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ABSTRACT

Aim: Idiopathic hyperandrogenemia is defined as the disease in women with signs of hirsutism and
increased serum androgen levels, a normal menstrual cycle, and normal ovarian morphology. In this study, it
was aimed to examine the association of Bisphenol A and mono-ethylhexyl phthalate with this disease.

Material and Methods: A total of 91 individuals between the ages of 18-45 were included in the study.
The patient group consisted of 43 women with high androgen levels who applied to the endocrine
outpatient clinic with signs of hirsutism, and the control group consisted of 48 healthy women with no
signs of hirsutism or any additional disease. Bisphenol A and mono-ethylhexyl phthalate were measured
in urine by the liquid chromatography-mass spectrometry method.

Results: Urinary Bisphenol A levels were found to be significantly higher in the patient group compared
to the control group (1.6 ng/ml; 0.55 ng/ml, p=0.035). Mono-ethylhexyl phthalate levels were found to
be significantly higher in the control group compared to the patient group (1.81 ng/ml, 1.66 ng/ml,
p=0.01). In logistic regression analysis, odds ratios were 1.91 (95% CI: 1.13-3.24, p<0.05) for BPA,
0.91 (95% CI: 0.81-1.01, p=0.09) for age, 18.74 (95% CI: 3.86-90.85, p<0.05) for fT3, and 1.06 (95%
CI: 0.98-1.14, p=0.09) for prolactin.

Conclusion: Investigation of the effect of endocrine-disrupting chemicals in this group, which is less
common in the etiology of hyperandrogenemia, made our study unique. The higher Bisphenol A urinary
level in the patient group than in the control group suggests the effect of Bisphenol A in patients with
idiopathic hyperandrogenemia. The higher level of mono-ethylhexyl phthalate in the control group
suggests that more phthalate metabolites should be examined and more studies should be conducted.

Key Words: Bisphenol A, Phthalate, Idiopathic hyperandrogenemia, Endocrine disruptors

Yazigma adresi: Mert Ude
izmir Katip Celebi Universitesi Atatiirk Egitim Arastirma Hastanesi, Tibbi Biyokimya Anabilimdali, izmir, Tiirkiye
e-posta: mertuge6@gmail.com
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2022/17 sayili kurul karari
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OZET

Amag: idiyopatik hiperandrojenemi, kadinlarda hirsutizm belirtileri, artmis serum androjen diizeyleri,
normal adet dongiisii ve normal yumurtalik morfolojisi ile seyreden bir hastalik olarak tanimlanir. Bu
calismada, Bisfenol A ve mono-etilhekzil fitalat'n bu hastalikla iligkisinin incelenmesi amaclandi.

Materyal ve Metod: Arastirmaya 18-45 yas arasi toplam 91 birey dahil edildi. Hasta grubunu, endokrin
poliklinigine hirsutizm bulgusu ile basvuran ve androjen diizeyi yiiksek olan 43 kadin; kontrol grubunu
ise hirsutizm bulgusu ve herhangi bir ek hastalidi olmayan 48 saglikli kadin olusturdu. Bisfenol A ve
mono-etilhekzil fitalat duzeyleri idrarda sivi kromatografi-kitle spektrometri yontemiyle olculdii.

Bulgular: Hasta grubunda idrar Bisfenol A diizeyleri, kontrol grubuna goére anlaml olarak yiiksek
bulundu (1,6 ng/ml; 0,55 ng/ml, p=0,035). Mono-etilhekzil fitalat diizeyleri ise kontrol grubunda, hasta
grubuna gore anlaml olarak yiiksek bulundu (1,81 ng/ml; 1,66 ng/ml, p=0,01). Lojistik regresyon
analizinde odds oranlari, BPA icin 1,91 (%95 giiven araligi: 1,13-3,24; p<0,05), yas icin 0,91 (%95
guven arahgi: 0,81-1,01; p=0,09), fT3 igin 18,74 (%95 giiven arahdi: 3,86-90,85; p<0,05), prolaktin
icin 1,06 (%95 guiven aralidi: 0,98-1,14; p=0,09) olarak bulundu.

Sonuc: Hiperandrojenemi etiyolojisinde daha az siklikla yer alan bu grupta, endokrin bozucu
Kimyasallarin etkisinin incelenmesi calismamizi 6zgiin kilmaktadir. Hasta grubunda Bisfenol A idrar
dizeyinin kontrol grubuna gore yiiksek olmasi, idiyopatik hiperandrojenemililerde Bisfenol A'nin etkisini
disiindiirmektedir. Kontrol grubunda ise mono-etilhekzil fitalat diizeylerinin daha yiiksek bulunmasi,

daha fazla ftalat metabolitinin incelenmesi ve daha fazla calisma yapilmas: gerektigini
dusundiirmektedir.

Anahtar Kelimeler: Bisfenol A, Fitalat, idiyopatik hiperandrojenemi, Endokrin bozucular
INTRODUCTION dyslipidemia and impaired glucose
L . . . . tolerance. Furthermore, acne, hirsutism,
lesutlsm. IS a chmc:,al finding  that is seborrhea, male pattern hair loss and
characterised by the increased growth of acanthosis nigricans may result from

terminal hair of a male type in women.

: . hyperandrogenemia (3). This is followed by
Hirsutism may be the only symptom of

) ) . late-onset congenital adrenal hyperplasia
androgen increase, or it may sometimes be (LOCAH) and idiopathic hirsutism/
accompanied by acne and androgenic hyperandrogenemia. Rarely, Cushing's
alopecia. Excessive androgen elevation syndrome, hyperprolactinemia, thyroid

causes an increase in terminal hair (1). The
distribution of hair is determined by Modified
Ferriman Gallwey (MFQG) scoring. Nine
different parts of the body are scored

disorders, androgen-secreting tumors, some
medications and smoking may increase hair
growth (4).

between O and 4 and the total score is
obtained. Cases with an MFG score of 8-15
are considered mild, cases between 16-25
are considered moderate, and cases above
25 are considered severe hirsutism. In
Mediterranean coastal countries, an MFG
score of 8 and above is considered hirsutism
(2).

The most common cause of hirsutism is
Polycystic Ovary Syndrome (PCOS). The most
important disease group that should be
considered in differential diagnosis is PCOS.

The clinical presentation may include
menstrual disorder, oligo-anovulation,
hirsutism, infertility, insulin resistance,
114

Idiopathic hyperandrogenemia is defined as
a group of patients with normal menstrual
cycles and normal ovarian morphology, with
hirsutism and increased serum androgen
levels. In order to diagnose idiopathic
hyperandrogenemia, other secondary causes
of hirsutism must be excluded.

Endocrine Disrupting Chemicals

Endocrine Disrupting Chemicals (EDCs) are
substances extensively used worldwide,
particularly in the plastics industry, which has
grown considerably in recent years. These
chemicals have been recognized for their
potential role in endocrine and metabolic

Turk Klinik Biyokimya Derg 2024;22(3)



diseases. (5). The US Environmental Protection
Agency (EPA) defines EDCs as exogenous
substances that interfere with the natural
hormones responsible for maintaining
homeostasis and developmental processes
(6). EDCs can exert both estrogenic and anti-
estrogenic effects due to their complex
steroidal structures (7). The intracellular
signalling network is regarded as comprising
both genomic and non-genomic pathways.
The genomic pathway transports
transcription factors in the target gene
directly over nuclear receptors, while the
non-genomic pathway transports membrane-
bound ER-a and ER-B (estrogen receptors).
ER-oa receptors are generally found in the
breast, uterus, ovarian theca cells, testis, and
epididymis; ER-B receptors are found in the
prostate, bladder, ovarian granulosa cells,
adipose tissue, and colon. EDCs act on
hormone-active organs (8,9).

Bisphenol A

Bisphenol A (BPA) is an organic compound
consisting of two phenol rings. Bisphenol A
is a widely prevalent organic compound
found in various consumer products,
including plastic food containers, baby
bottles, and cans. BPA has been identified in
a number of biological samples, including
urine, blood, adipose tissue, breast milk and
the placenta (10-14%).

BPA binds to cell and nuclear receptors or
stimulates these receptors through its BPA-
mediated effect. There are many studies
showing effects on estrogen receptor,
androgen receptor, G-protein coupled
estrogen receptor, insulin-like growth factor
and estrogen-related gamma receptors (15-
18). Studies on animals and humans have
demonstrated BPA's negative effects on
reproductive health (19,20).

After oral ingestion, BPA is metabolized in
the liver by CYP2C18 (most commonly),
CYP2C19 and CYP2C9. It is conjugated with
glucuronic acid in the liver and its major
metabolite, Bisphenol A glucuronide (BAPG),
is formed. The minor metabolite Bisphenol-

Turk Klinik Biyokimya Derg 2024; 22(3)
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sulfate (BPAS) is formed. It has an average
half-life of six hours. It is excreted in the
urine together with its metabolites within 42
hours (21).

Phthalates

Phthalates are a group of synthetic esters of
phthalic acid that differ in the length and
branching of their alkyl side chains. Long-
chain phthalates are used as plasticizers and
short-chain phthalates are used as solvents.
Phthalates used as plasticizers are used to
increase the durability and flexibility of
products. The ingestion of contaminated
food, inhalation of phthalates in the air, and
skin contact with products containing
phthalates are the primary routes of entry for
phthalates into the body (22,23).

Di-2-ethylhexyl phthalate (DEHP) is converted
to mono-ethylhexyl phthalate (MEHP)
metabolite by the catalysis of non-specific
lipase enzymes, and then to many
metabolites by side chain hydrolysis and
cytochrome enzymes. The rate of conversion
and excretion of phthalates to their
metabolites make exposure assessment
difficult. Exposure is usually assessed by
measurement of phthalate metabolites in

urine. However, analytical detection is
possible only for some phthalate
metabolites. Not all metabolites can be

detected (24,25).
Study Objective

In this study, we aimed to measure BPA and
MEHP levels in the urine of women with
hirsutism and increased androgen levels and
to compare them with the control group.

MATERIAL AND METHOD
Patient and Control group

The study population consisted of 43 female
patients with idiopathic hirsutism, aged 18-
45 years, who presented to the endocrine
outpatient clinic of our hospital with
complaints of increased body hair over the
past year. At the outpatient clinic, a detailed
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patient history, systemic physical examination,
laboratory tests, and imaging studies were
conducted to rule out potential diseases that
could cause hair growth. Individuals were
selected for inclusion in the study after
thorough evaluation of all examination
procedures and laboratory test results.
Women with an MFG score of 8 or higher
were included in the study. The patient
group comprised female patients diagnosed
with idiopathic hyperandrogenism.

The control group consisted of 48 healthy,
age-matched women who had regular
menstrual cycles, normal ovarian morphology,
and no risk factors for hirsutism (MFG score
below 8). These individuals presented to the
same clinic for unrelated reasons. A
comprehensive assessment, including
laboratory and imaging tests similar to those
performed on the patient group, was
conducted to exclude any underlying medical
conditions associated with increased hair
growth. MFG scoring was performed
consistently for all participants by the same
physician.

Exclusion criteria

Individuals with PCOS,
hyperprolactinemia, thyroid
anti-androgenic drug therapy (e.g., oral
contraceptives, hormone therapy), and
smokers were excluded from the study.

LOCAH,
dysfunction,

Hyperprolactinemia was assessed after ruling
out factors such as sleep, exercise,
emotional and physical stress, breast or
chest wall stimulation, coitus, and high-
protein diets. A cut-off value of 25 ng/mL was
used to define hyperprolactinemia (26).
Similarly, 17-OH progesterone levels were
measured to exclude a diagnosis of LOCAH,
with a cut-off value of 2 ng/mL (27).

In patients with hirsutism, normal ovarian
morphology, and regular menstrual cycles, a
total testosterone level above 0.55 ng/mL
was considered indicative of
hyperandrogenemia (28). The diagnosis of
PCOS was made based on the Rotterdam
criteria, which require the presence of at

116

least two out of three findings: oligo-
anovulation (<6 menstrual periods per year),
clinical or laboratory evidence of androgen
elevation, or ultrasonographic evidence of
polycystic ovary morphology (29).

Laboratory measurements and sample
collection

In all cases, biochemical tests were performed
on fasting serum samples collected at the
same time. All blood samples were taken
during the first three days of the menstrual
cycle to standardize the hormonal tests.
Biochemical tests were carried out using the
spectrophotometric method with  Kits
compatible with the Beckman Coulter 5800
(Brea, CA, USA) device. DHEA-S
(Dehydroepiandrosterone sulfate), FSH
(Follicle-stimulating Hormone), LH
(Luteinizing Hormone), estradiol,
progesterone, total testosterone, TSH
(Thyroid Stimulating Hormone), T3, fT4,
prolactin, and insulin tests were performed
with Access brand kits on the Beckman
Coulter Unicel DxI 800 (Beckman Coulter,
Miami, USA) device. The 17-OH progesterone
test was conducted with the Snibe-Maglumi
X3 (Shenzhen, China) model device and
Snibe (China) brand Kit. The
androstenedione test was performed using
the Immulite 2000 Xpi (Siemens Healthcare
Diagnostics, Tarrytown, NY, USA) by
immunometric chemiluminescence. The free
testosterone test was conducted using the
ETI-Max 3000 (Diasorin, Italy) device and
DiaMetra (Perugia, Italy) brand Kkit by the
ELISA  (Enzyme-Linked ImmunoSorbent
Assay) method. The samples collected in gel
and clot activator tubes (BD Vacutainer®
SST™ 1I Plus Tubes) were centrifuged for 10
minutes at 2,000 x g within 30 minutes of
collection. Urine samples from the cases
were immediately transferred from plastic
containers to glass tubes and stored at -20°C
in glass tubes (BD Vacutainer® Serum Glass
Tubes) for BPA and MEHP analysis.

Preparation of calibration standards

A mixed stock solution was prepared from
concentrated 50 g BPA (CAS no: 80-05-7,
Sigma-Aldrich, Taiwan) and 500 mg MEHP

Turk Klinik Biyokimya Derg 2024;22(3)



(CAS no: 4376-20-9, Sigma-Aldrich, Taiwan)
standard solution.

1. 50 pL of BPA and MEHP were taken from
each bottle and diluted (1/1000) with
99.98% pure methanol (CAS no: 67-56-1,
Carlo ERBA, France). A stock solution with
a concentration of 10,000 ng/mL was
prepared in a volume of 50 mL.

2. It was diluted again with distilled water
(1/10).

3. A stock solution with a concentration of
100 ng/mL was prepared by diluting once
again with pure methanol (1/10).

By making serial dilutions with methanol;
Six-level standard solutions were prepared at
concentrations of 100, 25, 10, 5, 1 and 0.25
ng/mL, respectively.

Each prepared standard solution was mixed
equally with Acetonitrile precipitator (Cas no:
75-05-8, Carlo ERBA, France) and vortexed
for 1 minute. It was centrifuged for 10
minutes at 4000 rpm in a NUVE NF 800
(Ankara, TR) brand centrifuge device, and the
supernatants were placed in separate glass
vials and made ready for study.

Sample preparation and analysis process

Urine samples stored frozen at -20°C were
kept at room temperature until completely
thawed. 300 pL urine sample from the
patient and control groups and 300 pL
acetonitrile were mixed and centrifuged (10
minutes at 4000 rpm). Supernatants were
taken into separate glass vials.

