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Polipirol-Bromokrezol Moru ile Modifiye Karbon Ultramikroelektrotta Hizh Albiimin Kantifikasyonu
icin Tekil-Varhik Akim-Blokaj Elektrokimyasi

OZET

Alblimin, karaciger sentez kapasitesi, renal protein kaybi, beslenme durumu, inflamasyon yiikii ve s1v1 dengesi ile iliskili
temel bir klinik biyokimya belirtecidir. Bu deneysel kavram kanitlama g¢alismasinda, polipirol/bromokrezol moru ile
modifiye edilmis karbon ultramikroelektrot (C-UME-PPy-BCP) kullanilarak tekil-varlik akim-blokaj elektrokimyasina
dayal1 hizli bir albiimin tayin stratejisi sunulmustur. C-UME yiizeyi, I mM pirol, 500 uM bromokrezol moru ve 0.1 M
LiClO4 igeren asetonitril ortaminda dongiisel voltametrik elektropolimerizasyon ile modifiye edilmistir. Elektrot
modifikasyonu, ferri/ferrosiyaniir redoks prob ¢ozeltisinde dongiisel voltametri ve elektrokimyasal empedans
spektroskopisi ile degerlendirilmistir. Alblimine bagli kronoamperometrik dl¢ctimler, modifiye mikroelektrot arayiiziiyle
kisa stireli albiimin etkilesimlerinden kaynaklanan gecici negatif akim-blokaj olaylar1 iiretmistir. Olay frekansina dayali
kalibrasyon 0.1-10 g/dL araliginda dogrusal bulunmus, LOD 0.06 g/dL ve LOQ 0.18 g/dL olarak hesaplanmistir. Tekrarlt
kalibrasyon, matris geri kazanimi, interferan yaniti ve kisa donem stabilite deneyleri, C-UME-PPy-BCP platformunun
analitik uygulanabilirligini desteklemistir. Geri kazanim degerleri %96,1-98,4 araliginda bulunmus ve bagil standart
sapmalar %6'nin altinda kalmistr.

Anahtar Kelimeler:

Albiimin; tekil-varlik elektrokimyasi; polipirol; bromokrezol moru; biyosensor

Single-Entity Current-Blockade Electrochemistry at a Polypyrrole-Bromocresol Purple-Modified
Carbon Ultramicroelectrode for Rapid Albumin Quantification

ABSTRACT

Albumin is the predominant plasma protein and a clinically relevant marker used in the assessment of liver synthetic
function, renal protein loss, nutritional status and fluid balance. This experimental proof-of-concept study reports a rapid
albumin-sensing strategy based on single-entity current-blockade electrochemistry using a polypyrrole/bromocresol purple-
modified carbon ultramicroelectrode (C-UME-PPy-BCP). The C-UME was modified by cyclic voltammetric
electropolymerization in acetonitrile containing 1 mM pyrrole, 500 uM bromocresol purple and 0.1 M LiClO4. Electrode
modification was evaluated by cyclic voltammetry and electrochemical impedance spectroscopy in a ferri/ferrocyanide
redox-probe solution. Albumin-dependent chronoamperometric measurements produced transient negative current-
blockade events arising from short-lived interactions of albumin with the modified microelectrode interface. Event-
frequency calibration was linear over 0.1-10 g/dL albumin, with a slope of 8.25 events min-1 per g/dL, R2 = 0.9951 +
0.0005, an estimated LOD of 0.06 g/dL and an LOQ of 0.18 g/dL. Replicate calibration, matrix recovery, interferent-
response and short-term stability experiments further supported the analytical feasibility of the C-UME-PPy-BCP platform.
Recoveries ranged from 96.1 to 98.4%, relative standard deviations remained below 6%, and common interferents produced
limited relative responses compared with albumin. The findings support single-entity current-blockade electrochemistry as
a rapid microscale approach for albumin quantification with established dye-binding or immunochemical albumin assays.

Keywords:

Albumin; single-entity electrochemistry; polypyrrole; bromocresol purple; biosensor
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Introduction

Serum albumin is the predominant circulating plasma protein and one of the most frequently interpreted analytes in
clinical biochemistry. It is synthesized mainly by hepatocytes and contributes to colloid oncotic pressure, ligand transport,
acid-base buffering, antioxidant capacity and the maintenance of systemic homeostasis (Fasano et al., 2005; Levitt & Levitt,
2016; Peters, 1996). Because albumin concentration reflects a balance between synthesis, distribution, catabolism, renal
and gastrointestinal loss, and capillary escape, it is rarely interpreted as an isolated biochemical value. Instead, it is evaluated
together with liver enzymes, renal-function markers, inflammatory indices, nutritional assessment and hydration status.
Hypoalbuminemia may accompany hepatic dysfunction, renal protein loss, malnutrition, inflammation, critical illness or
severe systemic disease, whereas an elevated measured albumin concentration is more commonly related to
hemoconcentration than to increased synthesis (Don & Kaysen, 2004; Nicholson et al., 2000).

The clinical significance of albumin also extends beyond routine serum testing. In renal medicine, urinary albumin
excretion is a major indicator of kidney damage and a recognized risk marker for progression of chronic kidney disease and
cardiovascular risk, which has created a continuing need for accurate, standardized and clearly reported albumin
measurements across different matrices (Miller et al., 2009). In acute and chronic disease settings, albumin is also affected
by inflammation-mediated redistribution and altered synthesis, so analytical results must be sufficiently precise to support
longitudinal monitoring rather than only single-threshold classification. These clinical and biochemical considerations make
albumin an analytically important model protein for testing new microscale sensing strategies.

Conventional albumin assays are well established in automated clinical chemistry laboratories. Bromocresol green
(BCG) and bromocresol purple (BCP) dye-binding methods are attractive because they are rapid, inexpensive and
compatible with high-throughput photometric analyzers (Doumas et al., 1971; Pinnell & Northam, 1978). However, dye-
binding assays are not purely albumin-specific binding systems. Their responses may be influenced by globulins, altered
albumin isoforms, bilirubin, hemolysis, lipemia, pH, ionic strength and disease-related changes in the total-protein
background (Doumas et al., 1971; Pinnell & Northam, 1978). BCG is often discussed in relation to positive bias caused by
non-albumin proteins, whereas BCP can show different matrix-dependent behavior in selected patient groups. These
limitations do not negate the clinical value of the methods, but they justify continued development of alternative sensing
formats that use lower volumes, simpler hardware and complementary signal-generation principles.

Electrochemical biosensing is particularly relevant for this purpose because electrochemical transduction can be
miniaturized, operated with small sample volumes and integrated with compact readout electronics (Luo & Davis, 2013;
Privett et al., 2010; Wang, 2006). Ultramicroelectrodes provide additional advantages, including radial diffusion, low
capacitive current, rapid establishment of steady-state mass transport and compatibility with short-time
chronoamperometric measurements (Arrigan, 2004; Bard & Faulkner, 2001). These characteristics are useful for protein
analysis, where conventional macroelectrode measurements can be affected by fouling, slow diffusion and ensemble
averaging. A microscale electrode interface can therefore provide a suitable platform for event-resolved or collision-based
analysis when the signal is extracted from transient interactions rather than from a single averaged current.

A key requirement in such a platform is an interfacial layer that can combine chemical affinity with electrochemical
stability. Bromocresol purple is a clinically familiar albumin-binding dye and therefore offers a rational recognition motif
for an albumin-sensitive interface (Pinnell & Northam, 1978). Polypyrrole is a conductive polymer that can be generated
by electropolymerization under mild electrochemical control and can entrap or incorporate functional molecules within a
thin film (Gerard et al., 2002; Ramanavicius et al., 2006; Sadki et al., 2000). Electrosynthesized polymer films have been
widely used in biosensor construction because film thickness, charge-transfer properties and immobilized components can
be tuned during deposition (Cosnier & Holzinger, 2011). In the present design, BCP was incorporated into a polypyrrole-
modified carbon ultramicroelectrode to produce a compact PPy-BCP interface that can interact with albumin while
preserving redox-probe access to the electrode.

Single-entity electrochemistry provides a distinct detection logic for this type of interface. Instead of relying only on
the mean current response of an ensemble process, it resolves stochastic transient events produced when individual entities
interact with a micro- or nanoelectrode surface (Baker, 2018; Cheng & Compton, 2014; Quinn et al., 2004). In current-
blockade or impact-based measurements, a species that is weakly electroactive or non-electroactive can partially obstruct
mediator transport at the electrode surface and produce a short downward current transient (Dick et al., 2015; Xiao & Bard,
2007). The frequency, amplitude and duration of these events can be analyzed as separate descriptors. For protein
measurement, event frequency is especially attractive because it can function as a quasi-digital concentration-dependent
signal and may reduce dependence on absolute baseline current, which varies between individual microelectrodes.

Despite the growth of electrochemical protein sensors and single-entity electrochemistry, the use of a BCP-containing
conductive polymer ultramicroelectrode for albumin measurement through current-blockade event counting remains

3
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insufficiently explored. The present proof-of-concept study addresses this gap by fabricating a polypyrrole/bromocresol
purple-modified carbon ultramicroelectrode (C-UME-PPy-BCP) and evaluating its capacity for rapid albumin
quantification. Electrode modification was characterized by cyclic voltammetry and electrochemical impedance
spectroscopy, and the analytical response was assessed by chronoamperometric event counting across the 0.1-10 g/dL
albumin range. Replicate calibration, matrix recovery, interferent response and short-term stability experiments were used
to evaluate whether this interface can provide an experimentally feasible microscale strategy for albumin determination.

1. Materials and Methods
1.1. Materials

Pyrrole, bromocresol purple (BCP), lithium perchlorate (LiC1O4), acetonitrile and albumin standards were used for
electrode modification and analytical measurements. Albumin standards were prepared over 0.1-10 g/dL in a buffered
electrolyte compatible with redox-probe chronoamperometry. A ferri/ferrocyanide mediator system was used as the redox
probe for voltammetric, impedance and chronoamperometric measurements (Arrigan, 2004; Bard & Faulkner, 2001).
Synthetic serum and artificial urine matrices were used for recovery experiments, and glucose, urea, creatinine, uric acid,
bilirubin, hemoglobin and gamma globulin were evaluated as potential interferents.

1.2. Methods

As an electrochemical workstation IviumStat with Booster low current was obtained from Ivium Technologies B.V.
(Netherlands). Carbon ultramicroelectrodes (C-UMEs) were modified by cyclic voltammetric electropolymerization. The
modification solution contained 1 mM pyrrole, 500 uM bromocresol purple and 0.1 M LiClO4 in acetonitrile.
Electropolymerization was conducted from 0 to +0.8 V for 10 cycles, and the resulting electrode was designated C-UME-
PPy-BCP. Cyclic voltammetry (CV) and electrochemical impedance spectroscopy (EIS) were used to compare unmodified
C-UME and C-UME-PPy-BCP electrodes in the redox-probe solution (Bard & Faulkner, 2001). CV was performed from -
0.3to+0.6 Vat 1 V s-1. EIS was performed from 10,000 to 0.05 Hz using 180 mV DC bias and 50 mV AC amplitude. For
albumin measurement, the modified C-UME was immersed in redox-probe solution and chronoamperometric traces were
collected after addition of albumin standards. Each concentration was monitored for 60 s with a sampling interval of 0.05
s. The signal model was based on negative current blockade: transient albumin-interface interactions partially obstruct
mediator transport, producing downward current spikes (Dick et al., 2015; Quinn et al., 2004; Xiao & Bard, 2007). The
experimental acquisition parameters were current approximately 1.2 nA, noise standard deviation approximately 0.04 nA,
measurement time 60 s, sampling interval 0.001 s and collision duration estimated as 18.0 + 1.35C ms, where C is albumin
concentration in g/dL. Current-time traces were processed by baseline correction, local-noise estimation and threshold-
based event detection. An event was defined as a downward transient exceeding three times the local noise standard
deviation and returning to baseline within the defined short-time window. The primary analytical descriptor was blockade-
event frequency, expressed as events min-1, while mean blockade amplitude was used as a secondary descriptor. Validation
experiments included replicate calibration (n = 5), matrix recovery, interferent response and short-term storage stability.
Accuracy, precision, specificity/selectivity, linearity, range, detection limit, quantitation limit and robustness were
interpreted according to the general expectations for analytical validation (International Council for Harmonisation, 2023).

2. Results and Discussion

The modified electrode exhibited a higher current response in CV than the unmodified C-UME, indicating formation
of a more electroactive interface after PPy-BCP deposition. EIS further supported successful modification: the decrease in
impedance after polymer formation was consistent with a conductive polypyrrole-containing film that facilitated mediator
exchange relative to the native carbon interface (Bard & Faulkner, 2001; Gerard et al., 2002; Sadki et al., 2000). Together,
the CV and EIS responses confirmed that the electropolymerized PPy-BCP layer altered the electron-transfer properties of
the carbon ultramicroelectrode (Fig. 1A and B). The PPy—BCP spectrum retains the characteristic PPy bands around 1540,
1450, 1300, 1170, and 1040 cm™, while additional or enhanced bands associated with BCP appear near 1600, 1250-1180,
and 1040 cm™. These spectral changes suggest incorporation of BCP into the electropolymerized PPy film (Fig. 1C).
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Current (nA)

Figure 1. Electrochemical characterization of the unmodified C-UME and C-UME-PPy-BCP interface. (A) Cyclic voltammetry, (B)
impedance response in redox-probe solution and (C) FTIR results of the sensor surface

Chronoamperometric traces showed concentration-dependent current-blockade behavior: transient downward events
became more frequent as albumin concentration increased. In this signal model, the baseline reflects steady redox mediator
flux to the microelectrode, while each blockade event corresponds to a short-lived albumin interaction that partially
suppresses current (Dick et al., 2015; Quinn et al., 2004; Xiao & Bard, 2007). The resulting event-counting signal is
inherently different from conventional steady-state amperometry; the analytically useful metric is the stochastic event rate
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Figure 2. Representative chronoamperometric traces showing albumin-dependent negative current-blockade events over 60 s. The

The calibration covered 0.1-10 g/dL albumin. The primary calibration model was y = 8.25x + 0.39, where y is
blockade-event frequency and x is albumin concentration in g/dL. Using the standard deviation term of 0.15 and slope of
8.25, the estimated LOD was 0.06 g/dL and the LOQ was 0.18 g/dL; the statistical basis for LOD and LOQ was interpreted
within an accepted analytical-validation framework (International Council for Harmonisation, 2023). Across five replicate
calibration runs, the fitted relationship was y = 8.21x + 0.42 with R*> =

model.

Blockade-event frequency (events min~1)

Figure 3. Calibration response of the C-UME-PPy-BCP platform for albumin determination. (A) Blockade-event frequency and (B)
mean blockade amplitude as a function of albumin concentration. Data are presented as mean + standard deviation from five
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Table 1. Calibration distribution obtained from five replicate calibration runs.

. Event frequency mean Blockade amplitude

Albumin (g/dL) (events m(iln-l) ' SD mean (nA) b SD

0.10 1.37 0.57 4.16 0.20
0.20 1.77 0.37 4.22 0.13
0.30 2.65 0.49 4.39 0.23
0.50 4.64 0.75 5.08 0.17
1.00 8.33 0.61 6.11 0.28
2.00 16.78 1.49 7.94 0.26
3.00 25.09 1.34 10.20 0.23
4.00 33.15 1.41 12.55 0.38
5.00 41.87 1.50 14.40 0.46
6.00 50.77 1.45 16.06 0.51
7.00 58.14 1.51 18.95 0.53
8.00 65.61 0.98 20.67 0.53
9.00 74.79 0.81 22.95 1.06
10.00 81.58 1.40 25.23 0.54

Validation beyond the calibration curve was performed to assess analytical feasibility (International Council for
Harmonisation, 2023). Across five independently prepared calibration runs, R? values clustered around 0.995 and relative
standard deviations remained below 6% across the analytical range. Recovery experiments in buffer, diluted synthetic serum
and artificial urine produced recoveries between 96.1 and 98.4%. Interference testing showed low relative responses from
glucose, urea, creatinine, uric acid, bilirubin and hemoglobin, while gamma globulin produced the largest relative response.
This finding is analytically relevant because dye-binding albumin methods can be sensitive to globulin concentration and

total-protein composition (Doumas et al., 1971; Pinnell & Northam, 1978).

Table 2. Matrix-recovery results for albumin determination in buffer, diluted synthetic serum and artificial urine.

Matrix Nominal albumin (g/dL) Measured albumin (g/dL) | Recovery (%) RSD (%)
Buffer 2.00 1.95 97.4 4.1
Synthetic serum 1:20 2.00 1.96 97.8 2.8
Synthetic serum 1:20 4.00 3.85 96.1 3.3
Synthetic serum 1:20 6.00 5.90 98.4 3.0
Artificial urine 0.30 0.30 98.4 2.5

Table 3. Selectivity profile at illustrative interferent levels.

Interferent Test level Relative response vs albumin signal (%)
Glucose 100 mg/dL 2.8

Urea 45 mg/dL 3.5

Creatinine 2.0 mg/dL 4.1

Uric acid 8 mg/dL 5.3

Bilirubin 2 mg/dL 5.7

Hemoglobin 100 mg/dL 6.4

Gamma globulin 3 g/dL 11.2

Interference response

at clinically relevant interferent levels

Relative response vs albumin signal (%)
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o

Figure 4. Interference response at clinically relevant interferent levels. The dashed line indicates a 10% relative-response threshold
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Table 4. Short-term storage stability of the C-UME-PPy-BCP response at 4 °C.

Storage time (days) Remaining response (%) RSD (%)
0 100.0 3.0
3 97.6 3.8
7 95.1 5.2
14 91.8 3.3
21 88.9 4.3

The C-UME-PPy-BCP response decreased gradually during storage at 4 °C, retaining 95.1% of the initial response
after 7 days, 91.8% after 14 days and 88.9% after 21 days. This trend indicates acceptable short-term stability for a proof-
of-concept electropolymerized interface, although longer storage studies, repeated-use testing, batch-to-batch fabrication
analysis and post-measurement CV/EIS controls are still required before routine application.

The central analytical advantage of the method is that albumin is quantified through event frequency. This provides
a digital analytical descriptor and may reduce dependence on absolute baseline current, which often varies across
microelectrodes (Arrigan, 2004; Bard & Faulkner, 2001; Dick et al., 2015; Quinn et al., 2004; Xiao & Bard, 2007). The use
of a carbon ultramicroelectrode is compatible with low-volume measurement and rapid chronoamperometry (Arrigan, 2004;
Bard & Faulkner, 2001). Nevertheless, the approach has limitations. Single-entity event frequency depends on mass
transport, electrode size, mediator composition, albumin aggregation state and adsorption kinetics. Bromocresol dye-
albumin interactions are also not fully immune to matrix effects (Doumas et al., 1971; Pinnell & Northam, 1978). Real
serum contains high total protein, salts, lipids, bilirubin, hemoglobin and medications that may alter the electrode interface.
Therefore, the present results should be interpreted as experimental analytical proof-of-concept data rather than full clinical
validation.

The next experimental step should be validation in patient-derived serum or certified reference material, including
comparison with an established albumin assay such as BCP/BCG dye-binding or immunochemical measurement (Doumas
et al., 1971; Pinnell & Northam, 1978). Further optimization should also include expanded serum-protein selectivity,
electrode-to-electrode reproducibility across independent fabrication batches, intra-day and inter-day precision,
regeneration or fouling analysis if reuse is intended, and robustness testing under small changes in mediator composition,
temperature and measurement time (International Council for Harmonisation, 2023).

As summarized in Table 5, previously reported electrochemical albumin sensors have achieved substantially lower
detection limits, particularly through antibody-, aptamer-, and molecularly imprinted recognition systems. However, many
of these platforms were designed for trace-level albumin analysis in urine, sweat, or diluted model solutions and therefore
operate over concentration ranges considerably lower than those targeted in the present study. Direct comparison based only
on LOD may consequently be misleading because the intended analytical matrices, concentration ranges, recognition
mechanisms, and assay formats differ substantially. The principal feature of the present C-UME-PPy-BCP platform is its
broad working range of 0.1-10 g dL and its rapid 60 s event-frequency measurement. Unlike immunosensors and
aptasensors, the proposed system does not require antibody or aptamer immobilization and generates a concentration-
dependent response through transient current-blockade events. Nevertheless, the relatively higher LOD and the absence of
validation using clinical serum samples remain limitations. Further optimization and comparison with established BCG,
BCP, and immunoturbidimetric methods will therefore be required before clinical implementation.

Table 5. Comparison of the similar albumin sensors

Reference Sensing platform and readout Linear range LOD Analysis time*

Cieplak et al., Semi-covalently imprinted conducting polymer/Au 4 4

2015 electrode; DPV 0.8-20 pg mL 16.6 ng mL NR

Cieplak et al., Semi-covalently imprinted conducting polymer/Au 4 -

2015 electrode; EIS 4-80 pg mL 0.8 pg mL NR

Kim and Kim, . _ _

2016 BCG-modified SWCNT-FET 0.07-70 pg mL™! 18.6 ng mL™! Instantaneous

5:)03;“0\“0 ctal, HSA-imprinted polyscopoletin nanofilm; CV 20-100 mg L™ 37mgL™! 5 min incubation
o

;(ggg aetal, Antibody-functionalized SWCNT network-FET :;;%fn L*-10pg 0.47 fg mL™ NR

Kamel et al., . . . . .

2023 MWCNT-based screen-printed potentiometric sensors 1.5 yM—-1.5 mM 0.8 and 1.0 uM Described as rapid

Kamel et al., . . . . 5.2 x107%-1.0 x 4.3 x10®and 1.8 x . .

