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Comparison of General Requirements for the Competence
of Proficiency Testing Provider: ISO/IEC 17043:2010
and ISO/IEC 17043:2023

Supawan Piyaratanavarasakul* and Sitaphaisith Ekachampaka

Bureau of Laboratory Quality Standards, Department of Medical Sciences,

Nonthaburi Province, Thailand

Abstract

Proficiency testing (PT), the evaluation of laboratory performance against predefined
criteria through interlaboratory comparisons, is an essential component of a quality assurance
system. PT provider must perform this activity and demonstrate the ability to evaluate
performance correctly and appropriately. It is essential to comply with the international standard
generally required for the competence of PT providers. The International Organization for
Standardization has announced ISO/IEC 17043:2010 as the first standard for PT. The recent
revision was ISO/IEC 17043:2023. The updated standard has been harmonized with other ISO/
CASCO standards such as ISO/IEC 17025:2017 and ISO 15189:2022, facilitating easier
integration with other management systems. To provide a better understanding, terminology
definitions have also been updated to conform to ISO 13528:2022. The new requirements have
been adjusted from two main points of the first standard, technical and management requirements,
to five main points: (1) general, (2) structure, (3) resources, (4) process, and (5) management
system. Including applying concepts of evaluation to ensure that the objectives of PT will be
achieved, collection and analysis of feedback from participants and stakeholders and a risk and
opportunity management process was added to increase the reliability of proficiency test results
and deliver valuable services to customers. Moreover, Annex A and B of ISO/IEC 17043:2023
have been revised to improve the standard and Annex C has been removed to focus on key points

only. This review article intended to provide an overview of the changes that have been made to

*Corresponding author E-mail address: supawan2510@gmail.com
Received: 15 January 2024 Revised: 8 March 2024 Accepted: 13 March 2024
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the standard for PT providers to better understand and be able to apply them to improve service
quality. Delivering of accurate result of PT is valuable in reflecting the quality system. These

promote laboratory quality assurance system for maximum benefit.

Keywords : ISO/IEC 17043, Proficiency testing, Interlaboratory comparison.
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Table 1 Differences in the number of requirements, scope, terms and definitions of ISO/IEC 17043:2023

and ISO/IEC 17043:2010 standards.

Title ISO/IEC 17043:2023

ISO/IEC 17043:2010

Number of There are 29 requirements,

requirements 90 Sub-requirements and 2 Annexes.

There are 25 requirements,
89 Sub-requirements and 3 Annexes.

Scope 1) General requirements for the competence General requirements for the competence
and impartiality of proficiency testing (PT) of providers of proficiency testing schemes
providers and consistent operation of all and for the development and operation of
proficiency testing schemes, and they can proficiency testing schemes for all types of
be used as a basis for specific technical proficiency testing schemes, and they can
requirements for particular fields of application. be used as a basis for specific technical
2) Users of proficiency testing schemes, requirements for particular fields of application.
regulatory authorities, organizations and
schemes using peer-assessment, accredita-
tion bodies and others can use these require-
ments in confirming or recognizing the
competence of proficiency testing providers.

Terms and 12 Terms 16 Terms

definitions New terms: consensus value (3.2) There are 5 terms that are not specified in the

new edition.

- Coordinator (3.2)

- Robust statistical method (3.12)
- Subcontractor (3.14)

- Metrological traceability (3.15)

- Measurement uncertainty (3.16)

Annex 2 Annexes 3 Annexes

A: Types of PT schemes
B: Statistical methods for PT

A: Types of proficiency testing schemes
B: Statistical methods for proficiency testing
C: Selection and use of proficiency testing
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Table 2 Summary and comparison of ISO/IEC 17043:2023 and ISO/IEC 17043:2010 standard

requirements.

ISO/IEC 17043:2023 ISO/IEC 17043:2010 Main changes
1. Scope 1. Scope

2. Normative references 2. Normative references

3. Terms and definitions 3. Terms and definitions

4. General requirements

4.1 Impartiality (4.1.1-4.1.6) None New 4.1.1-4.1.6
4.2 Confidentiality (4.2.1-4.2.5) 4.10 Confidentiality (4.10.1-4.10.4) 4.2.2
5. Structural requirements (5.1-5.7) 5.1 Organization (5.1.1-5.1.6)
6. Resource requirements
6.1 General (6.1.1-6.1.3) 4.1 General 6.1.2, 6.1.3
6.2 Personnel (6.2.1-6.2.7) 4.2 Personnel (4.2.1-4.2.7) 6.2.2b

6.3 Facilities and environmental 4.3 Equipment, accommodation
conditions (6.3.1-6.3.5) and environmental (4.3.1-4.3.6)

6.4 Externally provided products 5.5 Subcontracting services (5.5.1-5.5.5)

and services (6.4.1-6.4.6) 5.6 Purchasing services and supplies

(5.6.1-5.6.4)




msulseuigydammuanidmsuanuamnsavesd Husmsnageua U Y 9109
ISO/IEC 17043:2010 waz ISO/IEC 17043:2023

Table 2 Summary and comparison of ISO/IEC 17043:2023 and ISO/IEC 17043:2010 standard

requirements. (Cont.)

ISO/IEC 17043:2023

ISO/IEC 17043:2010 Main change

7. Process requirements

7.1 Establishing, contracting and
communicating the PT scheme
objectives

7.1.1 Review of requests,
tenders and contracts

7.1.2 PT scheme communication

5.4 Review of requests, tenders and
contracts (5.4.1-5.4.5)
4.9 Communication with participants 7.1.2.1¢

(4.9.1-4.9.5)

7.2 Design and planning of a PT
scheme
7.2.1 General
7.2.2 Statistical design
7.2.3 Determination of

assigned values

4.4 Design of proficiency testing scheme

4.4.1 Planning
4.4.4 Statistical design 7.2.2.39
4.4.5 Assigned values

7.3 Production and distribution of
PT items
7.3.1 Production of PT items

7.3.2 Homogeneity and stability
assessment of PT items

7.3.3 Handling and storage of
PT items

7.3.4 Packaging, labelling and
distribution of PT items

7.3.5 Instructions for partici-

pants

4.4 Design of proficiency testing scheme

4.4.2 Preparation of proficiency test
items

4.4.3 Homogeneity and stability

4.6.2 Proficiency test items handling
and storage

4.6.3 Packaging, labelling and
distribution of proficiency test items

4.5 Choice of method or procedure
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Table 2 Summary and comparison of ISO/IEC 17043:2023 and ISO/IEC 17043:2010 standard

requirements. (Cont.)

ISO/IEC 17043:2023

ISO/IEC 17043:2010 Main change

7.4 Evaluation and reporting of PT
scheme results
7.4.1 Data analysis
7.4.2 Evaluation of
performance

7.4.3 PT reports

4.7 Data analysis and evaluation of
proficiency testing scheme results
4.7.1 Data analysis and records

4.7.2 Evaluation of performance

4.8 reports (4.8.1-4.8.5)

7.5 Control of the PT scheme
process
7.5.1 Technical records

7.5.2 Control of data and

5.18.2 Technical records

4.7.1 Data analysis and records 7.5.2.3e, 7.5.2.4,

information management 7.5.2.5
7.5.3 Surveillance of the None New 7.5.3
processes
7.5.4 Nonconforming work 5.9 Control of nonconforming work
(56.9.1-5.9.5)
5.12 Preventive actions (5.12.1-5.12.2)
7.6 Handling of complaints 5.8 Complaints and appeals 7.6.1-7.6.9
7.7 Handling of appeals 5.8 Complaints and appeals 7.7.1-7.6.7
8. Management system requirements 5. Management requirements
8.1 General requirements 5.2 Management system (5.2.1-5.2.8)
(8.1.1-8.1.4)
8.2 Management system 5.2 Management system (5.2.2)
documentation (8.2.1-8.2.3)
8.3 Control of management system 5.3 Document control (5.3.1-5.3.3) 8.3.1
documents (8.3.1-8.3.2)
8.4 Control of records (8.4.1-8.4.3) 5.13 Control of records (5.13.1-5.13.2)
8.5 Actions to address risks and  None New 8.5.1-8.5.2

opportunities (8.5.1-8.5.3)




msulseuigydammuanidmsuanuamnsavesd Husmsnageua U Y 9111
ISO/IEC 17043:2010 waz ISO/IEC 17043:2023

Table 2 Summary and comparison of ISO/IEC 17043:2023 and ISO/IEC 17043:2010 standard

requirements. (Cont.)

ISO/IEC 17043:2023 ISO/IEC 17043:2010 Main change

8.6 Improvement (8.6.1-8.6.2) 5.10 Improvement
5.7 Service to the customer (5.7.1-5.7.2)

8.7 Corrective actions (8.7.1-8.7.3)  5.11 Corrective actions (5.11.1-5.11.5)

8.8 Internal audits (8.8.1-8.8.2) 5.14 Internal audits (5.14.1-5.14.4)

8.9 Management reviews (8.9.1-8.9.3) 5.15 Management reviews (5.15.1- 8.9.2m, 8.9.3
5.15.2)

Annex A: Types of PT schemes Annex A: Types of proficiency testing

schemes

Annex B: Statistical methods for PT ~ Annex B: Statistical methods for

proficiency testing

None Annex C: Selection and use of

proficiency testing
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A Simple and Rapid Ultra-performance Liquid
Chromatography Method for Plasma Iohexol Determination

Pornchai Meemaew', Anchalee Chanthongl, Sukanda Yingyodkull,

Saowanee Chaisuriyasiril, Yothin Khongna2 and Pawinee Thinkar'~

'Division of Clinical Chemistry, Department of Pathology, Faculty of Medicine Ramathibidi Hospital,
Mahidol University, Bangkok, Thailand
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Abstract

Accurate measurement of iohexol in plasma is essential for determining glomerular
filtration rate (GFR). In this study, we developed and validated a novel method for quantifying
iohexol using ultra-performance liquid chromatography with ultraviolet detection (UPLC-UV).
The method involved sample preparation and chromatographic separation for iohexol. Various
parameters including the type of stationary phase, mobile phase composition, and pH of mobile
phase were optimized to achieve optimal separation. The optimal chromatographic conditions
are shown as follow; the mobile phase was 3.5% (v/v) of acetonitrile/water without adjusting
pH, a flow rate was set at 0.2 mL/min, the analytical column was Poroshell 120 EC-C18 with a
column temperature of 30 °C. The developed method exhibited excellent linearity over a concentration
range of 0 to 640 ug/mL (R2 = 0.9999). Precision analyses demonstrated %RSD values within
acceptable limits (<2%) for within-run and between-run analyses. Recovery experiments yielded
accurate results ranging from 97.70 * 2.11% to 102.91 * 1.47%. The method also achieved low
limits of detection and quantitation (0.97 and 3.26 pg/mL, respectively) with a short analysis
time per sample (6 minutes). Overall, the developed UPLC-UV assay provides a simple, rapid,
and reliable method for iohexol determination in plasma, making it suitable for clinical applications

in nephrology practice and research for direct GFR assessment.

Keywords: Glomerular filtration rate, Iohexol, Ultra-high-performance liquid chromatography,

Method optimization, Method validation

*Corresponding author E-mail address: pawinee.thi@mahidol.ac.th
Received: 10 January 2024 Revised: 3 March 2024 Accepted: 5 April 2024



9124

Introduction

The glomerular filtration rate (GFR)
is the amount of plasma filtered by the renal
glomerular capillaries into the Bowman’s
capsule per unit of time. It plays a key role
in the clinical assessment of kidney function,
the diagnosis of chronic kidney disease, the
evaluation of living kidney donation before
nephrectomy, and the assessment of the
progression of renal function decrease in
kidney disease. Understanding GFR is essential
for dosing potentially toxic drugs with a narrow
therapeutic index and monitoring treatment’s
impact on renal function.'" ¥

There are two methods for measuring
GFR: direct measure GFR (measurement
GFR; mGFR), which involves injecting
exogenous substances like inulin, iothalamate,
51Cr—ethy1enediaminetetraacetic acid
(SICr—EDTA), or iohexol that are almost
completely excreted through the kidneys(3’ 4),
and then calculating the GFR through the
excretion rate of that exogenous substance by
measuring its level in the blood and urine.
Another method involves estimating GFR
(estimated GFR; eGFR) by calculating the
GFR using an accurate formula after assessing
the amounts of endogenous substances
produced by the body and cleared in the
urine, such as creatinine and cystatin c.?”
These include the CKD-EPI equation
(CKD-epidemiology cooperation), the MDRD
equation (modification of diet in renal

disease), and the Cockcroft-Gault formula.®?

Pornchai Meemaew et al.

Direct measurement of GFR for
obtaining a precise value is required in
particular circumstances because it affects
the choice of treatment. For instance, when
a drug has a narrow therapeutic range and
is toxic to the kidneys, or when assessing a
potential living kidney donor.® In addition,
it is advised to assess GFR using the direct
measurement approach in chronic conditions
such as liver cirrhosis because GFR
estimations based on endogenous substances
like creatinine in patients with liver cirrhosis
may be invalid under certain conditions,
such as reduced muscle mass, malnutrition,
or excessive bilirubin.”” ' Moreover, the
obese patient is encouraged to employ direct
measurement since, in individuals with a BMI
>30 kg/mZ, a variety of body composition
variables, like reduced muscle mass, may
cause the use of creatinine-based equations
to overstate GFR.® 'V

In daily practice, estimating GFR-
based equations are most frequently utilized.
They have the advantage of being inexpensive
and providing results immediately.(g) Their
disadvantage is that they rely on endogenous
biomarkers, which can be affected by factors
including age, sex, muscle mass, medications,
some chronic illnesses, food, and probably
many more."'? Therefore, in situations where
more precise GFR is required, a technique
for evaluating exogenous compounds qualified
as an ideal marker for measurement of GFR

properties was used instead, and iohexol is
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another widely used exogenous marker."”

Iohexol is a safe and effective nonionic
contrast medium, structure as shown in Fig. 1,
that has various advantages in clinical practice
and could be utilized as a reliable GFR marker

in patients with severe renal failure. As a result,

OH

H
HO\/I\/N

it is becoming a more widely acknowledged
marker for determining GFR.!"*17
Iohexol clearance is recommended as a
reference method for finding the glomerular
filtration rate, which is important in nephrology

. 17, 18
practice and research.’ )

OH
H
N OH

OH

L
A
klp

OH

Fig. 1 The chemical structure of iohexol (N,N-Bis (2,3-dihydroxypropyl)-5-[N-(2,3-dihydroxypropyl)

acetamido] triiodoisophthalamide).(%)

Currently, several studies have
published methods for the determination
of iohexol using high-performance liquid

chromatography (HPLC)!'* 15 19

methods,
and these methods keep fulfilling the
requirements of clinicians and researchers.
Using the HPLC-UV method, the two
isomers have different retention times.*”
Since the endo-isomer is proportionally less
than the exo-isomer (ratio about 20:80),
most investigators measured only the major
compound and generally used this isomer
for the calculations of iohexol clearance

and consequently GFR determination.'® 2V

The liquid chromatography-tandem mass
spectrometry (LC-MS/MS) method is another
highly accurate and precise method of
determining iohexol in plasma.(zz) However,
because of the analyzer’s limitations and
high cost, routine laboratories are unable
to perform analysis using this method.
That is why this method is still not widely
used. However, the advantages of ultra-high
performance liquid chromatography (UPLC),
which include speed, good separation, and
sensitivity and could be considered to
be a new direction for chromatography

method because of the analysis time and
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sensitivity in clinical laboratories, are very
important. As a result, UPLC is becoming
increasingly important. UPLC differs from
traditional HPLC in the size of particles of
the stationary phase and the liquid handling
system can be used to operate at much
higher pressure. The knowledge from the
Van Deemter equation, the efficiency of the
chromatographic technique is proportional
to particle size decrease. The small particle
diameter can reduce height equivalent to a
theoretical plate (HETP) which results in
higher efficiency.(23)

Due to the superior advantages of the
UPLC method in terms of speed, separation,
and sensitivity than HPLC, the development of
measurement work has increasingly focused on
this technique. This study aimed to develop a
sensitive, fast, and reliable UPLC-UV method
for iohexol determination. Validation results
were conducted following the International
Conference on Harmonization (ICH) criteria®”
and acceptance criteria following the study

of Shabir G et al.>

Material and method
1. Samples

The 20 left-over EDTA plasma
samples from the Division of Clinical
Chemistry Department of Pathology, Faculty
of Medicine Ramathibodi Hospital were
collected in June 2020 and kept at -80 ‘C
until use. These samples were used for

method development, optimization, and

Pornchai Meemaew et al.

validation. This study received a proper
institutional review and broad approval from
the Human Research Ethics Committee,
Faculty of Medicine Ramathibodi Hospital,
Mahidol University, Bangkok, Thailand.
The ethics number for this study is COA.
MURA2020/915.