Mobile phase solution A contained 0.1%
acetic acid and water, and mobile phase
solution B contained 0.1% acetic acid and
acetonitrile. The column had a size of 100
mm X 2.1 mm, particle width of 2.7 um (Lot
No 220113.1, ReproShel Phenyl-Hexyl, Dr
Maisch GmbH, Germany). Column
temperature was 40 °C. The flow rate was set
to 0.4 mL/min. The total run time for each
sample was 12 minutes. The analyzer
temperature was kept between 8-10 °C, the
room temperature was at 26 °C. The
injection volume was optimized to 20 pL.

Turk Klinik Biyokimya Derg 2024; 22(3)
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Analytes were scanned by LC/MS-MS in ESI
negative MRM (multiple reaction monitoring)
mode on an AB SCIEX QTRAP 4500 (AB Sciex
Technologies, Framingham, MA, USA) device.

Statistical evaluation

Descriptive statistics for this study are
presented as the number of individuals (n),
mean, and standard deviation (SD) from the
dataset. The distribution of variables was
examined using box plots, and extreme
values that did not conform to the
distribution were identified. The normality of
the data was assessed with the Shapiro-Wilk
test. For comparisons of means between two
groups, the Independent Sample T-test was
applied if the data followed a normal
distribution; otherwise, the Mann-Whitney U
test was used.

To analyze continuous variables, Spearman
correlation was employed when the
assumption of normal distribution was not
met. The logistic regression model included
variables such as age, fT3, and prolactin in
both the patient and control groups. This
model assessed the effect of BPA on
idiopathic hyperandrogenism while
controlling for these variables.

In all comparisons, a p-value of <0.05 was
considered statistically significant. Data
analysis was performed using IBM SPSS
Statistics 25 (IBM Corp., Armonk, New York,
USA).

RESULTS

Device images of BPA and MEHP results for
four patients are shown below. The mass
values of the precursor ion, retention times,
and scanned areas are presented in Figure 1.
Within 12 minutes, the BPA peak was
detected at 4 minutes and 56 seconds, while
the MEHP peak was detected at 5 minutes

and 80 seconds. The scanned area
represents the concentration of the
measured analyte (Figure 1) and was

calculated by a single experienced laboratory
technician.

117




oguly. et al.

Extreme values of variables not suitable for
distribution were identified using box plots. A
total of 13 potential outliers were found for
BPA and MEHP measurements in the control
and patient groups. However, one participant
from the patient group (67) was identified as
an extreme outlier for BPA measurement.
This participant was excluded from the
dataset as their inclusion would introduce
bias into the analyses (Figure 2).

Four laboratory results indicative of
hyperandrogenemia—total testosterone, free
testosterone, androstenedione, and DHEA-
S—were clinically and statistically
significantly higher in the patient group
compared to the control group. BPA levels
were higher in the patient group than in the
control group (95% CI; mean: 1.630 [2.665-
0.655], 0.556 [0.803-0.308] ng/mL, p

Patient 26 - BPA 1 (Unknown) 226.9 / 212.0 - (Path: ...

Area: 6.465e3, Height: 2.078e3, RT: 4.54 min

2000

Intensity

1000

0

0.035). Conversely, MEHP levels were higher
in the control group than in the patient
group (95% CI; mean: 1.817 [1.920-1.715],
1.665 [1.764-1.570] ng/mL, p 0.011)
(Table 1).

The table below compares BPA and MEHP
levels between the control and patient
groups, along with laboratory test results
indicative of hyperandrogenemia. A significant
negative correlation was observed between
MEHP and androstenedione in the patient
group (r = -0.302, p < 0.05) (Table 2).

In logistic regression analysis, the odds ratios
were as follows: 1.91 (95% CI: 1.13-3.24, p <
0.05) for BPA, 0.91 (95% CI: 0.81-1.01, p =
0.09) for age, 18.74 (95% CI: 3.86-90.85, p <
0.05) for fT3, and 1.06 (95% CI: 0.98-1.14, p
= 0.09) for prolactin (Table 3).
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Figure 1. Device images of BPA and MEHP results for 4 patients
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Figure 1. BPA and MEHP measurements in the control and patient groups

Table 1. Comparison of clinical and laboratory findings of patient and control groups
Tablo 1. Hasta ve kontrol gruplarinin klinik ve laboratuvar bulgularinin karsilastiriimasi

n Mean SD P
Modified Ferriman Cc 48 3,90 2,136
0,000%*
Gallwey P 43 17,98 5,930
Fasting blood glucose C 48 4,95 0,49
0,881
(mmol/L) P 43 4,93 0,55
Total Testosterone Cc 48 1770,9 551,9
0,000%*
(pmol/L) P 43 2749,3 7194
Free Testosterone Cc 48 2,80 1,62
0,000%*
(pmol/L) P 43 8,45 5,20
Androstenadione C 48 5,06 2,86
0,000%*
(nmol/L) P 43 12,44 5,75
C 48 5,72 2,57
DHEA-S (umol/L) 0,000%*
P 43 8,53 3,84
C 48 1,930 0,919
TSH (mU/mL) 0,171
P 43 2,180 0,970
C 48 5,31 0,57
fT3 (pmol/L) 0,000%*
P 43 5,93 0,67
C 48 11,32 1,42
T4 (pmol/L) 0,067
P 43 10,81 2,06
Prolactin (zg/L) C 48 13,341 6,500 T
rolactin y
H P 43 16,769 12,055
C 48 0,556 0,851
BPA (ng/mL) 0,035%
P 43 1,630 3,191
C 48 1,817 0,352
MEHP (ng/mL) 0,011*
P 43 1,665 0,307

n: number of participants; SD: standart deviation; *p<0,05; C: Control P: Patient
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Table 2. Comparison of BPA and MEHP with laboratory findings indicating hyperandrogenemia

Tablo 2. BPA ve MEHP'nin hiperandrojenemiyi gosteren laboratuvar bulgulariyla karsilastiriimasi

MEHP (ng/ml)

p
r
Total Testosterone (pmol/L)
p
r
Free Testosterone (pmol/L)
p
r
Androstenadione (nmol/L)
p
r
DHEA-S (umol/L)
P

*p<0,05 r = Spearman's rank correlation coefficient (Rho)

Table 3. The results of logistic regression analysis
Tablo 3. Lojistik regresyon analizinin sonuglari

BPA

Age

T3
Prolactin

OD=0dds Ratio, CI=Confidence Interva

DISCUSSION

The diagnosis of idiopathic hyperandrogenism
should be made by carefully performing a
differential diagnosis using clinical
experience, laboratory tests, and imaging
studies. Although the etiology of the disease
is not fully understood, we believe that
environmental factors may play a role.
Several studies have indicated that bisphenol
and phthalate metabolites may be associated
with the development of other endocrine
disorders. While BPA and phthalate derivatives
have been compared with many diseases in
the literature, the lack of a study investigating
the relationship between idiopathic
hyperandrogenism and these endocrine
disruptors makes our study unique.

In chromatographic methods, the pre-
analytical steps of sample preparation are
crucial. During the pre-analytical phase,
storing the samples under appropriate

Control Patient
BPA MEHP BPA MEHP
0,123 1,000 0,239 1,000
0,404 - 0,122 -
0,183 -0,080 0,093 -0,145
0,212 0,591 0,553 0,352
0,253 0,080 0,160 -0,198
0,083 0,590 0,306 0,204
0,234 0,037 0,060 -0,302
0,110 0,803 0,704 0,049*
0,050 -0,069 0,221 0,061
0,757 0,642 0,154 0,696
OR %95 CI P
1.91 1.13-3.24 < 0.05
0.91 0.81-1.01 0.09
18.74 3.86-90.85 < 0.05
1.06 0.98-1.14 0.09

conditions until the day of analysis, avoiding
plastic contamination, and ensuring that the
tubes used are free of plastic content are
important for accurately determining
bisphenols and phthalates. Markham et al.
added acetonitrile and methanol into
standard blood collection tubes and
observed BPA exposure at room temperature
for 1, 8, and 24 hours. BPA was detected as
contamination in the extraction solvents (0.1
to 10 ng/mL) (30). In our study, there was no
process of keeping the samples in plastic
tubes during the collection phase. However,
to evaluate potential plastic contamination
from the injection line and pipette tips used
during sample preparation, glass vials
containing only methanol were included for
blind analysis. No signals were detected for
the analytes.

Previous studies have noted that liquid-liquid
extraction and solid-phase  extraction
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processes are time-consuming and involve
the use of large amounts of organic solvents.
Xiao et al. obtained a mobile phase mixture
of 70% acetonitrile and 30% water for
optimal separation of BPA and interfering
substances, using this mixture as an elution
phase (31). In our study, we observed that
the optimum analyte could be obtained
using the acetonitrile precipitation method.
Similar to Xiao et al., mobile phase solution
A used in our study contained 0.1% acetic
acid and water, while mobile phase solution
B contained 0.1% acetic acid and
acetonitrile. Chen J. et al. demonstrated 13
phthalate metabolites, including MEHP, in
urine using the ultra-performance liquid
chromatography tandem mass spectrometry
(UPLC/MS-MS) method (32). Similarly, in our
study, precipitation with acetonitrile was
performed after incubation with beta-
dlucuronidase enzyme, and the eluate was
obtained.

Ying Hu et al.,, in a meta-analysis of nine
studies involving 493 PCOS patients and 440
controls, demonstrated elevated serum BPA
levels in PCOS patients using HPLC and
ELISA methods (standardized mean
difference (SMD): 2.437 ng/mL, 95% CI
(1.265, 3.609), p < 0.001) (33). In our study,
BPA levels (95% CI, mean: 1.630 (2.665-
0.655), 0.556 (0.803-0.308) ng/mL, p =
0.035) were found to be higher in the patient
group using the LC/MS-MS method.

Konieczna A. et al. compared serum BPA
levels in 106 PCOS patients and 80 controls
using the HPLC method. Women with PCOS
had significantly higher BPA levels than the
control group (geometric mean and (95%
Cl): 0.202 ng/mL (0.150; 0.255) vs. 0.154
ng/mL (0.106; 0.201), p = 0.035). BPA levels
were positively correlated with serum total
testosterone (r = 0.285, p = 0.004) and the
free androgen index (r = 0.196, p = 0.049)
(34). In our study, we could not evaluate the
free androgen index because we did not
measure sex hormone-binding globulin.
However, similar to Konieczna A. et al., a
positive correlation was observed between

Turk Klinik Biyokimya Derg 2024; 22(3)

Investigation of Bisphenol A and Phthalates
Bisfenol A ve Fitalatlarin Incelenmesi

BPA levels and total testosterone levels (r =
0.093, p = 0.553).

Takeuchi et al. compared BPA levels using
the ELISA method in 19 PCOS patients and
26 women with regular menstruation. They
found that BPA levels were positively
correlated with total testosterone (r = 0.39, p
< 0.001), androstenedione (r = 0.68, p <
0.001), DHEA-S (r = 0.51, p < 0.001), and
free testosterone (r = 0.50, p < 0.001) (35).
In our study, positive correlations were
observed between BPA levels in the patient
group and total testosterone (r = 0.093, p =
0.553), free testosterone (r = 0.160, p =
0.306), androstenedione (r = 0.060, p =
0.704), and DHEA-S (r = 0.221, p = 0.154).

Chou et al. evaluated urinary concentrations
of mono-n-butyl phthalate (MnBP), mono(2-
ethylhexyl) phthalate, monobenzyl phthalate,
mono(2-ethyl-5-oxo-hexyl) phthalate, and
mono(2-ethyl-5-hydroxyhexyl) phthalate in
123 women with endometriosis and 78
controls. They found that only MnBP was
associated with endometriosis (95% CI;
mean: 1.89 (1.05-3.39) ug/q) (36). Chen J. et
al. evaluated urinary phthalate exposure in
220 individuals with thyroid nodules and 220
controls. MEHP levels were found to be
higher in the patient group than in the
control group (mean: 2.87 vs. 2.66 ug/g, p =
0.985) (32). Akin L. et al. compared serum
levels of DEHP and MEHP in 63 adolescent
PCOS patients and 61 controls, with higher
DEHP and MEHP levels observed in the
control group (37). Similarly, in our study,
MEHP levels were higher in the control group
than in the patient group (95% CI, mean:
1.817 (1.920-1.715), 1.665 (1.764-1.570)
ng/mL, p = 0.011). Since MEHP levels alone
do not indicate total phthalate exposure, we
believe further studies are needed to include
other phthalate derivatives.

Prolactin (p = 0.040) and fT3 (p < 0.001)
levels were statistically significantly higher in
the patient group than in the control group.
However, since all individuals were within
reference ranges for these parameters, they
were not considered among the etiological
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causes of hirsutism. Logistic regression
analysis highlighted BPA as a potential risk
factor for idiopathic hyperandrogenism. The
findings that prolactin and fT3 levels were
statistically significantly higher in the patient
group suggest their limited effect on
hirsutism.

A limitation of this study is that the level of
dihydrotestosterone (DHT), a potent
peripherally acting hormone, was not
measured. Another limitation is the sample
size. Differential diagnosis of idiopathic
hyperandrogenism requires considerable
time and collaboration with clinicians. Recent
experimental studies have shown that BPA
disrupts DHT-induced androgen receptor
dimerization and negatively affects androgen
receptor function. Evidence from laboratory
and human studies suggests that BPA has
anti-androgenic  activity by binding to
androgen receptors, adversely affecting cell
development and function (38,39).

Our results suggest that environmental
factors should be considered in the
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ABSTRACT

Objectives: Drug abuse tests are applied to determine drug use to combat disease, crime, or
substance abuse. We aimed to investigate whether cheaper and more practical plastic tubes can be an
alternative to glass tubes for drug abuse analysis in urine.

Material and Methods: Paired fresh urine samples from 80 volunteers were collected into glass and
plastic tubes, and drug abuse tests were analyzed in parallel after specimen validity tests.
Amphetamines (AMP), benzodiazepines (BNZ), cocaine (COC), opiates (OPI), and cannabinoids (THC)
were measured semi-quantitatively using the immunoassay method with the Roche Cobas c 501. Cut-off
values for positivity were taken as AMP > 500 ug/L, BNZ > 300 pg/L, COC > 150 ug/L, OPI > 2000 pg/L,
and THC > 50 nug/L. To investigate the effect of time, 32 of the samples were stored at room
temperature for 4 hours without any preservative and reanalyzed. The SPSS 25.0 program was used to
analyze the data.

Results: There were no significant differences between glass and plastic tubes in AMP, BNZ, COC, OPI,
and THC concentrations. A statistically significant difference was found for OPI (p = 0.005), but the
difference in OPI levels did not change the clinical decision. There were high correlations between all
results for the same analyte measurements in both tubes (p = 0.0001). Additionally, 4-hour storage at
room temperature did not cause degradation or adsorption of any drug.
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Conclusion: As a result of this study, it can be concluded that plastic tubes can be used instead of
glass tubes in the analysis of drugs of abuse, with no significant change in substance concentrations
after storage for four hours at room temperature.
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OZET

Amacg: Madde bagimlihd: testleri tibbi, adli vakalarda ve denetimli serbestlik hastalarinda uyusturucu
Kullaniminin tespiti amaciyla kullanilmaktadir. Biz bu calismada idrarda madde analizinde ucuz ve pratik
olan plastik tliplerin cam tiiplere alternatif olup olamayacagdini arastirmayr amacladik.