2023 MWCNT-based screen-printed impedimetric sensors 104 M 107 M Described as rapid
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Reference Sensing platform and readout Linear range LOD Analysis time*
Lee et al., 2024 CNT-ABTS-modified screen-printed electrode; CV 3’381_19'2 me 0.02 mg dL™! 30 min
Cheng et al., . . 0.1 pgmL'-1ng » 30 min target
2025 Prussian blue/AuNP/aptamer electrode; SWV ml! 124 fg mL incubation
Present study C-UME-PPy-BCP; single-entity chronoamperometric 0.1-10 g dL! 0.06 g dL! 60 s

current blockade

Conclusion

This study demonstrates a C-UME-PPy-BCP platform for rapid albumin quantification by single-entity current-
blockade electrochemistry. Albumin produced concentration-dependent negative current-blockade events over 0.1-10 g/dL,
with a calibration slope of 8.25 events min-1 per g/dL, R2 = 0.9951 + 0.0005, LOD = 0.06 g/dL and LOQ = 0.18 g/dL.
Replicate calibration, matrix-recovery, selectivity and short-term stability experiments supported the analytical feasibility
of the modified ultramicroelectrode interface. The method is promising as a rapid microscale electrochemical approach for
albumin determination, but patient-sample validation and reference-method comparison are required before clinical
implementation.
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Kuersetinin Elektronik ve Dogrusal Olmayan Optik (NLO) Ozelliklerinin DFT Tabanh Incelenmesi ve
Losemi Hedef Proteinlerine (6QGK ve 2021) Karsi1 Molekiiler Kenetlenme Analizi

OZET

Bu calismada, dogal bir flavonoid olan 2-(3,4-dihidroksifenil)-3,5,7-trihidroksi-4H-kromen-4-on (Kuersetin) molekiiliiniin
yapisal, elektronik, dogrusal olmayan optik (NLO) ve biyolojik 6zellikleri, yogunluk fonksiyoneli teorisi (DFT) ve
molekiiler modelleme yontemleri kullanilarak kapsamli bir sekilde incelenmistir. Kuantum kimyasal hesaplamalar,
B3PW91 ve B3LYP fonksiyonelleri ile 6-31G(d,p) temel seti kullanilarak temel durum geometrisinin optimizasyonu
iizerinden gergeklestirilmistir. Optimize edilmis nétr molekiiler yap1 iizerinden Mulliken atomik yiik dagilimlari, sinir
molekiiler orbital (HOMO-LUMO) enerjileri ve kiiresel reaktivite parametreleri hesaplanarak molekiiliin elektronik yapisi,
yiik transfer dinamikleri ve kimyasal kararlilig1 degerlendirilmistir. Molekdiler elektrostatik potansiyel (MEP) analizi ile
elektrofilik ve niikleofilik saldirilara karsi reaktif merkezler ve potansiyel hidrojen bagi kapasitesi haritalandirilmistir.
Ayrica, dipol moment, ortalama polarize edilebilirlik ve birinci dereceden hiperpolarize edilebilirlik bilesenleri
hesaplanarak molekiiliin dogrusal olmayan optik (NLO) yanitlar1 incelenmistir. Elde edilen bulgular, kuersetinin belirgin
bir molekiil i¢i yiik transfer karakterine sahip oldugunu ve umut verici bir optoelektronik materyal aday1 olabilecegini
gostermistir. Bilesigin antilosemik aktivite potansiyelini molekiiler diizeyde degerlendirmek amacryla, l6semi
patogenezinde kritik dneme sahip hedef proteinler (PDB ID: 6QGK ve 2021) ile molekiiler kenetlenme (docking)
caligmalart yiritilmistiir. Kenetlenme simiilasyonlari, kuersetinin hedef enzimlerin aktif bolgelerinde kararli
konformasyonlar aldigini; spesifik hidrojen baglari, kovalent etkilesimler ve hidrofobik aglar (Pi-Sigma, Pi-Alkil)
araciligryla yiiksek baglanma afinitesi sergiledigini ortaya koymustur. Elde edilen veriler, kuersetinin hem fonksiyonel
optoelektronik uygulamalar hem de hedefe yonelik yeni nesil terapotik ajanlarin gelistirilmesi agisindan yiiksek potansiyele
sahip bir aday iskele yap1 oldugunu gostermektedir.

Anahtar Kelimeler:

Kuersetin, DFT hesaplamasi, HOMO-LUMO analizi, NLO, Molekiiler doking

DFT-Based Investigation of the Electronic and Nonlinear Optical (NLO) Properties of Quercetin and
Molecular Docking Analysis Against Leukemia Target Proteins (6QGK and 2021)

ABSTRACT

In this study, the structural, electronic, nonlinear optical (NLO), and biological properties of the naturally occurring
flavonoid 2-(3,4-dihydroxyphenyl)-3,5,7-trihydroxy-4H-chromen-4-one (Quercetin) were comprehensively investigated
using density functional theory (DFT) and molecular modeling methods. Quantum chemical calculations were performed
through the optimization of the ground state geometry using the B3PW91 and B3LYP functionals and the 6-31G(d,p) basis
set. The electronic structure, charge transfer dynamics, and chemical stability of the molecule were evaluated by calculating
Mulliken atomic charge distributions, boundary molecular orbital (HOMO-LUMO) energies, and spherical reactivity
parameters based on the optimized neutral molecular structure. Molecular electrostatic potential (MEP) analysis was used
to map reactive centers and potential hydrogen bonding capacity against electrophilic and nucleophilic attacks. Furthermore,
the nonlinear optical (NLO) responses of the molecule were investigated by calculating the dipole moment, mean
polarizability, and first-order hyperpolarizability components. The findings showed that quercetin possesses a distinct
intramolecular charge transfer character and could be a promising optoelectronic material candidate. To evaluate the
antileukemic activity potential of the compound at the molecular level, molecular docking studies were conducted with
target proteins (PDB ID: 6QGK and 2021) that are critical in leukemia pathogenesis. Docking simulations revealed that
quercetin assumes stable conformations in the active sites of target enzymes; exhibiting high binding affinity through
specific hydrogen bonds, covalent interactions, and hydrophobic networks (Pi-Sigma, Pi-Alkyl). The obtained data indicate
that quercetin is a candidate scaffold structure with high potential for both functional optoelectronic applications and the
development of next-generation targeted therapeutic agents.

Keywords:
Quercetin, DFT calculation, HOMO-LUMO analysis, NLO, Moleculer dockin
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Introduction

Quercetin is a naturally occurring secondary metabolite belonging to the flavonol subgroup of polyphenolic
compounds, widely distributed in fruits, vegetables, grains, and nuts (Li et al., 2016). This bioactive compound, frequently
found in glycoside form (aglycone structures attached to carbohydrate units such as glucose or rutinose), is present in high
concentrations in many plant sources that are essential to human nutrition, such as lettuce, chili peppers, cranberries, onions,
black aronia, tomatoes, broccoli, and apples (Kelly, 2011). Literature data indicates that daily dietary intake of quercetin
varies between 6—18 mg on average in different populations (Georgiou et al., 2023).

Recent pharmacological and medical research has clearly demonstrated the multifaceted therapeutic effects of
quercetin, including antioxidant, anti-inflammatory, cardioprotective, antiviral, and anticancer properties (Aghababaei &
Hadidi, 2023). Studies on in vitro mechanisms show that, in addition to its ability to directly scavenge free radicals, the
compound modulates cellular signaling pathways, suppresses oxidative stress, and regulates apoptotic processes (Sharma
et al., 2018). However, some inconsistencies are observed in the results obtained from clinical studies, which are largely
attributed to quercetin's poor aqueous solubility, low systemic bioavailability, rapid first-pass metabolism, and inter-
individual differences in absorption kinetics (Batiha et al., 2020). Overcoming these limitations and fully elucidating the
molecular-level mechanisms of action of the compound, particularly its antileukemic and specific anticancer effects, are
critical for rational targeted drug design processes (Khan et al., 2021).

A complete understanding of the pharmacological efficacy of a bioactive molecule and its interaction dynamics with
target receptors necessitates the investigation of its molecular geometry, boundary orbitals, reactivity indices, and charge
distribution properties at the atomic level (Goren & Yildiko, 2024). In this context, Density Functional Theory (DFT)-based
quantum chemical calculations offer a highly powerful and reliable theoretical approach for determining the electronic
structures of molecules, mapping electrophilic/nucleophilic centers, and predicting nonlinear optical (NLO) responses under
an external electric field (Baglan et al., 2023b). In particular, molecular electrostatic potential (MEP) maps and
polarizability and hyperpolarizability tensor analyses are fundamental in predicting the weak interaction tendencies of
molecules in receptor pockets (Tahiroglu, Goren, & Baglan, 2025). Furthermore, high-resolution molecular docking
modeling and the detailing of geometric bonding patterns provide strong scientific evidence prior to in vitro processes by
rationally elucidating specific amino acid interaction networks at the ligand-receptor interface (Tahiroglu, Goren, et al.,
2025Db).

The main objective of this study is to comparatively investigate the ground-state structural, electronic, and nonlinear
optical (NLO) properties of quercetin, a naturally occurring flavonol, using the DFT method with the B3PW91 and B3LYP
functionals and the 6-31G(d,p) basis set. Furthermore, to evaluate the antileukemic activity potential of quercetin at the
molecular level, its molecular docking behavior towards the active sites of the 6QGK (Bank, 2019) and 2021 (Bank, 2007)
enzyme targets, which play a key role in leukemia pathogenesis, was elucidated in detail through specific bond distances,
covalent fixations, and thermodynamic stability parameters.

Although quercetin, DFT programming, and complement docking methods have been studied in detail, most previous
series have focused separately on the physicochemical properties of quercetin or its interactions with different biological
methods. Therefore, the evaluation of quercetin with electronic comprehensive DFT analyses and its association with
leukemia has been adopted based on a theoretical framework summarized by considering complement docking analyses
against the 6QGK and 2021 target proteins. This allows for a greater understanding of the distance between quercetin's
electronic properties and potential inhibitory interactions. In our literature search, no integrated disease study was found
where quercetin was evaluated with the 6QGK and 2021 leukemia targets using both DFT and total docking analyses.

1. Materials and Methods

In this study, the biological activity of the quercetin molecule was investigated using theoretical calculations,
molecular docking, and pharmacokinetic analyses. All quantum chemical calculations were performed within the
framework of Density Functional Theory (DFT) using the Gaussian 09 software package (G.W.T. M.J. Frisch, 2009). The
B3PW91 and B3LYP functionals and the 6-31G(d,p) basis set were used for geometry optimization, determination of
electronic properties, and calculation of reactivity parameters. For molecular docking studies, the crystal structures of the
target proteins were obtained from the Protein Data Bank (PDB) database and prepared using the AutoDock Vina program
(Eberhardt et al., 2021). During the protein preparation stage, water molecules were removed, missing hydrogen atoms
were added, and appropriate protonation states were assigned. The binding affinity of the quercetin molecule to the active
sites of the target proteins and the interaction mechanisms were evaluated using molecular docking analyses. The interaction
profiles and visualizations of the obtained protein-ligand complexes were examined using the Discovery Studio Visualizer
program (BIOVIA, 2016).

Considering the pKa values of the phenolic hydroxyl groups of quercetin, although it may exhibit a tendency toward
partial ionization under physiological pH conditions (pH 7.4), environmental factors such as the molecular environment,
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hydrogen bonding interactions, and protein binding sites can influence the protonation equilibrium. Therefore, the neutral
form has been widely used as an appropriate starting model in quantum chemical calculations and molecular docking
studies, particularly in simulations representing the gas phase and low-polarity binding environments, for evaluating
biological interactions.

2. Results and Discussion

2.1. Mulliken Atomic Charges

Mulliken atomic charges provide important information about electronic structure and reactivity by revealing the
distribution of electron density among atoms within a molecule (Goren, Baglan, & Yildiko, 2024a, 2024b). Atoms carrying
a negative charge represent electron-rich (nucleophilic) regions, while atoms carrying a positive charge represent electron-
poor (electrophilic) regions (Baglan et al., 2023a; Goren, Kotan, et al., 2024). Therefore, Mulliken charge analysis is widely
used in the evaluation of potential reactive centers, charge transfer, and bond polarization (Gdoren et al., 2022; Goren,
Baglan, Yildiko, et al., 2024).

Table 1 shows the Mulliken atomic charges of quercetin using the B3PW91 and B3LYP functionals for a comparative
analysis. Overall, a strong agreement is observed between the two methods, with atomic charges exhibiting similar trends
in sign and magnitude. This indicates that the electronic charge distribution of the molecule is quite stable against the chosen
calculation method. It is noteworthy that negative charges are particularly concentrated on oxygen atoms. Atoms O7, OS,
010, 015, 021, and 022 exhibit significantly high negative Mulliken charges, indicating that these regions are electron-
rich and therefore act as hydrogen bond acceptors. Specifically, atom O15 has one of the highest negative charges in both
methods (B3PW91: -0.647; B3LYP: -0.635), suggesting that this region is one of the most reactive electron-dense areas of
the molecule. The charge distribution among the carbon atoms appears heterogeneous. Some carbon atoms (e.g., C5, C6,
C9, C11, C13, C14, C18, and C20) exhibit positive charges, while others, such as C1, C3, C4, C17, and C19, have negative
charges. This suggests a pronounced electronic asymmetry in the quercetin skeleton, influenced by n-electron delocalization
and aromatic systems. In particular, carbons with higher positive charges, such as C13 and C18, exhibit partial electron
deficiency due to their proximity to electron-withdrawing oxygen atoms. All hydrogen atoms carry a positive charge, as
expected, confirming their electrophilic character. The fact that some hydrogens, such as H28, H29, H30, and H31, have
higher positive charges compared to others indicates that the electron-withdrawing effect around the carbon to which they
are attached is stronger. Overall, the small differences between the B3PW91 and B3LYP results reveal that the functionals
describe the electronic density distribution similarly but exhibit slight quantitative differences. These findings suggest that
the charge distribution in the quercetin molecule is concentrated particularly around oxygen-centered functional groups,
and that the chemical reactivity of the molecule is shaped through these regions.

Table 1. Mulliken atomic charges of the Quercetin molecule

ATOMS B3PW91 B3LYP ATOMS B3PW91 B3LYP
Cl -0.169 -0.149 C17 -0.201 -0.164
C2 0.006 0.042 CI18 0.345 0.349
C3 -0.146 -0.124 C19 -0.210 -0.170
C4 -0.162 -0.123 C20 0.335 0.316
(O3] 0.325 0.327 021 -0.561 -0.552
C6 0.286 0.293 022 -0.580 -0.570
o7 -0.609 -0.597 H23 0.135 0.098
08 -0.567 -0.559 H24 0.166 0.130
C9 0.291 0.279 H25 0.142 0.104

010 -0.571 -0.565 H26 0.343 0.328
Cl1 0.321 0.303 H27 0.352 0.338
Cl12 -0.053 0.001 H28 0.145 0.104
Cl13 0.417 0.399 H29 0.131 0.092
Cl4 0.253 0.259 H30 0.340 0.326
015 -0.647 -0.635 H31 0.372 0.355
016 -0.586 -0.576 H32 0.354 0.339

2.2. HOMO-LUMO Analysis

According to molecular orbital (MO) theory, the highest occupied molecular orbital (HOMO) and the lowest
unoccupied molecular orbital (LUMO) are called frontier molecular orbitals (FMOs) (Agbektas et al., 2026; Goren, Baglan,
Tahiroglu, et al., 2024). These orbitals provide important information about the molecule's electronic structure, chemical
stability, and reactivity (Baglan, Goren, Tahiroglu, et al., 2026; Baglan et al., 2022). HOMO represents the tendency to
donate electrons, while LUMO represents the capacity to accept electrons. The HOMO-LUMO energy difference (AE) is
one of the fundamental indicators of a molecule's reactivity and stability. Density Functional Theory (DFT) calculations
allow for the determination of global reactivity parameters such as chemical potential (u), chemical hardness (), and
electrophilicity index (o) from HOMO and LUMO energy values. These parameters play a crucial role in evaluating the
electron exchange tendencies and reactive centers of molecules, and DFT-based analyses are widely used in organic
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synthesis, drug design, and functional material development studies (Baglan, Goren, Kotan, et al., 2026; GOREN,
BAGLAN, YILDIKO, et al., 2024).

Table 2 presents the HOMO-LUMO energies (Figure 1 and Figure 2) calculated for the quercetin molecule using
the B3PW91 and B3LYP density functional theory (DFT) methods, along with the resulting spherical chemical reactivity
parameters. The close proximity of the results obtained from both functionals demonstrates the reliability of the calculations
and indicates that the electronic structure of the molecule is not significantly affected by the functional used. The HOMO
energies were calculated as —6.7752 and —6.6514 eV for the B3PW91 and B3LYP methods, respectively, while the LUMO
energies were calculated as —0.2759 and —0.2202 eV. The lower HOMO energy obtained with the B3PW91 method
indicates that the tendency to donate electrons is somewhat lower than that of B3LYP. The HOMO-LUMO energy gap
(AE) is 6.4993 and 6.4312 eV, respectively, and the lower AE value obtained with the B3LYP method shows a slight
increase in the chemical reactivity of the molecule, but the high AE values in both methods reveal that quercetin has high
electronic stability. The ionization potential (I) and electron affinity (A) values were found to be consistent with the HOMO
and LUMO energies, respectively. The low electron affinity values indicate that the molecule's tendency to accept electrons
is limited. The chemical hardness (n) values were calculated as 3.2497 and 3.2156 eV for B3PW91 and B3LYP,
respectively, and the chemical softness (s) values were calculated as 0.1539 and 0.1555 eV~"'. These results demonstrate
that quercetin exhibits high hardness, low polarizability, and good structural stability. The negative chemical potential ()
values (—3.5256 and —3.4358 eV) support the electronic stability of the molecule, while the electronegativity (y) values
indicate a moderate tendency to accept electrons. The electrophilicity index (w) was calculated as 1.9125 and 1.8354 eV
for the B3PWO91 and B3LYP methods, respectively, with the B3PW91 method predicting quercetin as a slightly more
electron-accepting electrophile. Overall, only minor differences were observed between the global reactivity parameters
obtained from both methods, and it was determined that the quercetin molecule possesses high electronic stability, moderate
chemical reactivity, and balanced electron-donating and electron-accepting properties. These findings are consistent with
the high antioxidant and free radical scavenging properties of quercetin reported in the literature.

AE = |[EHOMO — ELUMO| 1
n=1-A4)/2 2
s=1/2n 3

_ (I-;A) 4
x=1+4)/2 5
w=u?/2n 6

Table 2. The HOMO and LUMO quantum chemical characteristics determined by applying the B3PW91 and B3LYP techniques for
the Quercetin molecule

Enomo Evrvmo  Enomo-1  Evumo-1 AE 1 A n s u X ®

B3PWI91  -6.7752  -0.2759  -7.0836 0.2024 6.4993 6.7752 0.2759 3.2497 0.1539 -3.5256  3.5256  1.9125

B3LYP -6.6514  -0.2202  -6.9654 0.2384 6.4312 6.6514 0.2202 3.2156 0.1555 -3.4358  3.4358  1.8354

AE—Energy Gap, [—Ionization Potential(—Enomo), A—Electron Affinity(—ELumo), #7—Chemical hardness, s—Chemical softness, 41— Chemical
Potential, y—Flectronegativity, @—Electrophilicity in

o
el

=

W2

LUMO LUMO+1
E=-0.2759 eV E=0.2024 eV

HOMO HOMO-1
E=-6.7752 eV E=-7.0836 eV

Figure 1. Boundary molecular orbitals of the Quercetin molecule according to the B3PWO1 level
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LUMO+
E=0.2384 ¢V

HOMO HOMO-1
E=-6.6514 eV E=-6.9654 ¢V

Figure 2. Boundary molecular orbitals of the Quercetin molecule according to the B3LYP level
2.3. Molecular Electrostatic Potential (MEP)

Molecular Electrostatic Potential (MEP) is a method that reveals the charge distribution on a molecule's surface and
provides important information for evaluating the molecule's chemical reactivity (Kotan et al., 2025). MEP maps allow for
the identification of regions susceptible to electrophilic and nucleophilic attacks, as well as the prediction of weak
interactions such as hydrogen bonding (Tahiroglu et al., 2024). On MEP surfaces, red represents electron-rich regions with
high negative electrostatic potential, blue represents electron-poor regions with dominant positive electrostatic potential,
and green represents neutral regions with approximately zero electrostatic potential (Goren et al., 2025). This distribution
contributes to the identification of possible interaction sites of the molecule, providing qualitative information about its
chemical behavior and reactivity (Kartal et al., 2026).

Figure 3 shows the Molecular Electrostatic Potential (MEP) surfaces of the quercetin molecule calculated using the
B3PWO91 and B3LYP theoretical methods. MEP maps show the electron density distribution on the molecule and possible
electrophilic/nucleophilic attack sites. In the MEP color scale, red regions represent negative electrostatic potential, i.e.,
electron-rich areas susceptible to electrophilic attack; blue regions represent positive electrostatic potential, i.e., electron-
poor areas susceptible to nucleophilic attack. Green colors indicate intermediate potential values. In both theoretical
methods, the most negative potential regions are concentrated around oxygen atoms. In particular, oxygen atoms in hydroxyl
groups (015, 016, 021, 022) and carbonyl-like oxygen centers form distinct red regions, indicating that they are the main
electrophilic interaction centers of the molecule. This supports the proton-accepting character of quercetin and its hydrogen
bonding capacity. Positive potential regions are located around hydrogen atoms and especially near hydroxyl protons, and
these regions can be considered as areas where the molecule can interact with nucleophilic species. The predominance of
green tones on the aromatic ring system indicates that the electron density is delocalized throughout the molecule. The
electrostatic potential values for the B3PW91 method ranged from —8.014 to +8.014 a.u., while for the B3LYP method,
this range was calculated as —7.604 to +7.604 a.u. The fact that both methods yielded similar distributions indicates that the
electrostatic properties of quercetin are largely independent of the theoretical method. However, the B3PW91 method
exhibits a wider potential range, revealing slightly more pronounced charge separation.
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Figure 3. Molecular electrostatic potential surface of the Quercetin molecule using B3PW91 and B3LYP methods
2.4. Non-Linear Optical Properties (NLO)

Nonlinear optical (NLO) properties play a significant role in optoelectronic and photonic applications. These
properties are related to the optical responses of molecules under the influence of electromagnetic fields and are
characterized by changes in the phase, amplitude, and frequency of light (Tahiroglu, Goren, et al., 2025a). Theoretical
evaluation of NLO behavior utilizes molecular parameters such as mean polarizability ({a)), polarizability anisotropy (Aa),
first-order hyperpolarizability (Bw:), second-order hyperpolarizability (y), and dipole moment (). These parameters are
calculated using tensor components obtained from quantum chemical calculations and are considered fundamental criteria
in evaluating the nonlinear optical potentials of molecules (Janjua et al., 2014).

Table 3 shows the dipole moment, polarizability, and first-order hyperpolarizability () values calculated for the
quercetin molecule using the B3PW91 and B3LYP methods. The results show that both functionals describe the electronic
properties of the molecule in a very similar way. When the dipole moment components are examined, it is seen that the
largest contribution in both methods comes from the uy component. The total dipole moment values were calculated as
4.1818 D and 4.0997 D for the B3PWO91 and B3LYP methods, respectively. These results reveal that the quercetin molecule
exhibits a distinct polar character and that the electron density is predominantly distributed in the y-direction. In addition,
the B3PW91 method yielded a slightly higher dipole moment value compared to the B3LYP functional. When the
polarizability components are evaluated, it was determined that the 0zz component has the highest value in both theoretical
levels. The average polarizability values were calculated as 117.9466 au and 118.9323 au for the B3PW91 and B3LYP
methods, respectively. The B3LYP method predicts a slightly higher polarizability value than B3PW91. This indicates that
the electron cloud of the quercetin molecule can be easily deformed under the influence of an external electric field,
exhibiting high electronic flexibility. When examining the first-order hyperpolarizability tensor components, the most
dominant contributions are found to be from the fxxy and fxxx components. For the B3PW91 method, fxxy=113.3921 au
and Pxxx=96.0431 au were calculated, while for the B3LYP method, Bxxy=111.7110 au and Pxxx=96.7538 au were
calculated. In contrast, the relatively small values of the components related to the z-axis suggest that the charge transfer
mechanism primarily occurs in the x-y plane of the molecule. The total hyperpolarizability values were found to be
1.296x1073° esu (B3PW91) and 1.280x1073° esu (B3LYP), respectively. The fact that these values are quite close to each
other indicates that the functionals used consistently and reliably describe the nonlinear optical behavior of the quercetin
molecule. The high hyperpolarizability values obtained suggest that the quercetin molecule could be a potential NLO
material for use in nonlinear optical applications.

po= 2+l + u)? ()
a(au) = % (axx + ayy + azz) (8)
Brotar = (B*x + B%y + p?2)*/? ) €))

= [(Bxxx + Bxyy + Bxzz)? + (Byyy + Byxx + yzz)? + (Bzzz + Bzxx + Bzyy)?]? (10)

Table 3. The dipole moments (Debye), polarizability (au), components, and total value of the Quercetin molecule are computed using
B3PW91 and B3LYP methods

Parameters B3PW91 B3LYP Parameters B3PW91 B3LYP
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Bxxx 96.0431 96.7538 Bx 0.3155 0.3650
Byyy 23.0571 22.1449 Ry 4.1699 4.0834
Bzzz -0.0001 -0.0053 Nz -0.0004 0.0000
Bxvyy -33.0070 -32.4195 T 4.1818 4.0997
Bxxy 113.3921 111.7110 (1h.0.¢ -115.5416 -117.2747
Bxxz 0.0040 0.0033 ayy -112.4332 -113.8800
Bxzz 2.1818 2.2046 0zz -125.8649 -125.6423
Byzz -1.3984 -1.4061 axy 3.1377 3.2071
Byvz -0.0094 -0.0061 oxz -0.0119 -0.0013
Bxvz -0.0280 0.0029 oyz 0.0059 -0.0014
B(esu) 12961073 1.280x10°3 a(au) 117.9466 118.9323

2.5. Molecular Docking Analysis

In current structure-based drug design (SPD) studies, molecular docking analyses, which are among the leading in
silico methods, play a critical role. This computational approach is widely used to predict how a potential ligand fits into
the active site of a target protein or enzyme in three-dimensional space, the thermodynamically most stable binding
conformation, and the affinity score of the complex (Dogan & Goren, 2026; Noureddine et al., 2021). It is well known in
the literature that elucidating hydrogen bonds, van der Waals forces, covalent bonds, and hydrophobic interaction networks
formed with specific amino acids at the ligand-receptor interface provides highly reliable data for understanding the
mechanisms of action of next-generation therapeutic agents (Boy et al., 2026; Ramalingam et al., 2021). In this context,
high-resolution static docking analyses and detailed examination of geometric bonding patterns provide a sufficient and
scientifically convincing level of evidence for the identification of targeted inhibitors. In line with this theoretical
framework, molecular docking studies were conducted on Quercetin against the active sites of 6QGK and 2021 enzymes,
which play a key role in leukemia pathogenesis, in order to elucidate the molecular mechanisms of action of naturally
occurring compounds with antileukemic activity potential. The obtained theoretical binding affinities (kcal/mol) and ligand-
receptor interaction scores are summarized in Table 4.