2. Materials and reagents

Iohexol standard was purchased from
US Pharmacopeia (Rockville, USA). The
iohexol-related compound B (5-amino-N,
N’-bis(2,3-dihydroxypropyl)-2,4,6-triiodo-
1,3-benzenedicarboxamide) was purchased
from Toronto Research Chemicals (Toronto,
Canada). HPLC-grade acetonitrile was
purchased from RCI Labscan Limited
(Bangkok, Thailand). AR-grade perchloric
acid was purchased from Ajax Finechem
(Taten Point NSW, Australia). AR-grade
orthophosphoric acid was purchased from
RCI Labscan Limited (Bangkok, Thailand).
Purified water was prepared with a Millipore
(Molsheim, France) Milli-direct Q3 water-

purification system.

3. UPLC-UV: condition and equipment
The study was carried out using the
Agilent 1200 series UPLC system (Santa
Clara, USA), consisting of a pump, an online
vacuum degasser, an autosampler, a column
oven, and a UV/VIS detector. The whole
UPLC system was controlled by Agilent

ChemStation Software, by which data were
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acquired and quantified. The autosampler
loop volume was kept at 10 uL. Detector
wavelengths were set at 254 nm. The iohexol-
related compound B was used as an internal
standard (IS). For the optimized test, we
used three analytical columns: Poroshell 120
EC-C18 (50 x 3.0 mm; 2.7 um), Zorbax
Eclipse plus C18 (50 x 2.1 mm; 1.8 wum),
and Zorbax SB-C18 (50 x 2.1 mm; 1.8
um) and the three analytical columns were
purchased from Agilent Technologies (Santa

Clara, USA).

4. Preparation of standards

The stock solution of iohexol standard
(10 mg/mL) was prepared in acetonitrile.
Stock solutions were kept at -80°C. A total
of six concentrations of iohexol standards
(5, 20, 80, 160, 320, and 640 ng/mL) were
prepared in EDTA plasma and used as
calibrators. The iohexol-related compound B

at a concentration of 10 nug/mL was prepared

%Extraction recovery =

in 5% (v/v) perchloric acid and used as the

protein precipitant solution containing IS.

5. Sample and sample preparation

The previous study by El Assri
et al.”?® was adopted and optimized for
the current UPLC-UV study. For sample
preparation, the ratio of the volume of sample
and protein precipitate solution was tried
to determine the optimal ratio based on %
extraction recovery, and it was calculated by
using a formula as shown below. In short,
aliquots of the calibrator, control material, or
EDTA plasma samples (50 UL) were added
to 1.5 mL microcentrifuge tubes added with a
protein precipitation solvent containing 10 ng/
mL IS in the volume 250 uL, 500 uL, 750
uL, and 1,000 uL representing the ratio of
1:5, 1:10, 1:15, and 1:20 respectively. Then,
mixed well and centrifuged at 10,000 rpm
for 10 minutes. The clear supernatant was
then taken into the vial for further injection

with a UPLC-UV analyzer.

peak area of spike standard in plasma sample y ;100

peak area of neat standard

6. Method optimization

The optimization of the UPLC-UV
method in this study was experimentally
adjusted for several parameters such as the
type of column, the composition of the mobile

phase, and the pH of the mobile phase. The

resolution (Rs) between endo and exo-iohexol,
retention time (RT), asymmetry factor (As),
and theoretical plate (N) were all calculated
using Agilent Technologies’ ChemStation
software in order to determine whether the

optimization was adequate.
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6.1 Stationary phase

Initially, we were inspired by the
study of Niculescu et al. (27), who developed
an HPLC method to measure iohexol, so we
adopted the same mobile phase composition
(3.5% acetonitrile/water, pH 2.5) to select
appropriate column in our study. The three
candidate columns consisting of Poroshell
120 EC-C18, Zorbax Eclipse plus C18, and
Zorbax SB-C18 were enrolled to test for

Pornchai Meemaew et al.

iohexol separation. The column properties
for each candidate column are shown in
Table 1. The Poroshell 120 EC-18 was
selected because it is a superficial porous
silica column that is a new trend of support
materials used in the production of columns.
The Eclipse plus C18 was selected because
it is the endcap bonded phase column, and
Zorbax SB-C18 was selected because it is

the non-endcap bonded phase column.

Table 1 The specification of three candidate columns for iohexol measurement by UPLC-UV technique.

Specification Poroshell 120 EC Zorbax Eclipse Plus Zorbax SB
Silane phase C18 c18 C18
Porous silica Superficial Total Total
Column length 3.0 x 50 2.1 x50 2.1 x50
Particle size (um) 2.7 1.8 1.8
Pore size (°A) 120 95 80
Column endcapping Yes Yes No
Max.Pres. 600 600 1200
Carbon load (%) 10 9 10

6.2 Mobile phase

After obtaining an appropriate column
for the determination of iohexol from trial
2.6.1, the composition of the mobile phase
was studied. For the separation of iohexol,
acetonitrile in water was optimized. Iohexol
separation was investigated for the four
different concentrations of acetonitrile in the

mobile phase (2%, 3.5%, 5%, and 7% (v/v)).

6.3 pH of mobile phase

After an appropriate column and
the composition of the mobile phase were
obtained by trials 2.6.1 and 2.6.2, the
impact of the pH of the mobile phase on
the determination of iohexol was examined.
Orthophosphoric acid was added to the
mobile phase to change the pH from no

modification to 4 and 2.5 to assess the
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impact of pH. The pH values were selected
based on previous studies of Niculescu
et al.®” at pH 2.5 and Nilsson-Ehle et al.®®
at pH 4. No adjustments were selected

because it was easy to prepare.

7. Validation of the method

7.1 Selectivity

Comparing the chromatograms
of the six blank EDTA plasma samples
with those plasma samples spiked with
iohexol and iohexol-related compound B
allowed researchers to evaluate the method’s
selectivity. Selectivity was guaranteed that
each blank sample had its interference
levels checked. It was acknowledged that
no interfering peaks existed.

7.2 Linearity of range

To assess the linearity of the
calibration range, stock standard solutions
containing 10 mg/mL of iohexol were added
to the plasma and made in triplicate at seven
different concentrations including a sample
blank that covered the analytical range. The
calibration curve was constructed by plotting
the peak area ratios of the exo-iohexol to
the IS (y) against the analyte concentration
(expressed as ug/mL). For each concentration,
the operation was done three times. The
applied criteria for a valid calibration model
were the coefficient of determination higher
than 0.999 (RZ), and the relative standard
deviation (%RSD) to be within 3% for all

concentrations of calibrators.

7.3 Precision

Twenty samples per level injected
into the UPLC-UV system were used to
assess the intra-day precision. Free iohexol
human plasma was spiked with standards to
create three final concentrations of 40, 150,
and 300 ug/mL. On five successive days, the
inter-day precision was evaluated similarly.
After determining the iohexol concentrations,
%RSD was estimated. The acceptable criteria
for precision are %RSD lower than 2%.

7.4 Accuracy

By using the recovery approach,
the method’s accuracy was evaluated. The
% recovery was estimated at three nominal
concentrations by spiking the fresh plasma with
iohexol standards. The final concentrations
were comparable to those attained using
the previously disclosed precision evaluation
approach. The percentage of recovery was
calculated using the formula below and the
acceptable criteria for accuracy is %recovery

range between 90-110%.

observed conc. X 100
expected conc.

%Recovery =

7.5 Lower limit of detection and
quantitation

The detection and quantitation limits
were calculated using the relationship between
the standard deviation (SD) of the iohexol
response at the lowest point on the calibration
curve and the slope of the calibration curves.

The quantitation limit was to be 10 SD,
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whereas the detection limit was to be a
relation of 3 SD.

Results
1. Sample extraction

The extraction of iohexol during
sample preparation is essential for accuracy
quantification. The data in Table 2 represent
the mean of the %recovery and peak area
values of endo-iohexol and exo-iohexol

obtained by triplicate run, it shows the
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percentage recovery of iohexol obtained from
the protein precipitation with a ratio of sample
to precipitant solution at 1:5, 1:10, 1:15, and
1:20. The extraction efficiency range between
90.53 and 103.36% and 95.13 and 99.55% for
endo-iohexol and exo-iohexol, respectively.
The ratio of 1:10 shows a satisfied %recovery
of 97.82 + 1.27% and a high peak area in
both isomers (shown in Fig. 5), Moreover,
it has been shown to precipitate proteins by

several previous studies.

Table 2 Recovery (%) of endo-iohexol and exo-iohexol with various ratios of sample to protein

precipitation solution.

The ratio of Endo-iohexol Exo-iohexol
sample to
protein Recovery  Peak area SD Recovery  Peak area SD
precipitant (%) (mAu*s)  (mAu*s) (%) (mAu*s) (mAu*s)
solution
1:5 103.36 367.89 0.85 99.55 1462.83 1.29
1:10 100.50 199.33 0.23 97.82 787.48 1.27
1:15 100.55 139.35 0.16 98.61 545.29 0.79
1:20 90.53 103.56 0.63 95.13 401.57 0.41

In this table, the recovery (%) and peak area (mAu*s) for both endo-iohexol and exo-iohexol are
provided at various ratios of sample-to-protein precipitation solution. The standard deviation (SD) of the
peak area is also included. This data helps assess the efficiency of protein precipitation and the
recovery of the analytes under different conditions.
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2. Method optimization

2.1 Stationary phase

Three columns were investigated
for iohexol determination by the UPLC-UV
system, including Poroshell 120 EC-C18,
Zorbax Eclipse plus C18, and Zorbax SB-
C18 column. Iohexol could be separated into
endo- and exo-iohexol peaks by all three
columns, and the IS was the final peak, as
seen in Fig. 2. Table 3 displays the results
of the column performance evaluation against
this iohexol separation, and the result is the
mean of the triplicate run. The RT, As, N,
peak area, Rs, and isomer ratios mentioned are
ordered by using the Poroshell 120 EC-C18,
Zorbax Eclipse plus C18, and Zorbax SB-
C18 column, respectively. The RT of endo-
iohexol were 3.56, 2.19, and 2.17 minutes,
and for exo-iohexol were 3.92, 2.51, and

2.48 minutes and for IS were 4.76, 3.11, and

3.09 minutes. The As of endo-iohexol were
0.80, 0.76, and 0.88, and for exo-iohexol
were 0.87, 0.76, and 0.90, and for IS were
0.67, 0.58, and 0.73. The N of endo-iohexol
were 5,507, 3,009, and 3,710, and for exo-
iohexol were 4,543, 2,520, and 2,810, and
for IS were 7,357, 4,567, and 5,973. The
peak area of endo-iohexol were 606, 624, and
598 mAu*s, and for exo-iohexol were 2,137,
2,192, and 2,140 mAu*s, and for IS were
536, 553 and 558 mAu*s. The Rs between
endo-iohexol and exo-iohexol were 1.71,
1.78, and 1.88. The peak area between the
isomer of endo-iohexol and exo-iohexol were
0.283, 0.285, and 0.279. The Poroshell 120
EC-C18 column performs that it fulfilled the
acceptance criteria with values of Rs between
the iohexol isomers with >1.5, asymmetry
factor <2, N >2,000, high peak area, and

lower back pressure with 65 bar.

Exo-iohexol
Endo-iohexol |
| 1S

h P

/\\ Poroshell 120 EC

Zorbax Eclipse plus C18

Zorbax SB C18

Fig. 2 Chromatograms obtained from plasma sample adding iohexol concentration of 600 pg/mL and

internal standard (IS) by using the three columns with the mobile phase composition suggested

by Niculescu et al®”

(3.5% acetonitrile: water at pH 2.5).
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Exo-iohexol

Endo-iohexol

«

7% Acetonitrile

5% Acetonitrile

/\ 3.5% Acetonitrile

—]\/ 2% Acetonitrile

T T T T T
5 6 7 8 9

Fig. 3 Chromatograms obtained from plasma sample adding iohexol concentration of 600 pg/mL and

internal standard (IS) by using various acetonitrile/water (v/v) in the mobile phases by using the

Poroshell EC120 column.

2.2 Mobile phase

The mobile phase composition was
investigated to optimize the UPLC-UV assay
parameters. Table 4 shows the value of peak
parameters including RT, As, N, peak area,
Rs, and isomer ratio obtained by usage of
various acetonitrile/water as the mobile phase,
and the result is the mean of the triplicate
run. All studied parameters are ordered by
using the mobile phase at concentrations of
2%, 3.5%, 5%, and 7% (v/v) acetonitrile/
water, respectively. The RT of endo-iohexol
were 6.40, 3.56, 2.39, and 1.80 minutes,
and for exo-iohexol were 6.86, 3.92, 2.63,
and 1.93 minutes and for IS were 7.60,
476, 3.32 and 2.42 minutes. The As of
endo-iohexol were 0.92, 0.80, 0.81, and

1.02, and for exo-iohexol were 0.96, 0.87,
0.80, and 0.77, and for IS were 0.81, 0.67,
0.62 and 0.65. The N of endo-iohexol were
6,471, 5,507, 3,964, and 2,638, and for
exo-iohexol were 5911, 4,543, 3,456, and
2,844, and for IS were 8,560, 7,357, 5,794
and 4,321. The peak areas of endo-iohexol
were 602, 606, 613, and 551 mAu*s, and
for exo-iohexol were 2,053, 2,137, 2,180,
and 2,244 mAu*s, and for IS were 463,
536, 553 and 542 mAu*s. The Rs between
endo-iohexol and exo-iohexol were 1.34, 1.71.
1.43, and 0.87. The peak area ratio between
the isomer of endo-iohexol and exo-iohexol
were 0.293, 0.283, 0.281, and 0.246. The
typical chromatograms for the iohexol and

IS by using different acetonitrile/water as the
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mobile phase are given in Fig. 3. The 3.5% iohexol isomer with > 1.5, asymmetry factor
acetonitrile/water as mobile phase fulfill the <2, N > 2,000, high peak area, and a short

acceptable criteria with good Rs between the  total run time of 6 minutes.

Table 3 The optimization of the stationary phase by using three columns with the mobile phase

composition suggested by Niculescu et al. @ (8.5% acetonitrile: water at pH 2.5).

