbean and North America. It is estimated that female sterilization is 
the dominant contraceptive in countries like India where fertility begins at a 
young age. In the high-income countries, one out of every four women either 
underwent female sterilization or used an intrauterine device. In contrast, 
in low-income countries, the contraceptive with the highest prevalence 
was female sterilization (Joshi et al., 2015). Female sterilization, one of the 
most widely used methods among married women in the world in 2015, is 
becoming increasingly more prevalent day by day. In general, while short-
term and reversible methods are more widely used in Africa and Europe than 
other methods, long-acting or permanent methods such as sterilization are 
more commonly used in Asia and North America. Female sterilization, an 
important part of the family planning in some parts of America, Oceania 
and Asia, is less frequently used in Central Asia, Southeast Asia, and West 
Asia as in Africa. Except for a small number of countries, male sterilization 
is less common than female sterilization. Gender differences in the use of 
sterilization in 47 countries or regions where sterilization prevalence is 
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estimated to have been at least 10% in 2015. The contrast between male 
and female sterilization levels is great. Male sterilization accounted for 10% 
or less of all sterilizations among couples in 29 countries. However, there 
are several countries where the prevalence of vasectomy was equal to or 
exceeded that of female sterilization, with the male sterilization prevalence 
ranging from 7 per cent in Ireland to 22 per cent in Canada (FIGO, 
2011; UN DESA, 2015). In a study conducted in Ethiopia, the overall 
prevalence of long-acting and permanent contraceptive use was found to 
be 12.3% (Alemayehu et al., 2012). Vasectomy use is becoming increasingly 
widespread in the world because the technique is simple, has a high success 
rate and leads to few minimal complications such as pain and swelling 
(Cook et al, 2014; Mohamad et al, 2014; Rayala and Viera, 2013; Shang 
et al, 2015). Vasectomy is the major male contraceptive method applied 
to over 40 million men worldwide (Lu et al, 2014). In the United Nations 
(acaba “United States” olabilir mi?), approximately 500,000 men receive 
vasectomy every year (Lowe, 2016). While the vasectomy rate is high in 
New Zealand, America, South Korea, China and Nepal, the rate is rather 
low in Turkey (Christiana et al, 2014; Ezegwui and Enwereji, 2009; TDHS, 
2013; United Nations, 2011]. Today, male sterilization rates are still high in 
North Europe, North America and Australia / New Zealand, with China 
and Brazil leading the eight largest countries (Ross and Hardeej, 2017). In 
a large-sample study conducted by the National Survey of Family Growth, 
3.2 million married men in the 15-44 age group were determined to prefer 
vasectomy (Anderson, 2012). However, in the literature, it is indicated that 
the number of couples preferring vasectomy to tubal sterilization is very 
low (Anderson, 2017; Erlenwein et al, 2015; Patel, 2015).

Factors Affecting Factors Female And Men Sterilization 
Fertility is a complex phenomenon that is greatly influenced by culture, 

preferences and family structures. Moreover, fertility is influenced by the 
socio-economic status and various demographical components. Therefore, 
various socio-economic and demographic factors play a great role in the 
expansion of family planning methods and ultimately in the reduction of 
the fertility. Therefore, understanding the factors affecting contraceptive 
use is of importance for all efforts to produce programs that will increase 
the prevalence of contraceptive use (Salami and Olados, 2016). Despite the 
fact that sterilization is a safe, effective and increasingly popular method, it 
can be rejected for several medical, social, economic, religious and cultural 
reasons (Arora et al, 2010). Some factors, such as the characteristics of 
users, social norms, religious beliefs, family planning policies, economy, the 
number of children, marital relationship, fear of child mortality, gender of 
living children, pressure by the spouse or other family members to have more 
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children affect the person’s decision whether or not to undergo sterilization 
(ACOG, 2013; EngenderHealth, 2002). In 1985, EngenderHealth decided 
to conduct an international analysis and review on sterilization, and the 
findings of this review have provided the most comprehensive overview of 
studies on sterilization use worldwide. 

In this review, religion and socioeconomic factors were reported to have 
little effect on the decision to choose sterilization (Ross et al, 1985). Of the 
factors affecting the sterilization decision, the most important ones were 
reported as age and the place of residence (Moniz et al, 2017). In a study 
conducted, it was determined that the rate of preference of sterilization 
among men and women increased as the number of children they had and 
their age increased. 

In addition, it is found that while women sterilization is more preferred 
among the black, male sterilization is more preferred among the white and 
that as the education level increases, the female sterilization preference rate 
decreases among women, and male sterilization preference rate increases 
among men. While male sterilization was preferred by women who had the 
highest income and who lived in the urban areas, female sterilization was 
preferred by women who had the lowest income and who lived in the rural 
areas (Daniels et al, 2015). Similarly, in a study, both female sterilization 
and vasectomy were preferred by those who were at an advanced age, had 
more children (three or more children), had been married for 12 years or 
more, and got married more than once. While female sterilization was 
preferred by women who had lower education and income levels, vasectomy 
was preferred by those who had higher education and income levels. In 
addition, while vasectomy was preferred by men with excellent health 
status, tubal sterilization was preferred by women with poor health status. 
While vasectomy was preferred by men with private health insurance, tubal 
sterilization was preferred by women with single-service coverage (separate 
coverage for a limited area of medical care to supplement the basic health 
insurance plan) or no health insurance (Anderson et al, 2012). While the 
prevalence of sterilization increases among those with lower socioeconomic 
status in Bangladesh and India, it increases among those with higher 
socioeconomic status in Latin America and Caribbean. On the other hand 
in the United States, while male sterilization is more prevalent among 
couples with higher social and economic means, female sterilization is 
more likely to be preferred among women with low socioeconomic status 
(EngenderHealth, 2002). In a study conducted with Western European 
couples, although a negative relationship was determined between the 
women’s education level and their preference of female sterilization, if a 
woman was more educated than her husband, she was more likely to have 
herself sterilized (Dereuddre et al., 2017). Female sterilization was 1.2-2 
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times more common in African, American, Native American and Latin 
women than in white women. Female sterilization was 1.4 times more 
common in uninsured women or with the public insurance than in women 
with private insurance. The reasons for these differences are unclear. 
Although these differences reflect women’s preferences, they can be 
interpreted as the fact that women do not have equal access to all methods 
and that low-income women and women of color may be provided 
counseling differently from white or private insured women about 
contraception (ACOG, 2017). The safety of the contraceptive method is 
stated to be the most important factor in choosing the contraceptive 
method for women over 30 years of age. It was determined that 83.3% of 
women considered sterilization as safe, that women with higher education 
had more knowledge about sterilization, but that their interest in sterilization 
was low. It was also determined that acceptance of and interest in sterilization 
among women with low education were higher. This may be presumed to 
be due to the fact that women with lower education levels complete family 
planning earlier and women with higher education levels need more time 
because of their academic education (Erlenwein et al, 2015). In another 
study, it was found that while female sterilization was more preferred by 
Hispanics and blacks, vasectomy was more preferred by whites (Eeckhaut, 
2017). In studies investigating factors affecting the decision whether or not 
to undergo vasectomy, the following were considered as key factors: 
considering the number of children sufficient (Altay and Gonener, 2009; 
Eisenberg et al, 2009; Shattucka et al., 2014), age and duration of marriage, 
(Eisenberg et al, 2009), the spouse’s preference (Bunce et al, 2007, Çorak et 
al, 2008), medical reasons (Anish et al, 2013), economic conditions (Dassow 
and Bennett, 2006; Shattucka et al, 2014), place of residence, ethnicity 
(Anderson et al, 2012; Whitea and Potterb, 2014), reputation due to 
vasectomy, usability of vasectomy, religious and cultural beliefs, uncertainty 
about the future, fear, false and incomplete knowledge (Christiana et al, 
2014; Ebeigbe et al, 2011; Sood and Pahwa, 2014), dissatisfaction from and 
failure of other contraceptives (Anderson et al, 2010; Shattucka et al, 2014), 
education (Shrestha et al, 2014), psychological reasons (Ebeigbe et al, 
2011), no need for regular interventions after vasectomy, the persistence of 
the procedure and the short duration needed to return to work (Valsangkar 
et al, 2012). Furthermore, having an immigrant status, being African, 
American, or Hispanic, being Catholic, and having a non-Protestant 
religion have reduced the likelihood of undergoing a vasectomy (Sharma et 
al, 2013). It is also reported that the most important reason for preferring 
sterilization is having a “completed family” and this method’s being reliable 
and effective (Bledin et al, 1984). The use of sterilization may vary from 
region to region depending on the religious beliefs. Sterilizasyon kullanımı, 
dini inanç durumuna göre de bölgeden bölgeye değişiklik gösterebilmektedir. 
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It is reported that religion, belief and religiosity affect attitudes towards 
sterilization, and the greater the estimated effect of religion is, the lower the 
rate of acceptance of sterilization (Erlenwein et al, 2015). However, in some 
areas, although religious beliefs prohibit sterilization and do not allow it as 
a family planning method, some couples use sterilization methods. Muslim 
groups, prevalent in India and the Philippines, are known to be against 
sterilization (EngenderHealth, 2002) because in Islam, sterilization is 
prohibited except for medical reasons. Contraceptive use is permitted not 
to limit family size but to protect maternal and child health (Al-Kamil, 
2000). In the Middle East, North Africa and Sub-Saharan Africa, sterilization 
rates are low in the majority of countries, which is thought to be due to 
sterilization policies and the pressure and limitation of Islam. Nevertheless, 
in countries like Bangladesh and Tunisia where Muslims are prevalent, 
sterilization policies are more reasonable (EngenderHealth, 2002). In 
Catholic hospitals, all sterilization practices can be banned (Stulberg et al, 
2014). In other words, an individual’s religion can be a strong predictor of 
the decision to adopt a contraceptive method, especially in making 
decisions about sterilization (Rustagi et al, 2010). It is also thought that the 
role of woman and man in society affects the acceptance of sterilization, 
one of the contraceptive methods. In some countries, men are against 
female sterilization because they think they may lose their control over 
their wives. According to them, a sterilized woman creates a suspicion of 
having extramarital affairs and of being disloyal to her husband (is suspected 
to have extramarital affairs and to be disloyal to her husband) 
(EngenderHealth, 2002). Although sometimes people decide to undergo 
sterilization, physicians may reject sterilization requests made especially by 
young, childless adults due to the possibility of future regret. There is also 
evidence that sterilization requests made by men are more likely to be 
approved than requests made by women. This may indicate that attitudes 
towards sterilization are influenced by gendered discourse that identifies 
women from reproductive and maternal aspects (McQueen, 2017). In a 
study conducted in the United States to investigate the effect of physicians 
on sterilization decision, 45% of the physicians said that they would 
discourage a woman with two pregnancies and one live birth from being 
sterilized, 59% would discourage a 26-year old woman who had an opinion 
different from her husband’s, and 32% would discourage a 26-year old 
woman who had an opinion similar to her husband’s. In addition, physicians 
participating in religious services twice or more times a month tended to 
discourage women from being sterilized than did other physicians 
(Lawrence et al, 2011). In the literature, there are studies mentioning some 
barriers that affect the sterilization decision. Among these barriers are 
inadequate hospital resources (availability of the surgery time, obstetrician 
and anesthesiologist), reluctance of the obstetric staff due to concerns that 
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a patient at a younger age might regret later, receiving services in a hospital 
where religious affairs are at the forefront, the disruption of intra-
conceptional, antepartum, intrapartum and postpartum services, service 
fees, insurance coverage status and consent forms inappropriately completed 
or not used. (ACOG, 2013; Gilliama et al, 2008; Richardson et al., 2017). 
One of the most important barriers to making decision to undergo 
sterilization is failure to access services (Quadros and Santos, 2017).