Table 4. Molecular docking interactions scores with PDBID: 6QGK, PDBID: 2021 enzymes of Quercetin compound

Docking Score
(PDB: 6QGK) (PDB: 2021)
Qurcetin -7.70 -8.50

Compound

When the docking results were examined, it was determined that the Quercetin compound showed a significant
binding affinity to both leukemia target molecules. The docking score of -8.50 kcal/mol exhibited by the compound against
the PDB:2021 enzyme, compared to the score of -7.70 kcal/mol exhibited against the PDB:6QGK enzyme, indicates a
higher binding affinity and a more thermodynamically stable conformation. Visual data generated using Discovery Studio
Visualizer software to detail the orientations of the Quercetin compound in the active pockets of the target proteins, the
three-dimensional (3D) binding modes, and the two-dimensional (2D) ligand-amino acid interaction networks are presented
in Figures 4 and 5. The parameters supporting these visual analyses and quantitatively revealing the nature of the
interactions (bond types and bond lengths) are listed in Table 5.

3D 2D

Qurcetin compound-PDBID:6QGK

Interactions
[] van der waals B Fi-Cation
[ Attractive Charge Pi-Sigma

[ conventional Hydrogen Bond Pi-Alkyl
I unfavorable Positive-Positive

Figure 4. 2D and 3D images of the Quercetin compound and PDB: 6QGK enzyme
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3D

Qurcetin compound-PDBID:2021
Interactions

[ | van der waals I Pi-Anion
[ Attractive Charge B Fi-sigma
I conventional Hydrogen Bond [ | Pi-Alkyl

- Metal-Acceptor |:] Covalent bond
- Unfavorable Metal-Donor

Figure 5. 2D and 3D images of the Quercetin compound and PDB: 2021 enzyme

Table 5. The interaction parameters between Quercetin compound and 6QGK, 2021 enzyms

Type of Bond Quercetin PDB: Bond Length (A) Quercetin PDB: 2021 Bond Length (A)
6QGK
Van der Waals ASP-102 - TYR-7 -
Interactions SER-105 - THR-5 -
ALA-113 - GLU-46 -
PHE-112 - ARG-204 -
GLU-160 - GLU-197 -
Attractive Charge GLU-152 7.94 ASP-193 5.93
Conventional Hydrogen GLN-25 5.19,5.32 VAL-196 3.50
Bonds ARG-26 5.92 - -
VAL-156 3.76 - -
Un-favorable LYS-22 4.76 - -
Positive-Positive ARG-109 2.58 - -
Pi-Cation ARG-26 6.49 - -
Pi-Sigma VAL-156 4.52 VAL-89 4.48
Pi-Alkyl VAL-156 6.00 VAL-90 5.99
VAL-159 5.88 VAL-89 4.66
- - VAL-196 4.39,4.98
Metal Acceptor - - VAL-196 5.27
Unfavorable Metal-Donor - - VAL-90 3.45
Pi-Anion - - ASP-193 4.68
Potential Covalent Bond - - THR-5 -
VAL-96 -

According to the data in Figure 4 and Table 5, the Quercetin compound stably binds to the active site of the 6QGK
enzyme. This binding is stabilized by conventional hydrogen bonds established with amino acid residues GLN-25 (5.19 A,
5.32 A), ARG-26 (5.92 A), and VAL-156 (3.76 A). Furthermore, the ligand's aromatic ring system forms a Pi-Cation
interaction (6.49 A) with the ARG-26 residue, a Pi-Sigma interaction (4.52 A) with VAL-156, and hydrophobic Pi-Alkyl
bonds (6.00 A and 5.88 A, respectively) via residues VAL-156 and VAL-159. The binding mode in the active pocket is
further supported by the widespread Van der Waals interactions established with residues ASP-102, SER-105, ALA-113,
PHE-112, and GLU-160. However, it is assessed that unfavorable positive-positive electrostatic repulsions occurring with
residues LYS-22 (4.76 A) and ARG-109 (2.58 A) within the pocket negatively affect the total energy of the system, causing
the docking score to remain at -7.70 kcal/mol.

The docking architecture of the quercetin compound with the PDB:2021 enzyme (Figure 5) reveals a very strong
and stable binding profile. This high affinity directly stems from the unique geometric bond sequence that the compound
forms with the amino acids in the active pocket. The ligand formed a very short and strong conventional hydrogen bond
(3.50 A) with residue VAL-196. In addition to the hydrogen bond network, it was determined that the functional groups of
the ligand form direct potential covalent bonds with the THR-5 and VAL-96 residues. This covalent fixation in the active
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site maximizes the conformational stability of Quercetin in the enzyme pocket. Furthermore, the aromatic centers of the
structure conduct Pi-Sigma (4.48 A) interactions with the VAL-89 residue; and multiple Pi-Alkyl (5.99 A, 4.66 A, 4.39 A
and 4.98 A, respectively) interactions with the VAL-90, VAL-89 and VAL-196 residues. Both Attractive Charge (5.93 A)
and Pi-Anion (4.68 A) interactions established with the ASP-193 residue contribute to electrostatic stability. The residues
TYR-7, THR-5, GLU-46, ARG-204, and GLU-197 extending outwards from the active pocket surround the ligand by
forming Van der Waals forces. Although a weak, unfavorable metal-donor interaction (3.45 A) is observed at the VAL-90
position, Quercetin exhibited a highly superior antileukemic inhibitor candidate performance of -8.50 kcal/mol against the
2021 enzyme due to the predominance of covalent bonds and strong hydrophobic/steric interactions. In conclusion, these
specific geometric bond patterns, hydrogen bond distances, and covalent interaction parameters theoretically confirm that
the Quercetin compound possesses a strong inhibitory potential with high conformational stability on these two target
enzymes associated with leukemia, especially on the PDB:2021 structure.

Conclusion

In this study, the structural, electronic, nonlinear optical (NLO), and bioactive properties of quercetin, a naturally occurring
flavonoid in its neutral protonation state (net charge = 0), were comprehensively investigated using Density Functional
Theory (DFT) calculations and molecular docking simulations. The theoretical results obtained using the B3PWO91 and
B3LYP functionals with the 6-31G(d,p) basis set showed a high level of consistency, confirming the reliability of the
calculated molecular properties. The HOMO-LUMO energy gap (AE) and global reactivity descriptors revealed that
quercetin possesses a stable electronic structure with balanced chemical reactivity. Mulliken charge distribution and
molecular electrostatic potential (MEP) analyses demonstrated that oxygen atoms and hydroxyl groups, particularly O15,
021, and 022, represent electron-rich reactive regions within the molecule. These sites play a crucial role not only in
intramolecular charge transfer processes but also in molecular recognition mechanisms by determining the hydrogen-
bonding ability of quercetin. Therefore, the electron density distribution and the presence of oxygen-containing functional
groups provide a structural basis for both the nonlinear optical response and the biological interaction capacity of the
molecule. The calculated high first-order hyperpolarizability () value indicates that quercetin exhibits efficient
intramolecular charge-transfer characteristics and may serve as a promising candidate for nonlinear optical (NLO) material
design in optoelectronic and photonic applications. However, the electronic characteristics responsible for its optical
response, including charge delocalization, polarizability, and electron-rich active regions, are also directly associated with
its ability to interact with biological macromolecules. In this context, the high polarizability and hydrogen-bonding potential
arising from oxygen-containing functional groups may facilitate favorable ligand—protein interactions by enhancing
electrostatic and non-covalent interactions within biological targets. To further evaluate the biological relevance of these
electronic and structural features, molecular docking analyses were performed against 6QGK and 2021 enzyme targets
associated with leukemia pathogenesis. The results revealed that quercetin can effectively interact with the active sites of
both targets with high binding affinity. Particularly, the docking score of —8.50 kcal/mol obtained for the 2021 enzyme was
supported by strong interactions within the active pocket, including interactions involving THR-5 and VAL-96 Potential
covalent bonds, hydrogen bonding with VAL-196, and additional hydrophobic interactions such as Pi-Sigma and Pi-Alkyl
contacts. These findings suggest that the electron-rich regions and hydrogen-bonding capabilities identified through DFT
calculations contribute significantly to the stabilization of ligand—protein complexes and provide a molecular basis for the
observed binding affinity. Overall, when the electronic structure, high hyperpolarizability, and biological interaction profile
of quercetin are considered together, this molecule emerges as a versatile molecular platform with potential applications in
both NLO material development and targeted therapeutic strategies. The obtained theoretical findings demonstrate a
meaningful relationship between the electronic properties governing optical behavior and the molecular interactions
responsible for biological activity, supporting quercetin as a rational and promising scaffold for multifunctional
applications.
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Klorojenik Asidin Meme Kanserine Kars1 Hedeflenen Etkisinin DFT ve Molekiiler Yerlestirme
Yontemleri Kullanilarak Arastirilmasi

OZET

Klorojenik asit, antioksidan, antienflamatuvar ve antikanser 6zellikleriyle dikkat ceken dogal bir polifenolik bilesiktir. Bu
calismada, klorojenik asidin yapisal, elektronik, dogrusal olmayan optik (NLO) ve biyolojik o6zellikleri Yogunluk
Fonksiyoneli Teorisi (DFT) hesaplamalari ve molekiiler kenetlenme analizleri kullanilarak incelenmistir. Kuantum
kimyasal hesaplamalar Gaussian 09 programinda CAM-B3LYP ve PBEPBE fonksiyonelleri ile 6-31G(d,p) temel seti
diizeyinde gergeklestirilmistir. Optimize edilen molekiiler yapr kullanilarak Mulliken atomik yiik dagilimlari, sinir
molekiiler orbital (HOMO-LUMO) enerjileri ve kiiresel reaktivite parametreleri hesaplanmistir. Ayrica, Molekiiler
Elektrostatik Potansiyel (MEP) analizi ile molekiiliin reaktif bolgeleri belirlenmis; dipol moment, ortalama polarize
edilebilirlik ve birinci dereceden hiperpolarize edilebilirlik degerleri hesaplanarak dogrusal olmayan optik o6zellikleri
degerlendirilmistir. Klorojenik asidin biyolojik aktivitesini arastirmak amaciyla meme kanseri ile iliskili hedef proteinler
Apoptotik Diizenleyici Bel-2 (PDB: 600K) ve Anti-apoptotik protein Bcl-2 (PDB: 2021) iizerinde molekiiler kenetlenme
caligmalart gergeklestirilmis, baglanma afiniteleri ve ligand—protein etkilesimleri ayrintili olarak analiz edilmistir. Elde
edilen bulgular, klorojenik asidin elektronik yapisi, kimyasal reaktivitesi ve biyolojik potansiyeli hakkinda 6nemli bilgiler
sunmakta olup, meme kanserine yonelik potansiyel bir terapotik aday olabilecegini gostermektedir.

Anahtar Kelimeler:

Klorojenik asit, Yogunluk Fonksiyonel Teorisi (DFT), Molekiiler kenetlenme, Meme kanseri, HOMO-LUMO

Investigation of the Targeted Effect of Chlorogenic Acid Against Breast Cancer Using DFT and
Molecular Docking Methods

ABSTRACT

Chlorogenic acid is a naturally occurring polyphenolic compound with remarkable antioxidant, anti-inflammatory, and
anticancer activities. In this study, its structural, electronic, nonlinear optical (NLO), and biological properties were
investigated using Density Functional Theory (DFT) calculations and molecular docking analyses. Quantum chemical
calculations were performed with the Gaussian 09 software package using the CAM-B3LYP and PBEPBE functionals in
combination with the 6-31G(d,p) basis set. The optimized molecular structure was used to determine Mulliken atomic
charges, frontier molecular orbital (HOMO-LUMO) energies, and global reactivity descriptors. Molecular Electrostatic
Potential (MEP) analysis was carried out to identify the reactive regions of the molecule, while the dipole moment, mean
polarizability, and first-order hyperpolarizability were calculated to evaluate its NLO properties. Molecular docking
simulations against the breast cancer-related target proteins Apoptosis Regulator Bcl-2 (PDB: 600K) and Anti-apoptotic
protein Bel-2 (PDB: 2021) were performed to investigate the binding affinity and ligand—protein interactions of chlorogenic
acid. The obtained results provide valuable insights into the electronic characteristics, chemical reactivity, and biological
potential of chlorogenic acid, highlighting its promise as a candidate for breast cancer-related therapeutic applications.

Keywords:
Chlorogenic acid, Density Functional Theory (DFT), Molecular docking, Breast cancer, HOMO-LUMO
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Introduction

Chlorogenic acid (CGA) is a naturally occurring polyphenolic compound formed by the esterification of caffeic acid
and quinic acid and is one of the major hydroxycinnamic acid derivatives (Naveed et al., 2018). It is widely distributed in
coffee beans, tea, fruits, vegetables, and numerous medicinal plants, making it one of the most abundant phenolic
compounds in the human diet (Miao & Xiang, 2020). Owing to its multiple hydroxyl groups and conjugated molecular
structure, CGA exhibits remarkable antioxidant activity and has attracted increasing scientific interest because of its diverse
biological properties, including anti-inflammatory, antimicrobial, antiviral, neuroprotective, cardioprotective,
hepatoprotective, and anticancer effects (Liang & Kitts, 2015). Recent experimental studies have demonstrated that CGA
regulates oxidative stress, inflammatory signaling pathways, cell proliferation, and apoptosis, suggesting its potential
therapeutic value in the prevention and treatment of various diseases, particularly cancer (Nguyen et al., 2024).

Understanding the biological activity of bioactive molecules requires comprehensive knowledge of their structural
and electronic characteristics (Goren & Yildiko, 2024). Density Functional Theory (DFT) has become a reliable
computational approach for investigating molecular geometry, electronic structure, frontier molecular orbitals (HOMO and
LUMO), global reactivity descriptors, and charge distribution (Baglan, Goren, et al., 2023b). In addition, Molecular
Electrostatic Potential (MEP) analysis provides valuable information regarding electrophilic and nucleophilic reactive
regions, whereas nonlinear optical (NLO) calculations enable the evaluation of molecular electronic response through
dipole moment, polarizability, and hyperpolarizability parameters (Tahiroglu, Goren, & Baglan, 2025). Furthermore,
molecular docking has become an effective computational tool for predicting ligand—protein binding modes, binding
affinities, and intermolecular interactions at the atomic level, thereby facilitating the identification of potential therapeutic
targets (Tahiroglu, Goren, Kotan, et al., 2025).

In the present study, the structural, electronic, and nonlinear optical (NLO) properties of chlorogenic acid were
systematically investigated using DFT calculations at the CAM-B3LYP/6-31G(d,p) and PBEPBE/6-31G(d,p) levels of
theory. Mulliken atomic charges, HOMO-LUMO energies, global reactivity descriptors, and Molecular Electrostatic
Potential (MEP) maps were analyzed to elucidate the electronic characteristics and reactive behavior of the molecule. In
addition, molecular docking simulations were performed against the breast cancer-related target proteins PDB: 600K and
PDB: 2021 to evaluate the binding affinity and ligand—protein interactions of chlorogenic acid. The combined theoretical
and molecular modeling approaches provide a comprehensive understanding of the electronic behavior and biological
potential of chlorogenic acid and support its possible application as a promising natural compound for breast cancer-related
therapeutic research.

1. Materials and Methods

The biological potential of chlorogenic acid was comprehensively investigated through quantum chemical
calculations and molecular docking. All quantum chemical calculations were performed within the framework of Density
Functional Theory (DFT) using the Gaussian 09 software package ( Frisch, M.J., 2009). The optimized molecular geometry,
electronic properties, and chemical reactivity descriptors of chlorogenic acid were determined employing the CAM-B3LYP
and PBEPBE exchange—correlation functionals with the 6-31G(d,p) basis set. Molecular docking simulations were
conducted using the crystal structures of the target proteins retrieved from the Protein Data Bank (PDB) (Bank, 2007, 2019).
Prior to docking, the protein structures were prepared by removing crystallographic water molecules, adding missing
hydrogen atoms, and assigning appropriate protonation states to ensure suitable docking conditions. The binding affinity
and binding mode of chlorogenic acid toward the active sites of the target proteins were subsequently evaluated using
AutoDock Vina (Eberhardt et al., 2021). The resulting protein—ligand complexes were further analyzed to characterize their
binding modes and intermolecular interactions, which were visualized using Discovery Studio Visualizer (BIOVIA, version
2016) (BIOVIA, 2016).

2. Results and Discussion

2.1. Mulliken atomic Charges

Mulliken atomic charge analysis provides important information about the electronic structure and chemical
reactivity of a molecule by determining the distribution of electron density among atoms (Baglan, Goren, et al., 2023a;
Goren, Baglan, & Yildiko, 2024a). Atoms with a negative Mulliken charge represent electron-rich (nucleophilic) regions,
while atoms with a positive charge represent electron-poor (electrophilic) regions (Goren et al., 2022; Goren, Baglan, &
Yildiko, 2024b). Therefore, Mulliken charges are an important quantum chemical parameter widely used in identifying
potential reactive centers within a molecule, explaining charge transfer mechanisms, and evaluating the polarization of
chemical bonds (Goéren, Baglan, Tahiroglu, et al., 2024; Goéren, Baglan, Yildiko, et al., 2024).

Table 1 presents the Mulliken atomic charges of the chlorogenic acid molecule calculated using the CAM-B3LYP
and PBEPBE methods. Both calculation methods yielded very similar results in terms of atomic charge distribution,
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indicating that the electronic structure of the molecule is consistent. The highest negative charge values were observed in
oxygen atoms. Specifically, atoms 020 (-0.590 and -0.550), O7 (-0.578 and -0.535), O10 (-0.568 and -0.520), O9 (-0.566
and -0.562), and 021 (-0.565 and -0.526) were identified as the most electron-rich regions. This indicates that hydroxyl and
carbonyl oxygens possess strong electron-withdrawing characteristics and form potential active centers for nucleophilic
interactions. In contrast, the highest positive charges were calculated on carbon atoms. Specifically, atoms C11 (0.628 and
0.581) and C23 (0.601 and 0.569) have the highest positive charge values, suggesting that carbonyl carbons are electron-
poor (electrophilic) centers. Furthermore, the positive charge of atoms C16 and C17 reveals that these regions contribute to
the intramolecular charge distribution. All hydrogen atoms, as expected, have positive charge values, with higher positive
charges calculated particularly on hydrogen atoms attached to hydroxyl groups (H33, H40, H41, H42, and H43). This
supports a predisposition to hydrogen bonding. While there are only minor quantitative differences between the CAM-
B3LYP and PBEPBE methods in general, both methods similarly described the charge distribution in the chlorogenic acid
molecule. The concentration of negative charges on oxygen atoms and positive charges on carbonyl carbons and hydroxyl
hydrogens indicates the molecule's potential electrophilic and nucleophilic attack sites, yielding results consistent with
electronic properties obtained from MEP and HOMO-LUMO analyses.

Table 1. Mulliken atomic charges of the Chlorogenic acid molecule

ATOMS CAM-B3LYP PBEPBE ATOMS CAM-B3LYP PBEPBE
Cl -0.180 -0.200 021 -0.565 -0.526
C2 0.132 0.121 022 -0.517 -0.512
C3 0.165 0.092 C23 0.601 0.569
C4 0.170 0.086 024 -0.461 -0.438
(O3] -0.201 -0.204 025 -0.476 -0.443
C6 0.141 0.092 H27 0.096 0.099
o7 -0.578 -0.535 H28 0.126 0.130
08 -0.507 -0.457 H29 0.114 0.110
09 -0.566 -0.562 H30 0.139 0.138
010 -0.568 -0.520 H31 0.116 0.116
Cl1 0.628 0.581 H33 0.332 0.318
C12 -0.165 -0.162 H34 0.113 0.119
CI13 -0.083 -0.103 H35 0.122 0.127
Cl4 0.114 0.117 H36 0.106 0.112
CI5 -0.140 -0.146 H37 0.089 0.100
Cl6 0.309 0.291 H38 0.097 0.107
Cl17 0.290 0.277 H40 0.338 0.334
C18 -0.132 -0.140 H41 0.340 0.330
CI19 -0.144 -0.149 H42 0.317 0.314
020 -0.590 -0.550 H43 0.319 0.342

2.2. HOMO-LUMO Analysis

HOMO-LUMO analysis is a widely used theoretical approach to assessing the electronic structure, chemical
stability, and reactivity of a molecule (Baglan et al., 2022; Goren, Baglan, & Yildiko, 2025). HOMO represents the tendency
to donate electrons, while LUMO represents the tendency to accept electrons. The energy difference (AE) between these
two orbitals is a significant indicator of the molecule's stability and chemical reactivity, and together with the spherical
reactivity parameters obtained from DFT calculations, it allows for a detailed interpretation of the molecule's electronic
behavior (Baglan, Goren, Tahiroglu, et al., 2026; Baglan, Yildiko, et al., 2023).

The HOMO, HOMO-1, LUMO, and LUMO+1 orbital distributions of chlorogenic acid were calculated using the
CAM-B3LYP and PBEPBE/6-31G(d,p) methods, and the results are given in Figure 1, Figure 2, and Table 2. The HOMO-
LUMO energy range calculated using the CAM-B3LYP method (9.1622 eV) was found to be higher than that calculated
using the PBEPBE method (4.7826 eV). This indicates that the molecule has higher electronic stability and lower chemical
reactivity compared to CAM-B3LYP. In contrast, the PBEPBE method reveals that the molecule exhibits higher reactivity
and easier electron transition due to its lower energy range. In both methods, the HOMO orbital is predominantly
concentrated on the catechol ring and conjugated n-system, while the LUMO orbital is concentrated on the ester bond and
conjugated carbon atoms. This distribution suggests that intramolecular charge transfer (ICT) can occur from the phenolic
moiety to the ester group during electronic excitation. The CAM-B3LYP method indicates that the molecule is more stable
with higher chemical hardness (n=4.5811 eV) and lower chemical softness (s=0.1091), while the PBEPBE method predicts
higher chemical reactivity due to lower hardness (n=2.3913 eV) and higher softness (s=0.2091). Furthermore, the higher
electrophilicity index (=2.6377) calculated using the PBEPBE method shows that the molecule has a greater tendency to
accept electrons compared to the CAM-B3LYP method. Overall, both functionals demonstrate that chlorogenic acid
possesses an effective charge transfer capacity thanks to its conjugated m-electron system. CAM-B3LYP defines the
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molecule as more stable, while the PBEPBE functional predicts higher reactivity and electrophilic character. These

differences stem from the fact that the functionals used describe the electronic structure differently.