Column Analytes RT As N Peak Rs* Ratio** Back
Type (min) area pressure
(mAu*s) (bar)

Endo-iohexol 3.56 0.80 5,507 606 1.71 0.283 65
Poroshell

Exo-iohexol 3.92 0.87 4,543 2,137
EC120

IS 4.72 0.67 7,357 536

Endo-iohexol 2.19 0.76 3,009 624 1.78 0.285 125
Zorbax SB  Exo-iohexol 2.51 0.76 2,520 2,192

IS 3.11 0.58 4,567 558

Endo-iohexol 2.17 0.88 3,710 598 1.88 0.279 130
Eclipse plus Exo-iohexol 2.48 0.90 2,810 2,140

IS 3.09 0.73 5,973 558

In this table, the retention time (RT), asymmetric factor (As), theoretical plate number (N), peak area,
resolution (Rs), ratio values, and back pressure are provided for each column type (Poroshell EC120,
Zorbax SB, and Eclipse Plus) and each analyte (Endo-iohexol, Exo-iohexol, and IS). * The Rs and
Ratio values are provided for endo-iohexol and exo-iohexol. The data allows for the evaluation of the
performance of different stationary phases under the specified mobile phase conditions, aiding in the
selection of the optimal stationary phase for the analysis.
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Table 4 The optimization of acetonitrile concentration in the mobile phase using the Poroshell EC120

column.
Acetonitrile/ Analytes RT As N Peak area Rs* Ratio**
water (min) (mAu*s)
Endo-iohexol 6.40 0.92 6,471 602 1.34 0.293
2% Exo-iohexol 6.86 0.96 5,911 2,053
IS 7.60 0.81 8,560 463
Endo-iohexol 3.56 0.80 5,507 606 1.71 0.283
3.5% Exo-iohexol 3.92 0.87 4,543 2,137
IS 4.72 0.67 7,357 536
Endo-iohexol 2.39 0.81 3,964 613 1.43 0.281
5% Exo-iohexol 2.63 0.80 3,456 2,180
IS 3.32 0.62 5,794 553
Endo-iohexol 1.80 1.02 2,638 551 0.87 0.246
7% Exo-iohexol 1.93 0.77 2,844 2,244
IS 2.42 0.65 4,321 542

In this table, the retention time (RT), asymmetric factor (As), theoretical plate number (N), peak area,
resolution (Rs), and ratio values of endo-iohexol, exo-iohexol, and IS. * The Rs and Ratio values
are provided for endo-iohexol and exo-iohexol at different acetonitrile concentrations in the mobile
phase. The data allows for the evaluation of the chromatographic performance under varying solvent
compositions, aiding in the selection of the optimal acetonitrile concentration for the analysis.
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2.3 pH

The pH is a parameter that has been
carefully chosen for iohexol measurement.
Orthophosphoric acid changes the mobile
phase’s pH from no adjustment to 4 and
2.5. Table 5 displays the outcomes of a
three-variable variation. The RT, As, N,
peak area, Rs, and isomer ratios mentioned
are ordered by using the mobile phase’s pH
of no adjustment, 4 and 2.5, respectively.
The RT of endo-iohexol were 3.56, 3.67,
and 3.69 minutes, and for exo-iohexol were
3.92, 4.04, and 4.06 minutes, and for IS
were 4.72, 4.83, and 4.85 minutes. The As
of endo-iohexol were 0.80, 0.83, and 0.82,

and for exo-iohexol were 0.87, 0.89, and

0.90, and for IS were 0.67, 0.69, and 0.68.
The N of endo-iohexol were 5,507, 5,706,
and 5,575, and for exo-iohexol were 4,543,
4,710, and 4,611, and for IS were 7,357,
7,479, and 7,215. The peak areas of endo-
iohexol were 606, 620, and 619 mAu¥*s,
and for exo-iohexol were 2,137, 2,188, and
2,182 mAu*s, and for IS were 536, 535, and
534 mAu*s. The Rs between endo-iohexol
and exo-iohexol were 1.71, 1.71, and 1.71.
The peak area between the isomer of endo-
iohexol and exo-iohexol were 0.283, 0.283,
and 0.284. The mobile phase with no pH
adjustment produces a good chromatogram
as same as pH of 2.5 and 4, however, it is

easy to prepare (Fig. 4).

Table 5 The optimization of the pH of the mobile phase using the Poroshell EC120 column with 3.5%

acetonitrile: water as mobile phase.

pH of mobile Analytes RT As N Peak area Rs* Ratio*
phase (min)
Endo-iohexol 3.56 0.80 5,507 606 1.71 0.283
Not adjust pH Exo-iohexol 3.92 0.87 4,543 2,137
IS 4.72 0.67 7,357 536
Endo-iohexol 3.67 0.83 5,706 620 1.71 0.283
pH 4 Exo-iohexol 4.04 0.89 4,710 2,188
IS 4.83 0.69 7,479 535
Endo-iohexol 3.69 0.82 5,575 619 1.71 0.284
pH 2.5 Exo-iohexol 4.06 0.90 4,611 2,182
IS 4.85 0.68 7,215 534

In this table, the retention time (RT), asymmetric factor (As), theoretical plate number (N), peak area,
resolution (Rs), and ratio values of endo-iohexol, exo-iohexol, and IS. * The Rs and Ratio values are
provided for endo-iohexol and exo-iohexol at different pH values of the mobile phase. The data indicates
the performance of the chromatographic system under various pH conditions, allowing for the selection

of the optimal pH for the analysis.
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Table 6 The optimized parameters for developing iohexol assay with UPLC.

Parameters

Value

Analyzer

Stationary phase

Mobile phase

UV Detector wavelength
Injection volume
Column oven

Sample (uL): Precipitant solvent (uL)

UPLC

Poroshell EC120 column

3.5% ACN: water with no pH adjustment
254 nm

10 yL

30 °C

50:500 (1:10)

3. Method validation

According to method-optimized data,
the best chromatographic conditions are 3.5%
(v/v) acetonitrile in water as the mobile phase
and the Poroshell 120 EC-CI8 column as
the stationary phase. These conditions were
selected for iohexol separation because they
provide a clear resolution between endo- and
exo-iohexol isomer peaks, have a total run
time of less than 6 min per analysis, and
have good peak characteristics for all analytes.

3.1 Selectivity

Six different blank plasma samples
were extracted to test the selectivity. The

method’s selectivity was inferred from the

lack of competing peaks at the retention
times for iohexol and IS. Fig. 5 displays
the chromatogram of a blank plasma sample
spiked with iohexol and IS at a concentration
of 600 ug/mL. With a resolution of 1.71
for endo- and exo-iohexol and 4.55 for
exo-iohexol and IS, this result showed 3 peaks
with retention times of 3.56, 3.92, and 4.72
minutes for endo-iohexol, exo-iohexol, and IS
respectively. A blank plasma chromatogram
(Fig. 5A) revealed no interference peaks at the
iohexol and IS retention times. The outcome
demonstrated that none of the endogenous
compounds from the six distinct sources’

blank plasma interfered.
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Fig. 4 Chromatograms obtained from plasma sample adding iohexol concentration of 600 pg/mL and

internal standard (IS) by using various pH of mobile phases using the Poroshell EC120 column

with 3.5% acetonitrile: water as mobile phase.

mAU ] 5A

200

Exo-iohexol
150 '
100{
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o]
IS
-]

o

3

Fig. 5 The chromatogram of blank samples (5A) and blank sample adding iohexol concentration of
600 pg/mL and internal standard (IS) (5B) by using the Poroshell EC120 column with 3.5%

acetonitrile: water as mobile phase no pH adjustment.
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3.2 Linearity of range

The peak area ratio of exo-iohexol
to IS (y) versus the iohexol concentration
was used to obtain the calibration curves for
iohexol in EDTA plasma, which showed a
strong linear relationship over the range of
0-640 ng/mL as shown in Fig. 6. The
equation for a typical calibration curve was
y=0.0119x-0.0424 (R” = 0.9999). The iohexol
concentrations fell within the 0-640 ug/mL
assayed range. The %RSD at all levels of
the calibration was < 3% and that is falling
in acceptable criteria in the test range.

3.3 Limit of detection and quantitation

The detection limits and quantitation
limits for the developed UPLC technique
were 0.97 and 3.26 ug/mL, respectively.

Pornchai Meemaew et al.

The low detection and quantitation limit
values showed that iohexol had appropriate
analytical sensitivity.

3.4 Precision and accuracy

As indicated in Table 7, precision
and accuracy were determined using the
within-run and between-run variation of
the spiked sample at three concentrations.
Within-run and between-run analyses had
precision (%RSD) values of 1.43 to 2.16%
and 1.38 to 1.53%, respectively. The recovery
(%) range was between 97.70 (2.11) to
102.91 (1.47)%. These results showed that
this method fulfilled the acceptance criteria
with values of %RSD <2% for precision and

within 90-110% for accuracy.

Peak area ratio
S

y = 0.0119x - 0.0424
R?=09999 o

T T T T 1
300 400 500 600 700

lohexol concentration, pg/mL

Fig. 6 Linear responses in exo-iohexol/internal standard (IS) peak area ratio versus iohexol concentrations.
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Fig. 7 The performance of the new UPLC-UV method was evaluated by measuring EQA samples

(Equalis (Uppsala, Sweden). The % relative deviation between the new UPLC-UV method and

Equalis mean (7A), and the relative deviation to concentration (7B) are determined. The dashed line

indicates the maximum acceptable of relative deviation and absolute relative value. This indicates

that the new UPLC-UV method staying within the acceptable limits defined by the evaluation criteria.

4. Method application

Following the optimization process
detailed in Table 6, the UPLC-UV conditions
deemed optimal for iohexol determination
were implemented in our laboratory. These
conditions were applied to analyze External
Quality Assessment (EQA) samples obtained
from Equalis (Uppsala, Sweden). In the time
period 2022 to 2023, a total of 6 EQA

rounds were conducted, each comprising two
samples. Before analysis, the EQA samples
were stored at -80°C. The results of the EQA
sample analysis are presented in Table 8.
In Table 8, “True concentration” refers
to the concentration obtained from the weight
standard added to the pooled plasma produced
by EQUALIS. “Equalis mean” represents

the average concentration determined by
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all participating laboratories globally, with
more than 50 laboratories involved. “UPLC-
UV” denotes the concentration of iohexol
determined using the newly developed UPLC-
UV method, ranging from 19.4 to 90.8 ug/
mL. “Trueness” indicates the percentage
closeness of agreement between the values
obtained from the new UPLC-UV method
and the true values, with a range of 99.40%
to 102.07%. The “% relative deviation”
represents the difference between the Equalis

mean and the values obtained from the new

UPLC-UV method, ranging from -5.92% to

Pornchai Meemaew et al.

1.75%. The deviation to concentration varies
from -2.05 to 1.48 ug/mL.

The performance of the new UPLC-
UV method is further depicted in Fig. 7.
Fig. 7A illustrates the percentage relative
deviation of EQA samples over different
periods, while Fig. 7B shows the deviation
to concentration. All EQA sample results
fell within the allowed range specified by
the Equalis quality goal, which dictates that
the relative deviation for iohexol should be

less than 8%.

Table 7 Analytical performance of the developed UPLC-UV method for iohexol determination.

Analytical characteristics

Analytical performance

LLOD (pg/mL) 0.97
LLOQ (png/mL) 3.26
Precision within-run between-run
Low, 40 pg/mL 2.16 1.53
Medium, 300 pg/mL 1.43 1.38
High, 600 pg/mL 1.83 1.49
Accuracy
Low, 40 pg/mL, % 97.70 = 2.11
Medium, 300 pg/mL, % 102.91 + 1.47
High, 600 pg/mL, % 101.72 = 1.86

LLOD, lower limit of detection; LLOQ, lower limit of quantification
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Table 8 The performance of the new UPLC-UV method is assessed by EQA samples.

True Equalis mean New UPLC- Trueness Relative Dev.
Survey concentration, group value, uyg/mL UV value, (%) (%)*

pg/mL (n) pg/mL
2022:01/A 90.0 90.65 (53) 90.0 100.00 -0.72
2022:01/B 50.1 50.15 (52) 49.8 99.40 -0.70
2022:02/A 35.4 37.56 (56) 35.9 101.41 -4.42
2022:02/B 19.3 20.64 (56) 19.7 102.07 -4.55
2022:03/A 90.0 91.28 (48) 90.8 100.89 -0.53
2022:03/B 70.7 69.95 (48) 70.7 100.00 1.07
2022:04/A 44.9 46.85 (50) 44.8 99.78 -4.38
2022:04/B 30.1 31.67 (51) 30.2 100.33 -4.64
2023:01/A 86.5 84.72 (56) 86.2 99.65 1.75
2023:01/B 67.3 68.73 (56) 67.2 99.85 -2.23
2023:02/A 302.0 31.28 (52) 30.2 100.00 -3.45
2023:02/B 19.2 20.62 (52) 19.4 101.04 -5.92

In this table, EQA survey, true concentration (ug/mL), Equalis mean group value (ug/mL) with sample size (n),
new UPLC-UV value (ug/mL), trueness (%), and relative deviation (%) are provided for each EQA sample. The
relative deviation is calculated to assess the accuracy of the new UPLC-UV method, and it's noted that the
relative deviation for iohexol is less than 8% for all EAQ samples which is acceptable.

Discussions

Serum clearance of iohexol is a safe
and reliable method for GFR determination.
It has shown that there is a good correlation
between iohexol clearance and inulin
clearance, the gold standard method. HPLC-
UV technique remains a method of choice
for serum iohexol measurement since this
method is reliable, precise, and accurate.
The HPLC-UV technique is nevertheless
less efficient than the UPLC-UV technique

in terms of speed, separation, and sensitivity.

Additionally, there is currently no research
that provides a method for measuring iohexol
utilizing the UPLC-UV method.

In this study, we established a novel
method for determining iohexol clearance
from serum with UPLC-UV, which is simple,
reliable, precise, and accurate and can be
used to determine iohexol in clinical settings.
Based on the results, the condition of 3.5%
acetonitrile with no pH adjustment as the
mobile phase, Poroshell 120 EC-C18 column

as the stationary phase, UV wavelength set at
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254 nm, oven temperature set at 30°C, and
injection volume set at 10 uLL was identified
as excellent chromatography condition for
iohexol determination. We selected the
Poroshell 120 EC-C18 because it provides
good resolution (>1.5) between the analytes
(endo-iohexol and exo-iohexol) and any
interfering peaks. This is crucial for accurate
quantification, especially in complex sample
matrices, the theoretical plate number (N)
for the Poroshell EC120 column is higher
compared to other columns, indicating better
peak shape and separation efficiency, this
can result in sharper, better-defined peaks,
facilitating accurate quantification. Moreover,
the back pressure of the Poroshell EC120
column is lower compared to other columns,
this is likely due to its superficially porous
silica property, indicating good column
performance without excessive pressure
buildup in the chromatographic system.
Overall, the Poroshell EC120 column appears
to offer favorable characteristics for iohexol
determination, including high resolution,
efficiency, and manageable back pressure,
making it a suitable choice for this application.

By this condition, it showed a better
peak shape that is easy to integrate, and
capable of clearly distinguishing interfering
peaks leading to good accuracy and precision.
This method provides a high speed, given
that it can completely elute iohexol in less

than 6 minutes as opposed to other methods’

Pornchai Meemaew et al.

common elution periods of more than 10
minutes, it offers an advantage over other
published HPLC methods that have been
described in the past.(M’ 15:19.29) The ability
to separate endo-/exo-iohexol is another
advantage of using this method. Based on
the evaluation of resolution between isomers,
it was found that this isomer can be clearly
separated, and it is better than the HPLC-
UV method previously published by Cavalier
et al.(w), Castagnet et al.(19), and Slack
et al."?, resulting in integration peaks being
easy and get a good precision.

An efficient sample preparation
method is very important for accurate and
reliable bioanalysis by UPLC-UV. A simple
and rapid protein precipitation using 5% (v/v)
perchloric acid was employed in this work.
The previous publications used the volume
of plasma sample to precipitation solvent
range from 1:5 to 1:15. In trials to find the
appropriate amount of precipitant solution, the
ratio of 1:10 was chosen since it provided a
satisfactory amount of %recovery and a high
peak area of iohexol that resulted in a good
sensitivity, assuming that the sample was
not overly diluted with protein precipitation
solution. Based on observations of more
than 20 blank samples, this amount can also
remove the majority of interfering substances;
no interfering peaks were seen at the RT of

iohexol and IS.
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Method validation results showed a
larger linearity range (0-640 wg/mL) than
the previous study.(lg’ * In routine practice,
after injecting 5 mL of Omnipaque® usually
found the concentration of iohexol ranged
from 40-600 ng/mL related to the renal
function of the patient.(30) The advantages
of larger linearity are to serve the patients
who reduce the dose of iohexol administrated
to avoid risk and get accurate results from a
small iohexol concentration remaining in the
blood circulation at the last of sampling time
after administering iohexol to patients 300
min. By the routine analytical work that we
have done in Ramathibodi Hospital, at 300
mins of the patient’s sample after iohexol
administration, the lowest concentration that
could be found was 6.59 ug/mL. However,
our developed method can cover such low
concentrations, which is an advantage over
the traditional HPLC-UV method. The method
has a low within-run and between-run %RSD
and high %recovery and no substance
coelute was found in any patient samples.
Our method was able to measure a minimum
value (LLOQ) of 3.23 ug/mL, which was
significantly better than that of Soman
et al.(m), Castagnet et al.(lg), and Slack A
et al.(ls), which measured a minimum value of
10, 15, 15 and pg/mL respectively.