Gerec ve Yontem: 80 yetiskin goniilliiden alinan taze idrar 6rnekleri cam ve plastik tiiplere aktarildi ve
orneklerde idrar biitiinlik testleri calisilarak Orneklerin uygunluklari degerlendirildi. Ardindan idrarda
amfetaminler (AMP), benzodiazepinler (BNZ), kokain (COC), opiatlar (OPI) ve kannabinoidlerin (THC)
dizeyi Roche Cobas ¢ 501°'de immiinoanaliz yontemiyle yari kantitatif olarak olculdi. Testin pozitifligi
icin kesim degerleri; AMP> 500ug/L, BNZ> 300ug/L, COC> 150ug/L, OPI> 2000ug/L ve THC> 50ug/L
olarak alindi. idrar érneklerinin bekletilmesinin test sonucuna etkisini arastirmak icin, numunelerden 32
tanesi herhangi bir koruyucu madde olmadan doért saat bekletildi ve tekrar analiz edildi. Verilerin
analizinde SPSS 25.0 programi kullanildi.

Bulgular: AMP, BNZ, COC, OPI ve THC konsantrasyonlarinda cam ve plastik tiipler arasinda anlaml bir
fark yoktu. OPI agisindan istatistiksel olarak anlamli fark bulundu (p= 0.005) ancak OPI duizeylerindeki
degisiklik klinik karari (pozitiflik) dedistirmedi. Her iki tiipte de ayni analit dl¢ciimine iliskin tiim sonuclar
arasinda anlaml yuksek Korelasyon vardi (p= 0.0001). Bekletilen idrar numunelerinde (n= 32) sadece
BNZ plastik tiipte istatistiksel olarak anlaml yiiksek bulundu (p= 0.037); ancak bu farkliliklar érneklerin
pozitifligini veya negatifligini degistirmedi ve klinik olarak anlamsizdi. Tiim testler icin tup turleri ve siire
acisindan Ornekler karsilastirildiqinda anlaml korelasyonlar mevcuttu (p <0.001).

Sonug¢: Bu calismanin sonucunda, kétilye kullanilan ilaglarin analizinde cam tiipler yerine plastik
tiiplerin kullanilabilece@i, oda sicakhiginda doért saat saklandiktan sonra madde konsantrasyonlarinda
anlamli bir degisimin olmadidi sonucu cikarilabilir.

Anahtar kelimeler: idrar, Madde analizleri, Yasadisi madde analizleri

INTRODUCTION confirmatory analysis upon administrative or
Jjudicial request. The confirmatory analysis is
performed using gas chromatography-mass
spectrometry (GC-MS) or liquid
chromatography-mass spectrometry (LC-
MS/MS), providing quantitative detection with
the same urine specimen (3,4). The urine
specimen collection is simple, non-invasive,
and allows for a wide detection window for
most drugs and/or drug metabolites (2). The
sample collection container must be suitable
for the specimen to ensure it does not affect
analytical test results.

Drug abuse is considered one of the major
preventable public health and safety
problems in the world. The fight against
drugs is among the priority goals of
countries, and determining substance use
through drug screening is one of the most
important elements in this fight (1). Drug
screening through urinalysis is the most
suitable and widely accepted tool for rapidly
detecting potential drug use (2).
Immunochemical methods are frequently
used in medical laboratories for urine drug

screening. Urine drug screening by Recently, plastic collection tubes have started

immunoassay in routine laboratories is an
automated, simple, rapid, semi-quantitative,
and cost-effective analysis. A single urine
sample can be used to analyze all desired
stimulants and drugs by immunoassays.

The substances that test positive in drug
screening analysis are then subjected to

to replace glass tubes in many laboratories.
These disposable plastic tubes are cheaper
than glass tubes and are also suitable for
storage at low temperatures and
transportation. However, depending on the
physicochemical properties, some drug
analytes tend to adhere to plastic surfaces
(5). Plastic tubes have been shown to
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influence the measured concentrations or
stabilities of various therapeutic drugs and
peptide hormones in the blood (6,7,8).

This study aims to investigate the impact of
urine collection tubes on drug abuse tests
and evaluate whether plastic tubes can serve
as an alternative to glass tubes.

METHODS

The urine drug analysis of 80 drug abusers,
aged between 18-65 years, who applied to
the Alcohol and Substance Abuse Treatment
and Research Centre (AMATEM), affiliated
with the Psychiatry Clinic of the University
Hospital, was included in this study. Urine
samples were collected according to the
quality and safety requirements outlined in
the latest regulation of the Department of
Medical Laboratory Services, Ministry of
Health in Turkey (9). To address the problem
of tampering with the urine specimens, the
fresh urine samples were collected under
observation, separated into glass and plastic
tubes (Vacusera Urine Tube No Additive)
simultaneously, and transferred to the
laboratory for analysis.

We used polypropylene tubes, which are a
type of plastic commonly used in
laboratories due to their low adsorption
properties, chemical resistance, and
durability. Drug abuse analysis began after
the specimen integrity tests, such as
creatinine levels, specific gravity, and pH
values, were used to detect substitution,
adulteration, or dilution (10). To investigate
the effect of time, 32 samples were stored at
room temperature for 4 hours without any
preservative and reanalyzed.

The levels of amphetamines (AMP),
benzodiazepines (BNZ), cocaine or
metabolites (COC), opiates (OPI), and

cannabinoids (THC) in urine were measured
using Roche Cobas c 501 auto analyzers
(Roche Diagnostics GmbH, Mannheim,
Germany) with the Kinetic interaction of
microparticles in solution (KIMS) method.
This is an in vitro diagnostic test for semi-
quantitative and qualitative measurements.
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The cut-off values for positivity were defined
as AMP > 500 pg/L, BNZ > 300 pg/L, COC >
150 pg/L, OPI > 2000 pg/L, and THC > 50

pg/L (9).

The daily internal quality control results
(negative and positive levels according to the
cut-off values) were acceptable for any drug
test (11). The external quality assessment
(EQA) was also acceptable, with positive or
negative results matching the target positive
or negdative results of each drug test in
external quality control material (Oneworld
Accuracy EQA Program, Vancouver, Canada).
Written consent was routinely obtained from
all participants. The study was approved by
the Research Ethics Commission of the
University (Approval No. 60116787-
020/2372, Date: 25.12.2018), with respect to
the ethical standards of the Declaration of
Helsinki.

Statistical Analysis

IBM SPSS Statistics 22 (SPSS Inc., Chicago,
Ill, USA) program was used for statistical
analysis. The suitability of the parameters to
the normal distribution was evaluated by
Kolmogorov-Smirnov and  Shapiro-Wilks
tests. In addition to descriptive statistical
methods (minimum, maximum, mean,
standard deviation, median frequency),
Student's t-test was used for comparisons of
normally distributed parameters between two
groups, and Mann Whitney U test was used
for comparisons of non-normally distributed
parameters between two groups. The Chi-
Square test and Fisher's Exact Chi-Square
test were used to compare qualitative data. A
p-value less than 0.05 was set as the
statistical significance level. Bland-Altman
analysis and correlation coefficients were
used to evaluate the interchangeability
between plastic and glass tube (as a
reference) results.

RESULTS

The temperatures of the samples were
between 33-37 °C. The urine integrity tests
were performed, and all results were within
acceptable ranges [(The acceptable ranges:
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pH: 3-11, specific gravity: 1003-1035,
creatinine: 20-200 mg/dL, nitrite: negative
(Cut-off: 500 mg/L)] (9,12,13). Next, five
different drug abuse tests were performed on
80 paired samples drawn into glass and
plastic tubes.

Among the 80 patients' urine samples,
positive results were as follows: BNZ (n=6),
COC (n=1), AMP (n=5), OPI (n=9), and THC
(n=5) in both glass and plastic tubes. In the
32 samples stored at room temperature for 4
hours, the positivity or negativity of results
was not affected.

Paired t-tests of 80 samples showed no
statistically significant differences between
glass and plastic tubes for AMP, COC, BNZ,
and THC. However, a statistically significant
difference (p= 0.005) was found for OPI
(Table 1). For stored samples (n= 32), only
BNZ showed a statistically significant
difference (p= 0.037), with BNZ concentrations

being higher in plastic tubes (Table 2).
Nonetheless, these differences did not
change the positivity or negativity of the
samples and were determined to be clinically
insignificant.

There was no statistically significant
difference between the O-minute and 4-hour
measurements in either plastic or glass
tubes at room temperature (p > 0.05). Both
types of tubes showed similar results for all
analytes, and the 4-hour storage duration at
room temperature did not significantly affect
the test outcomes (Table 3).

Spearman correlation coefficients (r)
comparing tube types and storage time for
all tests showed statistically significant
agreement (p< 0.001) with strong correlations.
Intraclass correlation coefficients (ICC) for
tube comparisons are presented in Table 4.
Bland-Altman plots for all tests are provided
in Figure 1.

Table 1. Comparison data of glass vs. plastic collection tubes on test results
Table 1. Cam ve plastik toplama tliplerinin test sonuclar tizerindeki etkilerinin karsilastiriimasi.

Glass (n= 80)

Plastic (n= 80)

Tests (pg/L) Median Mean Median Mean p-value
?;;;;’dmepmes 38(0-3472)  165.08 + 503.58  43.5 (O - 3460) 166.99 + 501.14  0.304
Cocaine (COC) 13(0-1301)  28.98 + 144.47 14 (0 - 1332) 2041 + 147.87 0.961
Amphetamines (AMP)  66.5 (O - 552) 98.03 + 118.1 69 (0 - 561) 100.54 + 117.11  0.247
Opiates (OPI) 20.5 (0 - 239184) 3306 + 26721.71 21.5 (0 - 211463) 2955.65 + 23625.39 0.005*
Cannabinoids (THC) 45 (0 - 366) 15.51 + 47.92 4 (0 - 350) 15.29 + 46.83 0.625

Statistically significant results (<0.05) are indicated with an asterisk (*).

Table 2. Comparison data of glass vs. plastic collection tubes after stored for 4 hours at room temperature on test results

Table 2. Cam ve plastik toplama tiiplerinin, oda sicakhdinda 4 saat saklandiktan sonraki test sonuglar {izerindeki

etkilerinin karsilastiriimasi

Glass (n= 32)

Plastic (n= 32)

Tests (pg/L) Median Mean Median Mean p-value
Benzodiazepines (BNZ) 8 (0 - 1980) 165.75 = 464.09 15.5 (0 - 1994) 174.5 * 463.68 0.037*
Cocaine (COC) 12.5 (0 - 34) 11.63 = 9.64 7 (0-32) 10.81 + 10.86 0.513
Amphetamines (AMP) 67 (5 -527) 99.44 + 122.33 67 (0 - 520) 102.66 + 118.69 0.61
Opiates (OPI) 9.5(0-5317) 500.94 = 1328.61 20 (0-5289) 502.47 = 1320.97 0.603
Cannabinoids (THC) 5.5(0-179) 12.91 = 31.99 6 (0 - 155) 12.63 + 27.88 0.359

Statistically significant results (<0.05) are indicated with an asterisk (*)
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Table 3. Comparison of O-minute and 4-hour Measurements in Plastic and Glass Tubes at Room Temperature
Table 3. Plastik ve cam tiiplerde oda sicaklidinda O. dakika ve 4. saat Olctimlerinin karsilastiriimasi

Glass (n:32)

O-minute 4 hours at RT
Tests (pg/L) Median Mean Median Mean P
Benzodiazepines (BNZ) 10 (0 - 1974) 165.08 + 490.48 8 (0 - 1980) 165.75 = 464.09  0.966
Cocaine (COC) 12.4 (0 - 39) 12 + 10.26 12.5 (0 - 34) 11.63 + 9.64 0.871
Amphetamines (AMP) 66.5 (0 - 552) 100.03 + 127.64 67 (5-527) 99.44 * 122.33 0.794
Opiates (OPI) 10.5 (0 - 5327) 489.42 + 955.43 9.5(0-5317) 500.94 = 1328.61 0.853
Cannabinoids (THC) 4.5 (0-163) 12.51 = 42.92 5.5(0-179) 12.91 = 31.99 0.787
Plastic (n:32)
Benzodiazepines (BNZ) 24 (0-1951) 175 + 476.94 15.5(0-1994) 174.5 = 463.68 0.995
Cocaine (COC) 10 (0 - 39) 11.56 = 8.54 7(0-32) 10.81 = 10.86 0.85
Amphetamines (AMP) 69 (0 - 561) 108.54 + 117.11 67 (0 - 520) 102.66 = 118.69 0.868
Opiates (OPI) 21.5 (0 - 5475) 515 = 1419.09 20 (0-5289) 502.47 = 1320.97 0.992
Cannabinoids (THC) 4(0-167) 11.80 *+ 19.63 6 (0 - 155) 12.63 = 27.88 0.897
Table 4. Intraclass correlation coefficients of drug abuse tests
Table 4. Uyusturucu madde testlerinin sinif ici korelasyon katsayilari
The intraclass correlation for the 5 tests in 2 tubes at each time interval
Intraclass correlation coefficients 95% confidence interval
(Icc) (95% CI) p-value

BZN plastic-glass 1 1.000 - 1.000 <0.001*
4 hours at RT 0.999 0.998 - 0.999 <0.001*
AMP plastic-glass 0.994 0.991 - 0.996 <0.001%*
4 hours at RT 0.993 0.986 - 0.997 <0.001*
COC plastic-glass 0.999 0.999 - 1.000 <0.001*
4 hours at RT 0.873 0.742 - 0.937 <0.001*
OPI plastic-glass 0.996 0.994 - 0.981 <0.001*
4 hours at RT 1 1.000 - 1.000 <0.001*
THC plastic-glass 0.999 0.998 - 0.999 <0.001*
4 hours at RT 0.994 0.987 - 0.997 <0.001*

Statistically significant results (<0.05) are indicated with an asterisk (*). AMP: Amphetamines. BNZ: Benzodiazepines.
COC: Cocaine or metabolites. OPI: Opiates. THC: Cannabinoids. RT: Room temperature

DISCUSSION

In recent years, plastic sampling tubes have
increasingly replaced glass tubes. Plastic
tubes are inexpensive, break-resistant, safe
for laboratory employees, and suitable for
freezing samples (6). However, plastic tubes
have been reported to cause adsorption or
degradation of some analytes (14).
Numerous studies have investigated the
stability of therapeutic drugs in plastic or
glass tubes (9,15); however, for drug abuse
tests, there are only a few published reports
(16,17,18). We compared the effects of glass
versus plastic urine collection tubes on the
results of five drug abuse tests and found no
clinically significant differences and strong

correlations between results in plastic and
glass.