AE = |EHOMO — ELUMO|
n=~1-4)/2
s=1/2n

_(I+4)
2

x=0+4)/2
w = u*/2n

DNt A WD R

Table 2. The HOMO and LUMO quantum chemical characteristics determined by applying the CAM-B3LYP and PBEPBE techniques

for the Chlorogenic acid molecule

Enomo Erumo Enomo- Evrumo-1 AE I 4 n s u x o
CAM-B3LYP -7.8516 1.3106 -8.2470 1.6214 9.1622 7.8516 -1.3106 4.5811 0.1091 -3.2705 3.2705 1.1667
PBEPBE -5.9430 -1.1604 -6.1208 -1.0572 4.7826 5.9430 0.1604 2.3913 0.2091 -3.5517 3.5517 2.6377

AE—Energy Gap, [—Ionization Potential(—Enomo), A—Electron Affinity(—ELymo), #—Chemical hardness, s—Chemical softness, #—Chemical Potential,
x—Electronegativity, @—Electrophilicity in

LUMO
E=1.3106 eV

AE-9.1622¢V] [ DFT/CAM-B3LYP/6-31G(d,p) |

LUMO+1
E=1.6214 ¢V

O%I

f HOMO N’ HOMO-1

E=-7.8516 eV E=-8.2470 eV

Figure 1. Boundary molecular orbitals of the Chlorogenic acid molecule according to the CAM-B3LYP level
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LUMO
E=-1.1604 eV

LUMO+I1
E=-1.0572 eV

| DFT/PBEPBE/6-31G(dp) |

HOMO
E=-5.9430 eV

HOMO-1
E=-6.1208 eV

Figure 2. Boundary molecular orbitals of the Chlorogenic acid molecule according to the PBEPBE level

2.3. Molecular electrostatic potential (MEP)

Molecular Electrostatic Potential (MEP) analysis is an effective computational method that provides important
information about a molecule's electronic structure and chemical reactivity by visualizing the distribution of electrostatic
potential on its surface (Baglan, Goren, Kotan, et al., 2026; Goren et al., 2026). MEP maps are widely used to identify
regions susceptible to electrophilic and nucleophilic attacks on a molecule, as well as to predict weak intermolecular
interactions such as hydrogen bonding. On MEP surfaces, red color represents regions with high electron density and
negative electrostatic potential, thus representing centers suitable for electrophilic attacks (GOREN, BAGLAN, YILDIKO,
et al., 2024; Tahiroglu et al., 2024). In contrast, blue color indicates regions with low electron density and positive
electrostatic potential, representing areas more susceptible to nucleophilic attacks. Green color shows neutral regions with
approximately zero electrostatic potential (Eberhardt et al., 2021). This distribution of electrostatic potential on the
molecular surface allows for the identification of chemically active centers, while also contributing to qualitative
assessments of intermolecular interactions, molecular recognition mechanisms, and the overall chemical reactivity of the
molecule (Goren, Baglan, Tahiroglu, et al., 2025).

Figure 3 presents the Molecular Electrostatic Potential (MEP) surfaces of the chlorogenic acid molecule calculated
using the CAM-B3LYP and PBEPBE functionals. Examination of the MEP maps obtained by both methods reveals that
the electrostatic potential distribution is quite similar, and the reactive regions of the molecule are consistently determined
by both functionals. Electrostatic potential values for the CAM-B3LYP method ranged from —8.097 to +8.097 a.u., while
for the PBEPBE method they ranged from —8.812 to +8.812 a.u. The negative electrostatic potential regions shown in red
on the MEP maps represent centers with high electron density. These regions are predominantly concentrated around the
oxygen atoms in the molecule, indicating that oxygen atoms, particularly those in carboxylic acids, esters, and hydroxyl
groups, exhibit an electron-rich character. Therefore, these regions can be considered the most suitable centers for
electrophilic attacks and hydrogen bond acceptor interactions. In contrast, the regions of positive electrostatic potential,
shown in blue, are observed around hydrogen atoms, particularly those bonded to hydroxyl groups. This indicates that these
hydrogen atoms are electron-poor and more prone to interacting as hydrogen bond donors through nucleophilic attacks. The
green regions observed over a large portion of the molecular surface represent neutral areas with approximately zero
electrostatic potential, suggesting relatively low chemical reactivity. Although there are only minor differences in the
magnitude of the electrostatic potential between the CAM-B3LYP and PBEPBE methods, the positions of the negative and
positive potential regions largely overlap. This result demonstrates that both DFT functionals reliably characterize the
electronic charge distribution of the chlorogenic acid molecule. The obtained MEP maps reveal that the reactive centers of
chlorogenic acid are concentrated particularly around oxygen atoms, indicating a high hydrogen bonding capacity of the
molecule. These properties can be considered as electronic characteristics that may play an important role in the interactions
of chlorogenic acid with biological targets and its antioxidant activity.
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Figure 3. Molecular electrostatic potential surface of the Chlorogenic acid molecule using CAM-B3LYP and PBEPBE methods

2.4. Non-linear optical properties (NLO)

Nonlinear optical (NLO) properties constitute a significant research area in advanced materials applications such as
optoelectronics, photonics, and optical data processing technologies (Kartal et al., 2026). The NLO behavior of a molecule
is related to its optical response, which arises from the rearrangement of its electronic cloud in the face of an applied
electromagnetic field. This response is characterized by changes in the amplitude, phase, and frequency of light and is
directly dependent on the electronic structure of the molecule (Shafiq et al., 2024). In the theoretical evaluation of the NLO
performance of molecules, fundamental molecular parameters such as dipole moment (i), mean polarizability ({a)),
polarizability anisotropy (Aa), total first-order hyperpolarizability (Btot), and second-order hyperpolarizability (y) are used
(Asif et al., 2022). These parameters are calculated from the polarizability and hyperpolarizability tensor components
obtained from quantum chemical calculations and are considered fundamental indicators in evaluating the nonlinear optical
performance of molecules and their potential in optical applications (Sharma & Sekar, 2024).

The nonlinear optical (NLO) properties of chlorogenic acid were investigated using CAM-B3LYP and PBEPBE
functionals; the dipole moment (1), mean polarizability (ct), and first-order hyperpolarizability (B) values are given in Table
3. The total dipole moment was calculated as 4.7613 D for the CAM-B3LYP method and 9.6989 D for the PBEPBE method.
The higher dipole moment obtained with PBEPBE indicates a more pronounced charge separation within the molecule and
a higher polar character. This strengthens the molecule's interaction with external electric fields, providing an advantage
for optoelectronic and photonic applications. The mean polarizability (o)) values were found to be 130.3949 and 135.7672
a.u. for the CAM-B3LYP and PBEPBE methods, respectively. The higher a value calculated with PBEPBE indicates that
the electron cloud can be polarized more easily under the influence of an external electric field, and the optical response of
the molecule is enhanced. The first-order total hyperpolarizability (B) values were calculated as 3.85%107*° esu for CAM-
B3LYP and 6.21x107%° esu for PBEPBE. The approximately 61% higher  value obtained with PBEPBE shows that this
method more effectively describes charge transfer within the molecule. The high § value reveals that chlorogenic acid has
significant potential in terms of nonlinear optical applications such as second harmonic generation (SHG), electro-optical
modulation, frequency conversion, and optical switching. When the hyperpolarizability tensor components are examined,
it is seen that the f<sub>xxx</sub> component is dominant in both methods. This indicates that the nonlinear optical
response is largely due to intramolecular charge transfer in the x-direction. The lower values of the f<sub>yyy</sub> and
B<sub>zzz</sub> components suggest that the NLO response is concentrated along a specific molecular axis, resulting
from electron delocalization between the n-conjugated structure and hydroxyl groups. Overall, both functionals demonstrate
that chlorogenic acid possesses high molecular polarity, pronounced polarizability, and strong NLO properties. However,
the PBEPBE method yielded systematically higher values for the p, o, and  parameters. These findings suggest that
chlorogenic acid is a promising organic molecule for nonlinear optical materials, photonic devices, and optoelectronic
applications.

1
wo= (2 + 1l + p2)? Q)
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Table 3. The dipole moments (Debye), polarizability (au), components, and total value of the Chlorogenic acid molecule are computed
using CAM-B3LYP and PBEPBE methods

Parameters CAM-B3LYP PBEPBE Parameters CAM-B3LYP PBEPBE
Bxxx 388.9138 638.9996 x 3.6433 9.4356
Byyy -57.6864 -6.1431 Ly -0.7170 -0.4985
Bzzz -2.8579 -11.6308 Nz -2.9803 -2.1884
Bxvyy -0.1595 53.3344 [TTO) 4.7613 9.6989
Bxxy -87.7327 -29.4834 axx -99.2273 -108.9268
Pxxz -133.7936 -115.2969 ayy -149.3873 -158.4176
Pxzz 10.2224 15.0685 0zzZ -142.5702 -139.9571
Pyvzz 12.4643 -7.4108 axy 25.2242 3.2337
Byvz -6.9098 6.4068 uxz -7.4766 -9.5763
Bxvz -13.7487 -17.4368 ayz -1.4089 5.3961

P(esu) 3.85x1073° 6.21x1073° a(au) 130.3949 135.7672

2.5. Molecular docking analysis

Molecular docking is one of the fundamental computational approaches in structure-based drug design and plays a
crucial role in modern drug discovery by predicting the binding mode and affinity of small molecules toward biological
targets (Goren, Kotan, et al., 2024). This technique enables the identification of the most favorable ligand—protein
interactions through three-dimensional simulations, providing valuable insights into the molecular mechanisms underlying
biological activity (Agbektas et al., 2026). Compared with conventional experimental screening methods, molecular
docking is a rapid, cost-effective, and reliable in silico strategy that significantly reduces both time and resources required
during the early stages of drug development (Boy et al., 2026; Kotan et al., 2025). Breast cancer remains one of the most
frequently diagnosed malignancies and is a leading cause of cancer-related mortality among women worldwide. Despite
considerable advances in diagnosis and treatment, the development of drug resistance, tumor recurrence, and adverse effects
associated with current therapeutic agents continue to limit clinical outcomes. Therefore, the identification of novel
compounds with high affinity toward breast cancer-associated molecular targets has become an important objective in
anticancer drug discovery (Cava & Castiglioni, 2020). In the present study, molecular docking analysis was performed to
evaluate the binding interactions of the investigated compounds with selected breast cancer-related protein targets.

The molecular docking scores of chlorogenic acid against the selected breast cancer-related target proteins have been
presented in Table 4. The compound exhibited binding affinities of —6.40 kcal/mol toward PDB ID: 600K and —7.40
kcal/mol toward PDB ID: 2021. Since more negative docking scores indicate stronger ligand—protein interactions,
chlorogenic acid demonstrated a higher binding affinity for the protein represented by PDB ID: 2021 than for PDB ID:
600K. The docking results suggest that chlorogenic acid can interact favorably with both target proteins through stable
ligand—protein complexes. The stronger binding observed for PDB ID: 2021 indicates that this target may be more
susceptible to inhibition by chlorogenic acid. Overall, these findings support the potential biological activity of chlorogenic
acid against breast cancer-related molecular targets and provide a theoretical basis for further interaction analysis and
experimental validation.

Table 4. Molecular docking interactions scores with PDBID: 600K, PDBID: 2021 enzymes of Chlorogenic acid compound
Docking Score

(PDB: 600K) (PDB: 2021)
Chlorogenic acid -6.40 -7.40

Compound

Figures 4 and 5 illustrate the three-dimensional (3D) binding conformations and two-dimensional (2D) interaction
maps of chlorogenic acid with the breast cancer-related target proteins PDB ID: 600K and PDB ID: 2021, respectively.
The 3D representations demonstrate that chlorogenic acid is well accommodated within the active binding pockets of both
proteins, indicating favorable geometric complementarity between the ligand and the receptor. The ligand occupies the
catalytic cavity without significant steric clashes, supporting the stability of the docked complexes. For PDB ID: 600K
(Figure 4), chlorogenic acid exhibited a docking score of —6.40 kcal/mol. The 2D interaction diagram reveals that the ligand
is stabilized by several conventional hydrogen bonds, particularly with Asp90, Lys53, and Arg45, which contribute
significantly to the orientation and stabilization of the ligand inside the binding pocket. In addition, carbon hydrogen bonds
and numerous van der Waals interactions with surrounding residues, including Arg29, Ala30, Asp87, and Asn97, further
reinforce the ligand—protein complex. The aromatic ring of chlorogenic acid also participates in m—cation and m—sigma
interactions, enhancing the overall binding stability through hydrophobic and electrostatic contacts.
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Figure 5. 2D and 3D images of the Chlorogenic acid compound and PDB: 2021 enzyme

The detailed ligand—protein interaction parameters of chlorogenic acid with PDB IDs 600K and 2021 have been
presented in Table 5. The interaction profiles reveal that the stability of both docked complexes is governed by a combination
of hydrogen bonding, hydrophobic contacts, electrostatic interactions, and van der Waals forces. For PDB ID: 600K,
chlorogenic acid established four conventional hydrogen bonds with Asp10, Asnl182, Aspl71, and Thr178, with bond
distances ranging from 4.15 to 5.32 A. These hydrogen bonds play a significant role in anchoring the ligand within the active
site and contribute to the specificity of the ligand—protein interaction. In addition, a carbon hydrogen bond was observed
with Argl2 at 3.78 A, while a n-cation interaction involving the same residue was detected at 4.06 A, indicating favorable
electrostatic attraction between the aromatic ring of chlorogenic acid and the positively charged amino acid side chain.
Furthermore, a -sigma interaction with Leul75 (4.64 A) and an amide n-stacked interaction with Ala174 (6.79 A) enhanced
the hydrophobic stabilization of the complex. The ligand was also surrounded by several residues, including Vall5, Trp30,
and Glul3, through van der Waals interactions, which further strengthened the overall binding. Although two unfavorable
donor—donor interactions with Asn11 (2.98 A) and Leul75 (4.07 A) were identified, their influence appears to be outweighed
by the extensive network of favorable intermolecular interactions.

For PDB ID: 2021, chlorogenic acid exhibited a more compact interaction network that is consistent with its lower
docking score (—7.40 kcal/mol). The ligand formed two conventional hydrogen bonds with Argl26 and Alal46, having
bond lengths of 4.76 A and 3.28 A, respectively. A carbon hydrogen bond with Glul33 (5.99 A) was also observed.
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Hydrophobic stabilization was further supported by a n-sigma interaction with Val130 (4.00 A) and a m-alkyl interaction
with Met112 (4.91 A). In addition, van der Waals interactions involving Thr129, Asp108, Phe109, Val131, and Leul34
contributed to the stabilization of the ligand within the binding pocket. Interestingly, a metal acceptor interaction involving
Thr129 and a covalent interaction with Vall30 were also predicted, suggesting additional stabilizing contacts that may
enhance ligand retention in the active site. Overall, chlorogenic acid interacted favorably with both breast cancer-related
target proteins through multiple non-covalent interactions. The interaction profile of PDB ID: 2021 indicates a more
favorable binding environment, characterized by stronger hydrophobic contacts and additional stabilizing interactions,
which is in agreement with its more negative docking score (—7.40 kcal/mol) compared with PDB ID: 600K (—6.40
kcal/mol). These findings suggest that chlorogenic acid possesses a higher binding affinity toward the 2021 target and may
therefore exhibit greater inhibitory potential against this breast cancer-associated protein.

Table 5. The interaction parameters between Chlorogenic acid compound and 600K, 2021 enzymes

Type of Bond Chlorogenic acid Bond Chlorogenic acid Bond Length (A)
PDB: 600K Length (A) PDB: 2021
Van der Waals Interactions VAL-15 - THR-129 -
TRP-30 - ASP-108 -
GLU-13 - PHE-109 -
- - VAL-131 -
- - LEU-134 -
Conventional Hydrogen ASP-10 4.15 ARG-126 4.76
Bonds ASN-182 5.32 ALA-146 3.28
ASP-171 4.89 - -
THR-178 4.53 - -
Carbon Hydrogen Bond ARG-12 3.78 GLU-133 5.99
Unfavorable ASN-11 2.98 - -
Donor -Donor LEU-175 4.07 - -
Pi-Cation ARG-12 4.06 - -
Pi-Sigma LEU-175 4.64 VAL-130 4.00
Amide Pi-Stacked Ala-174 6.79 - -
Metal Acceptor - - THR-129 -
Pi-Alkyl - - MET-112 491
Covalent Bond - - VAL-130 4.90
Conclusion

In this study, the structural, electronic, nonlinear optical (NLO), and biological properties of chlorogenic acid were
comprehensively investigated using Density Functional Theory (DFT) calculations and molecular docking simulations.
Mulliken atomic charge and Molecular Electrostatic Potential (MEP) analyses revealed that the molecule's reactive centers
are primarily localized on electron-rich oxygen atoms and electron-poor hydroxyl hydrogens, highlighting its strong
hydrogen bonding capacity and susceptibility to both electrophilic and nucleophilic interactions. Frontier molecular orbital
(HOMO-LUMO) analysis demonstrated effective intramolecular charge transfer, with the PBEPBE functional predicting
a narrower energy gap (AE = 4.7826 eV) and higher chemical reactivity compared to the CAM-B3LYP functional.
Furthermore, NLO calculations indicated that chlorogenic acid possesses a significant dipole moment, mean polarizability,
and high first-order hyperpolarizability (f: 6.21x107° esu via PBEPBE). These strong nonlinear optical responses suggest
that the molecule also holds promising potential for future optoelectronic and photonic applications. Molecular docking
simulations provided critical insights into the compound's therapeutic potential against breast cancer. Chlorogenic acid
successfully accommodated the active sites of both targeted proteins, exhibiting a more favorable binding affinity toward
the PDB: 2021 target (—7.40 kcal/mol) than the PDB: 600K target (—6.40 kcal/mol). The stability of the formed ligand—
protein complexes is primarily driven by a robust network of conventional hydrogen bonds, reinforced by various
hydrophobic contacts, -interactions, and van der Waals forces. Collectively, these computational and theoretical findings
elucidate the distinct electronic behavior and strong binding mechanisms of chlorogenic acid, establishing a solid theoretical
foundation for its consideration as a promising therapeutic candidate in breast cancer drug discovery. These predictive
results strongly support the need for further in vitro and in vivo experimental validations.
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Travmatik Dogum Deneyimi: Risk Faktorleri, Sonu¢lar1 ve Hemsirelik Yaklasimlari

OZET

Travmatik dogum deneyimi, dogumun fiziksel boyutlarinin 6tesinde, kadinin dogum siirecini yasamina veya bebeginin
yasamina yonelik bir tehdit, kontrol kaybi, yogun korku, caresizlik ya da gii¢siizliik duygulariyla iliskilendirdigi 6znel ve
cok boyutlu bir psikolojik deneyimdir. Son yillarda yapilan galigmalar, travmatik dogum deneyiminin yalnizca dogum anini
degil, annenin ruh sagligini, anne-bebek baglanmasini, ebeveynlik siirecini ve sonraki gebelik kararlarini etkileyen 6nemli
bir halk saglig1 sorunu oldugunu gdstermektedir. Arastirmalar, travmatik dogum deneyiminin doguma bagli travma sonrast
stres bozuklugu (TTSB), depresyon, anksiyete, emzirme giicliikleri ve anne-bebek etkilesiminde bozulma gibi olumsuz
sonuglarla iligkili oldugunu ortaya koymaktadir. Travmatik dogum deneyiminin gelisiminde kadina ait bireysel dzellikler,
obstetrik komplikasyonlar, dogum siirecinin yonetimi ve saglik profesyonelleri tarafindan sunulan bakimin niteligi birlikte
etkili olmaktadir. Ozellikle yetersiz iletisim, kadimn karar verme siirecine katilimimin desteklenmemesi, saygili bakim
ilkelerinin g6z ard1 edilmesi ve emosyonel destegin yetersizligi degistirilebilir risk faktorleri arasinda yer almaktadir. Buna
karsin kadin merkezli, travma bilgili ve kanita dayali bakim yaklasimlarmin travmatik dogum deneyiminin 6nlenmesi ve
olumsuz sonuglarinin azaltilmasinda 6nemli katkilar saglayabilecegi bildirilmektedir. Bu derlemede, travmatik dogum
deneyiminin risk faktorleri, sonuglar1 ve kadin sagligi hemsireliginde uygulanabilecek giincel bakim yaklasimlari giincel
literatiir dogrultusunda degerlendirilmistir.

Anahtar Kelimeler:

Dogum, Kadin Sagligi, Psikolojik Travma, Hemsirelik Bakimi1

Traumatic Birth Experience: Risk Factors, Consequences, and Nursing Approaches

ABSTRACT

Traumatic birth experience is a subjective and multidimensional psychological experience in which a woman perceives the
childbirth process beyond its physical aspects and associates it with threats to her own life or the life of her baby, loss of
control, intense fear, helplessness, or powerlessness. Recent studies have demonstrated that traumatic birth experience is
not limited to the moment of childbirth but represents an important public health concern affecting maternal mental health,
mother—infant bonding, the parenting process, and decisions regarding future pregnancies. Research indicates that traumatic
birth experience is associated with adverse outcomes such as childbirth-related post-traumatic stress disorder (CB-PTSD),
depression, anxiety, breastfeeding difficulties, and impaired mother—infant interaction. The development of traumatic birth
experience is influenced by the interaction of individual maternal characteristics, obstetric complications, management of
the childbirth process, and the quality of care provided by healthcare professionals. In particular, inadequate
communication, limited involvement of women in decision-making processes, disregard for respectful care principles, and
insufficient emotional support are among the modifiable risk factors. Conversely, woman-centered, trauma-informed, and
evidence-based care approaches have been reported to contribute significantly to the prevention of traumatic birth
experiences and the reduction of their negative consequences. This review evaluates the risk factors, consequences, and
current care approaches that can be implemented in women’s health nursing regarding traumatic birth experience based on
current literature.

Keywords:
Childbirth, Women's Health, Psychological Trauma, Nursing Care
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Giris

Dogum, fizyolojik bir siire¢ olmasinin yani sira kadin yasaminda énemli biyolojik, psikolojik ve sosyal degisimlerin
yasandigi kritik bir yasam olayidir. Her ne kadar ¢ogu kadin i¢in olumlu ve gii¢lendirici bir deneyim olarak degerlendirilse de,
bazi kadinlar dogumu yogun korku, ¢aresizlik, kontrol kaybi veya yagaminin ya da bebeginin yagaminin tehdit altinda oldugu
bir olay olarak algilayabilmektedir (Wang vd., 2025). Son yillarda dogum deneyiminin yalnizca obstetrik sonuglar agisindan
degil, kadinin dogumu nasil algiladigi ve deneyimledigi acisindan da degerlendirilmesi gerektigi vurgulanmaktadir. Bu
dogrultuda, travmatik dogum deneyimi, kadinin dogumu fiziksel olaylarin 6tesinde psikolojik olarak travmatik bigimde

deneyimlemesi olarak tanimlanmakta ve perinatal ruh sagligimin 6nemli belirleyicilerinden biri olarak kabul edilmektedir
(Horsch vd., 2024; Uddin vd., 2022).