1.%9 and

The studies by Assri ef a
Cavalier er al.®” both developed HPLC

methods for measuring iohexol in plasma

and urine matrices. These studies concluded
that the optimal chromatographic conditions
were similar to those investigated in our
study. Assri ef al. addressed chromatographic
factors affecting iohexol separation and
provided satisfactory HPLC conditions for
iohexol determination in serum and urine.
However, UPLC conditions were not explored
in their study, prompting our investigation
into UPLC parameters for iohexol analysis
to fill this gap. On the other hand, Cavalier
et al.’s study aimed to fully validate iohexol
determination using risk assessment and
uncertainty analysis. Their findings confirmed
that the chromatography-based method for
iohexol measurement is highly accurate and
reliable, suggesting its potential as a reference
method for direct glomerular filtration rate
(GFR) measurement.

A very important issue that affects
the results of the analysis of iohexol in
plasma is the ratio of isomers (endo-/
exo-iohexol). If the ratio is very different
between the calibrator used to create the
calibration curve and the patient sample it
will affect the analysis results, causing errors.
According to the researcher’s routine work,
the difference in this ratio shouldn’t be more
than 10%; however, if the difference is more
than the specified threshold, the extracted
samples should stand at room temperature
for about 2 hours before being injected into

the UPLC-UV system. If it measures, it will
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be observed that the ratio returns to being
less different (the data are shown in Table 9).
This might be a consequence of the two

isomers achieving equilibrium. The factors

Pornchai Meemaew et al.

determining the ratio have not, however,
been clearly studied in relation to this topic.
Therefore, further research into this topic is

necessary.

Table 9 The characteristics of isomerization are expressed by the ratio of exo/endo iohexol.

Immediate injection

Equilibration at ambient tempera-

ture for 2 hours before injection

% Area Ratio % Area Ratio
endo- exo- exo/endo endo- exo- exo/endo
iohexol iohexol iohexol iohexol iohexol iohexol

Calibrator (n=6) 18.2 + 0.67 81.8 = 0.67 4.50 20.7 £ 0.92 79.3 + 0.92 3.84
Sample (n=10) 21.0 + 0.22 79.0 + 0.22 3.76 20.7 £ 0.23 79.3 + 0.23 3.82
%difference -16.53 -0.35

In this table, the percentage area and the ratio of exo/endo iohexol are provided for both calibrator and
sample. The immediate injection results are compared to those obtained after allowing the extraction
solution to stand at room temperature for 2 hours before injection. The percentage difference between

the two conditions is also calculated.

Conclusion

We have developed a simple, rapid,
sensitive, and reliable UPLC-UV method for
measuring iohexol concentration in plasma. A
large number of samples can be taken each
day because the sample extraction is very
straightforward and just requires one step of
protein precipitation using 5% perchloric acid,
along with the UPLC run time of 6 minutes
which allows a large number of samples for
each day. The technique was successfully used

to figure out a patient’s GFR by calculating

the plasma clearance of iohexol. This is
crucial for usage in both clinical practice
and research. However, an ongoing challenge
with the UPLC-UV method is the variation
in the ratios of the two iohexol stereoisomers
between calibrators and samples. To address
this issue, it is important to establish an
appropriate acceptable threshold for these
ratios. Further research and optimization may
be necessary to refine the method and ensure
accurate and reliable results in clinical and

research settings.
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Abstract

This research investigated the biological properties of different parts of Pomelo (Citrus
maxima (Burm.f.) Merr.) extract involving antioxidant activity, total phenolic content, and wound
healing activity. The extraction process employed the maceration in hexane and methanol, utilizing
various parts of pomelo, namely flavedo (FL), albedo (AL), segmented membrane (SM), and
juice sac (JS). The results indicated that the methanolic extract of JS demonstrated antioxidant
activity with an ICso of 1.021 % 0.031 mg/mL by DPPH scavenging method, while methanolic
extract of AL exhibited an ICso of 0.126 * 0.004 mg/mL by ABTS scavenging method. The
highest total phenolic content was determined in methanolic extract of SM with the value of 3.196
+ 0.022 mg GAE g'1 dry material. Moreover, the cytotoxicity assay conducted on HaCaT cells
using MTT revealed that extract from both hexane and methanol did not exhibit cytotoxicity at
concentrations of 0.5 and 1 pg/mL respectively. Interestingly, at non-toxic dose, hexane and
methanolic extracts of AL and methanolic extract of FL showed a significant reduction in wound
area compared with control (p < 0.05). In conclusion, extracts from C. maxima (Burm.f.) Merr.

exhibit both antioxidant and wound-healing activity. This study revealed significant promises for
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advancing research and development in wound healing products for patients dealing with
chronic wound issues. Furthermore, it explores an alternative utilization of agricultural waste,

presenting potential avenues for its application.

Keywords: Antioxidant, Wound healing assay, Total phenolic content, Khao-Yai Pomelo
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ﬁmﬁa (segmented membrane, SM) uaz RIGIG
(juice sac, JS) (Fig. 1) Hauaztiunnihmiinga
k4 o %4 dl a IS

wanihldeuuviangamgil 60 samisaised
%1381 48 $ilue (Anpaznianieniw
Wisuneuszrnediedeannudiag1ao i
maamuﬂﬁ noude q udasly Fig. 2) CPLEAR
fudauaziiun1seudnhunFeuasziudin
thwilnudadnase ilenaudadiuszning
v
hnindlegiaudia (Afu) aelSuiasves
fhvhazane (aaans) laelsdadiu 1:8 lumsana
dlsznevvesdiloiugimingudazdnduenisu

1huing Saudailfoney uazaae

medsurludnrazae (maceration) (Wunan 48
Flua Mt ladaiu@uaeds sonication
Hadn 30 i A8LA3ed Sonicator (Bandelin
Sonorex Digitec, Germany) uwgnansdnnaan
namanlldazaslagninsoInIunI=AINTDd
Whatman no. 1 /#dnaialagulagusivhazas
nnansuuiuniuea ntuihasana
nalugudrmazaretantsutassutunIuoa
Nszmedvhazaedrnuesn lagliisszive
v v o . v -
wranmelaanudu (evaporation) MJIYLATD
Rotary Evaporator (BUCHI Vacuum Controller
V-850, Rotavapor R-210, Switzerland)
:: o v 4' L4 u'/ s = 9\: s Vv
NnnthasadanurdldFanaztunnihvtinale
4 S 4., 4 . v v

IBIFIam U telFlumsmuuaNUINTY
A Y] Vo A A a

nwduey  umudafvluviadnngmngil -20
parnaFeainasormmnadevludunouae li
dimfumsnageuanuammsalumsiiueyya
daszuazaNAmMIauLKa azinansanadule
pafasgenuraziumuea Wazaieludim
AAYLINLTY HIDLNMUBAMNAGY LAZMUIN

% k% d‘ ] 1 o
ANNWNTUN v unauii linaasy
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KhaYai pomelo fruit

= - )\ e
NG o -

Khao-Yai pomelo leaves

Khao-Yai pomelo tree
Khao-Yai pomelo flowers Cross section of Khao-Yai pomelo fruit

Fig. 1 Khao-Yai Pomelo (Citrus maxima (Burm.f.) Merr.) located plant at 13.4268760, 99.9518210
Samut Songkhram, Thailand.

7 ot ST g
Dry: Flavedo (FL) Albedo (AL)

Segmented membrane (SM) Juice sac (JS)

Fig. 2 Fresh and dry components of Khao-Yai pomelo before maceration.



9154

2. MInadeuantiAMsmueuNadaIzAIeId
DPPH waz ABTS scavenging assay
mMIsnadeuaIudINITalunIsdiy
auyaddszyila DPPH (2,2-diphenyl-1-
picrylhydrazyl) 1¥wénn1s absorption
spectrophotometry ‘5ﬂmimmmaqa%a§m:ﬁ'
fifmsganauudsgega (A ) fianuenndu
515 wiluwa” dgAseiidGmnasgaie
vhiy 1 Haddaas Teedanududugaieves
asavas Fasznevudre DPPH 0.1 faaluan
(@zargluumusaiududovas 95) waudu
asdainnndiudin q veaduleiugunivg
Wur wdensuuen uliensunma Wernile
waziilona Ranudududa q Mmmsnaaea
ulisumeuivasazmeinasgiu BHT (butylated
hydroxytoluene) nsauednasin way Trolox
(6 hydroxy-2,5,7,8-tetramethylchroman-2-
carboxylic acid) ulffseniigamnfivios ui
Bifugesumudunm 1 $le hldiamims
@Jﬂﬂﬁuuaaﬁ'mmmmﬁu 515 wiluuas w2
MuumiesazmImueaddsz (% inhibition)
Faaumsi 1
MIsnadeuaudInITalunisaiu

a a

ayyaedsrysuUa ABTS (2,2°-azino-bis-

1huing Saudailfoney uazaae

(3-ethylbenzothiazoline-6-sulfonic) acid) 1%
s . L4
Nanm3 absorption spectrophotometry laglvi
ayyaddasr ABTS oglugl “cation radical”
(ABTS*") asesulaedaiihniin wazmuiae
ANUANTUVDY ABTS ¥ty 10 dadluans
azanslwhndy ihlnanduansazansTwunadsen
WosFamariudu 2.45 Taalumsludadiu 1:0.5
(ngif5anas) vunalingamnil 4 samwaFeod
Tunlifinas Uszner 18-24 $1lua antiu
= o s 1 9 k%
Juhasazaenandanan Wmanuuduves
ABTS®*" fiutusu a28n5l¥A1 extinction

)

coefficient 1 734 wlwuas® msiadinms

fMuouyaddsz ABTS®" veadulesiugunlng
mwlgisennidsinasgameniiy 1 {addas
uanudndugamevesaisazais ABTSe”
uhfy 0.066 Hadluai waufumsainandIy
1 4 [ J 1 ¥ 1 A 3

da g vasduleviugudlng ldun waenduuen
iwaendunas weviuiiie uazilewa NANNNTY
Ae 9 hmsneasulSeuifsuiuaisazate
sy BHT, nsauedaesin waz Trolox
Tasunlfasoneamaivies Tunlifiuassuniu
Wunar 10 il wdnhlliadimaganauuds
A A 3 VY

nanuenaau 734 nluwas Anudiesas

MInueyNadasTAIINMIN 1

aumsi 1 IowazmsmueuNaddss (% inhibition) = {(Abs - Abs ) / Abs } x100
19 cont. react. cont.

Mvual? Abs _uaz Abs Ao
cont.

react.

MNsaanauLdIveIouNasdss DPPH (A
Y L) max

515 WUNAT) 150 ayuNadase ABTS®' (A
. v max
734 nluians) NuaufivensimueladasznasyIu
(BHT, nsausdaeidn #3e Trolox) wia
o | ' v o & | g
nsafanndiuda q vesduleviuguilva) nly

Tumsnadeauaiail

MIMUIUMMANUINTUVDIFTARA
\ : % v & | dqw
NAdea 9 vesduleiugynlve flvinams
Mueyyadasziiesar 50 (half maximum
inhibitory concentration, ICso) eiaaq:ga%as:
' a Yas A ¥

uaazsia 1HI5sunWIdUATILdAIAIIN
s Y ' U U k% k% 4‘ k%4
duiussrriamanudduuaIaInaga U 1%

(X-axis) Apf¥osazmamueysasase (Y-axis)



msiueuyadas: Usnasinvesansiszneviluedn uazanvAmsaxuunavesssanavindulenugyalng/

WanuduiusFaduass Tag m Asmanuiuy
(slope) voansidunse Fuaadluaumsn 2
(@NMIEUATY) UdITaIMUIUMA IC, aoll

aumsn 2 Y = mX + C

3. msmfSunasiuvesasiszneviuedn
myiadsunasinvesasysznevuean
Aauladdsmsnensdenn Ainsworth EA uag
Gillespie KM, .. 2550 Tagldmdnmsin
MIaAnaULaIveIIUszROUITITaUTETHIIIANT
a ¢ A Y o ' '
Az Nilassanadaedlunguasdssneu
Wuedn fiuasazars Folin-Ciocalteu Fagana
4 4 4
AAUUARGIGANIANNEIAAY 765 NTUINAT
maeNzimlsnanuvesaslszasviluedn
1$35a5annwainaspulagldnsaunadniiu
asnaspu Ufaseinmsnadeuilszneudie
AN 100 lulasans ensazany Folin-Ciocalteu
reagent 10 ‘lulasaas uarsazargnauaanan
d' a Yy d' 1 < )
ngamiivies lunlidiuas 1Wunar 5 win
k% a =) '3 VY Y I'4
udfuansazaelssumivauadnty 1 Tuand
51a3 500 lulasans duneugametdnmmuea
WaduFesaz 95 wediudSunasgamelnla
Vo A _aa ' aaa A4 @
Wiy 1 deddes vudfaseluidedunm
S Yy iw “ v 4
2 $als ntiuihlincimsganauuas Aetasea
aulalasllafimesnanuenaay 765 nlumns
mmnaases 3 a3 whmnldunmualumie
Nadniuauyansaunadndetminuiia 1 niu

YOI IFANAN 10819

4. managauanuununasadanlIgIs MTT
nadgouaNNuNYdssadaIeI5 MTT
9199935 NAdeuV0Y Stockert JC uwazae,

9155

wa. 2555"7 Tagldmdnmsiauuisadnds
Na "y % Ay Ao = P
1¥negMmeeulsdeandlasanma Fahaula
mmnzluradniidia eonglasanmanzislfise
mataey MTT (3-(4,5-dimethylthiazol-2-y1)-2,
5-diphenyltetrazolium bromide) Tiflundn

]
A

Wesunwu (MTT formazan crystal) Nildaing

A AAa

TasHdSuaudsduamunuiusadnizia
Fsmanadeuinlagwnziasasad HaCaT 9110u
5,000 wradenilavgu lununz@edulnswan
¥iia 96 vign 1w 24 lue wdrFahly
nadeunuasannaIndIudle 9 vesdule
Wugunlnginesenl’ Taelddiulsarvqu
A g g 4' a
(control) A8 P1NILAYUFINANLINBY LAY
k% 2% Vv 4’ U ] 1 n’d‘
WMuea WNIusesaz 1 welvwiladiwaan
Mo (cell cytotoxicity) lilatAnnnnavasms
WugnEry waziumuea uendntdediam
vpaansanan ldnndFudnazaisiansy way
d! v Y s o 9:
wmuea Faazawlatssrinludhazaieii
waz DMSO (dimethyl sulfoxide) 33@a9l435
azangansanamedlhazarenlsludunoums
. dav . pad 4
afinans ielicnsafaazmelaanganeunazin
Tuneaeusaly thwad lidesludaivangamni
= ~ Aa
N 37 samwaFed luusIeIMANNMIUeU-
¥V 1] Vv
leeenlwasosay 5 vunalBdhinm 24 $lus mntiu
Wudsazaly MTT aNNWNIH 5 Haaniu
gonanans Ysuies 10 lulasams tnelw
MTT wasudundnwefinanunidsize hnan
Wofinsnuninau nazmeludviazais DMSO
5mnas 200 lasaas udriadimsganauuas
2 4 9
Yp9ansazaeNANNEIAAY 540 NTINAT @Y
IA304 microplate reader ANIAANAULAIIZ
wsAuasIfUTINUEadNNTIA INNMINAAI