Attitudes Towards Female And Men Sterilization
The need for contraceptive methods throughout life may vary due to 

differences in living conditions. The contraceptive method chosen may 
differ from one person to another due to their different social and cultural 
backgrounds and habits. Therefore, research on the use of contraceptives 
traditionally relies on the person’s perspective of and attitude towards 
contraceptives (Eckhaut, 2017). The use and preference of contraceptive 
methods show differences in people with different cultural backgrounds. 
The cultural background and the mother’s experiences and point of view are 
thought to have a major impact on the attitude and behavior of the individual 
towards contraception (Erlenwein et al, 2015). In a study conducted in the 
Western and Eastern regions of Ghana, it was determined that men and 
women perceived vasectomy as a rebellion against God or as a kind of 
castration, and they thought that they would not be able to sexually satisfy 
their spouses after vasectomy, which might cause conflicts in marriage. 
Women were more concerned about the negative effects of vasectomy on 
men. Stigmatization and misunderstandings in the community lead to 
low rates of vasectomy surgery in Ghana. In a man’s decision to undergo 
vasectomy, women were found to be extremely effective (Adongo et al, 
2014). In another study, however, women were found to accept surgical 
contraceptive methods more than did men. Especially Muslim men were 
determined to agree to undergo vasectomy less and to have insufficient 
knowledge about vasectomy (Akpamu et al, 2010). Nevertheless, although 
vasectomy is effective and simple, offers many advantages such as 
permanent protection and low risk of complications for people who do 
not want more children, the rate of vasectomy in developing countries 
is low because in male-dominant societies, men’s taking an active role in 
fertility regulation is not welcomed. Vasectomy is considered as castration, 
ejaculation deficient, loss of libido, deterioration of sexual abilities and loss 
of masculinity (Ezegwui and Enwereji, 2009; Izol et al, 2013; Mohamad et 
al, 2014; Shwattucka et al, 2014). In a study conducted with married men 
in Nigeria, it was found that most men did not have enough knowledge 
about vasectomy, that most of them displayed negative attitudes towards 
vasectomy, that vasectomy was not suitable for men, that it was women’s 
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responsibility to implement family planning methods but that the man 
should decide on which method was to be implemented because he is 
the head of the family. Factors affecting the vasectomy acceptance were 
identified as cultural pressure, religious beliefs, and lack of knowledge of 
and access to methods. While there was no significant relationship between 
anti-vasectomy attitude and education and marital status, there was a 
significant relationship between anti-vasectomy attitude and the level of 
vasectomy knowledge (Onasoga et al, 2013). In another study, it was also 
determined that the majority of the men and 85.0% of the women thought 
that female sterilization was a better method than male sterilization (Varma 
and Rohini, 2008). In another study supporting the acceptance of female 
sterilization, it was reported that the sterilization method was suggested 
to women by other women and that 97% to 99% of the women who 
underwent female sterilization were satisfied with it. It was also determined 
that female sterilization was considered as safe, simple and effective, and 
that most Kenyan couples seeking permanent contraception considered 
it as an acceptable method (Lutalo et al, 2015). In addition, most of the 
sterilized women stated that sterilization had no chance of failure, and thus 
sterilization was the best method (Vieira, 1999). On the contrary, another 
study found that more than half of the married women displayed negative 
attitudes towards contraceptive methods such as female sterilization and 
vasectomy, and that while 34.4% of them considered female sterilization 
dangerous, 39.1% of them regarded female sterilization as an unacceptable 
method (Alemayehu et al., 2012). Similarly, women consider sterilization 
as a risky method because it is irreversible, is a surgical procedure, and 
poses risk of death (Schwandt et al, 2017). In a study conducted with 1022 
men in Nigeria to investigate their knowledge of and attitudes towards 
contraceptive methods, the contraceptive method least known by the 
participants was the male and female sterilization (Gbolahan and McCarthy, 
1991). While 32.5% of the men and 44% of the women considered female 
sterilization as a very good method, 19.3% of the men and 49.6% of the 
women regarded male sterilization as a very good method. In particular, 
the men displayed more negative attitudes towards male sterilization than 
did the women. Therefore, attitudes towards male and female sterilization 
methods can be assumed to stem from gender differences (Thorburn, 
2007). In a study conducted with married and non-married men between 
the ages of 18 and 60, 42% of the participants considered vasectomy as a 
contraceptive method and 11% said they would like to undergo vasectomy 
in the future. Of those who stated that they should not have vasectomy, 
53% believed that female sterilization was a procedure simpler than 
vasectomy and therefore their partners should be sterilized instead, and 
52% said that they were afraid that the vasectomy would fail and it would 
bring bad reputation to his family (Sood and Pahwa, 2014). Of the women, 
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61.7% stated that their spouses or people around them were supportive 
about permanent contraceptive methods, 79.3% said that the decision of 
contraception should be made by both the woman and her partner, 97.9% 
said that a large family would bring about economic problems, 62.9% said 
they might undergo contraception and 43.5% displayed positive attitudes 
towards permanent contraception (Mekonnen et al, 2014).

Impacts on Female and Men of The Sterilization
It has been reported that all sterilization methods are safe and the risk of 

re-operations due to complications is low. (Jokinen et al, 2017). Although 
side effects are rare, complications such as infection due to anesthesia and 
wound site abscess can be seen in the operation process in general. Death is a 
very rare risk in the sterilization process (WHO, 2011). In the United States, 
mortality rates due to sterilization are estimated to be one to two deaths 
per 100,000 procedures, and many deaths occurred due to hypoventilation 
and cardiopulmonary arrest during general anesthesia procedure (ACOG, 
2013). Studies on the issue have shown that sterilization does not have any 
adverse effects on sexuality and that those having undergone sterilization 
have no worries about unintended pregnancy. However, some studies have 
shown that it would be more difficult for women having undergone tubal 
sterilization to reject their partners, and that their partners become more 
jealous, because they think women might not be as faithful as they were 
before (cheat on them more) (EngenderHealth, 2002). In another study, 
women were found to experience increased sexual dysfunction due to the 
belief that they lost reproductive ability after tubal sterilization (Kunkeri 
et al, 2017), and some men thought that they lost their masculinity and 
sexuality after vasectomy. These feelings or perceptions are closely related 
to how men make their vasectomy decisions. Some men may think of this 
method as permanent castration and thus they may experience anxiety. 
However, in some cases, the procedure influences sexuality positively, 
since they do not experience pregnancy anxiety, their relationships are 
deepened and their anxiety is reduced (Everett, 2014). It is also stated that 
the vasectomy will not lead to any changes in the sexual relationship and 
sexual satisfaction, and that it will not affect the other functions of the body. 