Literatiirde travmatik dogum deneyiminin, doguma bagl travma sonrasi stres bozuklugu (Childbirth-related Post-
Traumatic Stress Disorder, CB-PTSB) gelisiminde temel risk etmenlerinden biri oldugu bildirilmektedir. Bununla birlikte,
travmatik dogum deneyimi yasayan her kadinda CB-PTSB gelismemekle birlikte, bu deneyim; depresyon, anksiyete, anne-
bebek baglanmasinda giigliik, emzirme sorunlari, ebeveynlik roliine uyumda giiclitk ve sonraki gebeliklere iliskin korku gibi
cok yonlil olumsuz sonuglarla iliskilendirilmektedir (Handelzalts vd., 2025).Ayrica travmatik dogum deneyiminin kadinlarin
saglik hizmetlerine duydugu giiveni azaltabildigi ve sonraki dogum tercihlerinde belirleyici olabildigi ifade edilmektedir (Ayers
vd., 2016; Horsch vd., 2024).

Travmatik dogum deneyiminin ortaya ¢ikisi tek bir nedene baglanamamakta; bireysel, obstetrik ve saglik hizmetine
iliskin cok sayida faktdriin etkilesimi sonucunda gelismektedir. Onceden var olan psikolojik sorunlar, travma Sykiisii, dogum
korkusu, beklenmeyen obstetrik komplikasyonlar, acil girisimler ve yogun agr1 gibi klinik faktorlerin yani sira; etkisiz iletisim,
yetersiz bilgilendirme, kadinin karar verme siirecine katiliminin sinirlanmasi, mahremiyetin korunamamasi ve destekleyici
bakimin yetersizligi gibi bakim siireclerine iliskin etkenlerin de travmatik dogum algisim1 6nemli Olgiide etkiledigi
bildirilmektedir. Bu durum, travmatik dogum deneyiminin yalnizca tibbi komplikasyonlarla agiklanamayacagini, bakimin
niteliginin de belirleyici oldugunu gdstermektedir (Ayers vd., 2024).

Son yillarda yayimlanan galigmalar, travmatik dogum deneyiminin dnlenmesi ve olumsuz sonuglarinin azaltilmasinda
kadin merkezli, saygili ve travma duyarli bakim yaklasimlarinin 6nemini vurgulamaktadir(Heyne vd., 2022; Zedan , 2025).
Ozellikle travmatik dogum Oykiisii bulunan kadmlarin sonraki gebeliklerinde bireysellestirilmis bakim planlarinmn
olusturulmasi, psikolojik gereksinimlerin erken donemde belirlenmesi ve bakim siirekliliginin saglanmasinin olumlu dogum
deneyimini destekledigi bildirilmektedir (Pidd vd., 2023). Ayrica nitel aragtirmalar, kadinlarin travmatik dogumu ¢ogu zaman
yalnizca klinik olaylarla degil; anlasilmama, degersiz hissetme, kontrol kaybi ve yetersiz iletisim gibi duygusal deneyimlerle
tanimladiklarin1 ortaya koymaktadir. Bu bulgular, kadin saghigi ve hastaliklar1 hemsireleri ile ebelerin terapotik iletisim,
psikososyal destek ve kadin merkezli bakim uygulamalarindaki roliiniin 6nemini daha da belirgin héle getirmektedir
(AlKhunaizi vd., 2026).

Bu dogrultuda, travmatik dogum deneyiminin risk faktdrlerinin ve sonuglarinin giincel kanitlar 1s18inda
degerlendirilmesi, kadinlarin dogum deneyimini iyilestirmeye yonelik hemsirelik uygulamalarinin giiglendirilmesi agisindan
onem tagimaktadir. Bu derlemenin amaci, travmatik dogum deneyiminin risk faktérlerini ve anne tizerindeki etkilerini giincel
literatiir dogrultusunda incelemek ve kadin sagligi hemsireliginde uygulanabilecek kanita dayali bakim yaklagimlarini ortaya
koymaktir.

1.Travmatik Dogum Deneyimi ve Risk Faktorleri

Dogum, kadin yasaminda fizyolojik bir olay olmanin 6tesinde biyolojik, psikolojik ve sosyal boyutlar1 bulunan énemli
bir yasam deneyimidir (Doner & Kul Ugtu, 2024). Her ne kadar ¢ogu kadin igin olumlu ve giiglendirici bir siire¢ olarak
degerlendirilebilse de, bazi kadinlar dogumu yogun korku, caresizlik, kontrol kayb1 veya yasamlarinin ve/veya bebeklerinin
yasamimin tehdit altinda oldugu algisiyla deneyimleyebilmektedir (Benyamini vd., 2024). Bu nedenle giiniimiizde dogum
deneyiminin yalmzca obstetrik sonuglar temelinde degil, kadinin doguma yiikledigi 6znel anlam ve psikolojik deneyimi
cergevesinde degerlendirilmesi gerektigi kabul edilmektedir. Bu baglamda travmatik dogum deneyimi, nesnel obstetrik
komplikasyonlarin varligindan bagimsiz olarak, kadinin dogumu kendisi i¢in tehdit edici veya travmatik bir yasam olay1
seklinde algilamasi olarak tanimlanmaktadir (Olza vd., 2020).

Son yillarda yayimlanan sistematik derlemeler, travmatik dogum deneyiminin sanilandan daha yaygin oldugunu ve
onemli bir halk saglig1 sorunu olusturdugunu gostermektedir(Heyne vd., 2022; Pidd vd., 2023; Wang vd., 2025). Kadinlarin
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onemli bir kism1 dogum deneyimini olumsuz veya travmatik olarak tanimlamakta ve bu deneyim, dogum sonrasi donemde hem
psikolojik iyilik hali hem de anne ve bebek sagligi lizerinde olumsuz etkilerle iliskilendirilmektedir (Chabbert vd., 2021).
Benzer sekilde, MacMillan ve ark. (2026), travmatik dogum deneyiminin gelisiminde rol oynayan bireysel risk faktorlerine
iligkin kanitlarin giderek giiclendigini bildirmektedir. Bu bireysel risk faktorleri arasinda onceden gecirilmis travmatik
yasantilar veya travma Oykiisii, prenatal donemde anksiyete ve depresyon belirtileri, dogum korkusu (tokofobi), diisiik 6z
yeterlilik algisi, yiiksek stres diizeyi, yetersiz sosyal destek, olumsuz dogum beklentileri ve daha dnce yasanmis olumsuz ya da
travmatik dogum deneyimi 6ne ¢ikmaktadir (MacMillan vd., 2026). Bu bulgular birlikte degerlendirildiginde, travmatik dogum
deneyiminin yalnizca dogum aninda ortaya c¢ikan gecici bir stres tepkisi olarak degil, doguma bagli travma sonrasi stres
bozuklugu basta olmak iizere uzun dénem psikolojik sonuglara zemin hazirlayabilen ¢cok boyutlu bir saglik sorunu olarak ele
almmmas1 gerektigi anlasilmaktadir.

2. Anneye, Obstetrik Siirece ve Saghk Hizmetine Bagh Risk Faktorleri

Travmatik dogum deneyiminin gelisiminde etkili olan risk faktdrleri; anneye bagli bireysel 6zellikler, obstetrik siirece
iligkin faktorler ve saglik hizmeti sunumuna bagli etmenler olmak iizere ii¢ temel grupta ele alinmaktadir. Literatiirde, bu
faktorlerin tek basma degil, cogunlukla birbirleriyle etkilesim igerisinde travmatik dogum deneyiminin olusumuna sebep
oldugu vurgulanmaktadir (Déner & Kul Ugtu, 2024).

Anneye baglh risk faktorleri arasinda 6zellikle onceki ruh sagligi sorunlari, travmatik yasam deneyimleri, doguma
yonelik yiiksek diizeyde korku ve anksiyete ile yetersiz sosyal destek one ¢ikmaktadir. Chabbert ve ark. (2021) tarafindan
gergeklestirilen sistematik derlemede, dogum sirasinda kontrol kaybi hissi, beklentilerin karsilanmamasi ve yogun stres
algisinin kadinlarin dogum deneyimini olumsuz degerlendirmesinde en giiglii belirleyiciler arasinda yer aldig: bildirilmistir.
Bunun yani sira, gebelik ve dogum siirecinde yeterli sosyal ve duygusal destek alamayan kadinlarin dogumu travmatik olarak
algilama olasiliginin daha yiiksek oldugu belirtilmektedir (Chabbert vd., 2021). Bu bulgular, travmatik dogum deneyiminin
yalnizca klinik kosullarla degil, kadinin psikolojik hazirligi ve ¢evresel destek mekanizmalariyla da yakindan iliskili oldugunu
gostermektedir.

Obstetrik siirece iliskin risk faktorleri incelendiginde ise, beklenmeyen veya yogun tibbi miidahale gerektiren
dogumlarin travmatik deneyim riskini artirdig1 goriilmektedir. Ozellikle acil sezaryen, operatif vajinal dogum, uzamis dogum
eylemi, siddetli dogum agris1 ve anne ya da bebege iliskin gelisen komplikasyonlar, dogum deneyiminin olumsuz algilanmasina
katkida bulunan baslica obstetrik faktorler arasinda yer almaktadir (Chabbert vd., 2021). Bununla birlikte, obstetrik olaym
kendisinden ¢ok, kadinin bu olaylar1 nasil deneyimledigi ve yorumladigi travmatik dogum algisinin olusumunda belirleyici
olabilmektedir.

Saglik hizmeti sunumuna iligkin faktorler de travmatik dogum deneyiminin olusumunda 6nemli bir role sahiptir. Zedan
(2025) tarafindan gergeklestirilen sistematik derlemede, 6zellikle saygili dogum bakiminin yeterince uygulanmadigi saghk
sistemlerinde kadinlarin kotii muamele, yetersiz iletisim, karar verme siirecine katilamama ve mahremiyet ihlali gibi olumsuz
uygulamalarla daha sik karsilastiklar1 bildirilmektedir. Bu tiir bakim eksikliklerinin, obstetrik komplikasyonlardan bagimsiz
olarak dogum deneyiminin travmatik sekilde algilanmasina katkida bulundugu vurgulanmaktadir. Ayni derlemede, doguma
bagh travma sonrasi stres belirtilerinin goriilme sikliginin dikkat cekici diizeyde oldugu belirtilmis ve bakim kalitesinin
iyilestirilmesinin 6nemi ortaya konulmustur (Zedan, 2025). Benzer sekilde, MacMillan ve ark. (2026) dogum 6ncesi donemde
uygulanan psikoegitim ve danigmanlik temelli girisimlere iliskin kanitlarin sinirli oldugunu, bu nedenle travmatik dogum
deneyimini 6nlemeye yonelik birincil koruyucu uygulamalarin gelistirilmesine gereksinim duyuldugunu ifade etmektedir
(MacMillan vd., 2026). Bu kapsamda gelistirilebilecek birincil koruyucu uygulamalar arasinda gebelik doneminde travma
riskinin erken donemde degerlendirilmesi, doguma hazirlik egitimlerinin gii¢lendirilmesi, dogum korkusuna ydnelik
psikoegitim ve danismanlik hizmetlerinin sunulmasi, kadin merkezli ve saygili dogum bakiminin yayginlastirilmasi, etkili
iletisim ve ortak karar verme siireglerinin desteklenmesi ile saglik profesyonellerinin travma bilingli bakim konusunda
egitilmesi yer almaktadir. Bu uygulamalarin dogum deneyiminin daha olumlu algilanmasina katki saglayarak travmatik dogum
deneyimi riskini azaltabilecegi diisiiniilmektedir.

3. Travmatik Dogum Deneyiminin Sonug¢lar:

Travmatik dogum deneyimi, yalnizca dogum aniyla smirli olmayan; annenin ruhsal iyilik halini, anne-bebek iliskisini
ve aile islevselligini etkileyebilen ¢ok  gerektigini ortaya koymaktadir (Handelzalts vd., 2025; Wang vd., 2025).

Travmatik dogum deneyiminin en belirgin sonuglarindan biri, annenin ruh saghiginin olumsuz etkilenmesidir.
Sistematik derleme bulgulari, travmatik dogum yasayan kadinlarda doguma bagl travma sonrasi stres bozuklugu (PTSB),
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anksiyete ve dep.resyon gelisme riskinin anlamli diizeyde arttigin1 géstermektedir (Zedan, 2025). Bu psikolojik sorunlar,
annenin dogum sonras1 doneme uyumunu gii¢lestirebilmekte, annelik roliinii benimsemesini geciktirebilmekte ve giinliik yasam
islevselligini olumsuz etkileyebilmektedir. Ozellikle dogumun travmatik olarak algilanmasi, kadinin dogum deneyimine iliskin

olumsuz anilarinin siirmesine ve psikolojik iyilik hlinin uzun siire etkilenmesine neden olabilmektedir (Mucuk & Ozkan,
2021).

Travmatik dogum deneyiminin etkileri yalmzca anne ile sinirli kalmayip anne-bebek etkilesimini de dogrudan
etkileyebilmektedir. Ruhsal belirtilerin yogun yasanmasi, annenin bebegiyle glivenli bag kurmasini zorlastirabilmekte, emzirme
siirecini olumsuz etkileyebilmekte ve ebeveynlik roliine uyumu giiclestirebilmektedir. Anne-bebek baglanmasindaki bu
giicliiklerin; erken dogum, zorlu dogum siireci ve dogum sonrasi depresyon veya anksiyete gibi ek risk faktorlerinin varliginda
daha belirgin héle geldigi bildirilmektedir (Zedan, 2025). Bu durum, travmatik dogum deneyiminin yalnizca bireysel bir
psikolojik sorun degil, anne ve bebegin uzun donem sagligini etkileyebilecek 6nemli bir klinik durum oldugunu gostermektedir.

Travmatik dogum deneyiminin uzun donem sonuglar1 arasinda kadinlarin sonraki gebelik ve dogum kararlarinin
etkilenmesi de yer almaktadir. MacMillan ve ark. (2026), doguma bagli travma ve PTSB'nin uygun sekilde ele alinmamasi
durumunda hem anne hem de bebek acisindan istenmeyen saglik sonuglarmin ortaya ¢ikabilecegini belirtmektedir. Ayni
derlemede, gebelik doneminde uygulanan psikoegitim ve danismanlik temelli girisimlerin dogum korkusunu azaltabildigi, anne
oz-yeterliligini destekledigi ve travmatik sonuglarin 6nlenmesinde potansiyel yararlar saglayabilecegi ifade edilmektedir. Bu
bulgular, travmatik dogum deneyiminin kagimilmaz bir sonug¢ olmadigini; erken donemde planlanan koruyucu ve destekleyici
girisimlerle olumsuz etkilerinin azaltilabilecegini gostermektedir (MacMillan vd., 2026).

Travmatik dogum deneyiminin degerlendirilmesinde kadinin dogumu nasil algiladigi da 6nemli bir belirleyici olarak
kabul edilmektedir. Chabbert ve ark. (2021) tarafindan gergeklestirilen sistematik derlemede, dogum deneyimine iliskin 6znel
alginin dogum sonrast psikolojik uyumun giiclii belirleyicilerinden biri oldugu ortaya konulmustur. Bu nedenle, dogum sonrast
bakim siirecinde yalnizca fiziksel iyilesmenin degil, kadinin dogum deneyimine iliskin degerlendirmelerinin de sistematik
olarak ele alinmasi biliyllk onem tasimaktadir (Chabbert vd., 2021). Kadmin yasadigi deneyimin erken ddonemde
degerlendirilmesi, travma belirtilerinin zamaninda fark edilmesine ve uygun psikososyal destegin planlanmasina katki
saglayabilir.

4. Travmatik Dogum Deneyiminde Ebelik-Hemsirelik Yaklasimlar

Travmatik dogum deneyiminin Onlenmesi ve olumsuz etkilerinin azaltilmasinda kadin sagligi ve hastaliklan
hemsireleri ile ebeler 6nemli bir role sahiptir. Hemsirelik bakiminin temel amaci, kadinin yalnizca fiziksel gereksinimlerini
karsilamak degil, ayn1 zamanda psikolojik giivenligini destekleyen, kadin merkezli ve saygili bir bakim ortami olugturmaktir
(Mucuk & Ozkan, 2021). Kadinin bakim siirecine aktif katilimmin desteklenmesi, etkili iletisim kurulmasi, mahremiyetin
korunmasi ve yapilacak girisimlere iliskin yeterli bilgilendirme saglanmasi, olumlu dogum deneyiminin gelistirilmesinde temel
hemsirelik uygulamalar1 arasinda yer almaktadir (Watson vd., 2021).

Gebelik doneminde hemsireler tarafindan dogum korkusu, 6nceki travmatik yasantilar, ruh sagligi oykiisii ve sosyal
destek diizeyinin degerlendirilmesi; risk altindaki kadinlarin erken donemde belirlenmesine olanak saglamaktadir (Mucuk &
Ozkan, 2021). Doguma hazirlik egitimleri, bireysel danismanlik ve siirekli emosyonel destek, kadinlarin dogum siirecine
yonelik 6z yeterliliklerini artirarak travmatik dogum deneyimi riskini azaltabilecek girisimler arasinda gosterilmektedir
(Watson vd., 2021).

Travmatik dogum deneyimi yalnizca kadinlar1 degil, bakim veren saglik profesyonellerini de etkileyebilmektedir.
Travmatik dogumlara taniklik eden hemsire ve ebelerde ikincil travmatik stres, duygusal tiikenmislik ve mesleki doyumda
azalma goriilebilmektedir (Uddin vd., 2022). Benzer sekilde, travmatik dogum deneyimlerinin saglik profesyonellerinin klinik
kararlarin1 ve bakim uygulamalarim etkileyebildigi bildirilmektedir (Bingham vd., 2023). Bu nedenle hem kadinlarin hem de
saglik profesyonellerinin psikolojik agidan desteklenmesi ve travma temelli bakim ilkelerinin klinik uygulamalara entegre
edilmesi, bakim kalitesinin gelistirilmesi agisindan 6nem tagimaktadir.

Sonuc ve Oneriler

Travmatik dogum deneyimi, annenin, bebegin ve ailenin saglhigim kisa ve uzun dénemde etkileyebilen 6nemli bir
sorundur. Bu deneyimin olusumunda bireysel 6zellikler, obstetrik siire¢ ve sunulan bakimin niteligi birlikte rol oynamaktadir.
Bu nedenle travmatik dogumun 6nlenmesinde, obstetrik bakimin yani sira kadinlarin psikolojik gereksinimlerini de kapsayan
biitiinciil bir yaklasim benimsenmelidir.
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Kadin merkezli, saygili ve travma bilgili bakim uygulamalarinin yayginlastirilmasi, etkili iletisim kurulmasi, kadinlarin
bakim siirecine aktif katiliminin desteklenmesi ve dogum sonrasi psikolojik degerlendirmenin rutin bakimin bir pargasi olmasi
olumlu dogum deneyimini giiclendirecektir. Bu siiregte kadin sagligi ve hastaliklar1 hemsireleri ile ebeler, travmatik dogum
deneyiminin 6nlenmesi, erken tanilanmasi ve uygun bakimin planlanmasinda 6énemli sorumluluk iistlenmektedir.

Gelecekte yapilacak calismalarda, travmatik dogum deneyiminin uzun dénem sonuglarini inceleyen arastirmalarin artirilmast,
travma bilgili bakimin etkinligini degerlendiren giiclii kanitlarin olusturulmasi ve kadin sagligi hemsireligine 6zgii kanita dayali
bakim modellerinin gelistirilmesi onerilmektedir.
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Ailenin Yapisal Degisimi Uzerine Bir Inceleme: Sosyal Hizmet Perspektifinden Bir Degerlendirme

OZET

Bu ¢alismanin konusunu ailenin yapisal degisimi ve degisen aile bigimleri olusturmaktadir. Calismanin amaci, Tiirkiye’de
aile kurumunun gecirdigi yapisal ve iglevsel doniisiimii demografik gostergeler 1s18inda ortaya koymak ve bu doniisiim
karsisinda sosyal hizmet mesleginin iistlenebilecegi rol ve sorumluluklar1 tartigmaktir. Bu dogrultuda ¢alisma, geleneksel
aileden ne 6l¢iide bir kopus yasandigi, hangi alternatif yasam bicimlerinin ortaya ¢iktig1 ve bu degisimlerin nedenleri ile
sonuclarmin neler oldugu sorularina yanit aramaktadir. Yontem olarak calisma, ulusal (TUIK) ve uluslararas: (Diinya
Bankasi, Birlesmis Milletler) istatistiki veri kaynaklar1 ile ilgili literatiiriin derlenmesine ve karsilastirmali bir analize
dayanan betimsel bir derleme niteligi tasimaktadir. Calisma sonucunda ¢ekirdek ailenin hala baskin aile bi¢cimi oldugu,
evlenen ¢ift sayisinin azaldigi, evlilik yagmin yiikseldigi, dogurganlik hiz1 ve niifus artis hizinin diistiigii, buna karsin
bosanma sayilarinin arttig1 tespit edilmistir. Bu gdstergeler ¢ercevesinde ailenin degisen 6nemi tartigilmistir. Sosyal hizmet
mesleginin mikro, mezzo ve makro diizeydeki miidahale imkanlar1 temelinde aile ve topluma yonelik {iistlenebilecegi
misyon, rol ve sorumluluklara da dikkat ¢ekilmistir. Bu bulgular dogrultusunda aile destek politikalarinin giiglendirilmesi
ve sosyal hizmet miidahalelerinin aile odakli bir yaklagimla genisletilmesi onerilmektedir.

Anahtar Kelimeler:

Aile, Ailenin Yapisal Degisimi, Bosanma, Evlilik, Sosyal Hizmet

A Study on the Structural Change of the Family: An Evaluation from the Social Work Perspective

ABSTRACT

This study addresses the structural change of the family and changing family forms. Its aim is to reveal the structural and
functional transformation of the family institution in Tiirkiye in light of demographic indicators and to discuss the roles and
responsibilities the social work profession may assume in response to this transformation. Accordingly, the study seeks
answers to the extent of the break from the traditional family, which alternative lifestyles have emerged, and the causes and
consequences of these changes. Methodologically, the study is a descriptive review based on national (TurkStat) and
international (World Bank, United Nations) statistical data together with a comparative analysis of the related literature. As
a result, it has been revealed that the nuclear family is still dominant, the number of marriages is decreasing, the age of
marriage is increasing, fertility and population growth rates are decreasing, and the number of divorces is increasing. Within
the framework of these indicators, the mission, roles and responsibilities that the social work profession can undertake
toward the family and society at the micro, mezzo and macro levels of intervention are discussed. In line with these findings,
it is recommended that family support policies be strengthened and that social work interventions be expanded through a
family-centered approach.