9; :/I o 1 d‘ ¥ a 4‘ A Y
1 3 afe ihmnlaundsziumeiaenlsmany
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£ £% s F7 k% % d' &
WNIUVDIETANe 1a81EBIANUNTUN I BA AN
MnseaiunnSegay 90 imsumsnadouantia
MIedUIULNE

5. MINAdaUANNEITANTANIUUHALY
¢¥aanInle HaCaT
NAFIUANTANITANIULNAAIBID
in vitro fuladAIvile (human keratinocyte)
¥iln HaCaT $#33 “scratch assay™ " 1¥mdnms
v 2 a g X X
A3519590AVIUVURITAANNZLAYIVUIULAYY
sqva X & ¢ A o
wad WinanunlasaradiioTasmanuainse
lumsanusesunanueneenniu lasdana
NAMIANVRINITIUIUEAE  LazAIsIAAEUN
¢ v o A v v ¢
Yourad Memstuinmwnilsniendeaganssa
WIndu (inverted microscope) auduauUlAY
gofail 1hiwad HaCaT 110U 2x10° (wad
aalsinas 2 Hadans luulunumzidesing
35x10 Hadwas Wuoa 24 $lu ludaunu
Qd‘ IS d‘d
QauMAHT 37 samwarua TuusseImaAnNaNy
v v ¢ v Y v
Wudumsveulaeenlsalovas 5 nntiuaig
so8uUNalAuMIYARIY sterile pipette tip Y1NA 200
lulasdas udridrawadningaeendiomsazay
PBS (phosphate buffer saline) Wy 7.4 1o
X s o ' o
PIMILABaFaaNNaTaRANNdIUM 9 YosduTe
v & oA PR Yy v oAy A
Wugvnlvg) w@enldvisanudntunhidunivde
[ad (81999namInadaun MTT assay) 1ag
o X & X ¢
udmuwlsmugulummeasdil fe ensidsarad
d‘d A Y v Y A‘
NHAEY vsemmMuea Wadudesas 1 ieswneds
o Y s I3 ld‘ v Y%
afaduleugulnainldannmsadadoianisy
o v X ¢
waziumuoea azaglatiesannluemsiasarad
nesazarvludvhazalgisnsuiaziumuea
1 Y = =) v v v o o
fiou uddudenslvanududuvesfhazany

nadgealiltiusesar 1 Faluluivdetsad

1huing Saudailfoney uazaae

nntiuhead HaCaT Tunnizee 9 luvalug
eaadiluna 24 uay 48 $lua Beasuna
Y KX o 1 &I 4' 2 v 4
udBaiameanuiisesunameldndeaganssel
ndu (34 CKX31, OLYMPUS, Japan) uaz
monnlaglinaes (Zeiss, Germany) fuI
mnunsesunalaglsllsunsnd 33l Zen 3.6
(Blue Edition) Janwunisuaumsnadovluiun
mldinadusesuna (day 0) wazmuianieyls
1] 4 1

Judesaz 100 Aamumsulasuuilasvesnun
segumaluIun 1 waziun 2 wSsumeuszring
annzaruanivdanzildnsadaanndiuma q

$% a ' Id’ % k% | o

voadulevudunmananudududa 9 ims

chu Zj o 1 Ayy a d aa
NAABIH 3 A u”lﬂ”l“ﬂ“ﬁﬂﬂ')miﬁzﬂﬂ17ﬂﬁﬁﬂﬂ

6. aaanl¥lumsive

MIIATTHAANNUANAI90 81901l
difgmedaa 193513 One-way ANOVA;
p < 0.05, (SPSS Statistics version 15)

Han135IVY
1. anvamseueyyadasz DPPH waz ABTS
vosasanavnduleiugurligy
msdszidiuanuannsalumsiueyya
a3z DPPH waz ABTS waaadigmanuduiy
maamimﬁauﬁﬁNaﬁugmuﬁﬂﬁﬂ?mmaum
afﬁ“‘ﬁﬂadﬂidﬁud Tufos “IC, > ansaraly
suummuaawmmsamuauuaaﬁ:i“ DPPH 'ld
Afiga Ao maafanindawilona (I1S) Tasiim
IC, vy 1.021 *
mmﬂnamm‘wﬁﬂﬂum IC,

a

9d3¥INAI Y BHT (0.011

Y

ﬂauaaam) mmummamﬁn“lumimuauua

0.031 daaniuseiiadans
, VasasAILeYa

o

+ 0.001 Hadniu

ddszyila ABTS ﬂﬂﬂﬁﬂﬂWUiuﬁ’liﬁﬂﬂﬁﬂﬂ"Uu
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wmueawuiy wiwvludiuveandenduuen
(AL) Tagiim IC, whfy 0.126 £ 0.004
HaanSudolaaans vT;q‘lné’Lﬁmﬁqmﬁ’um IC,,
YoINIMUBYYABATZINAITIUNIALRAARTTN
(0.012 £ 0.002 Nadn3udNadaNT) Fatian IC,,
dlefiouszniasadiadiudy 9 ludvhazae
wmueameny wuhdulszneuda q ves
Huloifiqnamadueyyadaszuandiaiuotiy
NiledAeynieadda (p < 0.05) (Table 2)
HAMINATBUM I UBYNADATZVDINTAAAIN
%’uTaﬁuﬁ:ﬂnﬂwnﬂu%mam%u wunitaym
msazawansanaluszuudIazals (lWnuea)
ii¥madeumsiueyyadasz DPPH waz ABTS
Tgiimsusnduvesansada soildhisnnsa

s U % a v
Jasimsmueyyaddszla

2. Ysnasinvesmsiseneuueanluas
anaondulenuguilnn

IANANITNAABY WU AINITATU
ouyaddsz DPPH waz ABTS wedmsdfiavin
% s I3 ] 1 k% s
dulariugunlng lideandedulSinusiuves
3tszneviluedn (Table 2) Insahsananndule
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ﬁuﬁ:mwﬂwaﬂu%uLumuaaﬁ'ﬁﬂ?mmiamaqmﬁ
Usznevilueannniign Ae dawdetuile (SM)
nfSinaniisum 3.196 * 0.022 dadniuanya
Yaansaunadndetviinuia 1 n3 sesasnie
dualdenuen (FL) uazuldondunma (AL) &4
wulSinauieuwh 2.947 + 0.063 waz 1.720 =
0.021 ﬁaﬁﬂ%'uﬁmg,ammﬂimmaaﬂ@iaﬁmﬁnu,ﬁq
1 Afu muehdy duiiiUfinaanslszneuiluean
mutieviiganeduilena (S) SefiFinaufiounh
0.083 =
dothwrinuda 1 a3y TeiifSinasinvesds

0.001 HadnFuduyaveINTALADAN

1szneviuednvaausazaiuvesdulelusummuea
d‘ Y a g 1 s [ A o
nla1nN1sItATITHNAIULANAIINUBE1aN Y
dAgnadda (p < 0.05) (Table 2) uaziuna
= a v
savesansdsznevusdnarnsamlammzly
v 1 v
gsananFuumuea Hosnnasadalusu
wnsulifymisesmsazats wuhdmsuendu
T Y
wazvadiuanazneuliilluisnernuiuszuy
drhazarenlF¥luaisazars Folin-Ciocalteu

lisnnsanadeumisinasinvesanslsneay

2

Nusdannnansanalusuanisula

Table 1 Summary of fresh and dry weight pertaining to distinct components - flavedo (FL), albedo (AL),

segmented membrane (SM) and juice sac (JS), derived from Khao-Yai pomelo.

Pomelo part Fresh Weight (g) Dry Weight (g) % Dry Weight
Flavedo (FL) 834 271 32.51
Albedo (AL) 781 280 35.84
Segmented membrane (SM) 631 250 39.62
Juice sac (JS) 1,314 202 15.38
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Table 2 The assessment of antioxidant properties and total phenolic contents extracted through

hexane and methanol from each segment of Khao-Yai pomelo.

Total phenolic contents
IC50 (mg/mL) 4
Khao-Yai pomelo segments (mg GAE g DM)

DPPH ABTS

Hexane extracts

Flavedo (FL) ND 1.149 + 0.062 ND
Albedo (AL) ND ND ND
Segmented membrane (SM) ND ND ND
Juice sac (JS) ND ND ND

Methanol extracts

Flavedo (FL) 1.279 + 0.048% 0.206 + 0.007 ° 2.947 + 0.063 °
Albedo (AL) 2.550 + 0.076 2 0.126 + 0.004 ° 1.720 + 0.021 °
Segmented membrane (SM) 1.988 + 0.056 2 0.174 + 0.008° 3.196 + 0.022°
Juice sac (J9) 1.021 + 0.031% 0.544 + 0.009 ° 0.083 + 0.001 ©

Standard antioxidant agent

BHT 0.011 + 0.001 0.006 + 0.0001
Ascorbic acid 0.005 + 0.0001 0.012 + 0.002
BHT 0.004 + 0.0001 0.005 + 0.0001

Data is presented as mean + standard deviation with triplicated values.

Total phenolic content is expressed as mg of Gallic acid equivalent (GAE) g'1 dry material (DM).
a IC5 0 in DPPH scavenging assay in methanolic extracts shows a significant difference at p < 0.05.
. IC5 . in ABTS scavenging assay in methanolic extracts shows a significant difference at p < 0.05.
¢ Total phenolic contents in methanolic extracts shows a significant difference at p < 0.05.

ND is not determined due to the limitation of solubility in methanol.
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U I a (v v %) '
3. manulunyvesasanaainaulanus

£
v ey
manadeumanuunyveIdsaiann
' ' % v & iy sa o
duene 9 vasduleiuguvainidersadiivil
nypdriia HaCaT Ingminaaedlidudsmuvnay
A Y v Y
AotgnrY waziimuea Wadudewsaz 1 luems
@easad namsnageuaNMduNydoI¥adved
dsanaluszezinm 24 $rlug Wennsanlaely
inasiganmsgsenvesadnnanuiuinve
fsanandeannaiesar 90 Yuld (81999ma
v
MsnNAaedli Table 3) WuensafaInTu
fmhazamenuNndIune q (Wasnduuen
A 2 4 o X X Ay
Waensunaa weviniile uazilena) Nefesas

¢ . Aa '
A339AUBALEAR (% survival) NUAININNI
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Fovaz 90 aglutneamuidadu 0.04-1.71 lulasniu
foNadans luvaznasanaansudimazary
LUMUBANAIT08AZNITIOAVDILTAANNINNT
% d‘ 1 s 1 1 - 1

Fowaz 90 Nuaneanuluuaazaiu as ludruves
wWaenduuen (FL) sgiiansududu 0.64-2.50
TulasnSudeNadans ualudiunwmae laun
wWaendunans (AL) wevintile (SM) uaziilona
(Js) #eglugrsanududy 0.69-25.53
TulasnsudeNadans amsumsnaasdntneINy
“AuTANMIANIUUNAYDILsad HaCaT law
asafannduleiugunivg” Alalinasianid
msazagvesansanalususmynazagansy wa

Hov X s sl v a

wmuealuensnisasasadlunamnlsiaen

1 k% % 1
aanuvnTulumsnaasusalyl

Table 3 Cytotoxicity of pomelo extract compartments on human keratinocytes (HaCaT).

Khao-Yai pomelo segments

MTT assay

wg/mL %survival (>95%)
Hexane extracts
Flavedo (FL) 0.10 - 1.52 106.2 - 96.2
Albedo (AL) 0.11 - 1.71 107.3 - 95.7
Segmented membrane (SM) 0.10 - 1.60 102.9 - 110.1
Juice sac (JS) 0.04 - 0.61 110.9 - 104.6
Methanol extracts
Flavedo (FL) 0.64 - 10.19 95.9 - 5.1
Albedo (AL) 0.96 - 15.30 98.0 — 89.1
Segmented membrane (SM) 0.69 - 10.97 114.8 — 123.1
Juice sac (JS) 1.60 — 25.583 117.2 -117.4
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4. auiamsazNULHavaItsaa HaCaT alg
ansanavndulenuivilig
MINAdeuaNTAMIANULNAVDILTAE
Antlauyudsiia HaCaT 1d1Finmaiiden
£ £ v a v £
ANMINTUVBIENIanalasNsanilade 2 Yo
Yousnfednnmsagseavaazadnnanuiuiiy
vpaghsanadassnnaiesas 90 AUl (3199930
wamassmanuunynnansaia) wazdenass
= v Y d' d' s %
Ao anuindunIINNgavesasaiavndule
o & P A o X s
Wugunlngnazareldlueimsiasaisad
dvsumsnadevaniansaxuLNaveaLtsad
HaCaT v:ufSeuigussnnaiunGumsnaad
(day 0 - §9liildenseria) AuTun 2 Nlasumnseana
(day 2) inmanaassnuhasaialususinazay
wnsunnaendunana (AL) H¥eanudutu
Awnzanas 0.06-0.50 lulpsniusdeiadans lng

1 ¥V

=~ ¥ dad < A
UATAIN LGUNSU‘UV]ﬂwqﬂiuﬂ'ﬁﬂﬂﬂqﬂﬁﬁﬂ'}uLLNaV]

1huing Saudailfoney uazaae

0.25 lulasniusedanans (Fig. 3A) safaludu
fhazmemmusannnldenduuen (FL) ilga
anududufinzan fe 0.13-1.00 lulasn3u
dofindans Tasimanududuiiangaluns
pongnaduunan 0.50 'alasniudediadans
(Fig. 3B) wazensaralususazaemueann
wasnFunma (AL) fisrannudadiufimanzay
A 0.13-1.00 lulasniudeliadans laod
manududuiidfigalunsesngnidinuuna
#i 0.13 lulasn3usiediadans (Fig. 3C) lums
NagoUENTAMIANULHAYDILTAG AINTTANYYE
¥iia HaCaT wuhasafaninduleviuguiilng
Tudhuiinainudinadu snsaaafiuiisosuna
Wi8nadldedraiiomanmaaaniiiodioudy
dudsmuan (wmuea wazaney iy
$owaz 1) (p < 0.05, one-way ANOVA,
SPSSv.15)
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a 4 1J
saluazds

v s I's ld’ Y o = :ﬁ g

dulaugurlvainlaindnenlunaiail
Tannnunandule Janiaaynsasany lag
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Effects of 7-Octenoic acid and 1-Phenyl-2-pentanol from
Moringa oleifera Lam. Leaves Extract on the Hepatic Stellate
Cells in an In Vitro Model of Liver Fibrosis
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Abstract

Liver fibrosis is the excessive accumulation of extracellular matrix (ECM) proteins in
the liver. Common causes include fatty liver disease and hepatitis C virus infection. Delayed or
inaccurate diagnosis of liver fibrosis may elevate the risk of developing cirrhosis and liver cancer.
Currently, there are no definitive pharmacological therapies for the treatment of liver fibrosis.
Several studies have shown the anti-inflammatory effects of Moringa oleifera Lam. (MO) leaf
extracts. In this study, we aimed to investigate the anti-fibrotic effect of two bioactive compounds
identified in MO leaf crude extracts: 7-octenoic acid and 1-phenyl-2-pentanol. Hepatic stellate
cells (HSCs) were treated with the active compounds, and cytokine levels were measured
by using sandwich ELISA. In addition, protein expression in HSCs was analyzed by using
proteomic technique. Proteomic analysis showed that 440 and 98 proteins were significantly
upregulated and downregulated, respectively, in the 7-octenoic acid and 1-phenyl-2-pentanol-
treated cells (p < 0.05). Additionally, there were decreases in expression of casein kinase II
subunit alpha (CSNK2A 1), guanine nucleotide-binding protein G(I)/G(S)/G(T) subunit beta-2
(GNB2), and low-density lipoprotein receptor-related protein 5 (LRPS5), which are proteins
related to the NF-KB, PI3K/Akt, and mTOR signaling pathways. TNF-Ol secretion was also
suppressed by treatments with 7-octenoic acid and 1-phenyl-2-pentanol. In conclusion, these
active compounds showed potent inhibitory activity on TGF—Bl—induced HSCs and are

promising candidates for anti-hepatic fibrosis drug research.