Previous studies reported that cannabinoids
are hydrophobic molecules subject to
adsorption to solid surfaces from aqueous
solutions such as urine. Glass is reportedly
an optimal material for the handling of
cannabinoids (16,17). Bruno et al. evaluated
the storage conditions of cannabinoids in
plastic tubes versus glass tubes and found
no significant difference in concentration

between glass and plastic tubes at —20°C and

—80°C. Furthermore, the study reported no
degradation/adsorption in the first week of

storage at +4°C (18). Our findings also

129
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showed that glass or plastic tubes do not
affect the cannabinoid levels, and we found
no difference in the THC concentrations even
after storage at room temperature for 4

possible reason for findings differing from
previous studies may be advances in the
manufacturing of plastic tubes that reduce
analyte adsorption or degradation of THC.

hours in both plastic and glass tubes. The
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Figure 1. The Bland-Altman plots show the differences (y-axis, pg/L) and average values (x-axis, pg/L) for
amphetamines (IA), benzodiazepines (IB), cocaine or metabolites (IC), opiates (ID), and cannabinoids (IE)
between paired samples drawn into glass and plastic tubes
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To our knowledge, this study is the first to
compare the effects of glass versus plastic
urine collection tubes on drug abuse tests of
AMP, COC, BNZ, and OPI. Our findings
showed no differences between glass and
plastic tubes for AMP, BNZ, and COC levels. A
statistically significant difference was found
for OPI (Table 1), but this difference did not
change the sample’s positivity or negativity
results based on the cut-off value. There
were  isolated  statistically  significant
differences between glass and plastic tubes
after 4 hours of storage for BNZ (Table 2),
were an increase in BNZ concentration was
observed. However, this difference was
clinically insignificant. Although there were
numerical differences in some drug results, it
is important to emphasize that all
measurements were compatible with each
other based on the cut-off values. Literature
indicates that all immunoassays do not
perform equally well for some drugs (19).
While quantitative methods may provide
more accurate results, these methods
require dreater expertise, have longer
processing times, and are costly (20).
Regarding the  statistically significant
difference  observed for opiates, we
recommend that laboratories consider
further validation studies, particularly using
more precise analytical techniques such
as GC-MS (Gas Chromatography-Mass
Spectrometry), to ensure that differences
between collection tube materials do not
influence clinical decisions.
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plastic collection tubes that changed the
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CONCLUSION

Our study demonstrated no clinically

significant differences between plastic and
glass urine collection tubes for drug abuse
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findings suggest that plastic tubes are a
suitable alternative to glass tubes for drug
abuse testing, though further studies with
larger sample sizes and more precise testing
methods, such as GC-MS are recommended
to confirm these results.

Acknowledgments: We wish to thank the
staff of the University Hospital for their help
in collecting the patients' urine and
performing the analysis.

Conflict of interest: None.

Funding: This research received no external
funding.

5. Kerrigan S. Sampling, storage and stability.
Clarke’s Analytical Forensic Toxicology. 2013;
2:335-347.

6. Preissner CM, Reilly WM, Cyr RC et al. Plastic versus
glass tubes: Effects on analytical performance of
selected serum and plasma hormone assays. Clin
Chem. 2004;50(7):1245-1247.

7. Devine JE. Assessment of the Corvac Blood
Collection Tube for Drug Specimen Processing.
Ther Drug Monit. 1986;8(2):241-243.

8. Dasgupta A, Yared MA, Wells A. Time-Dependent
Absorption of Therapeutic Drugs by the Gel of the
Greiner Vacuette Blood Collection Tube. Ther Drug
Monit. 2000;22(4):427-431.

131




Nar N. et al.

10.

11.

12.

13.

14.

15.

Turkish Ministry of Health. Circular 2015/14:
Working Procedures and Principles of Confirmation
Laboratories Performing Illegal and Abused Drug
and Substance Analysis in Urine Samples.
https://dosyamerkez.saglik.gov.tr/Eklenti/5907/0/idr
ar-numunelerinde-yasadisi-vek22255513pdf.pdf.

Cook JD, Caplan YH, Lodico CP et al. The
Characterization of Human Urine for Specimen
Validity Determination in Workplace Drug Testing:
A Review. J Anal Toxicol. 2000;24:579-588.

Akpmar K, Akcan B. Implementation of the
laboratory and quality management in a Turkish
medical biochemistry laboratory. Saglikta
Performans ve Kalite Dergisi. 2022;19(2):1-25.

Yacoubian GS, Wish ED, Choyka JD. A comparison
of the OnTrak Testcup-5 to laboratory urinalysis
among arrestees. J  Psychoactive  Drugs.
2002;34(3):325-329.

Riahi-Zanjani B. False Positive and False Negative
Results in Urine Drug Screening Tests: Tampering
Methods and Specimen Integrity Tests. Archives e.
2014;1:102-108.

Goebel-Stengel M, Stengel A, Taché Y et al. The
importance of using the optimal plasticware and
glassware in studies involving peptides. Anal
Biochem. 2011;414(1):38-46.

Schrapp A, Mory C, Duflot T et al. The right blood
collection tube for therapeutic drug monitoring and
toxicology screening procedures: Standard tubes,
gel or mechanical separator? Clinica Chimica Acta.
2019;488:196-201.

16.

17.

18.

19.

20.

Dextraze P, Griffiths W C, Camara P et al.
Comparison of Fluorescence Polarization
Immunoassay, Enzyme Immunoassay, and Thin-
layer Chromatography for Urine Cannabinoid
Screening Effects of Analyte Adsorption and
Vigorous Mixing of Specimen on Detectability. Ann
Clin Lab Sci. 1989;19(2):133-138.

Blanc J A, Manneh V A, Ernst R, et al. Adsorption
losses from urine-based cannabinoid calibrators
during routine use Clinical Chemistry, 1993; 39 (8),
1705-1712.9. Clin Chem. 1993;39(8):1705-1712.

Bruno C, Paintaud G, Darrouzain F. Sampling and
storage conditions for cannabinoid analysis Plastic
vs. glass. Toxicologie Analytique et Clinique.
2019;31(2):5S69.

Armbruster DA, Schwarzhoff RH, Hubster EC et al.
Enzyme immunoassay, Kkinetic microparticle
immunoassay, radioimmunoassay, and
fluorescence polarization immunoassay compared
for drugs-of-abuse screening. Clin Chem.
1993;39(10):2137-2146.

Moeller KE, Kissack JC, Atayee RS et al. Clinical
Interpretation of Urine Drug Tests: What Clinicians
Need to Know About Urine Drug Screens. Mayo Clin
Proc. 2017;92(5):774-796.

Turk Klinik Biyokimya Derg 2024;22(3)



Ttirk Klinik Biyokimya Derg 2024; 22(3): 133-142 Arasgtirma Makalesi / Research Article
d https://doi.org/10.56615/tkbd.2024.15

Is Capillary Zone Electrophoresis a
Reliable Alternative for BCG-Based
Albumin Measurement

Kapiller Zon Elektroforezi, BCG Yontemiyle
Albumin Olcumitinde Guuenilir Bir Alternatif mi?

Ozben Ozden Isiklar! Evin Kocatiirk! Sercan Erol!
Elif Nur Arikan Bakim! Muzaffer Bilgin?
Hiiseyin Kayadibi' i.Ozkan Alatas’

1 Eskisehir Osmangazi Universitesi Tip Fakiiltesi, Tibbi Biyokimya Anabilim Dah, Eskisehir, Tiirkiye
2 Eskisehir Osmangazi Universitesi Tip Fakiiltesi, Biyoistatistik Anabilim Dal, Eskisehir, Tiirkiye

Received / Basvuru Tarihi: 25 Kasim 2024 Accepted |/ Kabul Tarihi: 26 Aralik 2024

ABSTRACT

Objective: This study aimed to evaluate the agreement between albumin measurements obtained via
capillary zone electrophoresis (CZE) and bromocresol green (BCG) methods and to determine their
interchangeability in clinical practice. Additionally, it explored how these results vary across different
protein patterns.

Materials and Methods: Albumin concentrations in 373 patients were measured using the CZE and
BCG methods. Subgroup analyses were conducted based on albumin, total protein, IgG, gamma band
percentages, and M protein concentrations. Agreement was assessed using Bland-Altman analysis,
while constant, proportional, and random errors were analyzed with Passing-Bablok regression. Clinical
significance was determined by comparing total allowable error (TEa) with total analytical error (TAE).

Results: CZE method yielded albumin levels that were, on average, 0.28 g/dL lower than those
measured by BCG. Greater bias (12.5%) was observed at low albumin levels. Regression analysis
revealed constant, proportional, and random errors. Subgroup analyses indicated that TAE exceeded
the TEa threshold.

Conclusion: Significant analytical errors exist between albumin concentrations measured by CZE and
BCG, making these methods non-interchangeable. Detailed subgroup analyses revealed that this
discrepancy consistently persisted across different protein patterns. These findings emphasize the
importance of cautious use of the CZE method in clinical decision-making.
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OZET
Amacg: Bu calismanin amaci, kapiller zon elektroforezi (CZE) yontemi ile bromokrezol yesili (BCG)
yontemine dayali albiimin Olgiimlerinin uyumunu dederlendirmek ve bu yOntemlerin Klinik
uygulamalarda birbirinin yerine kullanilip kullanilamayacagini belirlemektir. Calisma ayrica, albiimin
olciim sonuclarinin farkli protein paternlerine gére nasil degdiskenlik gosterdigini incelemistir.

Gerec ve Yontem: CZE ve BCG yontemleriyle albiimin konsantrasyonlari 373 hastada 6lculdi. Albiimin
ve total protein seviyeleri, IgG konsantrasyonlari, gama bandi yuzdesi ve M protein konsantrasyonlari
analiz edilerek alt gruplar olusturuldu. iki yéntem arasindaki uyum Bland-Altman analizi ile
degderlendirildi. Sabit, oransal ve rastgele hatalar Passing-Bablok regresyonu ile analiz edildi. Klinik
anlamlilik, toplam Kkabul edilebilir hata (TEa) ile toplam analitik hata (TAE) dederlerinin
karsilastirilmasiyla degerlendirildi.

Bulgular: CZE yontemi, albiimin duzeylerini BCG yontemine kiyasla ortalama 0.28 g/dL daha dusiik
olctii. Dusuk albiimin seviyelerinde (%12.5) daha yiiksek yanlilik saptandi. Sabit, orantili ve rastgele
hatalarin mevcut oldugu gorildii. Alt grup analizleri, TAE'nin TEa'y1 astigini ortaya koydu.

Sonuc: CZE ve BCG yontemleri arasinda belirgin analitik hatalar saptanmis ve bu yontemlerin birbirinin
yerine Kkullanimi Onerilmemistir. Farkli protein paternlerinde yapilan detayh alt grup analizleri, bu
uyumsuzlugun tutarli bir sekilde devam ettigini gostermistir. Bulgular, CZE y6nteminin klinik karar
siireclerinde dikkatle degerlendirilmesi gerektigini agikca vurgulamaktadir.

Anahtar kelimeler: Albiimin, Kapiller Elektroforez, Bromkrezol Yesili Sonuclarin tekrarlanabilirligi
Yanlilik

INTRODUCTION different method, to convert these

Human serum albumin (HSA) measurement percentages into concentrations (6). Despite

serves various clinical purposes, including
the assessment of nutritional status, liver
and kidney function, coronary heart disease,
multiple myeloma, neurometabolic
disorders, diabetes (1), and the prediction of
corrected calcium levels (2). Additionally, low
albumin levels have been associated with

increased mortality, while appropriate
treatment has been shown to improve
patient outcomes (3). Traditional HSA

detection methods primarily rely on dye-
binding and immunoassay techniques, which
are widely used in clinical diagnostics (4).
Over time, advanced technologies such as
fluorescent probe assays, nano-material-
based detection, and biosensors have been
developed. However, despite these
advancements, comprehensive reviews
covering these methods remain scarce (5).

Capillary zone electrophoresis (CZE) is a
widely used technique for detecting and
monitoring monoclonal gammopathy. This
method enables the electrophoretic
separation of serum proteins, including
albumin, by determining the percentages of
protein fractions. It requires total serum
protein concentration, measured by a

its widespread application, limited data exist
regarding the agreement between HSA
measurements obtained through CZE and
other methods in medical laboratories (6,7).

This study aimed to evaluate the agreement
between serum albumin concentrations
obtained using capillary zone electrophoresis
(CZE) and the bromocresol green (BCG)
method, and to determine whether CZE can
serve as a reliable alternative in clinical
practice. Additionally, this study analyzed
how discrepancies between these methods

vary across different total protein
concentrations and protein patterns, such as
gamma band percentages, M protein
concentrations, and IgG levels, through

detailed subgroup analyses.

MATERIAL AND METHOD

Study Design: This cross-sectional,
retrospective study included data from 373
patients aged 18-90 years, who had serum
protein  electrophoresis, total protein,
albumin, and immunoglobulin results under
the same barcode. Analyses were conducted
in our laboratory over one year, from
September 1, 2023, to September 1, 2024.
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Patients with a hemolysis index >500, icterus
index >20, lipemia index >550, CRP >5
mg/L, or biclonal gammopathy were
excluded. Ethical approval was obtained from
the local ethics committee (Decision number
22, dated November 28, 2023).

Categorization and Creation of
Subgroups: Serum albumin concentrations
measured by the bromocresol green (BCQ)
method and capillary zone electrophoresis
(CZE) were first compared. Patients were
then categorized into two groups based on
albumin concentrations obtained using the
direct measurement method:

e Albumin (g/dL): <3.5 and 3.5-5.2 (2 groups).

For a more detailed analysis, 11 additional
subgroups were created based on laboratory
reference ranges, categorized as follows:

e Total Protein (g/dL): <6.4 and 6.4-8.3 (2
groups)

e IgG (g/l): <7, 7-16, and >16 (3 groups)

¢ Gamma Band (%): <9.69, 9.69-18.9, and
>18.9 (3 groups)

e M-Spike (g/dL): Absent, <0.1, and >0.1 (3
groups)

The M-spike was categorized using a
threshold of 0.1 g/dL. This threshold ensures
reliable quantification, as M-bands below this
level, particularly in the presence of a
polyclonal gammaglobulin background, are
often reported as "trace" or "small band,"
reflecting their limited clinical significance.
This categorization was selected to enhance
measurement reliability and support clinical
decision-making (8).

Capillary Zone Electrophoresis (CZE):
The CZE analysis was performed using the
Helena V8 Nexus instrument (Helena
Biosciences, Gateshead, UK), equipped with
eight fused silica capillary tubes (50 pm in
diameter, 300 mm long). Migration occurred
in a buffer with a pH of 9.9 under high
voltage, while the temperature was
maintained between 20 and 25 °C using a
Peltier cooling system. The optical system
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included a deuterium lamp and a
monochromator set to 214 nm. CZE
determines the percentages of albumin, M
protein, and other protein fractions
converted to concentration equivalents using
the total protein concentration.

Serum Total Protein, Albumin, and
Immunoglobulin Measurements: Total
protein, albumin, and immunoglobulin levels
were analyzed on a Cobas ¢702 (Roche
Diagnostics, Mannheim, Germany)
autoanalyzer using the Biuret, bromocresol
green (BCG), and immunoturbidimetric
methods, respectively.

Statistical Analysis The comparison
between the two methods was evaluated
using a Bland-Altman plot to assess
agreement and a Passing-Bablok regression
analysis to determine the correlation. CUSUM
test was used to validate the linearity of the
Passing-Bablok regression analysis.
According to interpretation guidelines, the
methods are considered comparable within
the studied concentration range if the 95%
confidence interval (CI) of the intercept (a),
representing the constant error, includes O,
and the CI of the slope (b), indicating
proportional error, includes 1. A CI for the
intercept excluding O indicates a constant
error, while a Cl for the slope excluding 1
suggests a proportional error (9).