Keywords:
Family, Divorce, Marriage, Structural Change of the Family, Social Work
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Giris

Aile, toplumsal yasamin merkezinde yer alan ve bireyin toplumsallasmasinda, degerlerin kusaklar arasinda
aktarilmasinda ve sosyal diizenin siirdiiriilmesinde temel islevler iistlenen bir sosyal kurum olmayi siirdiirmektedir (Alp,
2024). Bununla birlikte, ailelerin bu islevleri yerine getirme bigimleri ve ortaya ¢ikan sonuglar toplumsal, ekonomik ve
kiiltiirel kosullara bagli olarak farklilik gosterebilmektedir. Bu nedenle aileler, bir toplumdaki siireklilik ve degisimin
anlagilmasinda 6nemli bir sosyal cerceveyi temsil etmektedir. Aile, insanlarin mutluluk ve giivenlik aradigi, giinliik
yasamlarin birlikte organize ettigi ve birbirlerini savundugu 6zel bir yasam organizasyonudur, ayn1 zamanda kolektif ve
bireysel hedeflere hizmet eden merkezi bir sosyal kurum olarak varligimi siirdiirmektedir. Ailenin toplum igindeki bu
misyonu ve bireyler agisindan sahip oldugu fonksiyonel yapi, ailenin devlet tarafindan korunmasi, desteklenmesi ve
gelistirilmesi gerekgesini ortaya ¢ikarmigtir. Nitekim Tiirkiye Cumhuriyeti Anayasasi’nin Sosyal ve Ekonomik Haklar ve
Odevler baghig altinda yer alan ve 3 Ekim 2001 tarihli ve 4709 sayili Kanun ile giincellenen 41. maddesinde “Aile, Tiirk
toplumunun temelidir ve esler arasinda esitlige dayanir. Devlet, ailenin huzur ve refahi ile 6zellikle ananin ve cocuklarin
korunmasi ve aile planlamasinin égretimi ile uygulanmasini saglamak i¢in gerekli tedbirleri alir, teskilati kurar” hitkmiiyle
devletin aile konusundaki yiikiimliiliikleri agik¢a diizenlenmistir (T.C. Anayasasi, 1982, md. 41). Bu diizenleme devlete
onemli sorumluluklar yiiklemekle birlikte, ailenin kendi iiyelerine karsi sorumluluklarinin da bu gercevede goz ardi
edilmemesi gerekmektedir. Aile, bir yoniiyle ulusun temel bir uzantisi olarak degerlendirilmektedir (Alp, 2024). Ayrica
devlet, ailenin huzur ve giivenligini anayasal olarak giivence altina almig; kurdugu kurumlar araciligryla evlilik kurumunu
da 6zel koruma altina almistir. Bunun nedeni, ailenin yalnizca toplumun degil, ayn1 zamanda devletin de temel ¢ekirdegi
olarak kabul edilmesidir (Alp, 2024). Bu ¢ercevede aile, hem bireysel hem de toplumsal diizeyde korunmasi gereken temel
bir deger olarak 6ne ¢ikmaktadir.

Tiirkiye’nin basat kurumlarindan biri olan aile kurumu degisen toplumsal kosullarla beraber sik sik tartigma konusu
olmaktadir. Sosyal yapi, niifusun temel demografik yapisini, egitim, gelir ve meslek gibi merkezi kaynaklarin dagilimini,
siniflara ve katmanlara gore yapiy1, sosyal ¢evreleri ve yasam tarzlarini, ayn1 zamanda iilkedeki yasam akisini sosyolojik
olarak karakterize etmektedir. Bu nedenle aile ve sosyal yapi arasinda giiclii ve yakin baglantilar vardir. Bu baglantilar
niifusun temel demografik dagiliminin anlagilmasi bakimindan énemlidir. Dogum, evlilik ve bogsanma, énemli sosyal-
yapisal sonuglari olan gergek aile olaylaridir (Zapf, 1994, s. 27). Ornegin ailede kag cocugun oldugu ve ¢ocuklarin ne zaman
dogdugu gibi durumlar tiim sonuglariyla toplumun niifus yapisini etkilemektedir. Egitimsizlik, igsizlik, hastalik, emeklilik
ve bosanmalar ¢ogu zaman sosyo-ekonomik bozulmalar1 da beraberinde getirmektedir. Diger taraftan dogurganligin
azalmasi, evlilik dis1 birlikte yasamalarin artmasi ve bekar ebeveynlerin oraninin artmasi sosyal yapiyr etkileyen
dinamiklerdir. Nitekim Tiirkiye’de boganma olgusunun zamansal degisimini inceleyen giincel bir ¢calisma, kisi basina diisen
milli gelir ve okuryazarlik orani gibi sosyo-ekonomik gostergelerin kaba bosanma hizi iizerinde istatistiksel olarak anlaml
ve pozitif bir etkiye sahip oldugunu ortaya koymustur (Diler ve Diler, 2022). Bu bulgu, aile i¢i gostergelerle toplumsal yap1
arasindaki baglantiy1r somut bicimde desteklemektedir.

Aile yapisindaki degisimler; evlilik driintiilerinin doniismesi, aile istikrarini etkileyen sosyal ve ekonomik faktdrlerin
cesitlenmesi ve yeni aile bigimlerinin ortaya ¢ikmasiyla daha gériiniir hale gelmistir (Ozgorenek & Yilmaz, 2024). Ailenin
toplumsal yapiyla kurdugu bu ¢ok yonlii bag, ailenin ayni zamanda bireyler arasi iligkilerin niteligini de dogrudan
sekillendirdigini gostermektedir. Aile ve toplumsal yap1 arasindaki ¢oklu baglantilar nedeniyle aileler, toplumun islevsel
farklilagmasinin bir yansimasi olarak goriilebilir. Ilgili literatiirde giiclii aile baglarmin ¢ocuklarin gelisimine olumlu katki
sagladigi ve aile iiyeleri arasindaki duygusal destegin kusaklararasi bicimde aktarildig1 ifade edilmekle birlikte, bu islevlerin
her ailede ayni diizeyde gerceklesmedigi belirtilmelidir. Dolayisiyla ailenin idealize edilmis bir kurum olarak ele
alinmamasi gerektigi de vurgulanmalidir. Bir aile kurmanin gelir ve kariyer firsatlarini etkiledigine dair degerlendirmeler
mevcuttur. Egitim siiresi ne kadar uzarsa ve mesleki talepler ne kadar artarsa is ve aile hayatini uzlastirmak da o kadar
zorlagmaktadir. Nitekim ailenin islevlerindeki bu degisimin bir uzantis1 olarak is ve aile yasami arasindaki denge de
gilinlimiizde ayr1 bir tartisma konusu haline gelmistir (Huinink, 2002, s. 54). Bu denge arayisi, ailenin gliniimiizdeki islevsel
doniigiimiinii anlamak acisindan 6nemli bir gosterge olarak degerlendirilebilir.

Aile kurumuna yonelik birgok calismanin farklh disiplinlerce yapildigi goriilmektedir. Ailedeki sosyo-ekonomik
degisimlerin sosyal bilim alaninda ¢aligilan en eski konularin basinda geldigi belirtilmektedir (Abay ve Atila Demir, 2014).
Bu koklii aragtirma gegmigine paralel olarak ailede yasanan degisimleri temel alan birgok derinlikli ¢alisma yiirtitiilmiistiir
(Abay ve Atila Demir, 2014; Abudureyimu ve Hu, 2019; Akbas ve Dursun, 2020; Giirsu, 2015; Giizelyurt ve Ozkan, 2018;
Hatipler, 2023). (Kaynaklar, APA 7 kuralina uygun bigimde yazar soyadina gore alfabetik siraya konulmustur.) Giiniimiizde
ailenin birgok degisime maruz kaldigi ve aileye yonelik birgok tehdidin yasandigi bilinmektedir (Giirsu, 2015). Bu
caligmanin amaci da tam olarak bu noktadan hareketle bu kosullarda ailenin gelisim siireci nasildir, aileye atfedilen anlam
ve verilen 6nem degismekte midir, bu degisimlerin neden ve sonuglar nelerdir, ailedeki yapisal ve islevsel degisimler
nelerdir, bu degisimlerin ailede ¢ocuk sahibi olma istegi iizerindeki etkileri nelerdir ve sosyal hizmetin aile yapisindaki
degisime yonelik misyonu nedir sorularina yanit aramaktir. Bu sorularla aile yapisindaki degisimler irdelenerek elestirel bir
bakisla tartisilmaktadir. Bu irdelemeler, ailenin temel islevleri arasinda sayilan neslin devamini saglama, koruma,
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toplumsallasma, sevgi ve arkadaslik ile toplumsal statiiniin saglanmasi gibi faktorlere daha genis bir perspektiften bakmay1
saglayabilecektir.

Son yillarda aile yapisindaki doniisiimiin yalnizca demografik gostergelerle sinirli olmadigs; dijitallesme, ekonomik
belirsizlikler, toplumsal cinsiyet rollerindeki degisim, gd¢ hareketleri ve yaslanan niifus gibi ¢ok boyutlu dinamiklerden
etkilendigi vurgulanmaktadir. Giincel arastirmalar, evlilik yasinin yiikselmesi, dogurganlik oranlarinin azalmasi ve tek
kisilik hanelerin artmasinin aile politikalarinin yeniden ele alinmasim gerekli kildigin1 géstermektedir (OECD, 2024; United
Nations, 2024; Tiirkiye Istatistik Kurumu, 2025b).

1. Yontem

Bu calisma, anlatisal derleme yaklasimiyla hazirlanmigtir. Derleme siirecinde aile yapisindaki degisim, evlilik,
bosanma, dogurganlik, niifus degisimi ve sosyal hizmet konularina iligkin ulusal ve uluslararasi literatiir incelenmistir.
Literatiir taramasinda Google Scholar, TR Dizin ve Web of Science veri tabanlarindan yararlanilmis; ayrica Tiirkiye
Istatistik Kurumu (TUIK), Birlesmis Milletler (United Nations) ve Diinya Bankasi tarafindan yaymmlanan giincel
istatistiksel veriler degerlendirilmistir. Caligmaya 6zellikle son yillarda yayimlanan aragtirmalar dahil edilmekle birlikte
konunun kuramsal temelini olusturan klasik c¢alismalardan da yararlanilmigtir. Elde edilen bulgular betimsel ve
karsilagtirmali bir yaklagimla analiz edilerek sosyal hizmet perspektifi ¢ercevesinde yorumlanmaistir.

1.1. Ailenin Yasam Boyu Gelisimi

Aile terimi, “famulus” (hizmetkar) kelimesinden kolektif bir olusum olarak Latince “familia” kelimesinden
gelmektedir. Aile, dncelikle ebeveyn-cocuk iliskisi olmak {izere yakin aile iliskileriyle karakterize edilen sosyo-biyolojik
bir birim olarak tanimlanir (Peuckert, 1996, s. 29). Bir diger ifadeyle aile, toplum iiyelerinin biyolojik ve sosyal olarak
yeniden iiretilmesi temel gorevini iistlenir. Aile kavrami 6zel bir birliktelik, destek ve dayanisma duygusuyla karakterize
edilir. Bir ¢iftin tanigsmasinin ardindan geleneksel aile dongiisii, erkegin ailenin maddi temelini saglayabildigi andan itibaren
evlilik yoluyla kendi hanesini kurmasiyla baslar. Bir sonraki asama, ilk gocugun dogumu (aile olusumu) ve ardindan ikinci
ve daha fazla ¢gocugun dogumu (aile genislemesi) ile karakterize edilmektedir. Cocuklar biiylidiikten sonra yavas yavas
ebeveynlerinin evini terk ederler. Ebeveynler, son ¢ocuk da evlerinden tagindiginda ebeveynlik sonrasi agsamaya (bos yuva
asamasi) girerler (Huinink, 2009). Cocuklarin ebeveynlerinin evinden ayrilmasi veya evlenmesi, ¢cocuk neslinde aile
dongiisiiniin baslangicini isaret etmektedir. Bu sekilde aile asamalar1 bir nesilden digerine sorunsuz bir sekilde
aktarilmaktadir.

Ailenin tarihsel siirecine bakildiginda sanayi Oncesi donemden modern aileye kadar bir degisim yasandigi
gorilmektedir. 18. yiizyila kadar ve kismen 19. ylizyila kadar diinya niifusunun %90’indan fazlasi kii¢iik koylerden, toprak
ve miilklerden olugmaktaydi. Bunlar nispeten basit tarim ve zanaat ekonomisi bi¢imleriyle karakterize edilmekteydi. Bu
bakimdan aile, sosyal, hukuki, politik ve ekonomik bir birimi temsil eden bir olusum olarak kabul gérmekteydi. Baskin
olan aile bigimi genellikle ii¢ kusaktan (biiyiikanne ve biiyiikbaba, ebeveynler, cocuklar) olusmaktaydi. Aile, donemin
baskin toplumsal normlar ¢er¢evesinde ideal sosyal iliski tiirii olarak kabul edilmekteydi ve genellikle ataerkil bir sekilde
yapilandirilmistir. Bu durum, evin reisinin genis yetkilere sahip oldugu anlamina gelmekteydi (Bolz, 1975, s. 43). Sanayi
devriminden 6nce bile is ile ev arasinda bir ayrim vardi. Bu ayrim, erkeklerin rolii ile kadinlarin rolii arasinda daha keskin
bir ayrim yapilmasina yol acti: erkek aile disindaki is diinyasinda ve siyasette uzmanlasirken, kadin yalnizca ev idaresi ve
ebeveynlik gorevlerini iistlenmekteydi (Nave-Herz, 2010, s. 41). Sanayi devrimi sonrasinda aile yapisinda ve bigiminde
biiylik degisimler yasanmistir. Bu degisimin bir parcasi olarak ve karsilikli etkilesim sonucunda kentlesme siireci hiz
kazanmus, aileler bir fabrikada calismak amaciyla sehirlere gog¢ etmistir. Ancak aileyi gegindirebilmek i¢in yalnizca erkegin
degil, ¢ogu zaman eslerin ve hatta ¢ocuklarin da ¢aligma zorunlulugu ortaya ¢ikmigtir. Tiim bu gelismelerin sonucunda aile
hayati ikinci planda kalarak ¢ogu ailenin maddi durumunun kétii olmasi nedeniyle aile biiyiikliigii de azalmistir. Ancak
refah seviyesinde gelismeler ilerledikce bu ailelerin ekonomik durumlari da paralel bir sekilde diizelme/iyilesme
gostermistir (Bolz, 1975, s. 44). Bu siireg, sanayi toplumunun aile yapisi tizerindeki doniistiiriicii etkisini agik¢a ortaya
koymaktadir.

Her toplumun aile yapisi kendine 6zgii nitelikler tasimaktadir ve bu aileler de kendi i¢inde farkliliklar gostermektedir.
Yine de ailelerin bazi evrensel degerlere sahip olduguna yonelik bir anlayis hakimdir. Kongar’in (2007) da vurguladig: gibi
bu evrensel 6zellikler su sekilde siralanabilir: her ailenin kiigiik bir sosyal sistem olusturmasi, kendine 6zgii ilke ve kiiltiirel
degerlere sahip olmasi, temel baz1 iglevleri yerine getirmesi, kendine 6zgii bir yapiya sahip olmasi ve benzer yasam dongiisii
asamalarindan gecerek evrelerini tamamlamasi sayilabilir (Kongar, 2007). Ailelerin sahip oldugu evrensel niteliklerin yani
sira ailelerin form ve islevlerine yonelik genel bir siniflandirma da s6z konusudur. Buna goére (Hirschel, 2001), ailede es
sayist dnemli bir belirleyicidir: tek eslilik yalnizca bir ese izin verilen aile bi¢imini ifade ederken, ¢ok eslilikte birden fazla
ese izin verilmektedir. Bir diger belirleyici faktor aile biiyiikliigiidiir. Cekirdek aile terimi evli ve cocuklu ¢ifti ifade ederken,
genis aile akrabalar ve ev halkini da kapsayan aile tipini temsil eder. Ailede iktidarin kimde oldugu da 6nemli bir Sl¢iittiir:
ataerkil ailede erkek otorite figiiriidiir, anaerkil ailede ise sorumluluk kadindadir. Giiniimiiziin refah toplumunda ise erkek
egemenliginin gorece zayifladigi yar ataerkil aile bigimine siklikla rastlanmaktadir. Aile tiirii bakimindan kdken ailesi (bir
kisinin dogdugu aile) ile tireme ailesi (kisinin kendisi i¢in kurdugu aile) arasinda bir ayrim yapilmaktadir. Kurumsal aile ise
toplumla biitiinlesmis geleneksel aileyi ifade eder. Islevleri agisindan degerlendirildiginde aile. Ureme (topluma yeni iiyeler
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kazandirma ve ¢ocuklarin bakimin {istlenme), sosyallesme (bireyin toplum tarafindan sekillendirilmesi), ev/hane (aile
iiyelerine yagsamsal ihtiyaclarin temini), iiretim/tiikketim, yerlestirme (her tiyeye belirli bir konum tahsis etme), rejenerasyon
(fiziksel ve psikolojik rahatlama saglayan aile ritiielleri) ve bakim/koruma (geleneksel toplumda aile iiyelerince, glinlimiizde
ise giderek devlet tarafindan dstlenilen hizmetler) gibi ¢ok sayida islevi biinyesinde barindirmaktadir. Tarihsel siireg
icerisinde ailelerin form ve islevlerine bakildiginda ciddi degisimlerin yasandigini s6ylemek miimkiindiir. Sanayi dncesi
donemden modern aileye kadar yasanan degisimlerin hem dogrudan hem de dolayli yonden ailenin dnemine yansidigi
goriilmektedir.

1.2. Ailenin Oneminin Degismesinin Nedenleri

Ailenin degisimine katkida bulunan gdstergeleri ele almak igin evlilige yliklenen anlamin ne 6l¢iide degistigine,
evliligin mevcut anlamina ve evlilikte yaganan anlam kaybina bakmakta fayda vardir. Giiniimiizde aile yapilar1 degismekte
ve buna paralel olarak bir arada yasama bicimleri de degismektedir. Toplumdaki evlilik algisi, toplumsal doniisiimlerle
beraber anlamini yitirme egilimine girmistir (Erkol, Sahin ve Avci, 2021). Degisen sosyal ve ekonomik kosullar aile sistemi
iizerinde biiylik bir etki yaratmistir. S6z konusu etkilerin evlenme istatistiklerine de yansidig1 goriilmektedir. Asagida yillara
gore evlenme istatistiklerini gdsteren bir grafik paylasilmistir.

Evlenme sayisi ve kaba evlenme hizi, 2001-2023
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Sekil 1. Evlenme Sayis1 ve Kaba Evlenme Hiz1 Istatistikleri

Tiirkiye Istatistik Kurumu (TUIK) verilerine gore (Sekil 1) Tiirkiye’de evlenme sayis1 gittikce diisiis gdstermektedir.
2010 yilinda evlilik sayis1 582,7 bin iken 2023 yilinda 565,4 bine gerilemistir. 2001-2023 yillarim1 kapsayan 22 yillik siire
icerisinde kaba evlenme hizinda ciddi bir diisiis oldugu goriilmektedir (TUIK, 2024b). Giiniimiizdeki yasam tarzlarina
bakildiginda ailenin tekelinin kaybindan s6z edilemese de gekirdek aile héla baskin aile bigimidir. Ancak bu durum giderek
“yeni” yasam bi¢imlerine dogru evrilmektedir. Ailede genis aile modelinin ¢ekirdek aile modeline evrilmesi ve ¢ekirdek
ailenin de ¢dziilmeye/azalmaya baslamasi, gelecekteki aile yapisinin nasil olacagi sorusunu giindeme getirmektedir. TUIK
verilerine gdre dogum oranlarindaki diisiisle birlikte hanehalk: biiyiikliigii de azalmistir (TUIK, 2024a). Evlilik dis1
birliktelikler olgusuna bakildiginda evlilik belirli ihtiyaglar1 karsilama zorunlulugunu yitirdiginden ve dolayistyla artik tek
basina bir “kazanim” anlamina gelmediginden, evlilik dis1 birlikteliklerde bir artis yaganmaktadir. Bu artigin bir diger nedeni
partner se¢iminde degisen davraniglardir (Barley, 1977, s. 128). S6z konusu kuramsal ¢ergeve, Bat1 toplumlarina iligkin
klasik aile sosyolojisi yazinina dayanmakla birlikte, giincel Tiirkiye verileriyle de biiyiik 6l¢iide drtiismektedir (TUIK,
2024b). Gegmiste insanlar oncelikle gelenek ve ekonomik nedenlerden dolay1 evlenmekteyken giiniimiizde sevgi bagi
iizerine kurulu evlilikler 6n plana ¢ikmistir. Evlilik dig1 birlikteligin bir diger nedeni ise yasam tarzindaki degisime ve artan
bosanma sayisina baglanmaktadir. Evli olma durumunun getirdigi sorumluluklari zorluk olarak goren bireyler, bu
sorumluluktan kaginmak amaciyla evlilik bagi olmadan yasamlarini siirdiirmeyi tercih etmektedir (Subasi, 2014, s. 107).
Bu egilim, evlilige yiiklenen anlamin zaman i¢inde nasil degistigini somut bigimde yansitmaktadir.

Cocuk dogurma oranindaki degisime degerlendirildiginde ge¢miste g¢ocuksuzlugun genellikle tibbi bir sorundan
kaynaklandig1 disiiniilmekteyken, gilinlimiizde bu durum giderek daha cok tercih edilen bir yasam bigimi haline
dontigmiistiir (Sakman, 2021). Bu tiir aile yapilarinda ¢ocuk sahibi olmanin kaginilmaz olmasi gerekmemekte ve ¢ocuklar
artik bir ailedeki en 6nemli unsur olma konumundan uzaklagsmaktadir. Tek ebeveynli ailedeki artis da oOncelikle
bosanmalarin, evlenmemis annelerin ve dul ebeveynlerin sayisinin artmasindan kaynaklanmaktadir. Tek ebeveynlik, toplum
i¢in bireysel bir yasam bigimini de temsil etmektedir. Ancak “bekar annelerin” ¢ogunlukla diisiik gelir grubuna ait oldugu
goriilmekte ve cogunlukla sosyal yardim almaktadirlar. Yalniz yasamak, bekar yasamak olarak kabul edilmekte ve bireysel
bir yasam tarzinin ifadesi olarak goriilmektedir. Diger nedenler arasinda nispeten uzun egitim siireleri ve evlenme egiliminin
azalmasi gibi faktorler yer almaktadir (Barley, 1977, ss. 129-130). Evliligin 6neminin azalmasina iligkin bir diger gosterge
olarak evlenme yasindaki artig one siiriilmektedir. Ancak bu artisin tek basina evliligin dneminin azaldig1 bigiminde
yorumlanmasi 6l¢iilii olmayabilir, zira TUIK verilerine gore evlilik yasindaki yiikselisin dnemli bir kism1 egitim siiresinin
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uzamasiyla da iliskilendirilmektedir. Giiniimiizde evlilik dis1 birliktelikler agirlikli olarak eski “normal” ailenin islevlerini
iistlenmektedir. Bu durumun evlilik yasinin artmasinda etkili oldugu diistintilmektedir. Evlilik yasinin artisin1 gosteren sekil
asagida paylasilmistir.

Cinsiyete gore ortalama ilk evlenme yasi, 2001.2023
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Sekil 2. Evlenme Sayis1 ve Kaba Evlenme Hiz Istatistikleri

TUIK ortalama evlilik yas1 verilerine gére (Sekil 2) 2001 yilinda kadinlar ortalama 22,7 yasinda evlenirken erkekler
icin bu yas 26 olarak goriilmiistiir. 2023 yilinda ise ortalama evlenme yasi kadinlarda 25,7’ye, erkeklerde 28,3’e
yiikselmistir (TUIK, 2024b). Goriildiigii {izere evlenme yas1 gegmis yillara nazaran artmis durumdadir. Diger bir agidan
bireysellesme faktorii ile ailenin 6nemi arasinda bir iligki kurulabilir. Gliniimiiziin bireysellesme kavrami, herkesin kendi
yasam planin1 kendisinin ¢izmesi iizerine kuruludur. Bireysellesmenin kokeni sanayilesmeye dayanmaktadir. insanlar
ailelerinden ayrilarak kentlere go¢ etmis ve fabrikalarda ¢alismaya baslamistir. Modern toplumdaki iyilesmeler, 6zgiirlesme
ve egitim seviyesinin yiikkselmesi gibi faktorler de bireysellesmede bir artisa yol agmistir (Szydlik, 2007). Aile ve geleneksel
degerler toplumsal konumlarini bir dlgiide kaybederken, kendini gergeklestirme ve kendini gelistirme deger kazanmistir.
Insanlar yalmizca kariyer segimini degil ayn1 zamanda aile ve bos zaman aktivitelerini de kendileri belirlemeye baslamistir.
Bu bireysellesme siirecinin olasi bir sonucu olarak ailenin geleneksel giiven/giivenlik anlayisinin da zayifladig: ileri
stiriilmektedir (Hirschel, 2001). Giiniimiizde 2020°1i yillar itibariyla insanlar aileleri kadar saglik sigortas1 veya emeklilik
sigortasi gibi devlet kurumlari tarafindan da desteklenmektedir. Bu durum, bireysellesme ile kurumsal giivence arayisinin
es zamanl ilerledigine igaret etmektedir.