After this minor surgical procedure, men continue to produce semen 
and to experience the same sexual function, desire and excitement, and they 
remain the same in terms of their appearance and feelings. It is emphasized 
that vasectomy should not be confused with castration, in which both 
testicles are completely removed or they become non-functional (Bozdag, 
2013). In addition, the risk of developing an infection after vasectomy is 
3.4%, and if an infection develops, it can be treated with antibiotics easily. 
After vasectomy, sperm granuloma may occur. Most of the complications 
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that occur after vasectomy are physical. However, it has been reported 
that there are some people experiencing depression after vasectomy. 
Those having marital problems, sexual disabilities, pre-existing mental 
illnesses, high incomes and/or negative opinions about the procedure and 
advanced-aged people experience psychological distress after vasectomy 
more. However, the most common predictor of distress is insufficient pre-
operative counseling. They may be afraid of the procedure if they are not 
provided good counseling. Pre-operative counseling should especially 
provide good information about post-operative pain, expectation of post-
operative recovery and sexual activity, and return to normal activities 
after surgery, because the majority of men may want to be sure that sexual 
functioning does not change after the procedure (Lowe, 2016). What is 
more, failure rates for vasectomy are 10 times lower than failure rates for 
female sterilization. Complications such as pain, hematoma and granuloma 
formation may also occur. In vasectomy, the rate of azoospermia failure is 
about 2%. After a full cleaning, the failure rate is 1 in 2000. Long-term follow-
up studies with large samples have indicated that there is no association 
between prostate cancer and vasectomy, even in those having spent 25 or 
more years after sterilization (Melville and Bigrigg, 2008). In prospectus 
studies, it was determined that women sterilization had little or no effect 
on the woman’s menstrual cycle. However, some positive changes such as 
reductions in the amount of bleeding in menstrual cycles, in the number of 
bleeding days and in the menstrual pain are likely to occur (ACOG, 2013). 
In addition, long-term follow-up studies indicated that sterilization did 
not cause any menstrual or uterine problems (Curtis et al, 2006). Although 
tubal ligation does not protect against sexually transmitted infections, it is 
reported that it reduces the spread of organisms to the peritoneal space in 
the lower genital area and thus protects against pelvic inflammatory disease 
(ACOG, 2013; Joshi et al, 2015). Women infected with HIV, having AIDS, 
receiving antiretroviral therapy and breastfeeding their babies can safely 
undergo female sterilization procedure too, but for women with AIDS to 
undergo sterilization, special arrangements are needed in the operation 
process. Also, female sterilization reduces the risk of ectopic pregnancy. 
Of the 10,000 pregnancies after female sterilization, 6 are ectopic. In the 
United States, the rate of ectopic pregnancies among women who do not 
use a contraceptive method is 65 per 10,000 women per year (WHO, 2011). 
It is also predicted that female sterilization reduces a woman’s lifetime risk 
of ovarian cancer (McNamara et al, 2017; Westberg et al, 2017). In the 
literature, there is a gap related to methodological studies investigating the 
psychological effects of sterilization procedures on women and men. Studies 
often do not take into account pre-existing psychosexual morbidity, which 
may be present prior to sterilization. It is difficult to estimate the number of 
women who report psychosexual problems after sterilization. About 1% of 
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men report psychosexual problems after vasectomy. There is no evidence 
that there is change in testosterone production after vasectomy, which 
relaxes men (Melville and Bigrigg, 2008). It was determined that likelihood 
of regret after sterilization was very low, and that sterilization had little or 
no effect on sexual or marital relationships. It has been determined that 
those who hardly decide to undergo sterilization, who lack knowledge 
about the procedure, and who have unhappy marriages usually regret after 
sterilization (Ross et al, 1985). Among the factors that increase the risk of 
regret are young age, low parity, irregular relationship, divorce, changing 
the idea of family size, child mortality and partner’s death (ACOG, 2013, 
EngenderHealth, 2002). Expressing regret is more common among 
women who are sterilized under the age of 30, or immediately after birth 
or miscarriage. While regrets are three times more likely among women 
having with major conflicts with their spouses, the desire for reversal is five 
times more likely (Akpor et al., 2016). Of men with vasectomy, only 2% 
desire reversal (Sharma et al, 2013). In a systematic review, it is reported 
that women sterilized at 30 years of age or younger are almost twice as 
likely to have regrets as women sterilized over the age of 30. It is also stated 
that in those sterilized at an early-age, while the likelihood of requesting 
information about the reversal of procedure is 3.5 to 18 times higher, the 
likelihood of actual reversal or in vitro fertilization is 8 times higher. There 
is a consistent inverse relationship between women’s sterilization ages 
and post-procedural regrets (Curtis et al, 2006). In a study conducted, it 
was determined that most women did not regret their partner’s having 
undergone vasectomy (Jamieson et al, 2002). In the literature, it is also 
reported that there is no relationship between vasectomy and increased 
cardiovascular risk (Guo et al, 2017). According to the findings from a 
large-scale European prospective study, vasectomy does not increase the 
risk of prostate cancer (Byrne et al, 2017).

Laws and Policies Related to Female and Men Sterilization
Human rights include individuals’ right to have control over and to 

decide on matters related to their sexuality and reproductivity, free of 
coercion, discrimination and violence. We also have rights to decide on 
whether we will have children or whether how many children we will 
have. To be able to realize this right, it is essential that men and women 
should be provided with complete and accurate information on various 
contraceptive methods in order to be able to choose the most suitable 
one for their needs (FIGO, 2011). States are supposed to monitor and 
regulate relevant laws, policies and practices to ensure that they support 
all human rights and development goals related to sexual and reproductive 
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health. To facilitate the timely provision of quality services, it is required 
to systematically integrate human rights into laws, policies and program 
development, and to carry out transparent and sensitive processes. 
Evidence shows that health policies and laws that protect and fulfill human 
rights have a positive impact on sexual and reproductive health outcomes 
(WHO, 2014). In addition, health personnel should be aware of the laws 
and regulations likely to prevent sterilization (such as age limits, length 
of time needed for the permission process and procedural requirements) 
(ACOG, 2013). Although sterilization methods are widely used all over 
the world, they are being marginalized, stigmatized and severely restricted 
in some countries. The laws and restrictions on sterilization vary from 
country to country in terms of parity, age, consent, citizenship, and the 
time needed after requesting sterilization. According to EngenderHealth’s 
10-year program report covering 137 countries, in 74 countries, performing 
sterilization for contraceptive purposes is allowed and in some cases, there 
is usually no clear law that constitutes the basis for legal opinions and 
categorization. In 55 other countries, either the law is not clear or there 
are contradictory policies, in 8 countries, sterilization is banned unless it 
is performed for medical or eugenic reasons, in 25 countries, in addition 
to the woman requesting the sterilization, there are consent requirements 
for persons, and in 24 countries, there are age or parity requirements. In 
many countries such as Sweden, Turkey, Nigeria, Brazil, Chile, Ecuador, 
Japan, China, Rwanda, Finland, Honduras, Guatemala, the spousal consent 
is required for sterilization. Among the countries requiring a minimum 
age of 25 for sterilization are Austria, Denmark, Iceland, Norway, Portugal 
and Sweden. In Slovenia, the minimum age required for sterilization is 
35. In Tunisia, an individual is required to have at least 4 children before 
sterilization and in Panama, at least five children. Laws can also vary from 
one country to another in terms of sex. In the Dominican Republic and 
Panama, for example, only women can undergo sterilization. One of the 
most important issues is the informed consent, which indicates whether 
the person truly volunteers to undergo sterilization. Informed consent 
is ethically mandatory but specific legal provisions regulating informed 
consent for sterilization are not very uncommon. On the other hand, in 
some countries such as Brazil, Chile, Colombia, France, India, Mexico, 
Peru, South Africa, Uganda, informed consent provisions for sterilization 
are clearly stated in laws (EngenderHealth, 2002). Some countries have 
both parity and age requirements. In some countries, such as Argentina, 
if pregnancy or birth is prevented, a person can be sentenced to prison. In 
Brazil, the minimum age requirement is 25. If a person is younger than 25, 
he/she must have at least two children. Similarly, in Hungary, sterilization 
is allowed if the woman has four or more children and is at least 30 years 
old, if the woman has at least three children and is at least 35 years old, 
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and if the woman is nulliparous and is 40 or older. In Finland, the woman 
should be ≥30 years old, and if the person is younger than 30, she must 
have at least three children (USAID, 2012). It is especially emphasized that 
population policies do not aim to secure women’s right to have control over 
their bodies. In addition to such policies, attention should be drawn on 
other factors related to women’s right to have control over their bodies. 
Ethnic, religious and regional groups to which the woman belongs can also 
affect her having control over her body. It is important to emphasize that 
such groups have an impact on the woman’s decision when and how many 
children to have (Human Resource Development Foundation (HRD), 
2013). The International Federation of Gynecology and Obstetrics (FIGO) 
has the following recommendation; no woman can be forced, pressured or 
encouraged to undergo sterilization by any health care facility or institution 
without her written informed consent. A woman considering undergoing 
sterilization should be informed about the options using a simple, non-
technical language through which she communicates and understands and 
in an accessible format and appropriate to the individual woman’s needs. 
Sterilization is not an urgent procedure to prevent future pregnancies. 
Given that the vasectomy is a simpler procedure with a lower possibility 
of complications, male sterilization or vasectomy should be recommended 
as a practical option wherever possible. Gynecologists, usually performing 
tubal sterilization, should be trained on the provision of vasectomy. Public 
health facilities and educational hospitals should be reorganized to facilitate 
this procedure in gynecology departments, (FIGO, 2011).