Keywords: Liver fibrosis, Moringa oleifera Lam., 7-Octenoic acid, 1-Phenyl-2-pentanol
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= 1A %
e ldinudosas 1

2. MsLagaLsas hepatic stellate cells (HSCs)
¥Ha LX-2
o ¢ s A R ¢
pad ladstia LX-2 Fuiuisad
HSCs fuenldnnile@eduveanysd (Merck
Millipore, USA) intmziasslusmsiagaisad

¥ila Dulbecco’s modified eagle medium
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(D-MEM) (Gibco life technologies, USA)
fifldunauves fetal bovine serum (FBS)
(Biochrom Gmbh, Germany) Savaz 2 uac
antibiotic-antimycotic (Gibco life technologies,
USA) ‘ﬁmmwwmgmwaé“lué’tmuélmwaéﬁﬁ
aamgil 37 ssmwaied luannz CO, evaz
5 Tapandsoll 18iumMs3usesassssums
338 nAnNIINMIEEIINMITeTUuNUYE
UMINYAYULIAIT (COA No. 422/2022)

3. msnagauanuduiivvedans 7-octenoic
acid ta 1-phenyl-2-pentanol AoLaa LX-2

Fumsnageuitemaraududui
N ENYBIENIAEAANILLATAT80ANEIN
Tunzgudersad LX-2 Tngsnnamanudiduue
sfiennsaduiimsisiaveawad (Inhibitory
concentration, 1C) ﬁ%’ﬂﬂaz 5 (IC5), 10 (IC]O)
waz 50 (IC, ) MUMAUAILID Resazurin assay
mmanadgeulu 96-well cell culture plate
Tagldivad LX-2 1w 5 x 10 wad/mau
mﬂﬁuﬁmﬁaﬁﬂmmLLﬁzﬁﬁ@ﬂﬂf}ﬂé@Jﬂ%ﬂﬁ]N
T D-MEM 11 two-fold dilution rmudiadiu
0-1,000 'lulasn3u/dadans wanadldlu cell
culture plate fifliwad LX-2 of waztauwadi
37 esrnwarod ludannie Cco, Yovay 5 i
nm 72 %’ﬂm ﬁ]”lﬂ‘fl‘?ul,am Resazurin working
solution (HiMedia Laboratories Pvt., USA)
anududu 25 lalasniu/badans wazyad
37 sarnwalded Wunm 1 79 4 $2lua Jad
AANauuead fluorescence TadamanueAaL
excitation/emission "l‘tl’ﬁ 560/590 wWIULHAT
ﬁamﬂém microplate reader (PerkinElmer,
USA)

a '
yming lyedszine uazams

4

4. msnagaugnasmumstnansialuayly
¢vad LX-2

nszfuerad LX-2 Taimswanly
WuesadlulelWlusuarad dre TGF-B1
(STEMCELL Technologies, USA) fianuidiudiv
10 wluniu/dadans lu 24-well plate (Tu
szozim 48 Hilue lnededetuneumInszau
wad LX-2 mnmsanmneuntn’> ' lums
nadoul¥adsiuau 2 x 10° wwad/mau wingu
minaaeseantilu 1) ngualugu (Control) ¥
- N S .
1913108 F008191AYY 2) NGNAIVANUUUAY
(Model) fignnazdudie TGF-P1 thiesedaie?
waz 3) ndunadoy (Treatment) FI9zins
nszduiradse TGF-P1 wieufuldansafian

Y Y 4‘ ° ] 4' =
anududunumnzay ildium 37 ssenwaidod
Tuannz CO, Savaz 5 {Wunm 72§l naiiy
wWhidsasadeth lunadeurmilsinallslalad
< ¢ A o = a ¢y

waztfiviradinemsaiallsaulumainneide
madiallsaledind

5. anvaszavlslalaiaieds sandwich
enzyme-linked
(sandwich ELISA)

@ @ 4 .
a193a520 v il tumor necrosis

immunosorbent assay

factor alpha (TNF-OL) ¥1m13 coat plate @19
capture antibody 1agLAn mouse anti-TNF-OL
antibody (Sino Biological, USA) fitiea13éne
phosphate buffered saline (PBS) adlu 96-well
plate 1hltududud 4 ssmsaidod $1980e
wash buffer uaz block plate Iagiain blocking
buffer (2% BSA 1u wash buffer) waziilduiu

Neamgirieuiiunm 1 7l §1360e wash buffer
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nnfuAy supernatant waz TNE-OL #0919
lu dilution buffer inliniigamaiiveaiunm
2 %’JTJN 819M19 wash buffer L@u rabbit or
goat anti-mouse HRP- conjugated antlbody
m"lﬂumammuwauﬂunm 1 Glf'ﬂllﬂ mnuu
fﬂQﬂ'JEJ wash buffer GﬂNﬂ’JEJLﬂN substrate
solution (Tetramethylbenzidine, TMB) i ldyu
figampiveafunm 20 Wil uaz@u stop
solution (2N H_SO)) Tafmganauuaifiy
Lﬂéa\‘i Microplate reader (PerkinElmer, USA)
ﬁmmsnﬂéu 450 uﬂumm

6. msanalilsauiamsdaszyimalilsale-
a d
nnd
o s ' | Ay Yo
1hiad HSCs voangy Model nguilasu
7-octenoic acid waznguitldsy 1-phenyl-2-
pentanol lafalisautiashmsianzyimallsa-
Toiind TngnanmslumsiaenanuyutuueIas
z N ae X 4 v v
MFNBUA NAY 1) 7-octenoic acid NANULANIU
100 lulpsn3u/Haaans lngonadannnalumsan
32AUYDY matrix metalloproteinase 9 (MMP-9)

Nnanamsanwounth’”

wazr 2) 1-phenyl-
2-pentanol Ainnududu 80 lulasniu/fiaaans
NnaNNanIsalunisanseduves TNF-OL
ldangalumanaaesil shmsdarsading PBS
NNTULAN RIPA buffer YSinas 400 lulasans/

' Y =g ~ 2 ¢
vian vnvwhudadunm 5 i nntuyawad

@19 cell scraper uaz sonicate 111Uifu

]
=

Wunm 10 i 14,000 x g Ngungi

)

4 pernaled waziAy supernatant N -80
DB

7. mswsenldsauamnsumsimnzildsale-
Anduuy label-free proteomic analysis
wssudegallsaulviianududulag
Wifieluianaft cut-off 3 kDa mntunnazneu
TusAuMe acetone (1:5 v/v) wazAudamuaznau
TisAudae RapidGest SF Sovaz 0.3 (Waters Co.)
luwenlaiisylumivelua 2.5 mM (Sigma
Aldrich Co., Germany) mﬂﬁmam trypsin Lﬁa
douTilsAumanua (30 lulasniy) wazyhmsan
Wuszdallonsa Taely 1 mM TECP (Sigma
Aldrich Co.,
mfuewun 2.5 mM Uuf 37 ssrmsaided (du

Germany) luwsaluilonly-

a1 2 $21u9 1NTUNMNS sulfhydryl alkylation
Taol¥ 5 mM IAA (Sigma Aldrich Co.,
Germany) luwenludloslumsueiua 2.5 mM
oA ay I = A 4
Unngamgiivieaudluna 50 wnlunia anntiy
aemsazanelilsaulagly Zeba Spin Desalting
Column (Thermo Scientific Co., USA) &u
A4 -

trypsin 1Wegosasazal1sllsau (Promega
Co., Madison, WI, USA) lusasndiu 1:40
(toull:sAu) uaztinngamnil 37 easnuaidod
Gunar 6 $lue msazmellsaundesudlvy
amihlruiadiensanesinfevas 0.1 rewily
nadeuAILIs LC-MS/MS

8. nmisas1zwildsAualre3s Liquid
Chromatography-Tandem Mass Spectrometry
(LC-MS/MS)

Yoyadinain LC-MS/MS azgn
57u51U positive mode ¢y HF-X hybrid
Quadrupole-Orbitrap™ Mass Spectrometer ﬁ
59UAVIzUY EASY-nLC1000 nano-LC system

“ﬁel‘qﬁ nano CI18 column (Thermo Fisher
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Scientific, USA) 814;\‘133 mobile phase A
Uszneudensarlediin Jovaz 0.1 fazanglunh
waz mobile phase B Usznaudivesdlalulasd
$pwaz 90 uaznsawlesiin Sevaz 0.1 msusn LC
221% linear gradient ﬁ'%'aﬂa: 3-60 ¥93 mobile
phase B fisanmslwansii 300 mnhidas/ni
Wuna 135 Wi M3 regenerate Ao
#1431a11297870 mobile phase B ¥owaz 90
Wunar 10 nil wazl5uaugalmidrs mobile
phase B %ovaz 3 (funa 35 wil navy
nnzilIndlaglsy data-dependent (TopN15)
acquisition

Wd Raw mass spectra (.raw file)
Qﬂ?tﬂiwmﬂ 59N ALI35 Proteome Discoverer™
2.4 (Thermo Fisher Scientific, USA) gy
fugudeyallsau UniProt lTagmsszyuazms
wilSinallsauaslimniimeaetlii

- MS tolerance: 20 ppm
MS/MS tolerance: 0.05 Da

Enzyme: trypsin
- Fixed modification: cysteine
carbamidomethylation

- Variable modification: methionine
oxidation
M1 false discovery rate (FDR) an
dad13i%evas 1 dimfumsszyllsauuaz
Wlng sntiu normalized TusAuduiing
W HusunlIndiauadmivlimaden
LC Taeld normalization algorithm
(total intensity count) U3 software uae
Fanudnvedldsaulumsinedt pathway

My PADOG algorithm 11 Reactome version 84

a '
yming lyedszine uazams

9. ﬂ'lﬁ’jl:ﬂi'lgﬁﬂ'lﬂ%)ﬁ'liﬁutﬂﬁ
mnsaansesldsAuniinisudasoen
¥ o vy . .
LWN‘UULLﬁzﬁﬂaﬁﬂluﬂQNWqﬂiﬂ 7-octenoic acid
uaz 1-phenyl-2-pentanol (iatiguiungu
q
auanuuuay Tneldlsunsu Microsoft Excel
Tumsiasneiezlim log, fold-change wos
Tsaulungun'lasy 7-octenoic acid w38
1-phenyl-2-pentanol Lﬁﬂnﬁunfjuﬂmﬂu g
Tusaunsiean log2 fold-change 2 1.5 dadndu
upregulated wae log2 fold-change < -1.5

o

Faudlu downregulated TneTisAuniimsuandnen

X A 1Ay Yo <
VlLWN‘Uuﬂﬂiaa@ﬁﬂl‘lﬂQNﬂVlﬂivﬁﬁliﬂaﬂQWﬁ

P

4 IS

Aealinnnuanad1seg1dltedidgnisdaa
(p < 0.05) iofeuiunduaugu Mnthah
UniProt ID wealUsaudildlhmsdiasee
protein-protein interaction lu STRING

% 315129 gene ontology T Enrichr

(19-21)

database
database wadanei pathway M Kyoto
Encyclopedia of Genes and Genomes (KEGG)

(22-24)
mapper

a < vV aa
10. ﬂ1i)tﬂ§1$‘ﬂﬂlﬂ§ﬂ‘ﬂ1\iﬂﬂﬂ

ToanNNUANAIIVBIAILRAY (mean)
A % v J a <Y
‘Vlulﬂi]'lﬂﬂ'l‘i“l’lﬂﬁﬂﬂLLﬂazﬂQN‘ﬂZQﬂDLﬂi'lz‘Hﬂ'Jﬂ
d0@ One-way analysis of variance (ANOVA)
waz post hoc analysis @28 Tukey’s multiple

) 4. 4 & dy
comparison test NIZAUANUFINUNTDIAL 95
(p < 0.05)
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ACIERLL
1. MINAGBUANNNBIAVBILBAS LX-2
WNANIINAABUANNITUNEFAD LAY
¥ia LX-2 ﬁamsaﬁwammﬂiumgu WU
a1 IC o I1C
10
65.86 waz 37.07 "luiﬂinm/maam MUAAU

waza IC, Ay 357,
ﬁm%nwamaan“lumiaanqmﬁwﬂ 7-octenoic
acid way 1-phenyl-2-pentanol WU IC50
WAy 324.6 war 397.4 lulasniu/tadans
Wiy 153.42 way 173.05
Tulasniu/dadans emuady waze IC, vy

MuAAY A IC |

118.91 waz 130.44 lulasniu/Nadans muaidu
uansdaly Table 1 luamAded 1di@enl¥any
Lsﬁ'u%umaamiﬁﬁ'wmuLtavmsaaﬂqwé Ty
fienudududeaiimtiosnii IC, , veaudazans
‘lunﬁmaaquﬁmqumﬂu@u iioanratnafos
aanuiduiivdeyadvesarsudazyila
wananslu Fig. 1

2. wamsiaszavlalalaiiaie35 sandwich
ELISA

wad LX-2 #ldsumanszdudae
TGF-B1 duszezina 48 $lue fmsnd
TNF-O aaﬂmﬂ?mmqﬁuatiwﬁﬁaﬁﬁﬁtqu
a0a (p < 0.05) Lﬁ'mﬁﬂuﬁumjummn Tuwmue
finduusaiadi 15 7-octenoic acid finmu
Wt 25 waz 50 Tulasnsu/diadans wunhims
anawweaffinar TNF-OL fndssnnainisad
athaiitioddmaaaa (p < 0.05) denRvuiiioy
AUAGNAIVANULLAY vzl 7-octenoic
acid fanudadu 100 lulasndu/fiadans
mmmmzéjummﬁ'q TNF-0, luisad LX-2
s lunguvedans 1-phenyl-2-pentanol i
ANHANTY 20, 40 waz 80 lulasniu/iadans

dunsnandsnawes TNF-0, ldegeiitiodfey
y9ada (p < 0.05) ioiFouifisuiunguaiuny
wUVAU ’daumsaﬁﬂwmumn“luu:gu‘ﬁ'mm
Wudu 20 waz 40 lulasniu/ladans d@unso
anlSuiaues TNF-0 ldedraditioddey
(p < 0.05) ionsuisufunduaIuauuuay
fauaaslu Fig. 2

3. mamsiansimallsaleding

HAMINAAOLNNMINIZAUTAE LX-2
fignnazduiiariaiinde TGF-P1 faudums
7-

octenoic acid waz 1-phenyl-2-pentanol

P

NANUANTY 100 wazr 80 lulasnin/iadans

- = ~ o ’ Ay Yo
WwetdTsunsuiunguaivauuuuay Nlasy

]
=t

TGF-B1 wigsed1nder wuh lungunlasy

7-octenoic acid H/sAuTUIU 224 Fiand

]
=

downregulation wazllsAudiuiu 216 siani
upregulation “luehummntjuﬁ"lé’%n 1-phenyl-
2-pentanol w1 fsAuFAY 30 wiadil
downregulation wazdildsau 68 %ﬁﬂﬁﬁ

upregulation

4. HAMIIANZHMITINITAUNA

MINATZINMITINTAUNA Tagiina
a < = a < o a 4
Msaaszmaldsalelind w1vinsIAsIzH
protein-protein interaction (PPI) @8 STRING

' o o 2 A
database Wyl UIUNYSAUNIHUANTAIT
uaneanidsuudasll ndsnlasumsnszdu
% a‘";’ﬁ a A (Ao s I'4 1
Memseangnang 2 via ddfduiusszrig
TsAuedndideddgmadaia (p < 0.05) B9
TdsautmaritianutrenleatneIveIfunia
FInenogatiogrnNadIuvIeagdIU dauandly
Fig. 3 deaimathlfinnsiluduneudely
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Table 1 The ICS, IC 0 and IC50 values for treatments of LX-2 cells with 7-octenoic acid, 1-phenyl-

2-pentanol, and crude extract (MO).