Clinical significance was determined by
evaluating whether the total analytical error

(TAE) exceeded the total allowable error
(TEa). TEa was calculated using intra-
individual and inter-individual biological

variations derived from the median albumin
concentrations measured by the direct
bromocresol green (BCG) method. TAE was
calculated as the sum of constant error (a),
proportional error (b—1), and random error
(1.96xXRSD [Residual Standard Deviation]).
The factor 1.96 was used to account for the
95% confidence interval of the residual
standard deviation, ensuring that random

differences were evaluated within this
statistical range. These analyses were
135
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performed for all patients and across the 11
subgroups. Statistical analyses  were
conducted using MedCalc V22.023.

RESULTS

Albumin concentration data from the 373
patients included in the study are presented
in Figures 1la and 1b. Figure 1a illustrates
the Bland-Altman difference plot, comparing
albumin concentrations obtained by the
direct measurement method and capillary
zone electrophoresis (CZE), with a mean bias
of 0.28 g/dL (95% limits of agreement: -0.05
to 0.61). Figure 1b depicts the Passing-
Bablok regression analysis, which assesses
the correlation between the two methods
using the same dataset. Both constant and
proportional errors were observed in
albumin measurements by CZE across the
entire study group, with a correlation
coefficient of r2 = 0.929. The intercept of -
0.6081 (95% CI: -0.7600 to -0.4554), which
does not include zero, indicates a constant
error, while the slope of 1.0774 (95% CI:
1.0417 to 1.1134), significantly deviating
from 1, suggests a proportional error.
Additionally, residual analysis revealed
significant random error. As shown in the
residuals plot (Figure 3), the residuals did
not predominantly distribute within the
expected range of +1.96 X residual standard
deviation (RSD: 0.1154; range:-0.2261 to
0.2261). Instead, the majority of the
residuals were concentrated below zero,
indicating a skewed distribution rather than
randomness. This observation highlights the
presence of substantial random error, further
limiting the agreement between the two
methods.

In addition, patients were grouped based on
albumin concentrations obtained from the
direct measurement method: those with
concentrations <3.5 g/dL (n=27) and those
with concentrations between 3.5-5.2 g/dL
(n=344). Agreement analysis between direct
measurement and CZE-derived albumin
concentrations showed that for low albumin
concentrations (<3.5 g/dL), the mean bias

was 12.5% (95% limits of agreement: -11%
to 36%), while for albumin concentrations
within the reference range (3.5-5.2 g/dL), the
mean bias decreased to 6.6% (95% limits of
agreement: -1.7% to 14.9%). Only two
patients had albumin concentrations >5.2
g/dL. These findings are illustrated in Figures
2a and 2b.
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Figure 1. a. Bland-Altman plot comparing albumin
concentrations obtained from the direct measurement
method with those obtained from capillary zone
electrophoresis (CZE) based on data from 373 patients.
b. Passing-Bablok regression analysis comparing
albumin concentrations obtained from the direct
measurement method with those obtained from
capillary zone electrophoresis (CZE) based on data from
373 patients.

The agreement and correlation between
albumin concentrations measured by the
direct method and CZE were analyzed across
all patients and within 11 subgroups.
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The Passing - Bablok regression results
demonstrated constant error and
proportional error in specific subgroups,
while the Bland-Altman plot revealed varying
mean bias values across the groups (Table
1). Bold values in Table 1 from the Passing-
Bablok regression analysis indicate
subgroups where no constant error or
proportional error was observed, reflecting

better agreement between the two
measurement methods.
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Figure 2. a. Bland-Altman plot comparing albumin
concentrations obtained from the direct measurement
method (BCG) with those obtained from capillary zone
electrophoresis (CZE) for patients with albumin
concentrations <3.5 g/dL (n=27). b. Bland-Altman plot
comparing albumin concentrations obtained from the
direct measurement method (BCQG) with those obtained
from capillary zone electrophoresis (CZE) for patients
with 3.5-5.2 g/dL albumin concentrations (n= 346).
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Figure 3. Residuals plot for albumin concentrations
obtained using the CZE and BCG methods across the
entire cohort (n=373).

Table 2 compares TEa and TAE for albumin
concentrations obtained through direct
measurement and CZE across the entire
group and subgroups. The TAE was
compared with the TEa, and these analyses
were conducted separately for all patients as
well as for each of the 11 subgroups created.
TEa was calculated based on the Desirable
Biological Variation Database specifications
on Westgard's website, updated in 2014. The
desirable TEa (%) was «calculated as
<1.65(0.50 X CVw) + 0.25 V(CV2w + CV2g),
where CVw represents  within-subject
biological variation, CVg represents between-
subject biological variation, and TEa denotes
the desirable specification for allowable total
error. Accordingly, albumin's desirable TEa
was established at 4.07% (10-12). Total
allowable errors for each group were
calculated in g/dL using the median albumin
concentrations obtained from the entire
group and each of the subgroups. These
values were then compared with the TAE
obtained from the Passing-Bablok regression
analysis as described in the statistical
analysis section. As shown in Table 2, the
TAE values in the overall group and the
subgroups were significantly higher than the
calculated TEa values.
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Table 2. Comparison of Total Allowable Error (TEa) and Total Analytical Error (TAE) with its Components for
Albumin Concentrations: Direct Measurement vs CZE

Tablo 2. Albiimin Konsantrasyonlari igin Toplam izin Verilebilir Hata (TEa) ve Toplam Analitik Hata (TAE)
Komponentlerinin Karsilastiriimasi: Dogrudan Olciim Yéntemi ve CZE.

Groups n Median g/dL TEa (g/dL) CE RE PE TAE
All group 373 4.46 0.18 0.61 0.22 0.07 0.90
Albumin (<3.5) 27 3.06 0.13 0.90 0.29 0.21 1.40
Albumin (3.5-5.2) 346 4.49 0.18 0.75 0.22 0.11 1.08
TP (<6.4) 83 4.05 0.16 0.42 0.24 0.03 0.69
TP (6.4-8.3) 290 4.56 0.19 0.63 0.22 0.08 0.93
IgG (<7) 76 4.41 0.18 0.49 0.21 0.04 0.74
IgG (7-16) 251 4.49 0.18 0.74 0.24 0.11 1.09
IgG (>16) 46 4.534 0.18 0.41 0.18 0.04 0.63
Gamma (<9.69) 84 4.46 0.18 0.59 0.21 0.07 0.87
Gamma (9.69-18.9) 225 4.53 0.18 0.75 0.23 0.11 1.09
Gamma (>18.9) 64 4.19 0.17 0.49 0.22 0.06 0.77
M-Spike (Absent) 276 4.47 0.18 0.67 0.21 0.09 0.97
M-Spike (<0.1) 10 4.45 0.18 1.25 0.16 0.21 1.62
M-Spike (= 0.1) 87 4.27 0.17 0.38 0.28 0.02 0.68

CE: Constant Error (Intercept in Passing-Bablok regression). CZE: Capillary Zone Electrophoresis (A method for
serum protein separation). Gamma: Gamma Region Percentage in CZE. M-spike: M Protein detected by CZE. PE:
Proportional Error (Deviation of slope "b” from 1). RE: Random Error (1.96 X Residual Standard Deviation). TAE:
Total Analytical Error (Sum of CE, PE, and RE). TEa: Total Error Allowable (Calculated based on biological variations;
set at 4.07%, determined using the median albumin values for the overall cohort and subgroups). TP: Total Protein

DISCUSSION

Numerous analytical methods are available
for determining human serum albumin (HSA)
concentration, ranging from traditional dye-
binding and immunological methods to
advanced techniques such as fluorescent
probes, nanoparticles, biosensors,
chromatographic techniques, and
electrophoresis-based methods. Despite
these advancements, dye-binding and
immunological approaches remain the most
commonly used in routine clinical practice
due to their simplicity and cost-effectiveness.
However, the clinical implementation of
newer techniques, such as fluorescent
probes and biosensors, requires further
validation and optimization (5).

In our study of 373 patients, we observed
that albumin concentrations measured by
the CZE method were consistently lower

Turk Klinik Biyokimya Derg 2024; 22(3)

compared to the direct BCG method. This
underestimation was particularly pronounced
at low albumin levels (<3.5 g/dL), with a
discrepancy of 12.5%, while within the
reference range (3.5-5.2 g/dL), the bias
decreased to 6.6%.

Statistically significant constant, proportional,
and random errors were observed in albumin
measurements obtained via the CZE and
BCG methods across the entire cohort and
all 11 subgroups. Constant and proportional
errors were demonstrated by the intercept
and slope of the Passing-Bablok regression
analysis, while residual analysis revealed
significant random error. Most residuals did
not lie within the expected range of =1.96
times the residual standard deviation (RSD:
0.1154%; interval: -0.2261 to 0.2261) and
were predominantly distributed below zero.
Furthermore, the TAE values in all groups
exceeded the predefined TEa limits,
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emphasizing that albumin concentrations
measured by the CZE method may have
clinical implications and potentially affect
patient management.

In certain subgroups, the confidence
intervals (CIs) of the intercept and slope were
wider, suggesting potential challenges in
interpreting the agreement between the
methods. Notably, in cases where the CI of
the intercept includes O and the CI of the
slope includes 1, the methods might appear
to be in agreement. However, as highlighted
by Mayer et al. (13), this perceived
agreement could be an artifact of small
sample sizes, which tend to produce larger
Cls. This methodological limitation is further
supported by Ludbrook (14), who
emphasized that method comparison studies
with small sample sizes are inherently biased
toward concluding agreement between
laboratory methods. For robust Passing-
Bablok regression analysis, a sample size of
at least 50 is recommended, as stated by
Passing and Bablok (15). Therefore, the
apparent agreement observed in certain
subgroups with limited sample sizes should
be interpreted cautiously, as it may not
reflect true methodological compatibility.

Previous studies have demonstrated that
dye-binding methods based on bromocresol
green (BCQ) interact not only with albumin
but also with other acute-phase proteins,
such as o-globulins, particularly in samples
with low albumin concentrations (<2.5-3.5
g/dL) (16). This interaction leads to a positive
bias in albumin measurement, with
discrepancies of up to 1.0 g/dL. compared to
bromocresol purple (BCP) or nephelometric
(IN) methods (17). The positive bias observed

with BCG is primarily attributed to its
reactivity with proteins such as o2-
macroglobulins and haptoglobin  (18).

Consequently, BCG-based assays may yield
inconsistent results and should be
interpreted cautiously, particularly in clinical
scenarios such as nephrotic syndrome,
where a2-macroglobulin levels are
significantly elevated (19). Understanding

these limitations is essential for ensuring the
accurate application of the BCG method in
our laboratory and for the reliable
interpretation of clinical results.

Our study demonstrated that the CZE
method tends to underestimate albumin
levels compared to the BCG method,
particularly in subgroups with and without M-
spikes. However, Padelli et al. (7) reported a
systematic overestimation of albumin levels
by the CZE method in monoclonal
gammopathy patients. This discrepancy may
be due to methodological differences and
the varying impact of monoclonal
immunoglobulins on albumin
measurements. Padelli et al. also observed a
proportional overestimation correlated with
increasing monoclonal immunoglobulin
concentrations,  which  highlights  the
variability in CZE performance across
different clinical scenarios.

The determination of albumin levels using the
CZE method heavily relies on the accuracy of
serum total protein measurements, which are
performed as a separate test (6,7). In our
laboratory, serum total protein concentrations
are measured using the Biuret method,
which, according to the kit insert, is prone to
interference  from conditions such as
hemolysis, lipemia, icterus, and high dextran
concentrations. However, as patients with
values exceeding these thresholds were
excluded from our study, we do not believe
that these interferences affected the results.
Additionally, rare cases of gammopathies,
especially those involving IgM-type
paraproteins (e.g., Waldenstrom's
macroglobulinemia), can lead to unreliable
total protein results measured by the Biuret
method (20).

Previous studies have reported a lack of
agreement between the CZE and BCG
methods. Our study is among the first to
systematically investigate how this
disagreement varies across different protein
patterns, including gamma band
percentages, M protein concentrations, and
IgG levels. These findings emphasize the
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limitations of substituting one method for
the other and underscore the impact of
protein patterns on method agreement in
clinical applications. Additionally, our results
suggest that discrepancies observed in
subgroups with absent and varying levels of
M-spikes cannot be solely attributed to
interference from Biuret-based total protein
measurements. This indicates that other
factors, beyond total protein interference,
contribute to the observed lack of agreement
between the methods.

One of the limitations of this study is the
limited number of patients with low albumin
concentrations (<3.5 g/dL). Although the
study included 373 patients, only 27 patients
fell within this range, which may limit the
generalizability of the findings for low
albumin levels. Additionally, the observed
residuals demonstrated a skewed
distribution, predominantly below zero,
indicating significant random error that could
influence the agreement between the
methods. These findings suggest that further
studies with larger sample sizes, particularly
in the low albumin concentration range, are
necessary to validate the results and explore
the impact of random error more
comprehensively. Moreover, the influence of
other potential factors, such as variations in
total protein measurements and their
methodological interferences, should be
considered in future research.

CONCLUSION

This study demonstrated that albumin
concentrations measured using the CZE and
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OZET

Hemofili A ve B, sirasiyla faktor VIII ve faktor IX genlerindeki mutasyonlarin neden oldugu pihtilasmanin
yoklugu veya azalmis aktivitesi ile karakterize X'e badli kanama bozukluklaridir. Hemofili tanisi,
hemofilinin klinik 6zelliklerini ve semptomlarini anlama, kanamanin potansiyel nedenini belirlemeye
yonelik testler olan protrombin zamani, aktive Kkismi tromboplastin zamani, trombosit sayisi ve
fonksiyonu gibi tarama testlerinin kullanilmasi ve yorumlanmasi ile faktor analizleri ve uygun
yontemlerle taninin dodrulanmasi gibi spesifik arastirmalara dayanir. Bu derlemede Hemofili tani ve
takibinde kullanilan biyokimyasal testler, kullanim algoritmalan ile karisim testleri, faktor ve faktor
inhibitor testleri hakkinda ayrintili bilgi verilmesi amaclanmustir.

Anahtar Sézciikler: Hemofili, Bedhesta, Faktér, inhibitor

ABSTRACT

Hemophilia A and B are X-linked bleeding disorders characterized by the absence or reduced activity of
coagulation caused by mutations in the factor VIII and factor IX genes, respectively. Diagnosis of
hemophilia is based on understanding the clinical features and symptoms of hemophilia, screening
tests to determine the potential cause of bleeding such as prothrombin time, activated partial
thromboplastin time, platelet count and function, and specific investigations such as factor analysis and
confirmation of the diagnosis with appropriate methods. In this review, it is aimed to give detailed
information about the biochemical tests used in the diagnosis and follow-up of Hemophilia, their usage
algorithms, mixture tests, factor and factor inhibitor tests.

Keywords: Hemophilia, Bedhesta, Factor, Inhibitor
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GIRIS

Hemofili, hemofili A ve B olarak adlandirilan
pihtilasma faktorleri VIII (FVII) ve IX (FIX)'un
eksikligi ile karakterize edilen, X'e bagh
konjenital bir kanama  bozuklugudur.
Hemofili hastalarinda yaralanma, dis ¢ekimi
ve cerrahi islemler sonrasinda uzun streli
kanama goruliir (1,2). FVIII ve FIX, intrensek
yolda yer alan pihtilasma faktorleridir. Sonug
olarak, pihtilasma faktorlerindeki eksiklik,
aktive kismi tromboplastin zamani (aPTZ)
uzamasi ile sonuclanir (2,3). Laboratuvar
bulgulart tipik olarak normal protrombin
zamani (PZ), normal trombin zamani, normal
trombosit sayisi ve uzamis aPTZ'yi gosterir.
Kanama ile basvuran hastalardaki tarama
testleri Tablo 1'de gOsterilmistir.