CONCLUSION

Despite the many advantages of permanent contraceptives, they can 
be less preferred due to obstacles such as lack of information, access to 
services and cost. However, it is thought that this process can be improved 
through appropriate planning and counseling (Lutalo et al., 2015). 
Providing access to voluntary family planning, particularly to effective 
contraceptive methods, directly improves not only reproductive health 
outcomes for men and women but also health, awareness and economic 
outcomes and thus contributes to the procedure (Alkema et al, 2013). 
Although some of the socio-economic differences in vasectomy and 
tubal sterilization depend on personal preferences, increasing the use of 
vasectomy in all socioeconomic layers will benefit not only families but 
also service providers due to its efficiency, low cost and fewer side effects 
(Anderson et al, 2012). Regrets after sterilization are rare, especially in 
candidates who are fully provided counseling and have made a conscious 
decision. Taking this into consideration, in further research, strategies to 
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overcome cultural stereotypes and false beliefs should be identified, and 
actual concerns such as safety, efficiency, convenience and expense about 
permanent contraception should be investigated. In overcoming the stigma 
associated with the term “sterilization”, the first step in this regard would be 
to remark (rebrand) this important method (Jensen, 2014). 
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DIETARY APPROACH TO CHILDREN WITH LIMITED 
APPETITE

Yahya OZDOGAN1, Ozlem YILMAZ2

ABSTRACT

Feeding is one of the most important interactions between caregiver and child 
during the first few years of life and linked to the child’s growth and development 
in later life. Feeding problems are one of the worldwide common worries for over 
10-25% of parents although only 1-5% of young children suffer from severe feeding 
disorder. Feeding difficulties can present as suboptimal eating or food refusal 
depending on behavioural or organic reasons. Most recently feeding difficulties were 
systematically classified into 3 categories by considering different eating behaviours. 
Limited appetite, one of the subgroups of feeding difficulties, then categorized 4 
different subtypes: misperceived, energetic, apathetic and organic. Determination 
of the spesific characteristics of each category provide crucial new insights for 
health professionals to efficiently assess and provide suitable management. 
Pediatricians, dietitians, psychologists, speech and language therapists play a key 
role during identification and management of feeding difficulties. In this paper we 
aim to give general principles of optimal dietary management for children with 
limited appetite. Parents of children who are misperceived although eat normally 
should be informed about basic feeding practices and normal growth pattern. A 
regular feeding schedule that encourages hunger and satiety is required in a highly 
active child with limited appetite. Adequate well-balanced diet with a supportive 
communication with caregivers is often effective in apathetic, withdrawn child. 
With organic disease, the underlying medical conditions causing limited appetite 
should be carefully identified and treated. Overall, understanding the spesific 
feeding difficulty that the child display and feeding styles of caregivers are crucial 
factors for designing and implementing efficient dietary programmes to improve 
children’s appetite.

Keywords: feeding difficulties, misperceived, apathetic, energetic, diet.

INTRODUCTION

Feeding a child is one of the most essential parenting tasks. An adequate, 
well-balanced and varied nutrition contributes to cognitive, behavioral, 
and physical development of a child and promote strong bond between 
child and parent. However when feeding problems exist, children may 
become malnourished, caregivers may experience parental concerns, and 
relationship may be negatively affected (Silverman, 2010: 160).
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Although feeding problems are heterogeneous group of disorders 
with many causes and prevalence of feeding problems is expected to 
increase, there are no universally accepted methods and classification for 
the management. Fortunately, growing recognition of complex anatomic, 
physiologic, developmental and behavioral factors lead professionals 
to better manage of feeding problems and improve health outcomes. 
Organizing a special, interdisciplinary medical care for the children with 
limited appetite is essential for satisfactory and effective management. 
Management strategies should be implemented individually depending on 
presenting eating patterns and potential contributing variables to prevent 
and/or resolve feeding difficulties. Guidance for parents should include 
information on how children develop patterns of food intake in the family 
context. Practical advice for parents includes how to foster children’s 
preferences for healthy foods and how to promote acceptance of new foods 
by children (Kerzner, 2009: 962; Kerzner et al., 2015: 350; Silverman, 2010: 
165; Stanislavskaia, 2014: 4).

REGULATION OF APPETITE 
Appetite is a sensation and desire for food due to many factors (e.g. 

health, social and environmental factors, phsycologycal state, maternity and 
latest food intake) and mediated by a complex neuroendocrine pathways 
of central and peripheral signals (Kohlmeier, 2015: 25). Neuropeptidergic 
and monoaminergic effectors and endocannabinoid system are involved 
in central control of food intake while peripheral control includes satiety 
signals and adiposity signals (Schwartz et al., 2000: 665). 

The arcuate nucleus is located at the ventral border of the hypothalamus 
has both promoting (orexigenic) and supressing (anorexigenic) effect of 
appetite (Baysal et al., 2011: 43). The anorexigenic pro-opiomelanocortin 
(POMC) neurons and the orexigenic neuropeptide Y (NPY)/agouti-
related peptide (AgRP) neurons in the arcuate nucleus involves in appetite 
regulation (Sohn, 2015: 230). NPY stimulates food intake by the signals 
that directly reach to paraventricular nucleus of hypotalamus (Baysal et al., 
2011: 43). Agouti-related protein (AgRP) plays a significant role in energy 
balance, in part through its inverse agonist action at anorectic melanocortin 
receptors 3 and 4 (Frihauf et al., 2010: 780). POMC reduces appetite by 
activating melanocortin-4 receptor (MC4R) which plays a key role in the 
regulation of appetite and food intake (Simpson et al., 2008: 580).

Insulin, leptin, adiponectin, ghrelin, resistin and YY3-36 peptide are the 
primary hormones that stimulate or supress appetite (Baysal et al., 2011: 
43). Energy homeostasis is mainly mediated by leptin and insulin that share 
the same hypothalamic areas. Interaction between leptin and insulin is 
substantial for the integrated food intake response (Hillebrand et al., 2002).
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Leptin: The cytokin-like hormone leptin regulates peripheral satiety 
and hunger signals and released from fat cells in adipose tissue.  Leptin 
suppresses the synthesis and secretion of NpY by negative feedback 
mechanism on hypotalamus and thereby increases energy expenditure and 
reduces nutrient intake (Hillebrand et al., 2002: 2284).

Insulin: Insulin is an endocrine hormone that secreted by the β-cells of 
the pancreas and mainly controls blood sugar. Insulin release is induced 
by many factors such as blood glucose rise, aminoacids, glucagon and 
sympathetic (α) and parasympathetic (cholinergic) innervation although 
decreased blood glucose levels, stimulation of sympathetic (β) innervation 
and stress leads to diminished insulin release (Hillebrand et al., 2002: 2286).

Adiponectin:  Adiponectin is given into the circulation by producing 
in predominantly differentiated adipocytes and mainly prensents in 3 
forms: trimers, hexamers, and high-molecular-weight (HMW) complexes. 
Adiponectin expression is greater in the subcutaneous than visceral fat 
tissue, and plasma adiponectin levels are significantly lower in males than 
females. Adiponectin and leptin controls AMPK enzyme which plays a 
key role in energy homeostasis and appetite regulation (Emral, 2006: 410; 
Steinberg & Kemp, 2007: 3).

Ghrelin: Ghrelin which is also known as the “hunger hormone” has strong 
oroxigenic activity and stimulates growth hormone release (Pradhan et al., 
2013). Ghrelin also stimulates NPY/AgRP neurons in the hypothalamus 
and  plays a role in energy balance and short and long term regulation of 
body weight. Plasma ghrelin concentration reaches the highest level before 
meals and decreases postprandially (Ünal, 2013: 38). 

Cholecystokinin (CCK), glucagon-like peptide-1 (GLP-1) and 
peptide YY (3-36) are also have effects on saturation (Ünal, 2013: 38). 
Cholecystokinin founds within the jejunum, duodenum and enteric nerves 
in the ileum and colon is produced by endocrine I cells (Ayling, 2014: 203). 
CCK, GLP-1 and peptide YY together with ghrelin; complete functioning 
of the gastrointestinal system, endocrine system and central nervous system 
in a harmonious manner, stimulation of the feeling of hunger and satiety 
and more importantly regulate appetite (Ünal, 2013: 38).

The endocannabinoid system: The food intake stimulating effect of 
the cannabis plant (Cannabis sativa) and its extracts has been reported 
for many years (Kirkham & Williams, 2001: 268). Endocannabinoids are 
lipid modulators formed from long-chain fatty acids, exhibiting a wide 
variety of biological activities (Jager & Witkamp, 2014: 173). Stimulation of 
endocannabinoid system increases the appetite and weight gain, accelerates 
lipogenesis and decreases the adiponectin level and satiety signals (Baysal 
et al., 2011: 44).
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EATING BEHAVIOUR DEVELOPMENT AMONG CHILDREN

Socio-demographic, cultural, biological, parental, ecological and 
personal factors are the strong determinants for the development of eating 
behavior throughout the life-course (L. Birch et al., 2007: 5). Although 
food preferences are mostly  shaped postnatally, heritability and innate 
components can also contribute to food preferences in later life (Harris 
& Coulthard, 2016: 114). There are some evidences that newborns 
show innately positive and negative responses to sweet and bitter tastes 
respectively which might be related to easy acceptance of energy rich 
foods and rejection of many green vegetables (Desor & Beauchamp, 
1987: 640; Sandell & Breslin, 2006: 792).

Eating behaviour development begins very early as the flavors from 
the maternal diet are transmitted to amniotic fluid and breastmilk 
(Mennella et al., 2001: 840). Strong flavors such as garlic or anise (Schaal 
et al., 2000: 729) tend to pass via the amniotic fluid which in turn might 
lead to increase in later acceptance of these flavors (Harris & Coulthard, 
2016: 114), however comprehensive studies are still needed. Flavors in 
breastmilk can also bias the newborn’s food preferences in later life and 
yet infant experience the flavors of their mother’s diet before their first 
exposure to these flavors in solid foods. World Health Organization 
(WHO) recommends exclusive breastfeeding for the first 6 months of 
life and then initiation of solid foods together with breast milk up to 
2 years or beyond (WHO, 2017). Comparing to formula, infant could 
exposed to a wide range of flavour with breastmilk which could facilitate 
food acceptance later in life (Mennella et al., 2004: 840). Breastfeeding 
is also known to be associated with the development of infants’ self 
regulation abilities in eating (L. Birch et al., 2007: 3; Crow et al., 1980: 
260). With the transition from exclusive milk diet to complementary 
feeding, tastes and textures of foods become more varied and complex. 
Timely introduction and a wide variety of complementary foods 
through repeated exposure can facilititate the acceptance of new tastes 
(L. Birch et al., 2007: 2; Blissett et al., 2012: 1960; Boulanger & Vernet, 
2018: 6; Harris & Coulthard, 2016: 113). 