IC IC IC
Compound 5 10 50
(vg/mL) (ng/mL) (ng/mL)
7-octenoic acid 118.91 153.42 324.60
1-phenyl-2-pentanal 130.44 173.05 397.40
Crude extract (MO) 37.07 65.86 357.00
(A) (B)
Cytotoxicity test of 7-Octenoic acid Cytotoxicity test of 1-Phenyl-2-pentanol
120+ 120
100+ $ 1004———= —
L 2N\® ICyo =153.42 < . 8¢ 1Cy0 =173.05
< 804 LR * 3 8
z e ’ Z o :
g 40+ s ; 401 o
20+ * 20+
0 1 2 3 4 0 1 2 3 s

Log Conc. ( ng/mL )

Log Conc. ( ng/mL )

(C)
Cytotoxicity test of crude MO
1201
100+ L — °
s — . ICqo = 65.86
—~ 804 .
S . .
2 60+ o\,
£ .4 ..
20+ °
L]
L] ] Ll 1
0 1 2 3 4

Log Conc. ( ng/mL )

Fig. 1 The dose-response curve and IC10 value for treatment of the LX-2 cells with 7-octenoic acid

(A), 1-phenyl-2-pentanol (B), and crude extract (MO) (C).
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Fig. 2 Effects of 7-octenoic acid (7-OCT), 1-phenyl-2-pentanol (1-PHE), and crude MO extracts
on TNF-d levels in the LX-2 cells. Cells were cultured in complete D-MEM
medium (Control), stimulated with TGF-B1 (10 ng/mL; Model), or treated with TGF-B1 plus
7-OCT, 1-PHE, or crude MO extracts. TNF-Q levels were quantified. Data are presented as
mean + SEM. *p < 0.0021, ***p < 0.0001 compared to the Model group.
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RERIGERER ] gene ontology Ay
Enrichr database v83nguilauas 7-octenoic
acid WU Wﬁﬂ'ﬁ?}Lﬂﬁ?ﬁﬁﬁ']LlﬂixﬁJ'JuﬂWSVl'N
1w (biological process) lUsAudiulvie)
NANuneIvesny cytoplasmic translation,
mRNA processing (a2 gene expression ludu
dutlsznevveairad (cellular component) Wi
Tusaudrlnaiianuinedesniy focal adhesion,
cell-substrate junction tae intracellular
membrane-bounded organelle daudunthnlu
szAvlaana (molecular function) nuhldsau
drulnaiimihnineddesdiy RNA binding,
cadherin binding waz mRNA binding ludiu
voalsAuluwad LX-2 Mulasuwladiivdann
1#5ue1s 1-phenyl-2-pentanol WU Wan13
a <Y IS . .
ATITAMUATZVIUNINFINNW  (biological

a ' 4' v o
process) ldsaudrulvajiianuineiveaiy
gene expression, cytoplasmic translation
tae chaperone cofactor-dependent protein
refolding audulsznevusazad (cellular

1 I 1 () d' ¥
component) wuhlsaudiulvajianuneidos
fiu focal adhesion, cell-substrate junction

. 1 % 4 dl o
waz ribosome diumuninnluszauluana
(molecular function) wudlUsaudrulnaivh
ninfNneIdeeiy RNA binding, cadherin
binding war mRNA binding

MIINATIEH signaling pathway Y
KEGG Mapper anziidglafansesuazsaiy

. . A 4' P o
signaling pathway NUANNLAYIVBINY
A O I . .
Wanaluduuaztuluanaiihvingves anti-liver
fibrosis drugs ‘laun PI3K-Akt, NF-KB uas
mTOR signaling pathways anvianaziIdela
= | Xda % o
ﬂﬂyﬂu pathway AUNNANNTDANADINUNAD

a '
yming lyedszine uazams

TsalefindsruAunavessedy TNE-OL faiiu
= v =2 . . !
WABIANE signaling pathway vaIuUAaLad
90ngNs Fanamsanzwuiluewad LX-2 7la5u
7-octenoic acid dimsilasuuilasmsudnseanues
Tsaunfunumludndayanamelumsadiagu
284 signaling pathways Tagll 2 signaling
d'd o o a v A Y A
pathways nianuadglumsiiaialaluduvie
msanadves TNF-OL 1dun PI3K-Akt signaling
2 a . A oo da
pathway Fanvldsauiinu 5 staddgni
downregulation (¥U guanine nucleotide-binding
protein G(I)/G(S)/G(T) subunit beta-2 (GNB2)
uaz NF-KB signaling pathway wullsausiuau
A Ao o A . A .
1 suandngynd downregulation A8 casein
kinase II subunit alpha (CSNK2A1) faudanq
lu Fig. 4 ludwveusaddunlasy 1-phenyl-
2-pentanol WUVaNuA 183 pathways lagy
mTOR signaling pathway Fawulisausiuiu
1 %iiaNdl downregulation fi® low-density
lipoprotein receptor-related protein 5 (LRPS5)
faudadlu Fig. 5 Sedanaranisanadusassiy
TNE-O 'Id
nasnnlallsauihvnenihaulauds
J9msIANzd PPl e STRING database Lile
IS a o s 4 1 B VI
asvdeumstlfduiusszninaldsauihving
oA a2 oA v v
wazlsauou q annse laglungunnszaueiy
7-octenoic acid WU GNB2 MfiUfduiusy
GNAS (GNAS complex locus) war CSNK2A 1
NHUfdusiusSiY TP53 Fallanuinerdesfiums
tiAuz139 ludauves 1-phenyl-2-pentanol Wuh
LRP5 wilufjduiusiu PPP2RSE (protein
phosphatase 2 regulatory subunit B epsilon)
Fallanuine o9y ECM deposition 39613130
andlddh masuldsuwasvellsumeluwad
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LX-2 vaannl@iuanseengndne 2 sila dawa  Aumsiiauziiauas ECM deposition faueng
aamsudnseenvedlsauniilgdusiusszning  lu Fig. 6
Tsaunaulavazlsaudn q Fadlanuneides

(A)

(B)

Fig. 3 The protein-protein interaction (PPI) network analysis of the LX-2 cells from both 7-octenoic acid

(A) and 1-phenyl-2-pentanol (B) treatment groups by using STRING database.
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Fig. 4 The signaling pathway analysis of the proteomics profiling in 7-octenoic acid-treated LX-2 cells

by using KEGG Mapper tool. The majority of proteins were categorized in PIBK-Akt (A) and NF-KB

signaling pathways (B). Proteins exhibiting upregulation are depicted in red, while those exhibiting

downregulation are depicted in green. Abbreviations: TRIM25, tripartite motif containing 25; P65,

transcription factor p65; LAMC3, laminin subunit gamma 3; GRB2, growth factor receptor bound

protein 2; GNB5, G protein subunit beta 5; YWHAQ, tyrosine 3-monooxygenase/tryptophan

5-monooxygenase activation protein theta; NFKB1, nuclear factor kappa B subunit 1.
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Fig. 5 The signaling pathway analysis of the proteomics profiling in 1-phenyl-2-pentanol treated X-2

cells by using KEGG Mapper tool. The majority of proteins were categorized mTOR signaling

pathway. Abbreviations: LRP5/6, low-density lipoprotein receptor-related protein 5/6.

(A) (B)
GNB2

CSNK2A1

-

(©)

p =
PPP2R5E

Fig. 6 The PPI network analysis of selected proteins; guanine nucleotide-binding protein G(1)/G(S)/G(T)
subunit beta-2 (GNB2) (A), casein kinase Il subunit alpha (CSNK2A1) (B), and low-density
lipoprotein receptor-related protein 5 (LRP5) (C), by using STRING database. Abbreviations:

GNAS, neuroendocrine secretory protein 55; CDK5, cyclin-dependent kinase 5; TP53, cellular

tumor antigen p53; PPP2R5E, serine/threonine-protein phosphatase 2A 56 kDa regulatory

subunit epsilon isoform.
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YA o =R $% o A s
AnziITefnynalnmamuisnaludy
Y 5 v .
dwanseengnannlunzy ldun 7-octenoic
acid uaz 1-phenyl-2-pentanol foiwad LX-2
nganszduite TGF-P1 Tagiaszdumsiaia
59AU09LTA8 JAszAumsuanseanvedlwlalail
TNE-O Jianzvinaldsalefing uazinszsing
NRFISTAUNA
NnAaramsanAanzianuiuiyve
MsanauAazsind1875 Resazurin assay WU
\ Yy v oA A oy 1 & A ¢
FranuIntundenly hiianuiuisdevad
LX-2 (Fig.
s PR SR v v
MIMYUVDAUBDA LX-2 1N lotwuanadadu

1) usegalsfimn nansInwy

vosasanaliaudesedunily 1$u aseangnd

7-octenoic acid NATUNZTH WUMITAEVDA
iwad LX-2 i IC Ao 153.42 'lulasnu/
Haaans mman‘l%mmwmuw 25, 50 uag
100 lulasnu/fiaaans lumsnadevdu q dely

namsiaszdvlalalaialroinadia
sandwich ELISA wum msaaﬂqw‘é 1-phenyl-

]
a

2-pentanol @13N3AAAMIHAINEY TNF-OL i
ANty 80 lulasniu/diadans lawamas
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Evaluation of Hemolysis, Icterus, and Lipemia Interference
Effects in Biochemical Analysis Using an Automated
Clinical Chemistry Analyzer
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Abstract

Serum or plasma samples exhibiting hemolysis (H), icterus (I), or lipemia (L) are
common preanalytical errors that affect the test results in clinical chemistry laboratories. Sample
assessment with HIL index by spectrophotometry on an automated clinical chemistry analyzer
is a reliable and commonly used method. The aim of this study is to evaluate the hemolysis,
icterus, and lipemia effects in biochemical analysis using the Beckman Coulter AU5800
automated analyzer. The data, including semiquantitative and quantitative HIL indices and
biochemical values, were collected from June to December 2023. The difference in biochemical
values between HIL level (0) and other HIL index levels was compared. The correlation between
biochemical values and the quantitative HIL index was determined, and linear regression models
were generated to predict the clinically significant interference levels. Based on the HIL index
data, the maximum interference level was evaluated in the present study up to level (2+).
Clinically significant positive interference from hemolysis was detected for lactate dehydrogenase
(LDH) and aspartate aminotransferase (AST) at hemolysis index (HI) (1+), whereas clinically
significant negative interference was detected for total bilirubin (TB) at HI (2+). Moreover, AST
at lipemia index (LI) (2+) showed clinically significant positive interference from lipemia. No
clinically significant interference was detected for alanine aminotransferase (ALT), direct

bilirubin (DB), blood urea nitrogen (BUN), and magnesium up to HI (2+); cholesterol up to
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icterus index (II) (1+); and ALT up to LI (2+). In addition, the LDH linear regression model
predicted both the hemolysis interference level and interference cutoff, even at the minimal
hemolysis degree, HI level (0). Thus, the proper HIL index cutoff and interference level should
be evaluated and established in the clinical laboratories to guide sample and patient’s result

management for achieving patient safety.

Keywords: Interference, Hemolysis, Icterus, Lipemia, HIL index
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Tmienansaasiada HIL index v3edn¥enia
Ao serum indices Falavdrulnglsnanmsia
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MIANAUUEILUY 2 ANNYNINAYU (bichromatic
absorbance measurement) Falvinaninsiaia

O 10 5e19l5fau
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NUFBDONINNINIDAILAN
4 dow .

ANNeNATUNY sduuuMINeNuwa msmmua
cutoff UAZIAMUNATYONIUMITUAIUYDIATS
NAAdY serum indices HINANUMAINVAYUAL
wanensfuluudazguaa’ " wiilud a.q. 2012
Clinical and Laboratory Standards Institute
(CLSD) lauuzihuuimedmiunisadiauas
521U HIL index NMIANLHMISATDIIATIEN
daluid Ingmsdsziiumsasuui/asvesnanms
FATZINEINMIANATTUMIUNTEFUANU VNI
J Ao A 4 1 -

e q adludiurisewandin laun ensazaividon
(hemolysate) ’miﬁagﬁu ¥1i@ unconjugated
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1179 conjugated bilirubin uas MIALAYDUATU
l5fu (commercial lipid emulsion)'” a¢14ls
Amuvieslfiiansdiulvalaiioumnuaszédu
MITUMUMLAULDY D19LBINETDTIAAMIAU
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FUNMIUNNMILANVDILNALADALAY (hemolysis)
ANUMABA (icterus) wazANNYY (lipemia) Ao
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MIATZHAITIANIULAAMIULATDIATIZH
s a a aa VY a
daluiamainiiadiin Tagldveyanamsdsziiv
HIL index UazNamMIIATNLAIAUNITIANVD
Y 1 d' 1 a o’d’ 4 a va a aa
fMeglandainnzinresljiamsiaiaaiin
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Yaguazdisms
1. eraghanlslunmsansn
= z I = v (v
msaneniidumsAnenfoundauuuna
finU9 (retrospective cross-sectional study)
Tagifivdeyanansradianziveafihefidiy
M33ne ulsaneNNasITNANEAS RANNTE NS TA
dld a e Y] = =\ A o
NUNAATIVIATIZHIZAVATFIAN I UBATIUIU
2: Qy % d‘ a ¢ o a
9EU 9 MINATIU AIYLATDIILATIZHOA UNA
Beckman Coulter AU5800 luviheoiaiindtin

A

Nureslfiamsmatiamsunnd deudifou
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lgueu-funau WA 2566 faiilasamaidoil
1@5umMsSuseInnAMEZAIINAITISUFITNMITIVY
Tuau umMInendesssuman’ anInemans
(COE No.031/2566)

2. vayanlslumsanmn

dgnnsaniaennemnadeuihms
ANVINAMITUAIUINAMTUANYDILTIALADALAS
(hemolysis) ANUMABY (icterus) UATANNYY
. . ~ o X
(lipemia) TaodinuNAI

2.1 dlusmgmanadevnilavusnmsuu
(AIDINTINNATINEATUITA Beckman Coulter
AU5800 lisrumaiansviaieds ISE

2.2 emsnaasuianyaziiulaiu
9 £ ﬂ! 1 dy =) S
Yoladeniledellil fo 1) Hdeyamssuniu
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Y94 HIL MNHHAATASLAAINAMITUNIUNTZAY
HIL index ¥anatSinatissnviserinny (3+)
2) hidideyamssuniuves HIL Mndndauas
IS =

APNUNAMITUNIUNNMIAABIVES Akbas

U5 fisedy HIL index (3309150

uazAMy
% 1 A 1 IS4
UegNNHIBWIAY (3+) 3) HUBYAMITUNIUVBY
HIL 91nARGALANIIENUNANITIUNIUDIN
msfny1ves Akbas wazamz" fNszdy HIL
. A = M v Y a
index @anafTInarniveyaveIinan

NANUNRAINGN TNeMINAdaUNTINMS
= s X o =
aneiluaiail Usenoudis msAnMINANIS

I ) .
FUMUNAMIUANVDILLALABALAY (hemolysis)
lum3s3tA5124 alanine aminotransferase (ALT),
aspartate aminotransferase (AST), total
bilirubin (TB), direct bilirubin (DB), blood
urea nitrogen (BUN), lactate dehydrogenase
(LDH) uag magnesium MIANYINANIT
FSUMUNNANUMABY (icterus) lumIIanz
cholesterol way lipase MIANHINAMIIUAIU
NANNYY (lipemia) lumsIanszi ALT, AST
uaz lipase lngl¥oyanansrvszdvansyuailu
aeauazdoyas HIL index 1Bafafsanauas
A ; Aa % A4 a ¢ o wa
FfSina MeNehaIonIanzionludla
Beckman Coulter AU5800
I'd o k7% . . . .