Bireysellesme gibi 6zgiirlesme de sanayilesmeye dayanmaktadir. Kadinin 6zgiirlesmesi, bireysellesme gibi aile
yapisinin degisiminde bir gosterge olarak degerlendirilmektedir (Aydin, 2014, s. 92). Gegmiste kadinlarin evlilik ve aile
disinda yasamlarini siirdiirme firsatlar1 gorece sinirliydi. Kadin hareketiyle beraber modern teknoloji ve buna bagli olarak
ev iglerinde azalma, ¢aligma sayesinde yasam firsatlarinin artmasi, cocuk yetistirmenin yagamin bir pargasi haline gelmesi
onemli bilesenler olmustur. Cinsiyete dayali rol dagiliminin 6nemi azalmis, ev isleriyle erkekler de ilgilenmek durumunda
kalmistir. Dogum kontroliinde farkli secenekler sayesinde insanlar hayatlarmi kontrol altina alabilmektedir. Hizh
kentlesmenin kadin ve erkek rollerinde doniisiim getirdigi goriilmektedir. Kadinlarin kentlerde daha fazla c¢aligma
yasaminda yer almasi buna bir 6rnektir (Aydin, 2014, s. 92). Son yillarda kadinlar i¢in egitim, 6gretim ve ¢aligma alaninda
giderek daha fazla firsat esitligi yasanmistir. Bu ¢ok boyutlu faktér ve doniigiimler neticesinde aileye atfedilen anlam ve
gosterilen onemde de ciddi degisimler yasanmigtir. Dolayisiyla ailenin form ve islevleri de bu siirecten etkilenerek yeni bir
forma doniigmiistiir.

1.3. Ailenin Degisen Onemi ve Sonuclari

Aileye gosterilen 6nemin azalmasi birtakim sonuglari beraberinde getirmektedir. Dogum oranlarindaki diisiis, ailede
en ¢ok tartisilan ve en nemli gelismelerden biri olmustur. Ozellikle ¢ok ¢ocuklu ailelerin sayisinin azalmasi ve ¢ocuksuz
evliliklerin artmasi dikkat cekmektedir. Tiirkiye’deki dogum oranlarina 2001 ile 2023 yillar1 arasindaki 22 yillik siirecte
bakildiginda 6nemli 6l¢iide diisiis yasandigi goriilmektedir. Tiirkiye’de 2001 yilinda toplam dogurganlik hiz1 2,38 ¢ocuk
iken 2023 yilinda bu say1 1,51’e gerilemistir. Bu rakam, niifusun yenilenme diizeyi olan 2,10’un altinda kalmaktadir.
Tirkiye’deki iller arasi karsilastirmaya gore toplam dogurganlik hizinda Sanliurfa 3,27 ile en yiiksek, Bartin 1,13 ile en
diisiik seviyededir (TUIK, 2024a). Asagida kadin basina diisen dogurganlik oranlarina iliskin bir grafik paylasilmustir.
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Sekil 3. World Bank Data-2024 Kadin Bagina Diisen Dogurganlik Orani

Sekil 3°te goriildiigii lizere Tiirkiye’de dogum oranlarinin hizli bir sekilde diistiigli anlasilmaktadir. Avrupa iilkelerinin
ortalamalartyla kiyaslandiginda 2022 yili itibariyla Tiirkiye’nin dogum orami 1,9 iken Avrupa Birligi’nin 1,5 seviyesinde
kaldig1 goriilmektedir. Niifusun kendini yenileme oraninin 2,1 oldugu bilinmektedir (Kurtkapan, 2019) ve bu verilere gore
Tiirkiye’de demografik doniisiim beklenenden daha hizli bir sekilde gergeklesmektedir. Dogum oranlarindaki bu diisiis
Tiirkiye’nin niifus projeksiyonlarina da yansimaktadir. Asagidaki grafik Tirkiye niifusunun gelisim ve biiylime hizin
gostermektedir.

Turkey Population 2024 (Live)
87,553,208

Turkey Growth Rate

| | | | |
; P TR N S B B B S S
\9‘9 GG

' VEAR

Sekil 4. World Population Review (2025a). Tiirkiye Niifusu Biiylime Hiz1

Sekil 4’te goriuldiigii lizere niifus artis oran1 %1,09 olmakla birlikte bu oran her gegen yil diisiis gostermektedir.
Projeksiyonlara gore 87 milyon 553 bin kisi olan mevcut niifusun 2059 yilinda zirve yaparak 97 milyona ulagmasi, sonraki
yillarda ise diisiise gegmesi beklenmektedir (World Population Review, 2025a). Dogumlarin azalmasina neden olan bireysel
faktorlere bakildiginda bircok durumun etkili oldugu ve bu faktorler arasinda karsilikli bir iligki bulundugu dikkati
cekmektedir. Ornegin giiniimiizde cocuk artik bir “ekonomik varlik” olarak gériilmemektedir. Gegmiste cocuklar kisa
siirede aile ekonomisine olumlu bir katki saglayabilmekteyken giintimiizde bu durum s6z konusu degildir. Bir¢ok ¢ift maddi
acidan kendilerini giivence altina almak i¢in ilk dogumlarini birkag yil ertelemek istemektedir. Dogum oranindaki diisiiste
etkili olan bir diger faktor kadinlarin egitim durumudur. Dogum oranlarindaki diisiis kadinlarin egitim diizeyinin artmasiyla
iligkilendirilmektedir. Diger bir agidan baz ciftler ¢ocuk sahibi olmay1 yasam standartlarina yonelik bir tehdit veya yasam
kalitesinde bir diisiis olarak degerlendirmektedir (Szydlik, 2007, s. 79). Ozellikle gengler cocuk sahibi olmay1 diisinmeden
once kendi hayatlarini1 yagamak, is ve kariyer yasamlarina odaklanmak istemektedir. Bosanma oranlari da ailenin 6neminin
azaldigia dair bir gdsterge olarak degerlendirilmektedir. Son yillarda dikkat ¢ekici bir artis izlenmektedir. Bu duruma
iligkin grafik asagida paylasilmustir.
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Boganma sayisi ve kaba boganma hizi, 2001-2023
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Boganma says w=Kaba boganma hizs

Sekil 5. TUIK-2024 Yil1 Bosanma Sayis1 ve Kaba Bosanma Hizi

Sekil 5°te goriildiigii tizere 2023 y1li TUIK verilerine gore bosanma sayis1 173 bin 881 kisidir. Bu say1 2001 yilinda
91 bin 994, 2012 yilinda ise 123 bin 325 olarak goriilmektedir (TUIK, 2024b). Giincel verilere gére 2024 yilinda bosanan
¢ift say1s1 187 bin 343’e, kaba bosanma hiz ise binde 2,19’a yiikselmistir (TUIK, 2025a). Dolayistyla son yirmi y1li agkin
stirecte bosanmalarin istikrarli bir artig egiliminde oldugu goriilmektedir. Konuyla iliskili diger istatistiki verilere
bakildiginda evliliklerin énemli bir kisminin ilk 4-5 yil icinde bosanmayla sonuglandig1 goriilmektedir. TUIK verilerine
gore 2023 yilinda Tiirkiye’de bosanmalarm %33,4’1 evliligin ilk bes yili igerisinde, %21,7’si ise evliligin 6-10. yillart
arasinda gergeklesmistir. Evliligin 20. yilindan sonra gerceklesen ge¢ bosanmalarin oraninda da biiylik bir artig
goriilmektedir (TUIK, 2024b). Nitekim giincel ¢aligmalar, 50 yas ve iizerindeki bireylerde gériilen bosanma sayisinin da
diizenli bir artig egiliminde oldugunu ortaya koymaktadir (Diler ve Diler, 2022). Tiirkiye’de 21. yiizyilin baslarina kadar
toplumun yapisinda var olan bazi norm, deger ve yaklasimlar bosanma vakalar1 6niinde 6nemli bir bariyer gorevi gormiistiir.
Giiglii aile baglari, dini inanglar, bogsanmis bireylere (6zellikle kadinlara) yonelik olumsuz algilar ve aile igi sorunlarin aile
icinde ¢oziilmesi gerektigi yoniindeki yaklagimlar bir agidan boganmalar1 sinirlandirmistir. Evlenmek ve evli kalmak 6nemli
bir gelenek olarak yasam bulmus, bosanan ¢iftlerin evliligini siirdiiremeyen bireyler olarak degerlendirilmesi de bu siirecte
etkili olabilmistir. Toplumun bosanmalara yonelik olumsuz tutumlar1 ve ¢ocuklarin anne/babasiz kalacagina dair kaygilar
da bosanmalari sinirlandirict bir rol iistlenmistir (Taylan ve Danis, 2016). Giiniimiizde ise bu geleneksel bariyerlerin
toplumsal degisim siirecinde eski giiciinii biiyiik dlgiide kaybettigi gozlenmektedir.

Tiirkiye’de boganma oranlarini etkileyen faktorleri inceleyen calismalar, niifus artis hizi, kaba evlenme hizi ve yiiksek
egitimli kisi say1sinin boganma tizerinde pozitif, kaba dogum hizi ve okuma yazma bilmeyen niifus oraninin ise negatif bir
etkiye sahip oldugunu ortaya koymaktadir (Baskaya ve Unal, 2017; Bayrak, 2019; Ersoz, 2011; Kog, 2019). Ornegin
Amerika Birlesik Devletleri’nde bosanma oranlarini etkileyen faktorlerin basinda yas gelmektedir: 20-25 yag araliginda
evlenen ¢iftlerde bosanma olasiligi %60 iken, 25 yasindan sonra evlenenlerde bu olasilik %24 olarak ifade edilmektedir.
Diger etkili faktorler arasinda egitim, yasam tarzi ve dini inanglar sayilmaktadir. Daha yiiksek egitim seviyesi ve gii¢lii dini
inanglar bosanma riskini azaltmaktadir (World Population Review, 2025b). ilgili literatiirde ortaya konan bu bulgular,
bosanmanin ailenin kurum olarak dnceden sahip oldugu yapisindan uzaklagsmasiyla ve kisisel tercihe dayali yeni yagam
seceneklerinin aranmasiyla iligskilendirilmektedir. Nitekim gecmiste gérmezden gelinebilecek kiigiik anlasmazliklar
giliniimiizde bosanma igin yeterli bir gerekce olarak degerlendirilebilmektedir. Bosanma olgusunun toplumsal kabul diizeyi
de bu siirecte onemli bir rol oynamaktadir (Nave-Herz, 2013). Giincel veriler, toplumun bosanma olgusuna yonelik sosyal
kontroliiniin zaman i¢inde azaldigina ve bosanmanin daha genis kabul goren bir toplumsal olgu haline geldigine isaret
etmektedir. Bu degerlendirme, bosanan bireylere yonelik bir yargi icermeksizin, yalnizca toplumsal algidaki degisimi
betimlemeyi amacglamaktadir.

Bosanma, literatiirde evlilik i¢i anlagmazliklarm hukuki bir ¢6ziim yolu olarak da ele alinmaktadir. Kadinlarin egitim
diizeyinin ve ekonomik Ozgiirliiklerinin artmasi, doyum alamadiklar iliskilerde ayrilma karar1 almalarini kolaylastiran
etkenler arasinda sayilmaktadir. Ekonomik kosullarin ve teknolojik gelismelerin aile yasamina sundugu kolayliklarla
birlikte devlet destekleri yoluyla kadinin giivence altina alinmasi da bir bosanma motivasyonu olabilmektedir (Subasi, 2014,
s. 107). Kent yasaminda ayrilma isteginin kirsal kesime gore daha yiiksek oldugu goriilmektedir. Kadinin egitimi ve
istihdami da diger bir risk faktoriinii olusturmaktadir. Nitekim egitim ve gelir diizeyi yiikseldik¢e bosanma olasiliginin da
arttign gerek Almanya drnekleminde gerekse Tiirkiye’ye iliskin giincel ¢aligmalarda ortaya konmustur (Baskaya ve Unal,
2017; Nave-Herz, 2010, s. 48). Bu bulgular, bosanmanin yalnizca bireysel degil, sosyo-ekonomik boyutlari da bulunan ¢ok
katmanli bir olgu oldugunu gostermektedir.
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1.4. Ailelerde Yasanan Yapisal ve Islevsel Degisimler

Gilinlimiizde sik sik ailelerin islev kayiplarindan s6z edilmektedir (Nave-Herz, 2013). Bu durum, aile gérevlerinin
bagka kurumlara devredilmesi olarak da degerlendirilebilir (Huinink, 2002). Degisen toplumsal kosullar sonucunda ortaya
¢ikan bazi yeni gorevlerin yerine getirilmesi i¢in islevsel pargalarin kismen devredilmesi gerekli bir onkosuldur.
Gilintimiizde kres, anaokulu ve okul gibi erken ¢ocukluk egitim kurumlari, ailelerin gocuk bakimi ve egitimine iligkin bazi
sorumluluklarini destekleyen énemli sosyal kurumlar héline gelmistir. Ozellikle kadinlarim istihdama katilimmin artmasi,
aile yapisindaki doniisiimler ve erken ¢ocukluk déneminin ¢ocuk gelisimindeki 6neminin daha fazla anlasilmasi, ¢ocuk
yetistirme siirecinde aile ile egitim kurumlar1 arasindaki is birligini artirmistir. Bununla birlikte ebeveynlik anlayisinda
meydana gelen degisimler, cocugun bireyselligine, 6zerkligine ve gelisimsel ihtiyaclarina daha fazla 6nem verilmesini
beraberinde getirmistir. Bu siireg, ailenin islevlerini kaybetmesinden ziyade egitim, bakim ve sosyallestirme rollerinin farkli
toplumsal kurumlarla paylasilmas: seklinde ortaya ¢ikan bir doniisiimii ifade etmektedir (OECD, 2024). TUIK Yapisal bir
degisiklik olarak ailede kadinlarin ve annelerin roliinde de bir déniisiim/isboliimii yasanmaktadir. ilgili literatiirde ev
kadinlig1 roliinlin bir kisim kadin igin toplumsal statii kaybi olarak algilandigi ve Gzgiirlesme fikriyle biiyliyen geng
kadinlarin, eslerinin ev islerine yeterince katki saglamadigi durumlarda hayal kiriklig1 yasadigi ifade edilmektedir (Gezici
ve Giiveng, 2003). Kadinlar birliktelikte esitlik beklemekte, ancak bu beklenti cogu zaman tam olarak karsilanmamaktadir.
Aile igi igboliimii giiniimiizde birgok iliskide bir gerilim noktasi olmaya devam etmekte. Ancak ¢ogu durumda cinsiyete
0zgii rol dagilimimin temel egilimleri hala gozlemlenmektedir.

1.5. Ailelerde Cocuk Sahibi Olma Istegini Etkileyen Faktorler

Gelismis {ilkelerde ebeveynler genellikle g¢ocuk sahibi olmaya maddi nedenlerden dolayi degil, ¢ocuklarin
kendilerine duygusal doyum ve nese getirdigi diisiincesiyle karar vermektedir (Yavuz ve Giilliipinar, 2019). Ebeveynler tiim
odag1 ¢ocuga verebilmek igin gocuk sayisin1 genellikle smirli tutmaktadir. Iki cocuklu aile, Tiirkiye’de en ¢ok tercih edilen
aile modeli olarak 6ne ¢ikmaktadir (TUIK, 2021). Son yillarda yapilan ¢aligmalarda ailelerin gocuklarin “niceligine” degil,
birka¢ ¢ocugun “niteligine” yatirim yaptigr gozlenmektedir. Cocuk sahibi olmadaki motivasyon ve isteklilik, ailenin
yapisiyla iligkili olarak ¢ocuga atfedilen degeri de gostermektedir (Macit, 2021, s. 34). Bu bakimdan daha basarili, saglikli
ve giivenli bir gelecek plani igin ailelerin ¢cocuk sayisini bilingli olarak sinirli tuttugu séylenebilir. Bu durum giintimiizde
cocuga verilen degerle dogrudan baglantilidir. Mevcut dogum kontrol yontemleri sayesinde insanlar gocuk sahibi olmaktan
kacinabilmektedir. Artan refah seviyesi ve yiiksek egitim, yasam planlamasinda ekonomik c¢ikarlarin artmasina yol
acmaktadir. Ayn1 zamanda insanlarin ihtiyaglariin gesitliligi de artis géstermektedir. Yalnizca gocuk sayist degil, ailenin
ne zaman kurulacagi sorusu da bugiin ge¢mige gore farkli yanitlanmaktadir. Niifusun yogun kesiminin kentlerde yasamasi,
artan milli gelir ve bireylerin egitim-saglik hizmetlerine erisebilirligi. Evlenme, ¢cocuk sahibi olma ve yaslanma konularim
da beraberinde getirmektedir (Yavuz ve Giilliipinar, 2019). Calisma hayati, giiniimiizde kadin ve erkek i¢in giderek daha
belirleyici bir yasam alani haline gelmektedir. Daha 6nce erkeklere 6zgii bir durum olarak degerlendirilen bireysel
ekonomik bagimsizlik, artik kadinlar i¢in de 6nem tasimaktadir. Kadinlarin ekonomik statiisii, cocuk isteme ve ¢ocuk
sayisina da yansiyabilmektedir. Genellikle cocuk yetistirmekten sorumlu olan kadinin ekonomik geliri arttik¢a cocuk sahibi
olma istegi paralel olarak azalmaktadir (Macit, 2021, s. 33). Cocuk bakimi 6zellikle kadinlarin emek piyasasindan
uzaklagmasina neden olmakta, dolayisiyla kadinlarin ¢alisma hayatini ve sosyo-ekonomik statiisiinii olumsuz etkileyen bir
engel olarak goriilmektedir (Hiiseyinli ve Hiiseyinli, 2016). Ayrica kadinlarin uzun bir siire isten ayrildiktan sonra (¢ocuk
bakimi nedeniyle) ise geri donmesi genellikle giictiir ve siklikla gelir kaybi ile kariyer diisiisiine neden olmaktadir. Bu
durum kadin i¢in dezavantajli bir konum yaratmaktadir. Bu bakimdan degisen statii nedeniyle ¢ocuk sahibi olan annenin
calisma yasamina donmek istemesi olagan bir durum olarak degerlendirilmektedir. Bu durum, ebeveynlik ile kariyer
arasindaki dengenin kadinlar agisindan hala ¢6ziilmemis bir gerilim alan1 olduguna igaret etmektedir.

Cocuk sahibi olma istegi iizerinde etkili olan bir diger unsur, kiginin yetistigi ailenin degerleridir. Ailedeki duygu,
deger ve inanglar, aileyle ilgili tutum ve taleplerin yasam planmin olusmasinda énemli bir rol oynamaktadir. Ingiliz sosyolog
Catherine Hakim (2003), kadinlar 6rnegi {izerinden hazirladig1 “yasam tarzi tercihleri” adli ¢alismasinda {i¢ gruptan s6z
etmigstir: ilk grup (ev merkezli) aileye deger verirken kariyere daha az onem atfetmektedir, ikinci grup (is merkezli) ise
bunun tersini hedeflemektedir. Ugiincii ve en biiyiik kadin grubu olan uyumlu grup ise ikisini birlestirmeyi amaglamaktadir
(Hakim, 2003, ss. 260-261). Aragtirma sonuglarina gore kadinlardaki aile dostu degerler ve geleneksel cinsiyet rolii
yonelimleri, daha fazla ¢ocuk sahibi olma istegine, evlenme egilimine ve ¢ocuk yapmaya katkida bulunmaktadir. Bu
boliimde ele alinan bulgular yalnizca bireysel ¢ocuk istegiyle sinirli degildir. S6z konusu egilimler ayn1 zamanda ailenin
biitiinli acisindan da 6nemli sonuglar dogurmaktadir. Ebeveynlerin sosyo-yapisal ge¢misini dikkate alan sosyolojik
aragtirmalar, bosanma sonrasinda ebeveynler arasinda siiregelen catismalarin bulundugu durumlarda okul cagindaki
cocuklarin refahinin olumsuz etkilendigini gdstermektedir. Aile psikolojisi ¢alismalari, bosanmis ailelerden gelen
cocuklarin diger ¢ocuklara kiyasla davranis sorunlari, psikosomatik bozukluklar, okul sorunlar1 ve sorunlu davraniglar
sergileme olasiliginin daha yiiksek oldugunu ortaya koymaktadir (Huinink, 2009). Refahin genel olarak artmasi ve
kadinlarin egitim ve istihdama katiliminin artmasi nedeniyle ebeveynlik, giderek diger seceneklerle, 6zellikle de kariyer
alternatifleriyle rekabet eder hale gelmistir (Gerlach, 2009). Dolayisiyla ebeveyn sorumlulugunu tstlenmek, hayattaki diger
firsatlardan daha fazla vazge¢mek anlamina gelmektedir. Bu durumda devlet politikasinin gdrevi, aile ve sosyal politika
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onlemlerinin yardimiyla ¢ocuk sahibi olma isteginin ger¢eklesmesinin 6niindeki yapisal engelleri ortadan kaldirmak veya
en aza indirmektir.

1.6. Ailede ve Evlilikte Istikrarsizlasma Egilimleri

Aile kurumu ortadan kalkmamakta, ancak bi¢cim degistirmektedir. Bu degisimin ayirt edici en 6nemli 6zelligi, evli
ciftlerin dnceki donemlere nazaran daha sik ayrilmasi/bosanmasidir. Glinlimiizde bosanma oranlar1 yiiksektir ve bu oran
gittikce artmaktadir. Boganma, evliligin sonlandirilmasi olarak bekar bir yasamin veya tek ebeveynligin baglangici anlamina
gelmektedir. Modern evlilik ve cekirdek ailenin istikrarsizligi tartismanin odak noktasidir. Bosanma sayilarindaki artis, tek
ebeveynli ailelerin sayisindaki artis ve yeniden evlenme egiliminin gii¢lii olmasi nedeniyle iivey ailelerin ortaya ¢ikist bu
istikrarsizigin nedenlerindendir (Peuckert, 2002a, s. 122). Bosanma oranlarindaki gelismelere bakildiginda (bk. TUIK
verileri), yasam boyu tek esliligin toplumsal normunun ne kadar kirilgan hale geldigi goriilmektedir. Yasam bi¢imlerinin
cogullagsmasinin ve evliligin kurumsallagmasinin zayiflamasinin nedenleri bireysellesme ve toplumsal farklilasma
kuramlariyla aciklanmaktadir. Bazi sosyal bilimciler bu siireci evlilik ve ailenin dneminin azalmasi ve istikrarsizlagmasi
olarak yorumlarken, diger sosyal bilimciler modern aile tipinin kabuliinii ileri siirmektedir. Buna goére ailenin yapisal
degisimi bir stirectir. Toplumsal islevleri yerine getiren ekonomik, siyasi, hukuki ve dini alanlar gibi aile de bir alt sistem
olarak topluma 6zgii bir islev ve eylem bigimine indirgendigi ileri siiriilmektedir.