Parental influence and social factors increasingly gain importance by 
introducing solid foods to diet. Parents powerfully shape their children’s 
eating habits in a multiple ways: through child feeding practices, by 
role modeling, by the type and amount of foods acceptable and readily 
available, by the mass media exposure and behaviour at mealtimes (L. 
L. Birch & Fisher, 1998: 542; Scaglioni et al., 2008: 23). Children eating 
behaviour and food preferences can be learned by observing others 
including parents, peers and siblings. Young et al. (Young et al., 2004: 
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2) revealed higher consumption of fruits, vegetables and milk among 
children through observing adults (L. Birch et al., 2007: 3). However, 
parental directives to control the amount and type of food eaten can 
negatively effect on their own preferences for these foods and self-
regulation of the energy intake (L. L. Birch & Fisher, 1998: 542; Faith et 
al., 2004: 1711; Fisher & Birch, 1999: 1264) which may lead to childhood 
overweight and obesity (Johannsen et al., 2006: 432). Offering food as 
a reward and provision of nutritional information are also negative 
contributing factors on children’s eating behaviour. Personality 
characteristics of children, including age, gender, weight status and 
eating behaviour also influence the parenting practices. Therefore 
family and child interact to shape each other’s food preferences and 
feeding behaviour (L. Birch et al., 2007: 5).

Eating behaviour is also powerfully modified by social and cultural 
factors (Brown & Ogden, 2004: 262). In a study conducted with the 
preschoolers, children consumption of the vegetables that they dislike 
increased by observing other children choosing and eating these foods 
(L. L. Birch, 1980: 489). Children who grow up in an environment where 
energy dense foods high in sugar and fat are consumed and preferred 
by friends or family members may increase children’s interest and 
consumption of these foods (L. L. Birch & Fisher, 1998: 539). Adverts 
on television or internet are another influencing factors of eating 
behaviour and food preferences. Overexposure to mass media might 
lead to enhanced preference of high energy foods and thereby childhood 
obesity as most of the advertised foods are high in fat, salt and sugar 
(Boyland & Halford, 2013: 539). In some cultures being overweight 
for infants and young children are not perceived as harmful or even 
being fat is considered to be a sign of wellness and good parenting. Thus 
cultural factors may also affect feeding practices of parents and eating 
behaviour of child unintentionally (L. Birch et al., 2007: 4).

ETIOLOGY OF NUTRITIONAL PROBLEMS

Factors that play role in the etiology of nutritional problems vary 
depending on regional and cultural factors. Psychosocial, economic, 
cultural and geographical factors play an important role in nutritional 
problems(Temizel, 2008: 176). Efficient causes in etiology could be 
examined in 3 different groups: main reasons, secondary reasons and 
factors affecting etiology (Tablo 1).
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Tablo 1. Efficient causes in etiology of nutritional problems (Temizel, 2008).

Main reasons Secondary reasons Factors affecting etiology

Feeding mistakes
Preterm birth, low birth 
weight, birth trauma, 
mental retardation

Socioeconomic status of the 
family, large families, low edu-
cation level of parents

Vomiting and 
diarrhea

Anatomic problems of 
the gastrointestinal tract Unemployment, depression

Infections
Cardiovascular, kidney 
and nervous system dis-
eases

Poor access to health services

Social environ-
ment

Metabolic and endocrine 
disorders Maternal nutritional problems

Wars Famine food

CLINICAL FINDINGS IN NUTRITIONAL PROBLEMS
Nutritional problems can occur with many different clinical 

manifestations. Awareness and conscious of the family members play 
vital role in the timely referral of children to hospital. Clinical findings 
vary according to the severity, duration and age of onset of the nutritional 
problems and concommitant trace element deficiencies (W. G. WHO, 
1986). Clinical findings of nutritional problems are initially nonspesific in 
children however delay in the treatment might lead to a reduced growth. 
Height measurements are also important for clinical evaluation. The term 
short stature describes height that is significantly below the average height 
for a person’s age, sex, racial group, or family.  All causes of short stature 
fall into one of three major categories: chronic disease (eg, malnutrition), 
familial short stature, or constitutional delay of growth and development. 
Low weight-for-height indicates in most cases a recent and severe process 
of weight loss, which is often associated with acute starvation and/or severe 
disease. Typically, the prevalence of low weight-for-height shows a peak in 
the second year of life (Victora et al., 2010: 474). Chronic protein deficiency 
in young children may appear to be associated with a lower weight compared 
to muscle mass. Symptoms may become more apparent with the increase 
in protein and energy deficits (Özen, 2005: 86). Body weight and height 
measurements of children with poor appetite may be below or between 
the normal levels. Frequent infections and diarrhea can be accompanied 
by nutritional deficiencies and aggravate the situation (Özmert, 2005: 181).
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IDENTIFICATION OF FEEDING PROBLEMS
The identification of feeding problems in infancy and early childhood is 

not easy because there is no universally agreed definition or categorization 
system (Archer & Szatmari, 1990: 501; Benoit, 1993: 317). In order to achieve 
appropriate management and treatment of feeding disorders, it is extremely 
important to differentiate between organic and nonorganic causes of the 
feeding problem (Rybak, 2015: 16). Parental report, observation and the 
review of health, development, feeding and growth history are the most 
important tools for the identification of feeding problems in the clinical 
settings. Laboratory findings are often unnecessary for identification except 
medical conditions. The simplest feeding problems are those that are just 
beginning or have not yet reflected on children’s behaviors. Prevention and 
early identification of eating problems are very important because after the 
development of abnormal eating behaviours, finding a solution becomes 
more difficult. Questions should be asked without judgement when taking 
the patient’s story. During the clinical evaluation a positive relationship 
should be established with the family and made them to revise their 
attitudes and seek for solutions (Dogan, 2014: 89). An interdisciplinary 
team with a physician, speech and language pathologist and/or occupational 
therapist, qualified dietitian, and pediatric psychologist offers the most 
comprehensive management (Silverman, 2010: 160). Features that suggest 
feeding difficulties that recently listed by are given in Table 2.

Table 2. Presenting features of feeding difficulties (Kerzner et al., 2015).

Symptoms/Signs

Extended mealtimes

Ongoing food refusal (>1 month)

Disruptive and stressful mealtimes

Lack of appropriate independent feeding skill

Overnight eating in infants and toddler

Distraction to increase food intake

Extended breast- or bottle-feeding

Failure to introduce more advanced textures

.
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Clinical Assessment
Given that feeding problems in childhood are complex, multifactorial 

and lack universally accepted methods for management, health professionals 
need to clarify the wide range of clinical conditions, approach systematically 
to assess clinical findings and refer to specialists in the field if necessary 
(Arts-Rodas & Benoit, 1998: 22). Typically a comprehensive clinical 
assessment, including a parental report (parents’ perceptions of behaviours 
during meals and child’s food intake), medical and developmental history of 
the child, nutritional and growth assessment and behavioural observation 
of a child while eating may help to establish an appropriate management of 
a feeding problem (Silverman, 2010: 161). 

Assessment of growth parameters –height and weight– and its 
association with the nutritional status are crucial parts of any comprehensive 
assessment of feeding problems because it can help to determine growth 
delay of a child (Drotar, 1985: 35).

Medical history of the child can help health professionals to diagnose 
contributing clinical factors to feeeding problems. Feeding problems may 
be associated with concurrent medical conditions such as  cerebral palsy, 
gastroesophageal reflux, cardiac and lung problems, galactosemia or down 
syndrome (Arts-Rodas & Benoit, 1998: 23).

Parental Report
One of the main parts of identification of feeding problems is asking 

parents about feeding of their child. While taking parental report the 
following principal issues can help to evaluate the parent’s experience 
(Dogan, 2014: 89):
•	 Positioning of the child. Is the child positioned in a developmentally 

appropriate manner?

•	 How often do you find your child is difficult to feed?

•	 Types and amounts of food offered and consumed. Are they 
developmentally appropriate?

•	 Presence and frequency of  swallowing, gagging and vomiting of the 
child.

•	 Forcing or encouraging attitudes of parents/caregivers to feed child.

•	 Food preferences of the child (Which foods they like and dislike).

•	 Cognitive, emotional, mental and other developmental problems of the 
child.

•	 Feelings, thoughts and solution recommendations of the parents/
caregivers about feeding problem.
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Although useful in identfying of feeding problems, clinicians must 
take into consideration that parental report may not be the most reliable 
method to detect feeding problems. Some of the parents may be highly 
anxious and maximize their concerns while some others not even aware of 
feeding problem of their child (Arts-Rodas & Benoit, 1998: 23).

Mealtime Observation
Observation should focus on child-caregiver interactions, the child’s 

oral motor skills and behaviours, the caregiver’s responses to adaptive and 
maladaptive feeding behaviours, and the feeding’s surroundings (Arts-
Rodas & Benoit, 1998: 23). Following informations should be collected in 
the assessment process (Dogan, 2014: 89): 
•	 Whether parents/caregivers understands underlying reasons of food 

refusal of the child. 

•	 Mother’s reactions to stress of her child.

•	 Whether the child interests in food.

•	 Moods of mother (eg, anxious, relax, nervous or angry) during feeding.

•	 Child’s reactions to parents/caregivers during mealtimes.