Hemofilide kanama ataklarinin tanisi ve
sikligi eksik faktor aktivitesi ile iliskilidir.
Siddetli hemofilide faktor aktivitesi duzeyleri
1 IU/dL'nin (%1) altinda, orta hemofilide 1-5
IU/dL (%1-5) arasinda, hafif hemofilide ise 5-
40 IU/dL (%5-40) arasinda saptanir (1,2).
Siddetli hemofili Al bireyler, genellikle
yasamin ilk iki yilinda kanama veya bilinen
bir aile hemofili Oykiisi nedeniyle teshis
edilir. Profilaktik tedavi almayan bireylerde
her ay ortalama iki ile bes arasinda spontan
kanama atag goriilebilir. Orta derecede
hemofili A hastalarinda, Kkisiden Kisiye
degismekle birlikte nadiren spontan kanama
gorulur, Kucgiik bir travmadan sonra uzamis
veya gecikmis kanamalari1 olur ve genellikle
bes ile alti yasindan once teshis edilirler.
Kanama ataklarinin sikligi genellikle ayda bir
ile yilda bir arasinda degisir. Hafif hemofili A
hastalarinda ise spontan kanama ataklari
gorilmez ancak ameliyat dncesi ve sonrasi
tedavi uygulanmadidginda anormal kanama
meydana gelebilir. Kanama ataklarinin sikhidi
tipik olarak yilda bir ile on yilda bir arasinda
degisir. Hafif hemofili Al bireylere genellikle
yasamin ilerleyen zamanlarina kadar teshis
konulamaz (1).

Edinsel hemofili (EH) ise FVIII aktivitesini
inhibe eden otoantikorlarin varlid@i ile
Karakterize nadir bir hastaliktir. Ancak FV,
VII, IX, X, XII ve XIII gibi diger pihtilasma
faktorlerini iceren vakalar da rapor edilmistir.

Yeni baslayan kanama ve izole aPTZ uzamasi
ile basvuran hastalarda EH tanisi diisuniilme-
lidir. Edinsel hemofili A (EHA) tanisi, FVIII
aktivitesinin azalmasina ve inhibitdr olarak
da adlandirilan nétralize edici anti-faktor VIII
antikorlarinin varlidina dayanir. EHA olgula-
rmm yaklasik %50'sinde neden bilinme-
mektedir, geri kalan olgular ise siklikla altta
yatan  maligniteler, enfeksiyonlar, ilag
tedavileri veya romatoid artrit gibi otoimmun
hastaliklarla iligkilidir (1,4,5).

aPTZ, intrensek ve ortak pihtilasma yollarimin
aktivitesini degerlendirmek icin kullanilan
pihti bazli bir testtir. aPTZ Kitinde intrensek
aktivitenin oOlculebilmesi amaciyla prokoagulan
fosfolipid (doku faktorii icermeyen Kkismi
tromboplastin) ve aktivator bulunur. Fosfoli-
pidler, pihtilasma faktorlerinin etkilesimi icin
uygun bir yiizey ortami sadlar (6). inorganik
veya organik aktivatorler (6rnegin kaolin,
mikronize silika, ellagik asit veya bitkisel
fosfatidler) ile temas faktorlerinin (6rnegdin
yiiksek molekul agqirlikl kininojen,
prekallikrein ve faktor XII ve XI) aktivasyonu
baslatilir. Uzamis aPTZ, muhtemelen faktor
XII, XI, IX veya VIlI'deki eksikliklere bagh
olarak intrensek yoldaki yetersizligi gosterir.
Ek olarak, uzamis aPTZ, ortak yoldaki
eksiklikleri (faktor V, X, II veya fibringjen) ve
spesifik inhibitorlerin veya heparin gibi
antikoagiilan ilaclarin varhgm gdsterebilir
(Tablo 2) (3,7).

aPTZ reaktifleri, pthtilasma faktorui eksiklik-
lerini tespit etmek, lupus antikoagtlanlarini
tahmin etmek ve heparin hassasiyetlerini
degerlendirmek icin degisen hassasiyetler
sergiler. aPTZ Kitlerindeki faktor hassasiyeti;
kullanilan aPTZ Kit reaktifi yani sira reaktif
hassasiyetini belirlemede Kkullanilan faktor
eksik plazma ve normal plazma havuzu

(NPP)na da baghdir. aPTZ reaktiflerinde
bulunan fosfolipid ve yag asidi bilesimi
standardize degildir. Fosfolipidler, hayvan

plasenta veya beyninden koken alabildigi
gibi bitkisel kokenli de olabilmektedir. Bu
nedenle aPTZ Kitlerindeki faktor ve lupus
antikoagulani hassasiyeti farkliliklar gosterir
(8). Codu aPTZ reaktifi, orta veya siddetli
hemofili hastalarinda diisiik sonuclar uretse

Turk Klinik Biyokimya Derg 2024;22(3)



de tum reaktifler hafif hemofiliyi dogru
sekilde tanimlama yetenegdine sahip degildir.
Bu nedenle, hafiften siddetliye kadar tim
hemofili tlrlerini tespit edebilen bir aPTZ
reaktifinin secilmesi, dogru tani icin cok
onemlidir (7).

FAKTOR ANALIZLERI

Faktor analizleri hemofilinin ciddiyetini
belirlemek, ameliyattan o©nce pihtilasma
durumunu dederlendirmek ve profilaktik
tedaviyi optimize etmek icin gereklidir.
Tedavi sirasinda faktor aktivitesinde bir

azalma, inhibitorlerin gelisimini goOsterebilir.
Faktor analizleri tek asamall, iki asamali veya
kromojenik yontemler Kullanilarak yapilabilir
(7).

Dogru faktor aktivitesi sonuglari elde etmek
icin numunelerin uygun sekilde alinmasi,
santrifiij edilmesi ve saklanmasi c¢ok
onemlidir. Numuneler %3,2 trisodyum sitrat
dihidrat'h tipe alinmal ve 1500 g'de en az
15 dakika oda 1sisinda santrifiij edilmelidir.

Tablo 1. Kanamada Tarama Testleri ve Yorumlanmasi

Hemofili'de Laboratuvar
Laboratory in Hemophilia

Ornekler, alm saatinden sonraki 4 saat
icinde analiz edilmelidir. Santrifiij edilen veya
tam Kkan halinde bulunan orneklerin 2-8
°C'de bekletilmesi Onerilmez. Bekletildigi
durumda FVII aktivasyonu ile FVIII ve von
Willebrand faktor (vWf) aktivitesinde azalma
gorualir. Bu 4 saat siire iginde analiz
edilemeyecek Ornekler plazmasi ayrilarak -
20°Cde 2  hafta veya -70°Cde 1 yil
dondurularak saklanmalidir. Hemolizli 6rnek-
lerden Kkacmilmalidir. Hemoliz durumunda
acida cikan hiicre ici maddeler ve fosfolipid
gibi membran molekilleri faktor aktivas-
yonuna sebep olabilmektedir (9).

%3,2 trisodyum sitrat dihidratlh tiipe kan
almmin hedef diizeye kiyasla en az %80
dolulukta olmasi gerekmektedir (2). infla-
masyon, stres, agir egzersiz ve hamilelikte
FVIII ve vWf diizeyleri artabilecedi icin tani ve
tedavi izleminde dikkatli olunmalidir (10,11).
Calismaya baslamadan once dondurulmus
ornekler 4-5 dakika 37 °C su banyosunda
bekletilerek hizl bir sekilde ¢ozulmelidir (2).

Table 1. Bleeding Screening Tests and Their Interpretations.

PZ
Normal Normal
Hemofili Normal
viWWH Normal
Trombosit defekti Normal

aPTZ Trombosit sayis1
Normal Normal
Uzamis Normal

Normal/ uzamis Normal/ azalmis

Normal Normal/azalmis

PZ, protrombin zamani; aPTZ, aktive kismi tromboplastin zamani; vWH, von Willebrand hastaligi

Tablo 2. izole Uzamis aPTZ Sebepleri ve Eslik Eden Bulgular
Table 2. Causes of Isolated Prolonged aPTT and Associated Findings.

izole Uzamis aPTZ Sebepleri

Hemofili A (FVIII eksikligi)

Hemofili B (FIX eksikligi)

F XI eksikligi

F XII eksikligi

Prekallikrein eksikligi

Yiiksek molekiil agirlikli kininojen eksikligi
Spesifik inhibitér (FVIIL, IX, XI, XII)

Lupus antikoagiilani varligi

Antikoagulan kullanimi (Heparin, diisiik molekiil agirlikli Heparin ..)

aPTZ, aktive kismi tromboplastin zamarn

Klinik/Eslik Eden Bulgu
Kanama hikayesi var

Kanama hikayesi var

Kanama hikayesi var

Kanama yok

Kanama yok

Kanama yok

Yeni baslayan kanama hikayesi
Tromboz

ilag kullanim hikayesi

145
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FVIII aktivitesi azalmis tiim hastalarda von
Willebrand hastahdi (vWh) dislanmalidir. Tip
2N vWh'da FVIII aktivitesi dusiiklugii yaninda
normal vWf antijen (VWf:Ag) diizeyi olmasi
nedeniyle hastalarin hafif hemofili A ile
Karistirlmamasi icin ilk tanida laboratuvar
degerlendirilmesinin genis ve tam olarak
yapilmasi gereklidir (2).

1. Tek Asamali YOntem (One Stage Assay)

Temel olarak aPTZ’ye dayanan tek asamali
pihti bazli test, Klinik laboratuvarlarda en sik
Kullanilan yontemdir. Tek asamali analizler,
degerlendirilen spesifik faktdre bagh olarak
aPTZ veya PZ’ye dayanabilir. Bu testte, hasta
plazmasimin tampon ¢ozelti ile diltisyonlari
(1:10, 1:20, 1:40) hazirlanir. Her diliisyon,
faktor eksik plazma Kit reaktifi ile 1:1
oraninda Karistirilir ve ardindan pihtilasma
sureci baslatilir. Faktor eksik plazma Kit
reaktifinde yalnizca Olglilecek spesifik faktor
bulunmaz ancak diger tim pihtilasma
faktorleri yaklasik 100 1U/dL kadar bulunur.
Boylece sonucglar sadece hasta plazmasin-
daki Olculmek istenen faktoriin diizeyine
bagl olur. Hastanin diliisyonlu plazmalarin-
dan elde edilen sonugclarin kalibrasyon egrisi
ile Karsilastirilmasiyla test sonucu elde edilir.
En az 3 diliisyon yapilmasi ve egrinin
kalibrasyon edrisine paralel olmasi istenir.
Eger hasta sonuclarindaki egri kalibrasyon
edrisine paralel degil ise hasta Orneginde
inhibitor olabilecegi dusinulmeli ve ek
diliisyonlar ile egri paralel hale getiriimeye
calisiimalidir. Elde edilen sonuc¢ dillisyon
faktorii ile carpilarak hasta sonucu elde edilir
(12).

Tek asamali aPTZ’ye dayanan faktor testle-
rinde Ol¢iim, lupus antikoagulani, antiko-
agulan Kkullanimi ve spesifik faktor inhibi-
torlerin varhdr ile interferans gosterebilir.
aPTZ temelli tek asamali analizler, intrensek
faktorlerin aktivitesini degerlendirmek icin
Kullanilirken, PZ temelli analizler &6ncelikle
FVII'yi ve ortak pihtilasma yolunda yer alan
faktorleri degerlendirmek icin kullanilir (12).

Faktor eksik ticari plazmalar Kkonjenital
eksikligi bulunan hastalardan ya da saglkli

hasta plazmalarinin immunodeplesyonu veya
kimyasal on islem ile elde edilebilir (8).
Faktor FVIII eksik plazma Kit reaktiflerinin <1
IU/dL FVIII icermesi ve diger tiim faktorleri
normal duzeyde icermesi zorunlu kilinmistir.
Faktor IX olciimleri icin de aynisi gecerlidir
(2).

2. Iki Asamali Yontem (Two Stage Assay)

iki asamali analiz, faktor aktivitesini deger-
lendirmek igin kullanilan diger bir yontemdir.
Ik asamada, FVIII olciimii icin hastanin
plazmasina Kkalsiyum, fosfolipid, saflastiriimis
aktive FIX (FIXa) ve FX eklenerek aktive faktor
X (FXa) olusmasi sagdlanir. ikinci asamada
ise, bu karisima NPP ekKlenir ve ilk asamada
olusan FXa'dan fibrin olusturulur. Pihtilasma
zamani ilk reaksiyonda olusan FXa miktarina
baghdir. 1ki asamali test, heparin veya
dogrudan trombin inhibitdér ilag kulan-
mindan tek asamali teste gore daha az
etkilenir. Ancak FXa inhibitorlerinin varhgdi
sonuclari etkileyebilir (12).

3. Kromojenik Yontem

iki asamali dlciimle benzer prensipte caligir.
Ik asamada, FVIII olciimii icin hastanin
plazmasina kalsiyum, fosfolipid, saflastiriimis
FIXa ve FX eklenerek FXa olusmasi saglanir.
ikinci asamada ise FXa'dan enzimatik olarak
salilnan ve kromojenik bir substrat olan p-
nitroaniline’nin  absorbanst 405 nm’'de
olciiliir. ikinci asamaya, kromojenik substratin
azalmasini engellemek  igin trombin
inhibitori siklikla eklenir (13).

Kromojenik yontem, tek asamali yontemden
sonra FVIII analizlerinde en sik Kkullanilan
ikinci yontemdir. FIX Olcumleri icin de
kromojenik yontem Kkullanilmaya baslan-
mistir (14-18). Kihlberg ve ark. kromojenik
yontemle Olciilen FIX sonuclarinin tek
asamali yonteme gore Kklinik ile daha uyumlu
oldugunu gostermislerdir (17). Kromojenik
FVIII analizleri genellikle tek asamali pihti
temelli FVIII aktivite analizlerinden daha
pahalidir (19). iki asamali ve kromojenik
yontemin tek asamali yonteme gore lupus
antikoagiilanlarina daha az duyarli oldugu
bazi arastirmalarda gosterilmistir (12).
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Genetik olarak dogrulanmis bazi hafif
hemofili A olgularinda tani icin tek asamali
test kullanildiginda FVIII aktivitesinin normal
seviyede, ancak kromojenik veya iki asamali
yontem kullanildidinda ise azalmis diizeyde
oldugu gosterilmistir (20-24). Bazi calisma-
larda ise bu durumun tam tersi bulunmustur.
(Tablo 3) (25,26).