Evlilik ve ailenin yapisal degisimini 1990’11 yillarin Bat1 Avrupa toplumsal baglaminda ele alan Hoffmann-Nowotny
(1995) ii¢ varsayim One siirmiistiir: evlilik kurumunun ortadan kalkmasi tezine gore, evlilik kurumuna bagliligin azalmasi
ve alternatif segeneklerin genislemesi yasam tarzlarinin daha fazla bireysellesmesine ve ¢ogullagsmasina neden olmaktadir.
Evlilik kurumundaki kalitenin azalmasi tezine gore, evlilik kurumunun yerini diger bireysel yasam bigimleri almamakta,
ancak evlilik gii¢lii normatif niteligini yitirmekte ve baglayiciligi azalmaktadir. Evlilikte kurumsal degisim tezine gore ise
evlilik ve ailede bir anlam kaybindan ziyade bir anlam degisikligi yasanmaktadir. Evlilikten genel bir uzaklasma s6z konusu
olmamakla birlikte, evlilige giden siiregte dnemli degisiklikler yasanmaktadir. Bu ii¢ varsayimin Tiirkiye baglaminda ne
ol¢iide gecerli oldugu, giincel alan arastirmalariyla ayrica smnanmaya deger bir konudur. Uzerinde durulmas: gereken bir
diger husus, bosanmanin kitlesel bir olgu haline gelmesi ve yeniden evlenmelerin sayisindaki artigla birlikte tivey ¢cocuk
sayisinin da artmis olmasidir. Nitekim giincel TUIK verileri, 2024 yilinda bosanan 187 bin 343 ciftle birlikte 186 bin 536
cocugun velayet siirecinden etkilendigini gostermektedir (TUIK, 2025). Bu veriler, bosanmanin kitlesel bir toplumsal olgu
olma niteliginin 2000°’li y1llarin bagindan giiniimiize artarak slirdiigiinii ortaya koymaktadir. Ayrica giderek daha fazla cocuk
yalnizca bir biyolojik ebeveynle, yani tek ebeveynli bir ailede biiyiimektedir. Evlat edinen aileler de (biyolojik iliski
olmaksizin ebeveynlik) ailenin biyolojik-sosyal birliginin bozulmasina isaret etmektedir (Peuckert, 2002b, s. 207). Bu
gelismeler, aile kurumunun biyolojik temelli geleneksel taniminin da giderek genisledigini gostermektedir.

Bosanma gerekgelerinde bireysel nedenler ve psikolojik faktorler, maddi unsur ve kisitlamalarin 6niine gegmis
durumdadir. Bu bulgu farkli iilke 6rneklemlerinde farklilik gdsterebilmekle birlikte, her iki esin de tam zamanli ¢aligtigt
evliliklerde bosanma riskinin, her iki esin de ¢alismadigi evliliklere kiyasla daha yiiksek oldugu yoniinde bulgular
literatiirde yer almaktadir (Ersoz, 2011; Kaya ve Tan Eren, 2020; Kog, 2019). Bosanma oranlarindaki artisa kiiltiirel degisim
de eslik etmektedir. Evlilik ve aileye iliskin degerler geleneksel ve dini temelli normlardan giderek daha az etkilenmektedir
(Taylan ve Danis, 2016). Dindar olmayan bireyler arasindaki boganma oraninin dindar olanlara kiyasla daha yiiksek oldugu
goriilmektedir. Kentli ¢iftlerde bosanma riskinin kirsal kesimdeki ¢iftlere kiyasla daha yiiksek oldugu goriilmektedir, ¢linkii
kiiltiirel engeller ve sosyal kontrol kentlerdeki anonim sosyal yapilarda gorece daha az giicliidiir. Giincel veriler 15181nda
bosanmanin giiniimiizde daha genis toplumsal kabul gérdiigli ve bosanan bireylerin gecmise kiyasla daha az diglanmaya
maruz kaldig1 s6ylenebilir. Bu degerlendirme betimleyici olup herhangi bir deger yargisi icermemektedir.

1.7. Aile Kurumunun Korunmasinda ve Desteklenmesinde Sosyal Hizmetin Rolii

Sosyal hizmet mesleginin erken donem uygulamalar1 bireyle ¢calismaya dayanmaktadir (Selcik ve Giizel, 2016).
Sosyal kisisel caligma (birey ve aileyle galisma), sosyal hizmetin en eski tekniklerinden biri olarak kabul edilmektedir.
Sorunlarin zaman i¢inde ¢esitlilik gostermesi, toplumsal sorunlara kalici ¢oziimler iiretme ve meslekte profesyonellesme
ihtiyaci ile sistemli miidahalelerin gerekliligi, meslegin uygulama alanlarinda ve miidahale diizeylerinde koklii degisimleri
beraberinde getirmistir. Sosyal hizmetin mikro, mezzo ve makro olmak {izere miidahale diizeyleri vardir ve mikro diizeyde
birey ve bireyin siki etkilesim i¢inde bulundugu aileyle ¢alisma s6z konusudur (Selcik ve Giizel, 2016). Dolayisiyla
toplumun en 6nemli kurumlarindan biri olarak aileyle calisma, sosyal hizmetin odagindadir (Mavili Aktas, 2004). Bu
odaklanma, meslegin aile kurumunu bireyin gelisimindeki merkezi konumu nedeniyle dnceliklendirdigini gostermektedir.

Miiracaatci sistemi olarak aile, mesleki bir yaklasimla ele alindiginda birey ve ailenin ¢evresel ve kiiltiirel kosullar
icinde degerlendirilmesi gerekmektedir. Bu ¢ok boyutlu bir bakisin tirlinlidiir. Sosyal hizmet, en biiyiik katkiy1 ailenin yasam
igindeki dogal akigini anlayarak sunabilir. Bu noktada aileyi etkileme potansiyeline sahip tiim sistemleri degerlendirmek,
sistemlerin kapasitelerini anlamak, isbirligi iginde gerekli degisiklikleri ger¢eklestirmek ve boylece iyilestirme ve dnlemeyi
miimkiin kilmak temel hedeftir (Mavili Aktas, 2004). Bu dogrultuda insanin toplumsal rollerini daha iyi bir sekilde yerine
getirmesini saglamak, sosyal kisisel calismanin bir amaci olarak belirmektedir. Ozellikle kisinin icinde bulundugu grubun
veya toplumun rollerinin tehlikeye girdigi durumlarda miidahalenin gergeklestirilmesi gerekmektedir. Bu bakimdan sosyal
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hizmet mesleginin kullandig1 sosyal kisisel ¢alisma teknigi, kisinin toplumsal rollerini gézlemlemeyi ve bu yondeki mesleki
iligkileri kurmay1 6nermektedir. Bu dogrultuda ¢alisma, sosyal hizmetin geleneksel olarak odaklandig: aile sorunlarinin
(siddet, yoksulluk vb.) 6tesinde, ailelerdeki yapisal degisimlere karsin biiyiime, islev ve iyilesmeye odaklanmaktadir.

Sosyal hizmet mesleginin birey ve ailelere yonelik miidahalelerinin yani sira toplum orgiitlenmesine ve kalkinmasina
yonelik girisimleri de s6z konusudur. Bu kapsamda ekonomik ve sosyo-kiiltiirel kalkinmay1 saglamak, meslegin topluma
yonelik misyonunu temsil etmektedir (Kongar, 2007, s. 127). Toplum kalkinmasi ve gelisimi i¢in aile kurumu kilit bir
konumdadir. Bu nedenle Devlet Planlama Teskilatinin gelistirdigi kalkinma planlarinda ailenin korunmasi ve desteklenmesi
temel ilke olarak kabul edilmektedir (Ersdz, 2003). Ornegin Yedinci Bes Yillik Kalkinma Planinda ailenin giiglendirilmesi
ile aile krizleri ve sorunlarinin ¢6ziilmesi gerektigi vurgulanmistir (DPT, 1995). Birinci Bes Yillik Kalkinma Plani’nin genel
kisminda ise niifus planlamasina ve niifus politikasina yonelik girisimin gerekliligine dikkat ¢ekilmistir. Zira o donemde
niifus artis hizinin %3 seviyesinde olmasi1 yiiksek bir oran olarak degerlendirilmistir (DPT, 1965). Dolayisiyla planl
kalkinma gerekceleriyle hazirlanan kalkinma planlarinda da vurgulandigi gibi toplumsal gereksinimlerin yonii
dogrultusunda politikalar gelistirilmekte ve adimlar atilmaktadir. Ornegin Cumhurbaskanligi 2025 yilim “Aile Y1l ilan
etmis ve bu kapsamda yeni dogacak ¢ocuklara yonelik sosyal yardimlar saglanacagi agiklanmigtir (T.C. Cumhurbagkanlig
[letisim Baskanlig1, 2025a). Ayrica aile kurumunu giiglendirmeye yonelik yeni politikalarin yiiriirliige girecegi belirtilmistir
(T.C. Cumhurbaskanlig: Iletisim Baskanligi, 2025b). Bu politika adimlari, ¢calismanin &nceki béliimlerinde ele alinan
demografik gostergelerle (evlenme ve dogurganlik oranlarindaki diigiis, bosanma oranlarindaki artis) dogrudan baglantili
olarak degerlendirilebilir. Bu bakimdan toplum kalkinmasi, ancak aile yapisinin korunmasi ve desteklenmesiyle miimkiin
olabilir. Toplumun en kii¢iik birimleri olan ailelerin desteklenmesi, ailelere gerekli hizmetlerin sunulmasi, sosyal giivenligin
artirilmast, issizligin ve evsizligin azaltilmasina yonelik politikalar, toplum kalkinmasi i¢in ailelere yonelik uygulamalar
olarak goriilebilir. Dolayisiyla aile destek programlar1 bir yoniiyle toplum temelli uygulamalar kapsamindadir (Chaskin,
2006, ss. 49-50). Bu noktada ailelerin giiclendirilmesi ihtiyact dogmaktadir ki bu, sosyal hizmet uygulamasinin 6énemli bir
parcasini olusturmaktadir.

Degismekte olan toplum ve aile yapisi karsisinda sosyal hizmetin degisme stratejileriyle degisen toplum ve insan
gergegini kavramasi ve bu dogrultuda meslegin yonlendirici ve yardimci olmast kaginilmazdir. Mesleki modeller ortaya
koymak, toplum yapisinin orgiitlii mekanizmalarimi harekete gegirmek ve insanin toplumsal yapi i¢indeki giiciini ve
eylemlerini gelistirmek, sosyal hizmetin toplum ve ailelere yonelik yapici niteligini temsil etmektedir. Diinyay1, toplumu
ve insan1 kavrayacak yeni bilgi, beceri ve mesleki hareketlilik yaratilmadigi takdirde meslegin varolus felsefesine iliskin
olumsuz bir algi olusabilecektir. Bu bakimdan meslegin Tiirkiye’de insan ve toplum karsisinda tiretken, islevsel ve etkili
olmasi gerekmektedir (Cilga, 2012, ss. 208-211). Gelistirici olma, toplumun tiim kesimlerine, aile ve bireylere yonelik
caligmalar1 kapsamaktadir. Bunun i¢in meslegin yoneltme, destekleme, kosullar1 gelistirme, bilgilendirme, bilinglendirme
ve olanak saglama misyonlarina sahip olmasi gerekmektedir (Cilga, 2012, s. 225). Meslegin {istlendigi sorumluluk ve
misyonun, aile yapisinin toplumun gelecegi i¢in giiven verici bir yapiya biiriinmesini saglayacak yonde bigcimlendigi
sOylenebilir. Meslegin tarihsel gelisiminde “insan”, “toplum”, “degisim” ve “gelisim” konularina odaklanmis olmasi1 da bu
durumu agik¢a gostermektedir.

Sonu¢

Caligma kapsaminda ele alinan bulgular, Tiirkiye’de aile kurumunun sanayi oncesi donemden giiniimiize uzanan
tarihsel siirec i¢inde 6nemli bir yapisal ve islevsel doniisiim gecirdigini ortaya koymaktadir (Alp, 2024; Kurtkapan, 2019).
Bu doéniisiim siirecinde bireysellesme, kentlesme ve sanayilesme, kadinin egitim ve istihdama katiliminin artmasi, degisen
ekonomik kosullar ve toplumsal degerlerdeki doniisim gibi ¢ok boyutlu etkenlerin belirleyici bir rol oynadigi
goriilmektedir. Bu etkenlerin bir sonucu olarak evlilik yasinin yiikseldigi, dogurganlik hizinin diistiigii, bosanma oranlarinin
arttig1 ve buna karsin c¢ekirdek ailenin hala baskin aile bigimi olma 6zelligini siirdiirdiigii tespit edilmistir. S6z konusu
bulgular, ailenin ortadan kalkan degil, bi¢im degistiren bir kurum oldugu goriisiinii desteklemektedir. Calisma kapsaminda
ailenin yapisal degisimini etkileyen temel faktorler ve gdzlenen sonuglar sekil 6’da 6zetlenmistir.
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Sekil 6. Ailenin Yapisal Degisimini Etkileyen Temel Faktorler ve G6zlenen Sonuglar

Not: Sekil 6, galigmanin 1-6. boliimlerinde ele alinan literatiir ve TUIK (2024a, 2024b, 2025a) verilerinden yararlanilarak
yazar tarafindan olusturulmustur.

Nitekim literatiir, ailenin siirekli bir degisim siireci i¢inde oldugunu ortaya koymaktadir. S6z konusu degisimler yalnizca
yakin ge¢miste degil, sanayi oncesi donemden modern ¢aga uzanan bir siireklilik icinde yasanmaktadir. Ailelerdeki
degisimleri toplumsal kosul ve degisimlerden bagimsiz diisiinmek miimkiin degildir. Zira aile ve toplum birbiriyle yakindan
iligki i¢indedir (Zapf, 1994). Aile, toplumun temel bir kurumu ve sosyal sistemin 6nemli bir pargasidir (Hatipler, 2023). Bu
bakimdan bu ¢alismada 6zellikle ¢ok ¢ocuklu ailelerin 6neminin azalmasi, ¢ocuksuz evliliklerin artmasi (Sakman, 2021),
evlenme egiliminin azalmasi ve ilk evlenme yasinin artmasi konularina dikkat ¢ekilmistir. Caligsma neticesinde niifus artis
hizinin diistiigii, bogsanma oranlarinin arttig1 ve evlenme yasinin ylikseldigi tespit edilmistir. Bu bulgular ailenin ve toplumun
saglikli gelisimi agisindan dikkatle izlenmesi gereken gostergeler olarak degerlendirilmektedir. TUIK verileri ve
uluslararasi niifus istatistiklerinden yararlanilarak ailelerin yasadigi degisimler, bu degisimlerin neden ve sonuglari, ailelerin
degisen Onemi, ailelerdeki yapisal ve islevsel degisimler, cocuk sahibi olma istegi lizerindeki etkiler ve ailede/evlilikte
istikrarsizlagma egilimleri, ilgili literatiirden de yararlanilarak tartigilmigtir. Bu tartigmalarin odaginda sosyal hizmet
mesleginin toplum ve ailelere yonelik sorumluluklarina atifta bulunularak aile kurumunun korunmasi ve desteklenmesinde
sosyal hizmetin roliine vurgu yapilmistir.

Ailede yasanan degisimler topluma da yansimakta, toplum ile aile arasinda iki yonlii bir etkilesim yasanmaktadir. Bu
baglamda toplumsal kalkinmada ailenin etkin giicii dikkate alinarak Tiirkiye’nin gelecekteki hedeflerine ulasabilmesi i¢in
ailelerin desteklenmesine ve islevselliklerini siirdliirmelerine gereksinim duyulmaktadir. Bu dogrultuda toplum ve ailelere
yonelik politikalarin gelistirilmesi/uygulanmasi, mesleki modellerin gelistirilmesi, aile ve toplumsal mekanizmalarin
etkinlestirilmesi ve ailenin toplumsal yap1 igindeki eylemlerinin giiglendirilmesi gerekmektedir. Ancak toplumun aile dostu
alanlarinda sosyal politikalarin hala yetersiz kaldigi konular bulunmaktadir. Bu konular arasinda ii¢ yasin altindaki ¢ocuklar
icin ¢ocuk bakim kreslerinin yetersizligi, tam giin egitim veren anaokullarinin azlig1, tiim giin siiren okullarin sayisinin
sinirli olmasi, esnek olmayan ¢alisma saatleri ve kurumlarin aile dostu olmayan mesai diizenlemeleri sayilabilir. Gelismis
iilkeler, vatandaglarinin is ve aile yasamini birlikte siirdiirmesine olanak taniyan ¢oziimleri gorece daha basarili bicimde
uygulamaktadir (Gerlach, 2009). Bu 6rnekler, aile dostu politikalarin is ve aile yasami arasindaki dengeyi gozeten kapsaml
bir yaklagimla ele alinmasi gerektigini gostermektedir.

Gilinlimiiz sosyal politikalarina bakildiginda ¢ekirdek aile modelinin toplumun biiyiik bir kesimi i¢in hala bir referans
noktas1 oldugu goriilmektedir. Ancak sosyal, ekonomik, politik ve diger faktdrlerin tahmin edilmesindeki giigliikler
nedeniyle “gelecegin ailesi’nin hangi yasam bigimlerini beraberinde getirecegine iliskin 6ngoriilerde bulunmak giigtiir.
Ozellikle gekirdek aile yapisinin ¢dziilmeye baslamasiyla birlikte gelecekte hangi aile modellerinin ortaya ¢ikacagi ve aile
yapisinin hangi boyutlarda degisime ugrayacagi, iizerinde durulmasi gereken bir konudur (Abudureyimu ve Hu, 2019;
Peuckert, 2002a). Bununla birlikte dini Ogretiler, aileyi tesvik edici sosyal politikalar, yasal diizenlemeler, koruyucu
tedbirler ve evlilik-aileye yonelik planlamalarin, gelecegin ailelerini yonlendirme ve saglikli bir yapida destekleme
potansiyeline sahip oldugu degerlendirilmektedir (Ersdz, 2003). Ornegin hiikiimetin ailelere daha fazla destek sunmasi
durumunda dogum orani yeniden artabilir. Cocuk yardimi, giivenli anaokulu/cocuk bakim hizmetleri ve yar1 zamanlh
caligma segenekleri bu siirecte etkili adimlar olarak degerlendirilebilir. Bu destekler, aile, cocuk ve ¢alisma yasami arasinda
daha iyi bir denge kurulmasimi miimkiin kilabilecek ve ailenin toplumdaki kaybolma riski tasiyan degerini yeniden
kazanmasina katki saglayabilecektir.
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Toplumda derin degisimlerin yasandigi donemlerde 6zellikle aile kurumunun olumsuz etkilenmemesi agisindan toplum
temelli aile destek programlar1 6nem arz etmektedir (Chaskin, 2006). Bu bilingle sosyal hizmet meslegi, ailelerin yasadigi
degisimleri biitiinciil bir yaklagimla degerlendirerek, aileleri giiclendirerek, onlara danigmanlik yaparak ailelerin karsilastigi
sorunlar1 ¢ozerek ve ailelerin toplumsal yapi i¢indeki rollerini yerine getirmelerini tesvik ve destek yoluyla kolaylastirarak
misyonunu yerine getirebilir. Aileleri etkileme potansiyeline sahip sistemleri degerlendirmek, gerekli degisimleri sistemli
bir sekilde gerceklestirmek ve ailelerin kapasitelerini artirmak temel hedef olmalidir. Bu girisim, aynm1 zamanda meslegin
ekonomik ve sosyo-kiiltiirel kalkinmay1 saglama misyonunu da temsil etmektedir.

Siirhliklar ve Oneriler

Bu caligmanin betimsel bir literatiir derlemesi niteliginde olmasi, bulgularin genellenebilirligi acisindan 6nemli bir
sinirlilik olusturmaktadir. Calisma birincil veri toplama siirecine dayanmamakta, ulusal ve uluslararasi istatistiki kaynaklar
ile ilgili literatiiriin karsilastirmali bir analizine dayanmaktadir. Bu durum, bulgularin bireysel deneyimler diizeyinde
derinlemesine bir acgiklama sunma kapasitesini sinirlandirmaktadir. Ayrica ¢alismanin Tiirkiye geneline iliskin toplu
istatistiki gostergeler {lizerinden yiiriitiilmiis olmasi, bolgesel, kirsal-kentsel ve sosyoekonomik farkliliklarin ayrintil
bi¢cimde ele alinmasina imkan tanimamaktadir. Bu dogrultuda gelecekte yapilacak arastirmacilara yonelik olarak birtakim
oneriler sunulabilir. Oncelikle, TUIK verilerine dayali niceliksel/istatistiksel modellerin (&rn. goklu regresyon, zaman serisi
analizi) kullanilarak aile yapisindaki degisimin bolgesel ve sosyoekonomik farkliliklar temelinde incelenmesi
onerilmektedir. Bu sayede hangi degiskenlerin bosanma ve dogurganlik egilimleri {izerinde daha belirleyici oldugu net
bicimde ortaya konabilir. Bunun yani sira, evlenme, bosanma ve dogurganlik egilimlerini bireylerin 6znel deneyimleri
lizerinden anlamaya olanak taniyan nitel ve karma yontem arastirmalarin yiiriitiilmesi, istatistiki verilerin ardindaki insani
ve psikososyal dinamiklerin goriiniir kilinmasina katki saglayabilir. Ayrica sosyal hizmet uzmanlarinin aile destek
siireglerindeki uygulamalarini degerlendiren saha aragtirmalarinin artirilmasi, meslegin bu alandaki miidahale modellerinin
etkililiginin sinanmasina imkén taniyacaktir. Diger taraftan, Tiirkiye’deki aile yapisindaki degisimin, Hoffmann-Nowotny
(1995) gibi Bat1 Avrupa baglaminda gelistirilmis kuramsal g¢ergevelerle ne olgiide Ortiistiigiinii sinayan karsilastirmali
caligmalarin gergeklestirilmesi onerilmektedir. Bu ¢aligmalar, s6z konusu kuramlarin Tiirkiye baglamindaki agiklayiciligin
test etme firsati sunacaktir. Aile politikalarinin, érnegin “Aile Yili” kapsamindaki uygulamalarin, etkilerini izleyen
boylamsal aragtirmalarin planlanmasi onerilmektedir. Bu tiir arastirmalar, politika miidahalelerinin aile yapisi lizerindeki
uzun vadeli etkilerinin degerlendirilmesini miimkiin kilacaktir. Ayrica, aile yapisindaki degisim ve demografik yaslanmanin
gelecekte aile destek sistemleri, bakim gereksinimleri ve sosyal hizmet uygulamalari {izerindeki olasi etkilerinin
incelenmesine yonelik arastirmalarin artirilmasi 6nerilmektedir. Bu yondeki ¢aligmalarin, sosyal hizmet mesleginin aile ve
topluma yonelik miidahale modellerinin gelistirilmesine somut katkilar sunacagi, ayn1 zamanda ilgili literatiirdeki bilgi
birikimini zenginlestirecegi diisiiniilmektedir.

Etik Kurul Bilgileri Beyani

Bu ¢aligma, etik kurul izni gerektirmeyen nitelikte olup kullanilan veriler literatiir taramasi/yayinlanmis kaynaklar
iizerinden elde edilmistir. Calismanin hazirlanma siirecinde bilimsel ve etik ilkelere uyuldugu ve yararlanilan tiim
caligmalarin kaynakcada belirtildigi beyan olunur. (This study does not require ethical committee approval, and the data
used were obtained from literature reviews/published sources. It is hereby declared that scientific and ethical principles
were adhered to during the preparation of this study and that all studies used are cited in the references).
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