Mother’s stress can cause disturbance and tension in the baby and 
feeding could become increasingly difficult. These may then lead to the 
baby who is reluctant to feed and and this could be perceived as a negative 
and denying behaviour by mother. As a result, mother may become more 
anxious or even angry and could end the breastfeeding period earlier or 
later which lead to starvation or anger of a baby. This cycle may not be 
noticed if feeding-eating relationship is not observed in a clinical settings. 
Research has shown that mothers who have children with eating problems 
have less verbal stimulation, less response, contact and sensory stimulation 
to their children and beside less sensitive to their signals and less play with 
them. During observation, caregiver should know benefits and reasons 
behind it and should be able to talk to observer. If observation is not 
possible, physician should take a detailed history from parent to be able to 
visualize feeding-eating relationship (Dogan, 2014: 90).

CHILDREN WITH LIMITED APPETITE
Appetite is a conscious desire for food and influenced positively or 

negatively by the previous experiences and sensory perceptions.  Most 
important consequence of limited appetite is negative impact on  growth 
(Kerzner et al., 2015: 346). Prevention and treatment must depend on a 
clear understanding of reasons: Personal characteristic of the parents and 
nature of the mother throughout the pregnancy are widely associated with 
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behavioural problems of children. A long time interval between marriage 
and conception or advanced maternal age may result in overconcern in a 
similar way. Constant advertisements regarding the importance of nutrition 
and healthy lifestyle, body image misperceptions may often lead to excess 
worrying of parents. Developmental pathway of children may differ and 
this influences how much they want to eat. A child’s appetite can vary weeks 
to week and even between mealtimes.  Early or late introduction of solids 
can rise the risk of poor appetite. Besides diseases such as infections, celiac 
or other physical disorders may cause to poor appetite. Comprehensive 
assessment of risk factors associated with feeding problems need to be 
carefully assessed (Illingworth, 1964: 272).

Most recently Kerzner et al. (2015: 346) classified feeding difficulties 
under the 3 principal eating behaviours of children (Table 3): limited 
appetite, selective intake and fear of feeding. They also included feeding 
styles of feeders into categorization: responsive, controlling, indulgent 
and neglectful. In this paper we spesifically included children with limited 
appetite. These children range from those who although eat normally 
parents misperceived them to eat very little, to those with organic disease 
(Kerzner et al., 2015: 347).

Table 3. Problematic eating behaviours of young children (Kerzner et al., 2015).



Multidisciplinary Health Sciences Studies 107

Misperceived
It is common for parents to worry or complain about their child’s  

appetite, weight gain or growth (Stanislavskaia, 2014: 6; Yilmaz et al., 
2013: 745). Sometimes these perceptions are not accurate as parents are 
influenced by unrealistic personal or cultural expectations (Stanislavskaia, 
2014: 6). Genetically small children are widely perceived as poor 
eaters by their parents although they develop normally and meet their 
nutritional requirements (Kerzner et al., 2015: 347). Parental concern and 
misperception of children could eventually lead to inappropriate feeding 
practices. Parents force their child to eat but they most often cannot 
achieve satisfactory results. Such parents should be informed about feeding 
practices, basic nutritional needs and normal growth pattern (Dogan, 2014: 
90). Basic feeding guidelines (Table 4) and difference between hunger and 
satiety should be emphasized (Kerzner, 2009: 348). If parental overconcern 
leads parents to use pressure, force or coercion while feeding their child, 
vitamin supplements could be suggested in order to help parents overcome 
these fears and prevent unnecessary conflict (Dogan, 2014: 90). 

Table 4. Basic feeding guidelines for all children (Kerzner et al., 2015).

Turn off distractions during mealtimes (television, phones, etc)

Maintain a good behaviour during feeding

Feed to encourage hunger and satiety

• Set time limits for meal duration (20–30 min) 

• Maximum of 5 meals (including snacks) per day with only 
water in between

Choose age-appropriate healthy foods

Systematically introduce complementary foods 

Promote self-feeding

The Energetic, Active Child with Limited Appetite
These children are overactive, curious, energetic and get easily distracted 

by everything however show little interest in food and rarely exhibit hunger 
cues (Dogan, 2014: 90; Kerzner et al., 2015: 347). This usually occurs between 
6 months and 3 years of age during the transition from spoon to self feeding 
(Stanislavskaia, 2014: 7). They refuse to sit while eating, don’t eat much and 
often failure to thrive without underlying organic cause. This mostly causes 
family conflict rather than undernutrition. Ongoing, unresolved conflict 
between parents and children may influence behavioural and cognitive 
development of children (Kerzner et al., 2015: 347). 
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Hunger should be encouraged as these children need to recognize and 
respond to hunger and satiety properly. Following principals could be 
implemented to increase child’s appetite (Dogan, 2014: 90; Kerzner, 2009: 
963; Kerzner et al., 2015: 348):
•	 Establish a regular feeding schedule: maximum of 5 meals (including 

snacks) per day with only water in between.

•	 Set time limits on the length of the meal: 20-30 minutes

•	 Turn off distractions during mealtimes (television, phones, etc.)

•	 Be a healthy eating role model for children

•	 Reward positive eating behaviour by paying attention

•	 Provide energy dense foods to prevent failure to thrive

The Apathetic, Withdrawn Child
These children are passive, apathetic, depressed and have poor peer 

relationships (Stanislavskaia, 2014: 7). They often fail to make eye contact 
or talk to others. Child may have been neglected due to socioeconomic 
status, maternal physiological problems or child’s neurological problems 
(Dogan, 2014: 94). These children could suffer from malnutrition which 
is both a cause and result of depression and anorexia (Kerzner et al., 
2015: 347). These children can respond positively to caregivers who are 
experienced about developmental features and their needs. And it is also 
known that quality of diet is inversely associated with depression and 
anxiety symptoms. Balanced diet with a great consumption of healthy 
foods could improve mental health outcomes in these children (Jacka et al., 
2010: 308; Poznanski, 1982: 309). Expert physiological support should be 
provided to the mother if needed (Dogan, 2014: 94).

Organic Disease
Majority of children with organic disease could be identified by a detailed 

history and physical examination. Poor appetite is related to pain after eating 
(eg, food allergies, celiac disease, ulcer) (Kerzner, 2009: 963; Kerzner et al., 
2015: 347) as people learn to refuse food if it hurts (Hyman, 1994: 103). 
Underlying medical conditions cause of limited appetite should be carefully 
identified and if possible, treated (Kerzner, 2009: 963). Alternative feeding 
routes (eg, enteral or parenteral feeding) may be required which paradoxically 
supress appetite (Hyman, 1994: 103; Kerzner et al., 2015: 348).

Basic Management Strategies for Caregivers
•	 Do not use food as a reward or punishment. Do not give chocolate,  

candy or snacks between the meals as they can reduce the sensation 



Multidisciplinary Health Sciences Studies 109

of hunger and appetite. 

•	 Offer meals and snacks at regular times. Set a limit for meal times. 
Do not permit food or drinks except water between scheduled 
meals. 

•	 Appreciate your children when they eat but do not reward or 
pressure.

•	 Ensure they are getting appropriate portion sizes. Instead of forcing 
them to eat, encourage positive behaviours.

•	 If food is rejected do not force your child to eat it and offer different 
food. Offer rejected food some other time again.

•	 Give your children choices about foods. 

•	 Serve healthy, energy balanced and attractive meals.

•	 Make food pleasant for the children. Avoid talking about negative, 
sad and disturbing events and do not criticize your child during 
the meal.

•	 Turn off all the screens and distractions during the meal. Feed your 
child in a quiet place with few distractions (eg, no loud radio or 
television, no toys).

•	 Do not give too much milk or juice. Restrict consumption frequency 
and quantity of beverages.

•	 Encourage your child to self-feeding as much as possible.

•	 Solve family problems and get family counseling and psychological 
support if needed.

•	 Avoid medicines and appetite stimulant syrups.

CONCLUSION

The development of children’s food preferences consist of a complex 
genetic, innate, familial and environmental factors, not all of which are 
likely to promote a healthy, balanced and varied diet. Parents use a number 
of strategies to improve their children’s eating habits some of which have 
been found to effect adversely. Excessive parental control, offering food 
as reward or punishment or forcing a child to eat appear to have negative 
effects on eating behaviours. Contrary to this, parent’s food choices and 
eating together as a family have positive impact on developing healthy 
eating habits. Effective prevention programs must focus on providing 
comprehensive guidance on parenting to foster patterns of preference and 
food selection in children more consistent with healthy diets and promote 
children’s ability to self-regulate intake. Parents need to understand the 
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costs of coercive feeding practices and be given alternatives to restricting 
food and pressuring children to eat. Interdisciplinary team, with a qualified 
dietician, a clinical psychologist, a speech pathologist and a pediatrician, 
performs an overall assessment of the patient, including nutritional 
evaluation, caloric needs, nutritional status, motor functioning essential 
for feeding, as well as behavior related to feeding. Such a broad approach 
results in the safest and most effective management.
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THE COMPARATIVE DESCRIPTIVE STUDY: THE EFFECT 
OF MARITAL ADJUSTMENT AND LIFE SATISFACTION ON 
PRENATAL ATTACHMENT IN ADOLESCENT AND ADULT 

PREGNANT WOMEN

Funda ÇİTİL CANBAY1, Sibel ÖZTÜRK2

ABSTRACT

Aim: The research was carried out to investigate the effect of marital adjustment 
and life satisfaction on prenatal attachment levels of adolescent and adult pregnant 
women.