Diinya Hemofili Federasyonu (WFH), hemofili
A'nin tim hastalik tiplerinin saptanmasi icin

ilk tanida tek asamali ve Kkromaogjenik
yontemin beraber kullanilmasi gerektigini
bildirmistir. Testlerden biri normal FVIII

aktivitesi goOsterse dahi diger yontemde de
Olciim yapilmahdir. WFH, hemofili B'nin ilk
tan1 asamasinda ise tek asamali yOntemin
Kullaniimasini 6nerir. Kromojenik yontemin
kKullanilmasi icin ise hentiz yeterli calisma
bulunmadiqi belirtilmistir. Tek asamali veya
kromojenik yontem ile FVIII veya FIX
calisildiqinda Kkalibrasyon icin kullanilan
referans materyal veya standart plazmalarin
Diinya Saghk Orgiitii (WHO) standartlan
tarafindan izlenebilir olmasi gerekmektedir.
Referans plazma olarak NPP kullanildiginda
hasta sonuclar yiizde olarak verilebilmek-
tedir. Ancak bu durum WHO standartlar
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uygun olmamasi sebebiyle 6nerilmez. WFH,
FVIII ve FIX sonucglarinin IU/dL veya IU/mL
olarak verilmesini tavsiye eder (2).

INHIBITORLER

Pihtilasma faktori inhibitorleri faktor etkisini
etkisiz hale getiren (Tip 1) ve etkisiz hale
getirmeyen (Tip 2) olarak 2 tipte gorulir.

Etkisiz hale getiren antikorlar faktor
inaktivasyonu ile sonuclanir. Etkisiz hale
getirmeyen  antikorlar ise fonksiyonu

olmayan epitoplar1 hedef alirlar. Her ikKi tipte
de alloantikor ve otoantikorlar bulunabilir.
Alloantikorlar faktor aktivitesinde tam bir
inhibisyon yaratabilir. Otoantikorlar ise EHA,
hamilelik ve yashlik gibi durumlarda
gorilebilen sinirli faktor inhibisyonuna sebep
olan antikorladir (8).

Hemofilideki inhibitorler, infize edilen
ekzojen pihtilasma faktorii konsantrelerinine
karsi gelisen FVIII veya FIX' u notralize eden
IgG tipinde alloantikorlardir. Pihtilasma
faktorii konsantreleri replasman tedavisine
yanit veren ancak artik yanit allnamayan her
hemofili hastasinda yeni bir inhibitorun
varligindan stiphelenilmelidir (2)

Tablo 3. Faktér VIII Aktivitesinin Olciimiinde Tek Asamali Yontem ile Kromojenik Yontemin Karsilastirilmasi
Table 3. Comparison of One-Stage Method and Chromogenic Method for Measuring Factor VIII Activity.

Tek Asamali Yontem

1. Basit, hizli ve ucuz

2. Klinik izlem icin en yaygin kullanilan

yontem
Avantajlan
1.Faktor aktivasyonuna duyarli
2.FVIII eksik plazma gerekli
3.Yiiksek Laboratuvarlar arasi degiskenlik
Smrhiliklar:

ilaglarina duyarl

5.Bazi hafif hemofili A fenotiplerinde FVIII

aktivitesi ytiksek olctilebilir

FVIII, Faktor VIII; LA, Lupus Antikoagulani

Turk Klinik Biyokimya Derg 2024; 22(3)

4.LA, heparin, direkt oral antikoagtilan

Kromojenik Yontem

1.0lciimde FVIII aktivasyonu olmaz
2. FVIII eksik plazma gerekli degildir

3. Tum FVIII diizeylerinin Sl¢iimi i¢in
uygundur

4.LA’ya karsi duyarsiz

5.Laboratuvarlar arasi degiskenlik daha az

1.Tek asamali ydontem’den daha pahali

2.Tek asamali yontem kadar yaygin
Kullanilmaz

3.Teknik olarak daha karisik
4.Direkt oral antikoagiilan ilaclarma duyarl

5.Bazi1 hafif hemofili A fenotiplerinde FVIII
aktivitesi ytliksek Olciilebilir
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Orta veya hafif hemofili hastalarna goére
siddetli hemofili hastalarinda ve hemofili B
hastalarina Kiyasla hemofili A hastalarinda
inhibitdorlere daha sik rastlanir. Siyah ve
Hispanik etnik kokene sahip hemofili
hastalarinda inhibitérin prevalansi daha
yuksek go6zlenmektedir. Siddetli hemofili A
hastalarinda, yirmi adet FVIII replasman
tedavisi sonrasi %30 oranda FVIll'e Kkarsi
alloimmiin inhibitorler gelisir (1,4).

Inhibitérlii hemofili hastalarinda, inhibitorii
olmayanlara gdre Kkanamanin  Kkontrol
edilmesi daha buyiik bir zorluktur. Bunun
yaninda inhibitoru olan hemofili hastalarinda
kas-iskelet sistemi komplikasyonlari, agr ve
yasam Kkalitesinin dusmesi gibi sorunlar da
gorulmektedir. (2).

Lupus antikoaguiilani (LA) gibi nonspesifik
inhibitorler in vitro fosfolipid bagimh faktor
testlerinde interferansa sebep olabilir. Bu
antikorlar protein ve fosfolipid kompleksle-
rine karsi olusur ve pihtilasma faktorlerini
inhibe etmezler. Antikoagulanlar da nonspe-
sifik inhibitor seklinde tanimlanabilirler (8).

Karisim (Mixing) Calismalan

Uzamis aPTZ sonucunun sebeplerini arastir-
madan 6nce Ornedin heparin ile kontaminas-
yonu arastirdimalidir. Hastada trombolitik
ajan, vitamin K antagonisti ile trombin
inhibitorti kKullanimi sorgulanmalidir. Ayrica
ornek igerigi kontrol edilmeli pihti, hemoliz,
ikter, lipemi varligna bakilmahdir. Tip
doluluk miktar1  kontrol edilmeli ve
hematokrit dilizeyi >%55 olan Orneklerde
tiipteki sitrat miktar1 hesaplanmali ve bu
sitrat miktariyla alinmis yeni 6rnek ile aPTZ
calisiimaldir (6).

Altta yatan nedeni belirlemek icin, uzamis
aPTZ sergileyen numuneler uzerinde bir
karisim calismasi yapilmahdir. Bu calisma,
hastanin plazmasinin 1:1 hacim/hacim
oraninda NPP ile Kkarnstirllmasini icerir.
Clinical Laboratory Standards Institude (CLSI)
kurallarina gore NPPler en az 20 saghkh
kisiden hazirlanmali veya ticari bir kurulustan
temin edilmelidir. NPP, tum faktorleri
yaklasik %100 oraninda icermeli, aPTZ

sonucu referans ortalamasina yakin ve taze
dondurulmus olmahdir (6).

Karisim islemi sonrasinda aPTZ yeniden
olciilduginde, sonuc¢ referans aralidina
yaklasir ise zamana bagimli olarak etki eden
siklikla FVIII inhibitorleri ve LA’lant (%15
zamana bagmml)) atlamamak icin yeni
hazirlanacak numuneler 37° Cde 1-2 saat
sureyle inkiibe edilmelidir. Bu islem, Hasta-
NPP karisimi (1:1), hasta plazmasi ve NPP
olmak ilizere 3 ornek seklinde hazirlanir ve
Kapaklar1 kapali bir sekilde 37 °C'de 1-2 saat
inkiibe edilir. Inkiibasyon periyodu sonrasi
inkube edilmis NPP ile inkiibe edilmis hasta
plazmasi 1:1 oraninda Kkarnstirilarak yeni bir
karisim elde edilir. Bu kontrol tupu sayesinde
inkiibasyon periyodu siiresinde gelisebilecek
FV ve FVIII kaybi ekarte edilmis olur. inkiibe
Hasta-NPP karisimi ile yeni kontrol Kkarisi-
minda aPTZ olculir. Eder inkiibe karisim
ornedi ile kontrol Kkarisim Ornedi aPTZ
sonuclari esit ve aPTZ referans aralidina
yaklasir ise faktor eksikligi diistiniiliir. Eger
inkubasyonlu karisim aPTZ sonucu Kkontrol
karisim Ornedinden uzun ise zaman bagiml
inhibitor varligindan suphenilmelidir.
Hastanin klinik hikayesinin bilinmesi LA veya
spesifik inhibitorlerin taranmasi gibi daha
ileri tetkikler icin yol gosterici olacaktir (6).

Karisim testlerinin yorumlanmasinda Rosner
indeksi ve Yiizde Dizeltme formulu de
kullanilabilir (27,28). (Sekil 1). Ayrica inki-
basyonlu Kkarisim tupii aPTZ sonucu ile
kontrol tiipti aPTZ arasindaki fark %10’dan
fazla ise zamana bagiml inhibitor pozitif
lehine degderlendirilebilir (12).

Bazi calismalar, 4:1 (hasta plazmasi: NPP)
Karisimindaki yuzde diizelmenin, antiko-
agulan ve faktor eksikliklerini tanimlamak
icin 1:1 karisima gore daha iyi duyarlilik ve
ozqiillik sagladigini géstermistir (28).

Spesifik faktor inhibitor testleri

Spesifik faktor inhibitorlerin tespiti ve mikta-
rinin belirlenmesi, ELISA gibi antijen-antikor
analizleri veya HNijmegen ve Bedhesda
analizleri gibi fonksiyonel ve pihtilasma
temelli yontemler kullanilarak gerceklestirile-
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bilir. Inhibitér seviyeleri Bethesda birimleri
(BU) cinsinden ifade edilir; bir BU, 37°C'de 2
saatlik inkiibasyonun ardindan plazmadaki
FVIII aktivitesinin %50'sini notralize etmek

Hemofili'de Laboratuvar
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icin gerekli olan FVIII inhibitoriiniin miktarini
temsil eder. Pozitif sonug, FVIII icin >0.6 BU,
FIX icin ise >0.3 BU'tir. inhibitér testi icin
endikasyonlar Tablo 4'te belirtilmistir.

izole uzamig aPTZ

v

Preanalitik Hatalari kontrol et
Hemoliz

Lipemi

ikter

Pihtl 6rnek

Antikoagulan ile kontaminasyon
Kan/antikoagiilan oram (9/1 olmal)
Hemokonsantrasyon (Hematokrit %55 tizeri 6zellikle yenidoganda dnemili)

v

Antikoagulan kullanimini sorgula

» | Varise dur

aPTZ kangim testi

Normal plazma havuzu (NPP) ile 1:1
0Oda sicakhiginda inkiibasyon oclmadan

aPTZ'de diizelme
olmasi

aPTZ kangim testi

37°C'de 2 saat inkiibasyon

(zaman bagimli inhibitérler; bazi FVII
inhibit&rleri ve Lupus antikoagulanlari)

aPTZ'de diizelme
olmasi b

Spesifik Faktor Testleri
(FVIIL, 1X, X1, X1I, vWT)

|
v

FVIIl eksikligi ise ayrici tamida vWf ekarte
edilmeli

aPTZ'de diizelme olmamas:

aPTZ'de diizelme olmamasi

> | inhibitsr

v v

Spesifik Faktar inhibitér
testleri- Bedhesta,
Nijmegen-modified
Bedhesta

(FVIIL, 1X, X1, XI1)

Lupus antikoagiilan
icin tarama

Sekil 1. izole uzamis aPTZ'de karisim testi algoritmasi

Figure 1. Mixing Test Algorithm in Isolated Prolonged aPTT.

Tablo 4. inhibitér Testi icin Endikasyonlar
Table 4. Indications for Inhibitor Test.

Inhibitér Testi isteminde Endikasyonlar

Baslangic faktor replasman tedavisi sonrasi

Yogdun faktor replasman tedavisi sonrasi; 5 giinden fazla her giin tedavi almu ...

Yeterli faktor replasman tedavisine ragmen tekrarlayan kanama veya eklem ici kanama

Faktor replasman tedavisine yanit alinamamasi

Faktor replasman tedavisi sonrasi beklenenden daha diisuk yarilanma émrii

Faktor replasman tedavisi sonrasi optimal olmayan klinik veya laboratuvar yanit

Faktor replasman tedavisine ameliyat sonrasi istenen yanitin alinamamasi

Ameliyat 6ncesi
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Bedhesda Testi

Hasta plazmasi imidazol tamponlu NPP ile bir
seri diliie edilir. Kontrol olarak, imidazol
tamponlu NPP, faktor eksik plazma ile 1:1
diltie edilir. 2 saat 37°C inkiibasyondan sonra
(FIX icin inkiibasyona gerek yok) diliie
Karisimlardaki faktor aktiviteleri Olcilir ve
kontrol reaksiyonununkine gore (%) hesap-
lanir. Rezidiiel aktivite (RA) hesabi =hasta
Karisimi faktor aktivitesi/kontrol Kkarisimin
faktor aktivitesi*100 olarak hesaplanir.
Gecerli RA'larin tanimlanmis aralidi %75'ten
%?25'e kadar sinirlidir, bu nedenle %50ye en
yakin RA secilir (12,29). RA sonucunu
Bedhesda birimiyle iliskilendiren grafik insa
edilmistir (Sekil 2). Bu grafikten BU/mL
bulunur ve nihayi sonug¢ dillisyon orani ile
carpilarak elde edilir. Ornegdin RA sonucu 60
olan bir Ornegin grafikten 0.74 BU/mL
oldugu bilinmektedir. Eger RA degeri 1/8
dilisyondan elde edildi ise sonug
0,74*8=>5.92 BU/mL olarak verilecektir.
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Sekil 2. Rezidiiel Aktivite (RA) sonucu ile Bedhesda
birimi iligkisi
Figure 2. Relationship Between Residual Activity (RA)
Result and Bethesda Unit.
inhibitorlerin laboratuvar testlerindeki etkileri
ayni degildir. Cogu inhibitoér (Tip 1) artan
dilisyonlarla rezidu FVIII aktivitesinde artis
gosterirken bazi inhibitorler ise bu artisi
gostermez (Tip 2). Tip 2 inhibitorlerinin
kalibrasyon edrisine paralelligi yoktur bu
nedenle titre edilmesi zor olabilir. Bunun
yaninda bazi FVIII inhibitorleri, FVIII klirensini

arttinnp  FVIIII  aktivitesini etkilemez. Bu
noétrlestirici  olmayan  FVIII  inhibitorleri
karisim testleri ile tespit edilemez ve
Bedhesta testlerinde saptanamaz. ELISA
testleri bu tur nétrlestirici olmayan FVIII
inhibitorlerini saptamada kullanilabilir (12).

Nijmegen Modifiye Bedhesda Testi

Nijmegen modifiye bedhesda testi, analitik
tespit sinirina yakin sonucu olan 6rneklerde
ozgulluagii arttirir. Nijmegen modifikasyonlari,
diliisyonda kullanilan imidazole tamponunun
faktor eksik plazma ile degistiriimesi ve
NPP'nin 7.4'e tamponlanmasi ile gercekles-
tirilir. Bu degisiklikler sayesinde FVIII'in inkii-
basyon sirasinda kaybinin azalmasi 6énlenmis
olur. NPP tamponlanmasi sayesinde pH artisi
Onlenir ve faktor eksik plazma ile dillisyon-
larin  yapilmasi Orneklerin igindeki diger
protein  konsantrasyonlarinin  azalmasini
onler (12). Boylece Nijmegen modifikasyonu,
normal plazmay1 tamponlayarak ve seyreltici
tamponu  FVIlIlden yoksun plazmayla
degistirerek testin duyarhihid ve ozgiillugiinii
artirmis olur (4). WFH Hemofili hastalarinda
inhibitor izleminde Nijmegen modifiye
bedhesda testinin ¢calisiimasini 6nerir (2).