Methods: The research which was carried out in descriptive and comparative 
way was conducted with 131 adolescent pregnant women and 230 adult pregnant 
women applying Atatürk University Research Hospital Obstetrics and Gynecology 
Clinic and agreeing to join the research. Question form and scales of marital 
adjustment, life harmony and prenatal attachment were used in collecting data. 
The data were analyzed through percentage distributions, average, correlation and 
t test. The research complied with the ethical principles.

Findings: It was identified that there was a significant difference between 
marital adjustment and prenatal attachment levels of adolescent and adult pregnant 
women and that the difference between their life satisfactions was insignificant. It 
was identified that there is a positive relationship among marital adjustment, life 
satisfaction and prenatal attachment in adolescent and adult pregnant women.

Conclusion: It can be suggested that midwives evaluate the prenatal attachment 
levels in their prenatal monitoring and identify the risky situations, and adolescent 
pregnant women are accepted as risk group in terms of their condition of marital 
adjustment, life satisfaction and prenatal attachment and supported.

Keywords: Adolescent and adult pregnant women, midwifery, marital 
adjustment, prenatal attachment, life satisfaction

INTRODUCTION

Although pregnancy is accepted as a normal phase of life, it includes 
many biological and psychosocial risk factors (Vırıt et al. 2008: 10; Taşkın, 
2016: 231; Koç et al. 2013: 72). One of these risk factors is adolescent 
pregnancy which can be risky.  Ideal age for having a baby in a healthy 
pregnancy is between the ages of 20-35. The fact that the mother is further 
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from that age interval increases the death and illness risk of the mother and 
the infant (Taşkın, 2016: 5; Koç et al. 2013: 61).  According to World Health 
Organization (WHO, 2014), yearly adolescent birth rate is 0.49% around the 
world. The rate of adolescent mothers in Turkey is around 4.6%. Adolescent 
pregnancy and childbirth is also one of the most significant causes of death 
for adolescent girls (Koç et al. 2013: 72). As adolescent women have not 
completed their physical and psychological development yet, marriage 
can be a source of stress for them. This condition can cause insufficiencies 
in marital adjustment (Taşkın, 2016: 278; Bilge Ermiş, 2008: 13). There are 
many other factors that affect marital adjustment. One of the most important 
factors is life satisfaction.  Positive and negative experiences of the individual 
may affect the level of life satisfaction and marital adjustment in a directly 
proportional way (Bilge Ermiş, 2008: 13). Age factor also affects the level of 
psychological well-being and the level of psychological well-being has a big 
role in general life satisfaction of the individual to be high or low (Lykken ve 
Tellegen, 1996: 187). Quality of marital adjustment can affect life satisfaction 
and the relationship between child and parents (Hakvoort et al. 2010: 186). 

Fundamentals of attachment behavior have been founded through the 
mother-infant attachment during pregnancy period (Yılmaz, 2013: 32). An 
attached pregnant woman believes that her unborn baby makes contact with 
her and she regards her baby as a separate individual. In the studies that were 
done it was stated that as a result of the increase in interaction with fetus, 
attachment increases as the pregnancy proceeds (Bloom, 1995: 287; Yılmaz 
& Beji, 2010; 107). Particularly, the feeling of fetal movements in the second 
trimester increases attachment (Bloom, 1995: 287).  This increased attachment 
has a positive influence on family relations as well (White et al. 1999: 174). 

However, adolescent pregnant women have the risk of insufficient prenatal 
attachment due to their developmental periods (Spainer, 1979: 289). Thus, 
adolescent pregnancies should be identified in early period by midwives 
and nurses to provide the necessary prenatal care. Likewise, identifying all 
pregnant women with the risk of insufficient attachment in pregnancy period 
and making suitable midwifery/nursery attempts to prepare the women for 
motherhood are also important (Yılmaz, 2013: 32).In the researches which 
were carried out the relationship of prenatal attachment with depression, 
health behaviors and family dynamics were investigated (Yılmaz & Beji, 2010: 
108; Lindgren, 2001: 206; İdiz, 2009). However, studies evaluating it with life 
satisfaction and marital adjustment were not encountered. Therefore, this 
research was done descriptively for the aim of evaluating the effect of marital 
adjustment and life satisfaction on prenatal attachment.

Methods
The research was conducted descriptively and comparatively. It was 

carried out in gynecology polyclinic of Atatürk University Research 
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Hospital in Erzurum between February and June 2014. Independent 
variables are features of pregnant women, marital adjustment and life 
satisfaction. Dependent variable is level of attachment. The study was done 
with 361 pregnant women who were appropriate to the research criteria and 
accepted to participate in the study. The study was done with 361 pregnant 
women who were in the last trimester of pregnancy, appropriate to the 
research criteria and accepted to participate in the study. Random sampling 
method was used. Random sampling method was used. The data of the 
research were collected by the researcher through face-to-face meeting in 
gynecology policlinics of the determined hospital between April 28 and 
May 28, 2014. The data were collected through Personal Information Form 
(PIF), Prenatal Attachment Scale (PAS), Marital adjustment scale (MAS) 
and Life Satisfaction Scale (LSS) developed by researchers (Muller, 1993; 
Locke & Wallace, 1959; Diener et al. 1985).

PIF: This form, developed by the researchers, consists of 12 questions 
which include questions that will identify socio-demographic and obstetric 
features of pregnant women. The questions about socio-demographic 
features include introductory information of families, age, educational 
status, social security status and the variables about family type. Obstetric 
questions consist of the variables about pregnancy.

MAS: Marital adjustment scale is a valid and reliable scale which has 
been developed by Locke and Wallace to measure the quality of marriage 
and formed with the most basic and distinguishing questions (Locke & 
Wallace, 1959). The reliability and validity of the scale was tested by Tutarel-
Kışlak (1999)  in Turkey and internal consistency coefficient of the scale 
(Cronbach’s alpha) was found 0.85 in the study. MAS consists of a general 
adjustment question, eight questions that measure possible agreement 
areas and six questions that measure conflict resolution, attachment and 
communication. It includes 15 questions in total. The scale can be applied 
to both of the couples or only one of them and it reflects general marital 
adjustment. In the study of validity and reliability that has been done, a 
difference between the couples has not been found. In consequence of factor 
analysis, the first factor as “Agreement” (the first 9 items) and the second 
factor (last 6 items) as “Manner” have verified two-factor structure. The 
high points that have been gained in the agreement sub-dimension show 
us the individual’s height of agreement level with his/her partner in basic 
issues like friends, family, economic and sexual issues in their marriage. 
The high points gained in the manner sub-dimension state the positivity 
of relationship manner in the marriage. As it is understood from the scale 
scoring system, the highest and the lowest score that can be gained from 
the scale vary between 58 and 0 points. The score value that allows us to 
distinguish harmonious and disharmonious married people is 43.5 points.
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LSS: The Life Satisfaction Scale, developed by Diener et al. (1985)  in 
1985, aims to determine the satisfaction that individuals get from their 
life.  The scale is 7-point likert scale with 5 items (1: strongly disagree – 
7: strongly agree). The highest and lowest score that can be gained from 
life satisfaction scale change between 35 and 5 points. They found that 
reliability Alpha is .87 and criterion-referenced validity is .82 in the original 
study (Diener, 1985). The internal consistency coefficient of the scale has 
been identified as .85 in the reliability study carried out by Aysan (Aysan & 
Harmanlı, 2003).

PAS: There are 21 items that aim to measure the emotional attachment 
to the fetus in the Prenatal Attachment Scale. One of the options which 
are “Almost never=1”, “Sometimes=2”, “Usually=3” and “Almost always=4” 
are requested to be chosen in each item. None of the statements in the 
inventory are graded reversely. Total score that can be gained from the 
inventory change between 21 and 84. Cronbach’s alpha coefficient of the 
scale was calculated. Both test-retest reliability and internal consistency 
coefficient were found high and for this reason Prenatal Attachment Scale 
was accepted as reliable (Duyan et al. 2013).

Data analysis
All of the analysis was performed using computer. Means and percentage 

distribution were used to determine the introductory features of pregnant 
women. Independent samples t test was used to determine the marital 
adjustment, life satisfaction and prenatal attachment levels of adolescent 
and adult pregnant women. Independent samples t test also was used to 
evaluate the effect of marital adjustment and life satisfaction on prenatal 
attachment in adolescent and adult pregnant women. Correlation was used 
to evaluate the relationship among marital adjustment, life satisfaction and 
prenatal attachment.

Ethical perspective
Before beginning the research, the official permission from the Research 

Hospital and the approval from the Graduate School of Health Sciences 
Ethical Committee of Atatürk University were obtained. The principles of 
informed consent, confidentiality and privacy protection and respect for 
autonomy were accomplished. This study was derived from a post-graduate 
thesis study.

Result
The findings of the research, which was carried out for the purpose of 

evaluating the effect of marital adjustment and life satisfaction of pregnant 
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women on prenatal attachment, were presented below. The age average was 
found as 18.47±1.06 in adolescent pregnant women. It was identified that 
47.4% of them are high-school graduate and 91.7% of them are unemployed, 
21.8% have extended family, 82.0% of them have a planned pregnancy and 
82.0% of them get social support during their pregnancy. The age average 
was found as 29.24±4.85 in adult pregnant women. It was identified that 
38.3% of them are high-school graduate, 78.7% of them are unemployed, 
24% of them have extended family, 77.4% of them have a planned pregnancy 
and 81.7% of them get social support during pregnancy (Table 1). 

Table 1. Socio-demographic characteristics of pregnant women

       Adolescent (N=131)       Adult (N=230)
Characteristics                                               Mean SD          Mean SD
Age               18.471.06         29.24 4.85

The number of Pregnancy                2.02  0.28
          2.31  0.85

       
N          %              

N          %

Educational Status
Illiterate 2 1.5 4 1.7
Primary School 72 54.9 121 52.7
High School 51 38.3 76 33.0
University 6 5.3 29 12.6
Employment Status
Employed 9 7.5 49 21.3
Unemployed 122 92.5 181 78.7
Educational Status of Her 
Husband
Illiterate 4 3.0 7 3.0
Primary School 50 37.6 73 31.7
High School 62 47.4 88 38.3
University 15 12.0 62 27.0
Employment Status of her 
Husband
Employed 122 91.7 222 96.5
Unemployed 11 8.3 8 3.5
Family Structure

Elementary Family 102 77.2 206 89.6
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Extended Family 29 23.8 24 10.4
Marital Status
Arranged Marriage 85 65.9 108 47.0
Acquainted Marriage 46 34.1 122 53.0
Socioeconomic Status
Less Income Than 
Expenditure 38 29.3 48 20.9

Balanced Income and 
Expenditure 65 48.9 157 68.3

More Income Than 
Expenditure 28 22.1 25 10.8

Living Place
City 62 46.6 187 81.3
Town 62 46.6 31 13.5
Village 9 6.8 12 5.2
Social Security Status
Available 120 91.0 208 90.4
Unavailable 11 9.0 22 9.6
Pregnancy Plan Status
Yes 116 88.0 178 77.4
No 15 12.0 52 22.6
Social Support Status
Yes 108 82.0 188 81.7
No 23 18.0 42 18.3

It was identified that MAS and agreement sub-dimension average of 
adolescent and adult pregnant women is higher in adult pregnant women 
and the difference between groups is significant, however the difference 
between groups in manner sub-dimension is insignificant (Table 2).
Table 2. The comparison of marital adjustment in adolescent and adult pregnant 

women
Adolescent(N=131) Adult(N=230)

EUÖ Min-Max Mean SD Min-Max Mean SD Test and P

Agreement 10-41 25.187.67 9-44 28.967.55

t= -4.554

p=.000



124 ACADEMIC RESEARCHES IN HEALTH SCIENCES

Manner 2-12 8.513.32 0-23 8.503.45

t= .051

p=.959

General 14-58 33.709.05 10-55 39.0710.16

t= -3.690

p=.000

In the research, although the total score average that adolescent and 
adult pregnant women get in the life satisfaction scale (20.357.06) is low 
in comparison with the total score average of adult pregnant women 
(21.587.35), a statistically significant difference was not found between life 
satisfaction levels of adolescent and adult pregnant women (p= .078 Table 
3).

Table 3. The comparison of life satisfaction in adolescent and adult pregnant 
women

Pregnant 
Women Min-Max Mean SD

Adolescent 6-33 20.357.06
Adult 6-35 21.587.35

Test and P

t= 
-1.55                           

p= 
.078

In the research, it was identified that prenatal attachment levels of 
adolescent pregnant women is lower than adult pregnant women and there 
is a statistically significant difference between prenatal attachment levels of 
adolescent and adult pregnant women (p= .000 Table 4).
Table 4. The comparison of prenatal attachment in adolescent and adult pregnant 

women

Pregnant Women        Min-Max       Mean SD

Adolescent 34-80 57.9411.01

Adult     39-83 62.438.99

   Test and P                    t= -4.19                                         
p=.000

In the research, a strong positive relationship among marital adjustment, 
life satisfaction and prenatal attachment levels of adolescent pregnant 
women was identified and found statistically significant (p<.01 Table5).
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Table 5. The relationship among marital adjustment, life satisfaction and prenatal 
attachment levels in adolescent pregnant women (n=131)

Marital 
Adjustment

Life Satisfaction          Prenatal 
Attachment

r               p        r              p                         r              p

Marital 
Adjustment

-

r=.271** p=.002
r=. 255**   p=.003

Life Satisfaction r=271** p=.002 - r=.362**    p=.000

Prenatal 
Attachment r=.255** p=.003 r=.362** p=.000 -

* (p<.01)

In the research, a strong positive relationship among marital adjustment, 
life satisfaction and prenatal attachment levels of adult pregnant women 
were identified and found statistically significant (p<.001 Table 6). 

Table 6. The Relationship among Marital Adjustment, Life Satisfaction and 
Prenatal Attachment Levels in Adult Pregnant Women (n=230)

Marital 
Adjustment

Life Satisfaction             Prenatal 
Attachment

Marital 
Adjustment - r=.457** p=.000 r=.346** p=.000

Life Satisfaction r=.457** p=.000 - r=.469** p=.000
Prenatal 
Attachment r=.346** p=.000 r=.469** p=.000 -

** p<.001

Discussion
The findings of the research were discussed in the light of literature. 

It was seen that the difference between MAS agreement sub-dimension 
score averages of pregnant woman groups is significant (Table 2). As stated 



126 ACADEMIC RESEARCHES IN HEALTH SCIENCES

in Table 1, it is thought that the difference in the marital adjustment of 
adolescent and adult pregnant women results from the differences in ages 
and education levels of the pregnant women. In the researches carried out 
about marital adjustment, it was identified that age and education level is 
effective (Duyan et al. 2013: 1609; Yalçın, 2014: 256). In the study done by 
Yalçın (2014: 250), it was stated that the marital adjustment is the highest 
between the ages of 21-30. 

This finding supports the fact that adults have a higher marital adjustment 
than adolescents in our research as well. In the study carried out by Çelik 
and Tümkaya (Çelik & Tümkaya, 2012: 238), it was found that as the 
education level increases the marital adjustment scores get higher. In our 
research the fact that MAS score average of adolescent and adult pregnant 
women was found below the breakpoint can be thought to stem from the low 
education level of both groups. Because, as the education level increases, the 
partners can develop empathy better. Thus they can try to solve the conflicts 
and disagreements in their marriages by showing respect to the opinions 
and thoughts of each other (Yalçın, 2014: 253; Lye & Biblarz, 1993: 157). A 
statistically significant difference was not found between life satisfaction 
levels of pregnant woman groups (Table 3). When it is thought that the 
women who live in Anatolia are more acquiescent, more reconciliatory 
and have a grateful and fatalist approach because of their beliefs, it can be 
thought these are effective in the fact that there is not difference between life 
satisfaction of adolescent and adult pregnant women. Women are mainly 
responsible for. child care in Turkish society (Turmen, 2003: 5; Üstünsöz et 
al. 2010: 2).  That makes us think that it reflects on their life satisfaction by 
facilitating the formation of a perception that motherhood is the main duty 
of women and the acceptance of maternity role for adolescent pregnant 
women (Kılıç et al. 2011:111).  When the total score that pregnant women 
get from prenatal attachment scale was examined, it was seen that adult 
pregnant women has a higher level of prenatal attachment in comparison 
with adolescent pregnant women. (Table 4).  In the study carried out by 
Ossa et al. (2012) it was stated that prenatal attachment in adolescent age 
group is the lowest and the highest prenatal attachment is between the ages 
of 20-29 in line with our research findings. In the study done by Yılmaz 
and Beji, (2010) it was pointed out that as the level of education increases, 
prenatal attachment level increases & the highest attachment is among 
the university graduates. These findings show that prenatal attachment 
levels of adolescent pregnant women are lower than that of adult pregnant 
women in line with our study. According to the literature, it was stated 
(Lindgren 2001: 217; Ossa et al. 2012: 690; Dereli Yılmaz, 2013: 32)   that 
the adolescents are risky in terms of prenatal attachment since they have 
not completed their development yet and in our study it was supported 
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that the adolescents have a low prenatal attachment. In a study (Rodriquez 
& Tucker, 2011: 255), it was pointed out that partner support is a factor 
that increases prenatal attachment. In line with that finding, the fact 
that total scores of marital adjustment and life satisfaction in adolescent 
pregnant women were found lower than that of adult pregnant women in 
our research makes us think that they effect prenatal attachment levels of 
adolescent and adult pregnant women. Thus, it can be thought that the 
social support which adult pregnant women receive from their partners is 
at a better level.  A strong positive relationship between marital adjustment, 
life satisfaction and prenatal attachment of adolescent and adult pregnant 
women was identified and found statistically significant (Table 5 and Table 
6). According to the research, it was pointed out that life satisfaction is 
among the important factors that affect marital adjustment (Hakvoort et 
al. 2010: 201). In the research of Çelik and Tümkaya (2012: 238) in line 
with our research, it was identified that there is a parallel increase between 
marital adjustment and life satisfaction. In the research done by İdiz (2009), 
it was stated that there is a positive relationship between marital adjustment 
and life satisfaction. In accordance with this finding, it can be thought that 
the parallel increase between marital adjustment and life satisfaction affects 
prenatal attachment in a positive way.

Limitation of the study: This study was designed to be a single-center 
study with a limited pregnant sample.

CONCLUSION AND SUGGESTIONS

It was identified that levels of marital adjustment, life satisfaction and 
prenatal attachment of adolescent pregnant women are lower than that of 
adult pregnant women. It was determined that there is a strong relationship 
between marital adjustment, life satisfaction and prenatal attachment 
in adolescent and adult pregnant women. The fact that levels of marital 
adjustment, life satisfaction and prenatal attachment of adolescent pregnant 
women are lower than that of adults shows the adolescents are a risky group 
for this reason. Therefore, development of new policies to prevent the 
adolescent marriages in our country at present can be dealt with particularly 
in terms of situations of marital adjustment, life satisfaction and prenatal 
attachment as well as physiological risks of adolescent pregnant women. 
Midwives/Nurses can help pregnant women prevent the problems that can 
arise after delivery on a risky condition by evaluating prenatal attachment 
levels in adolescent pregnant women in addition to their routine follow-ups 
in prenatal monitoring. 
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