SONUC

Farkli kanama bozukluklari c¢ok benzer
semptomlara sahip olabilir;, bu nedenle,
hastanin uygun tedaviyi almasini saglamak
icin dogru tami sarttir. Hemofili hastalarinda
dogru tani ancak kapsamli ve giivenilir
laboratuvar hizmeti ve uzman destegdi ile
yapilabilir. Bu durum laboratuvarda uygun
protokol ve prosediirleri takip ederek,
pihtilasma laboratuvar testlerinde bilgi ve
uzmanlik sahibi olunarak, dogru ekipman ve
reaktiflerin kKullaniimasi ve Kkalite guvencesi
ile saglanabilir. Hemofili hastalarinda uygun
tani ve izleminin uygulanabilmesi laboratuvar
uzmani ile klinisyenin stirekli iletisim halinde
olmasi ile gerceklestirilebilir.
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Prolactin Elevation Due to
Heterophile Antibody Interference
in Pituitary Deficiency

Hipofiz Yetmezliginde Heterofil Antikor Interferansi
Nedeniyle Prolaktin Ytiksekliqgi
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ABSTRACT

This case highlights the effect of heterophilic antibody interference in two siblings with hypopituitarism.
Prolactin measurements performed on the UniCel DxI 800 in patients followed up with a diagnosis of
hypopituitarism were found to be falsely elevated. For further investigation, polyethylene glycol
precipitation (PEG), heterophilic antibody blocking tubes (HBT), serial dilution, and three different
blocking antibodies were used. The PEG test showed a reduction of less than 40%, and
macroprolactinemia was excluded. In the serial dilution test, the results were not linear, raising
suspicion of interference. Lower prolactin levels were reported in three different systems. After HBT
application, prolactin levels unexpectedly increased in both siblings. The increase in prolactin levels
observed after HBT and the addition of different blocking antibodies could be due to an unexpected
interaction between the blocking antibodies and the analysis reagents. The investigations using
blocking antibodies were unable to determine the exact nature of the interfering agent.
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Heterophile Antibody Interference
Heterofil Antikor Interferanst

OZET

Bu vaka, hipopituiterizmli iki kardeste heterofilik antikor interferansinin etkisini vurgulamaktadir.
Hipopituiterizm tanisi ile takip edilen hastalarda UniCel DxI 800 tizerinde yapilan prolaktin olctimleri
yanhs sekilde yiiksek bulunmustur. ileri inceleme icin polietilen glikol cokelmesi (PEG), heterofilik
antikor engelleyici tupler (HBT), seri diliisyon ve ti¢ farkli blokan antikor kullanilmistir. PEG testi, % 40'in
altinda bir azalma go6stermis ve makroprolaktinemi dislanmistir. Seri diliisyon testinde, sonuclarin
dogrusal olmamasi nedeniyle interferans siiphesi ortaya cikmustir. Uc farkh sistemde ise daha diisiik
prolaktin seviyeleri raporlanmistir. HBT uygulamasi sonrasi prolaktin seviyeleri her iki kardeste de
beklenmedik sekilde artmistir. Farkhi bloke edici antikorlarin eklenmesinden sonra da prolaktin

sonuclarinda gorulen artis, bloke edici antikorlar ile analiz reaktifleri arasindaki

beklenmedik

etkilesimden kaynaklanabilir. Blokan antikorlarla yapilan incelemeler interferans ajaninin tam dogasini

belirleyememistir.
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INTRODUCTION

Hormone immunoassays can be significantly
influenced by the presence of heterophile
antibodies, human anti-animal antibodies,

autoantibodies, and rheumatoid factors,
which can lead to inaccurate hormone
measurements. These interferences

compromise assay precision by interacting
with antibodies or detection labels, such as
streptavidin or alkaline phosphatase (ALP),
used in the reagents. In enzyme-based
immunoassays, the presence of enzyme
inhibitors or activators can also alter the
signal, resulting in altered test results (1-4).
Hypopituitarism is a rare condition
characterized by a deficiency in one or more
hormones produced by the pituitary gland.
The most common cause of hypopituitarism
is pituitary tumors, which account for 61% of
cases. These tumors may lead to the
overproduction of a specific hormone while
simultaneously causing deficiencies in
others. Hypopituitarism is associated with an
increased risk of mortality, particularly due to
higher rates of cardiovascular and respiratory
diseases, underscoring the importance of
early diagnosis and intervention. Accurate
hormone measurements are especially
critical in managing conditions like
hypopituitarism, where precise hormone
monitoring is essential (5-7). Here, we
present the case of two siblings undergoing
hormone assessments for hypopituitarism,
where interference in the assays resulted in
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inconsistent prolactin levels across different
immunoassay platforms.

CASE PRESENTATION

The two siblings, aged 18 (patient 1) and 11
(patient 2), have been receiving growth
hormone (GH) replacement therapy for the
past three years due to hypopituitarism.
During this period, their prolactin levels were

measured seven and nine  times,
respectively, using the Infinity ¢ 8000
analyzer (Roche Diagnostics, Penzberg,

Germany), consistently showing low results
(<0.094 ng/mL for both). Additionally, both
siblings exhibited low GH responses
following the Clonidine GH Stimulation Test.
GH levels, measured on the same Infinity c
8000 analyzer, did not exceed 7 ng/mlL,
confirming GH deficiency (8). However, when
testing was switched to the UniCel DxI 800
(Beckman  Coulter, Brea, CA, USA),
significantly elevated prolactin levels were
observed in both siblings: 41.22 ng/mL for
patient 1 and 27.72 ng/mL for patient 2.
These  high  prolactin  values  were
inconsistent with both the previous results
and the clinical diagnosis, prompting further
investigation. Informed consent was
obtained to participate in the study and a
new sample was drawn for re-evaluation

Suspecting the presence of heterophile
antibodies, further studies were conducted.
The patients were called and invited to the
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laboratory. Prolactin levels were re-measured
on the UniCel DxI 800 analyzer. The
detection limit of prolactin assay was 0.25
ng/mL, and the total coefficient of variation
(CV) was 6.92%, 3.32%, and 4.23% for low,
medium, and high prolactin concentrations,
respectively. (catalog number: 472010). To
remove potential interfering antibodies, the
patients’ sera underwent precipitation with
polyethylene glycol (PEG) 6000 (product
number: 29577, Merck Ltd.). Simultaneous
analyses of both the control sample and the
patients' sera were performed, and the
percentage decrease in prolactin levels after
PEG precipitation was calculated. The
percentage decreases were below 40% for
both and macroprolactinemia was excluded
(Table 1). For further investigation of
heterophile antibodies, heterophilic blocking
tubes (HBT) (Scantibodies Laboratory, Inc.,
USA, catalog number:0257C) were utilized,
comparing results with the original
measurements. The HBT contains specific
binders that deactivate heterophile
antibodies in 500 pL of sample. Analyses
were carried out simultaneously on a control
sample and the patients’ sera. A percentage
change of 9.67 % was found for the control,
which was acceptable, whereas prolactin
levels were increased by 320.3% and 94.10%
in patient 1 and patient 2 respectively.
(Table 1) Dilution testing was conducted
through serial dilutions (1/2, 1/4, 1/8, 1/16,
and 1/32) using the manufacturer's zero
calibrator and results showed the presence
of interferences since the test was not linear
(Table 2). Subsequently, samples were sent
to other laboratories using the Advia Centaur

XP (Siemens Healthcare  Diagnostics,
Tarrytown, USA), Alinity i 1000 (Abbott
Laboratories, Diagnostic Division, Abbott
Park, IL, USA), and Roche systems. All
platforms returned low prolactin results
consistent with the initial measurements
from the Roche Infinity ¢ 8000 analyzer.
Additional tests, including ALP, rheumatoid
factor (RF) and immunofixation analyses,
showed that ALP and RF levels remained
within the reference range, and no
monoclonal peaks were found on serum
immunofixation analysis. Further
investigation was performed at the Beckman
Coulter complaint handling unit laboratory,
where three different blocking reagents were
applied to the patients' sera. Pools 1 and 2
contained different blockers: PolyMak 33 and
HBR-1 (Pool 1), and Goat, Mouse, Rabbit,
Sheep, and Bovine IgGs (Pool 2), all animal-
derived antibodies. Pool 3 (AP Mutein,
Scavenger ALP), a pool of blocker related to
ALP, was also tested. The percent changes in
prolactin levels for patient samples ranged
between -10.00% and +37.99% after the
addition of the pools 1/2/3. A percent change
between -25% and +25% is expected if no
interference is present. For patient 2, percent
changes above +25% were observed with
Pools 1 and 3, suggesting that the blockers
were ineffective in decreasing the prolactin
results (Table 3). Since the changes were
positive, these results could not be
interpreted. The interference testing did not
allow for the identification of the nature of
the interference, as none of the blockers
used decreased the signal, and other
potential interfering substances may exist.

Table 1. PEG Precipitation and HBT Analysis of Patients and Control
Tablo 1. Hastalarin ve Kontrollerin PEG Presipitasyonu ve HBT Analizi

Neat PEG Results
Results (ng/mL)
(ng/mL)
Patient 1 66.32 50.50
Patient 2 34.88 33.98
Control 6.23 4.93

Percentage HBT Tube Percentage
Change (%) (ng/mL) Change (%)
-23.85 128.73 +94.10
-2.58 146.61 +320.3
-20.86 10.34 +9.67
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Table 2. Serial Dilution Results of The Patients
Tablo 2. Hastalarin Seri Seyreltme Sonuglari

Dilution
Neat 66.32
1:2 Dilution 62.45
1:4 Dilution 52.85
Patient 1
1:8 Dilution 40.98
1:16 Dilution 33.67
1:32 Dilution 30.83
Neat 34.88
1:2 Dilution 32.48
1:4 Dilution 28.12
Patient 2
1:8 Dilution 20.33
1:16 Dilution 18.02
1:32 Dilution 17.71

Prolactin Results (ng/mL)

Heterophile Antibody Interference
Heterofil Antikor Interferanst

Percent Change (%)
-5.83
-20.28
-38.20
-49.23
-53.51
-6.88
-19.38
-41.71
-48.33
-49.22

Table 3. Observed Changes Using Pool 1, Pool 2, and Pool 3
Tablo 3. Havuz 1, Havuz 2 ve Havuz 3 Kullanilarak G6zlemlenen Degisiklikler

Prolactin Results (ng/mL)

Patient 1 (Neat)
Patient 1 + Pool 1
Patient 1 + Pool 2
Patient 1 + Pool 3
Patient 2 (Neat)
Patient 2 + Pool 1
Patient 2 + Pool 2
Patient 2 + Pool 3

Pool 1: PolyMak 33 and HBR-1,
Pool 2: Goat, Mouse, Rabbit, Sheep and Bovine IgGs,
Pool 3: AP Mutein, Scavenger ALP

DISCUSSION

This case underscores the significant impact
of heterophile antibody interference on
hormone immunoassays. In the presented
cases of the two siblings, the presence of
heterophile antibodies resulted in falsely
elevated prolactin levels when tested on the
UniCel DxI 800 analyzer while other
platforms showed low levels. A
comprehensive investigation, including PEG
precipitation, serial dilution, and HBT tests
were performed to confirm the presence of
heterophile antibodies. However, analyses
using different blocking antibodies could not
allow for the identification of the nature of
the interference.

Percent Change (%)

56.76 -
52.46 -7.57
51.36 -9.51
63.08 +11.13
30.78 -
42.48 +37.99
27.70 -10.00
39.44 +28.12

Over the years, various interferences in
immunoassays have been identified. While
some of these interferences are now rarely
encountered in routine practice, issues such
as cross-reactions, heterophile antibodies,
biotin, and anti-analyte antibodies continue
to pose challenges. Additionally, as new
therapies are developed, new types of
interference are emerging adding complexity
to immunoassay evaluations. The
interference may have been caused by an
exogenous substance, such as a drug or
compound absorbed by the patients, or an
endogenous factor, such as heterophile or
anti-animal antibodies produced by the
patients (9). Both siblings, undergoing
growth hormone replacement therapy with
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daily doses of recombinant human growth
hormone (rhGH, Omnitrope, Genotropin)
between 0.7 and 1.5 mg. According to the
Beckman Coulter. Access Prolactin Reagent
Kit Insert. it is stated: "No significant cross-
reactivity was observed when recombinant
human growth hormone (rhGH) was added
to the Access Prolactin Calibrator S1 (2
ng/mL) at 10.82 IU/L.” Given that the
administered rhGH doses were lower than
this concentration, interference related to
rhGH treatment was considered unlikely..
Despite advances in our knowledge and
understanding of the mechanisms of
interference in immunoassays, there is no
single procedure that can rule out all
interferences (10). Prolactin tests generally
use the sandwich immunoassay principle,
but they differ in the technologies used for
labeling. The Cobas 8000 system uses
Electrochemiluminescence Immunoassay
(ECLIA), where biotinylated and ruthenium-
labeled prolactin-specific antibodies are used
to form a sandwich complex UniCel DxI 800

system is a one-step sandwich
chemiluminescent  immunoassay  using
paramagnetic  particles. It utilizes a
polyclonal goat anti-PRL alkaline

phosphatase conjugate and paramagnetic
particles coated with a Mouse monoclonal
anti-PRL antibody. The Alinity i 1000 system
is a two-step automated test using
Chemiluminescent Microparticle
Immunoassay (CMIA) technology, where
prolactin binds to anti-prolactin-coated
microparticles, and an acridinium-labeled
conjugate is added afterward. The Centaur
XP Prolactin assay is a 2-site sandwich
immunoassay using direct chemiluminescent
technology. It involves two fixed antibodies: a
goat polyclonal anti-prolactin  antibody
labeled with acridinium ester in the reagent,
and a mouse monoclonal anti-prolactin
antibody attached to paramagnetic particles
in the Solid Phase. Several studies have
identified alkaline phosphatase (ALP) as a
potential source of interference in
immunoassays (11-12). In a study by
Herman et al., elevated ALP levels (>1000
U/L) were found to interfere with assays like

DxIcTnl and hCG. Yildiz et al. reported a case
of falsely low unconjugated estriol (uE3)
levels in a 35-year-old pregnant woman due
to assay interference. Initial screening on the
UniCel DxI 800 analyzer indicated a high risk
for Down syndrome, but re-testing on the
IMMULITE 2000 XPi showed a normal result.
Further investigations revealed that
heterophile antibodies and alkaline
phosphatase scavenger increased uE3 levels,
confirming interference (12). The researchers
stressed the importance of evaluating the
effect of ALP interference during the method
validation process, particularly in
immunoassays that rely on ALP for signal
amplification. In our study, adding Pool 3,
which contains Scavenger ALP (a blocker
related to ALP), did not eliminate the
interference leading us to conclude that the
interference was not related to ALP.

In conclusion, this case highlights the critical
need for collaboration between laboratory
professionals, clinicians, and assay
manufacturers to identify and address assay
interferences. Despite extensive investigations,
the exact nature of the interfering agent could

not be determined, emphasizing the
challenges in resolving immunoassay
interference. Ongoing education, research

into underlying mechanisms, and improved
strategies for managing interferences are
essential for ensuring accurate testing and
optimal patient care, particularly in conditions
where hormone level fluctuations significantly
impact treatment. Future efforts should focus
on the identification of new interferences and
developing strategies to minimize their
impact on clinical practice, with
manufacturers playing a key role in this
process.
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