LNUNNITAALYT  (inclusion criteria)
Toun wamsasdanzvszdvarsdiadiluy
weannaelusienisnadey ALT, AST,
TB, DB, BUN, cholesterol, LDH, lipase
uaz magnesium f3uAtABUAYIIBU-FUIIAN
N.f. 2566

inaEimsfneen (exclusion criteria)

1auA Wan1IATIVILATIEHIZAVAITHILANN

ISR

mmaﬂﬂ’jm%whﬁuquﬁ NANISASIVILATIS

g
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sEAUETAIANN lANanN15A59 HIL index
A = a a ¢
PN auazFafsing namsnsadnnsv
FLAUAITFIANNANANITATID HIL index
a = Ny & a t4
Farlsanadianuay waznanmInsIILAIILH
FLAUAITFIANNANANITATID HIL index
wdafounNuRalnAUeINIIATIZH HIL index

udedansraiiu

3. M3ANZH HIL index wazszauansdiLai
=
luiaen
Fadansvlsziandiutazwaranian
Y d'd QII a e s S 5!
dihenimsdienainnzvszdvanssuail lu
mboiadinatin nureslfidmsmatiamsunnd
o a ¢ YV 4‘ a & o wa
HaziNIsILATIZHAI8LATRIILATIZH O A TUTTA
Beckman Coulter AU5800 azla3vuns
Yszidiu HIL index lagdaluii@nndiedia
2 ad : y Lo
Fanvomsnadoun LIH ludumsuiidiegaa
¥V ]
gnivenadieten LIH Fadlesddsznoundnao
0.9% sodium chloride wazinMsgANAUUAIN
ANNYMAAY 6 ¥4 lauA ANNeAaY 410/
480 mlwuAs waz 600/800 MluNAT davsu
a I - .
msdsziiumsuanveaiin@oaun (hemolysis)
ANNYIAAU 480/570 N MUHAT LaE 600/800
a3 dmsumsysziiuanuwaes (icterus)
wazANNYIAAY  660/800 TuNAT dwiy
1] s ' . .5, 4 o
matszduaNNYY (lipemia)™ (ATBITNENUNA
HIL index wonilu hemolysis index (HI),
icterus index (II) «az lipemia index (LI)
Tugduvuidafasinaudaiy 6 szdy mu

Aszdy HIL index (Fal5unalaels cutoff

nawaamvua'® (Table 1) lagwa HIL index

LY

FanaSinasnenunieufunalnzissay

IS S ta' 1 2/1
MIradludedansatiu
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Table 1 Semiquantitative and quantitative cutoffs for HIL indices and corresponding concentrations of

hemoglobin (H index), bilirubin (I index), and Intralipid (L index) on the Beckman Coulter AU5800

analyzer, according to the manufacturer’s specifications.

Semiquantitative H index | index L index
scale Hemoglobin Cutoff Bilirubin Cutoff Intralipid Cutoff
(mg/dL) (mg/dL) (mg/dL)
0 <50 < 0.1700 <25 < 0.1100 <40 < 0.0150
1+ 50 - 99 0.1700 - 0.3499 25-49  0.1100 - 0.2099 40 - 99 0.0150 - 0.0399
2+ 100 - 199  0.3500 — 0.6999 50-99  0.2100 - 0.4299 100 - 199 0.0400 - 0.0799
3+ 200 -299  0.7000 - 0.9999 10-19.9  0.4300 - 0.8499 200 - 299 0.0800 - 0.1199
4+ 300 - 500 1.0000 - 1.6999 20 - 40 0.8500 - 1.6999 300 - 500 0.1200 - 0.1999
5+ > 500 > 1.7000 > 40 > 1.7000 > 500 > 0.2000

MIIANzHszduastiailuideondie
tn3eadnssisaludd@ Beckman Coulter
AU5800 meldmuuzivesindn Tngliihe
Sinnedimnzaumudermunvesinda el
1) ALT %dnms enzymatic UV method
Us#n pyridoxal phosphate euAILUzIN
999 International Federation of Clinical
Chemistry (IFCC) Famsganauudsii 340/660
wnluuas 2) AST wanms enzymatic UV
method 1317210 pyridoxal phosphate
aumuuzinuey IFCC ‘Eﬂmi@.ﬂnﬁuumﬁ
340/660 U ULHAT 3) TB vianm3 colorimetric
diazo method Iagld 3,5-dichlorophenyl
diazonium tetrafluoroborate (DPD) $IuAY
caffeine was surfactant 5’ﬂmiﬂ“ﬂﬂ§uum‘ﬁ
540/660 uuns 4) DB ¥idanms colorimetric
diazo method Tagl¥ 3,5-dichlorophenyl
diazonium tetrafluoroborate (DPD) Jam3
ﬂ“ﬂﬂauLLﬁ\‘iﬁ 570/660 ulluwuas 5) BUN

nanms enzymatic UV method Tagld urease

uay glutamate dehydrogenase ’J'Qmii@,ﬂﬂauum
#i 340/660 W TuLAT 6) cholesterol ¥#anM3
enzymatic colorimetric method Taoly
cholesterol oxidase (az peroxidase AT
ﬂvﬂnﬁuumﬁ 540/600 wlunas 7) LDH vidnms
enzymatic UV method eufuuzinved
IFCC ﬁ’ﬂmi@ﬂnﬁuuaaﬁ 340/660 wluuAT
8) lipase ¥dnM3 enzymatic colorimetric method
Tngls glycerol kinase, glycerol phosphate
oxidase uaz peroxidase ‘Eﬂmi@.ﬂnﬁuuﬁa‘ﬁ
540/800 wluuAs 9) magnesium WANMS
colorimetric method Iagld xylidyl blue
‘Eﬂmiqﬂﬂﬁuuﬁaﬁ 520/800 TuLNAT

4. 3MsAn

4.1 MSIUMIUIIANITUANVBILIIA
l@oauAs (hemolysis) ANUHMADY (icterus)
wazaNuYu (lipemia) AoNISILATITHAS

=~ =~
BILAN



ﬂ751/53!311![74?7ﬂﬁ:ﬁ’lllﬁ)‘lﬂﬂ‘lﬂlﬁﬂ"]lf)ﬂﬂﬂmflﬂllFN ATIMNASN LLZ?L’FITJ?JJ‘IIIJ
Wﬂflﬁ?lﬂﬂ:fﬁﬁﬁ"b’ﬂlﬂﬂ ﬂ?fllﬂiﬂd?!ﬂﬂ&‘!?’lfl@]?ﬂﬂﬁ?’”ﬂﬂﬂﬂﬁuﬂ

Jandudeyanansrvszdvasyiail
aud HIL index 13an91/3unas n’cjuﬁ 1
HIL index s¢@u (0) ndul 2 HIL index
32@U (1+) nduil 3 HIL index sy (2+4)
ﬂtjuﬁ 4 HIL index 32y (3+) Lm:ﬂtjuﬁ 5
HIL index 52dudaud (4+4) sl Lﬁmmﬂ%’ayja
szavansFadlundaznguimsuanualivngd
(non-normal distribution) LLﬂaQ‘i’fau”aﬁ/]ﬁ%

a7

Box-Cox transformation Wolva ayaﬁ g

wanwWn@ (normal distribution) wAINNTAN
outlier vaafeyanulaiudimeIsves Tukey'”
nnaEt 1.5 whed interquartile range (IQR)
1 o a % ¥ d‘ I
Pufumsdszidiuaie box plot Yeyaiilu
outlier 9zgmeanNAdeyafy NATURNITAN
. ¥ a A Z: k% ad A @ o q;
outlier lu¥ateyaduanATINIEITRLIRY 1
auneliny outlier mnm%’ayjamwﬁqmi

Mda outlier udm n < 251

1 o YV
azlihindeya
WIANAMIZAUAIFIANVOIUADTNGHLAA
v . . 4 L4 .
MMYMIABEFIY (median) FIIANNBDIUNTZAY
$oaz 95 (95% confidence interval) wa IQR
ANNUANAIIVBITTAVANIFIANUARZAGHUAR
Fromanuuanay (absolute difference, )
uaz¥osazAnuuAnma (% difference, % /\)
WevdvmisogIuvesnguiil HIL index (0)
fadumMs
Absolute difference = Median _-Median

™ 0)
Difference (%) = [(Medjan(N)—Medjan(O)) /Median(o)] x 100

(Y

Tagi Median Ao ABIFIUVDITZAUES

Fyadveanguidl HI, 11 w3e LI (1+) udull
Median
, (0)

FANveInauNN HI, I vise LI (0)

q

A

Ao AIBEFIUVBITEAUAT
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Anrnunliuanudsiusszrhan HIL
. a o s IS = 1] 1
index (BaSinafiuszduasyuaiutiamungs
94 HIL index FanadSinar Taelgumummn

Y k4

MINIZNY (scatter plot) UATUAAILTULUIITIN
WEAMUNGN

4.2 MITNYMITUAIUNNMIUANVD
I A . A .
tHALaaALAd (hemolysis) ANULYIABY (icterus)
uazANNYY (lipemia) AoMIIATILANITTIAN
Tagl¥duvuannasiFadu

IIudeyasTAUAITIUANN ENTINT
o as . k% 1 1 1 Y IS
Mda outlier udmnngu lagudaznguaedil
n = 25 AnvdeUANNENRUSITHIam HIL index
B9US A UTEA U TFUANA IS LN UNINATT
A52ANY (scatter plot) IATNzARANUEURUS T
Tagl% Pearson correlation UAIIATIZHEILLY
AAnoYLBEY (linear regression model) lag
AAAYDIUAY X TTNTNIAVUMIUVUAANDYLT
WWuAunaminMIganiy (acceptance limit) wang
M HIL index HadSinaiinumssuniuediad

o o

HedAgmaaatin

5. namimsgansulumsdssiunmssuniu
NNMIUANVBILIIALaALAd (hemolysis) AN
(A8 (icterus) wazANNYu (lipemia)
AIdemnruanamimsseniumssunI
MIANANLHIEAUANTFUAT (acceptance limit)
Tagl¥a allowable total analytlcal error (TEa)
mmnwa@mmmwﬂmsmﬁauuummmaﬂ@
Lmawuma"lﬂu (1) Clinical Laboratory
Improvement Amendments (CLIA) 2024 (2)
biological variation #3:#u desirable (BVd)
ng1udeyaves European Federation of
Clinical Chemistry and Laboratory Medicine
(EFLM) Biological Variation Database'>” 3)
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biological variation N5zdy desirable (BVad)

Y dvualvianu

] .
Nndoyaved Ricos uaznme
uANEINNIIAAT acceptance limit ¥393zAU
=) dd’d 1 a . . !
MIPIANNUAUAY  acceptance limit LUHAAIN
AMITUMUMIIATZNILFUANITIAT T U193

@ o W

HedhAgmaaatin

a <Y aa

6. MAANzAveaMIdna
NUINTeyaNeMIATIZAMIFAA
Taelsldsunsy Microsoft Excel 2021 was
Tsunsudn3agy SPSS version 25 1¥a@aiza
NWITUUT (descriptive statistic) Ltaﬂﬁagaﬁzﬁu
= S 1 o . 1 a‘ nll
MIFIANMemlsegIU (median) $19ANUFDITY
Nszavsesaz 95 (95% confidence interval)
uaz interquartile range (IQR) W3suinguanu

' o a = '

UANAIVRITTAUANIFIARULBNMUNGHVRI HIL
index AUSZAVENIBIANN HIL index (0) Tngls
ada Mann-Whitney U test Jiaszianudusiug
vp9A1 HIL index tBalSinauduszduansdiail
Tneld Pearson correlation wasfiuvvannee
13atdu (linear regression) WEAIFIIAINLTBITIU

N3zavdesas 95 InemilodAemaana p < 0.05

NaN15IVY

1. MISUMUNANMTULANYBILIALABALAY

(hemolysis) A@M3ILATIZH ALT, AST, TB,

DB, BUN, LDH wag magnesium
NAMSANEINITTUAIUINATITUANVDS

fiadeaunas (hemolysis) IasmsiIouiiiou

aufind Weagm uazpaw

ANHUANAIIVDITZAVATFIAN  WINANTZAD
hemolysis index (HI) FaRaSina duaaa
lu Table 2 wun ALT, AST, TB, DB, BUN
(18T magnesium ﬁ%’ayjaﬁlﬁmwa (n = 25) ¢id
mﬁmﬁ:ﬁwamisumuqqq@ﬁi:ﬁu HI (2+)
d1u LDH iieyaiiiivswerensdiansing
mﬁumuqqqﬂﬁi:ﬁu HI (1+) Wiy Taemy
ANYAUZYBIMITUMUETIVINIUMINAGeY ALT,
AST, LDH (ag magnesium (asWUaNyMULAs
sumudarlumsnagey TB waz DB Tagiihi
WUMITUMUBNHTTsdAymadna lumsnageu
BUN aufeszay HI (2+) RatmuaNuuAnd
¥9332AU ALT, DB 1az magnesium fiszdu
HI (1+) waz HI (2+) aglugramamssuniu
fvensuly (acceptance limit) WUANUAIY
UANEU093zAY AST waz LDH qan’juﬂmcﬁ
MsvenFuGIndsEAY HI (1+) Faviadoq
nemsnadevlifideyamssuniunnmsuanves
iatieauas (hemolysis) NNANGA druszdy
w94 TB anasfmniinamimsyeniuiszdu HI
2+) vonnNiiHam AR wnItn Ui
serdea HI BatSinaiussavanssiaiiuia
mMunguved HI FafaBinaudaanadenndos
AUsEFURNLMITUNIUNAMIUARYRASiaLEon
AN (hemolysis) “lu‘iqﬂﬁwmimaau (Fig. 1)
sniumInagey LDH fmuidunn ez
mis'fnLﬂﬁLﬁuqq%uaanuaﬂmauLﬁusﬂmiﬂau%"u

fauaszau HI (0)
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Table 2 Hemolysis interference on seven biochemical parameters determined by the Beckman Coulter
AU5800 analyzer.
Analyte HI Number of Number of Median (95% Cl) IQR A % A Acceptance Source of HITD
(unit) patient results patient from from criteria acceptance (criteria)
(%) results after HI (0)° HI(0)° criteria
outlier
removal (%)
ALT 0 40,579 (97.66) 33,994 (97.993) 19.15 (19.01 - 19.30) 13.89  0.00 0.0 +6 UL CLIA 2024 4t
(n) 1+ 755 (1.82) 583 (1.68) 21.26 (20.05 - 22.65°  14.97  2.11 11.0 (<10%
2+ 183 (0.44) 136 (0.39) 23.06 (20.13 - 25.48°  14.66  3.91 18.4 or
3+ 21 (0.05) ND N/A N/A N/A N/A 6 U/L)
>4+ 11 (0.03) ND N/A N/A N/A N/A
AST 0 36,516 (97.55) 29,056 (98.00) 24.99 (24.89 - 25.08) 10.00  0.00 0.0 +6 UL CLIA 2024 N/A
() 1+ 710 (1.90) 473 (1.59) 32.23 (30.89 - 32.95)° 1143  7.24 29.0
2+ 176 (0.47) 121 (0.41) 36.61 (34.95 — 40.15)° 15670 11.62 465
3+ 19 (0.05) ND N/A N/A N/A N/A
>4+ 12 (0.03) ND N/A N/A N/A N/A
Total 0 18,130 (97.62) 15,083 (98.15) 0.60 (0.59 - 0.60) 030 0.0 0.0 +27% BVd (Ricos) 1+
bilirubin 1+ 348 (1.87) 234 (1.52) 0.47 (0.43 - 0.50)° 037 013 217 (<10%)
(mg/dL) 2+ 80 (0.43) 51 (0.33) 0.37 (0.26 - 0.52)° 036  -0.23 -38.33
3+ 14 (0.08) ND N/A N/A N/A N/A
>4+ 0 (0.00) ND N/A N/A N/A N/A
Direct 0 25,727 (97.29) 21,023 (97.78) 0.12 (0.12 - 0.12) 0.09 0.00 0.0 + 44.5% BVd (Ricos) N/A
bilirubin 1+ 556 (2.10) 388 (1.80) 0.10 (0.10 - 0.11)? 008 -0.02 -16.7
(mg/dL) 2+ 134 (0.51) 90 (0.42) 0.09 (0.08 - 0.09) 006  -0.03 -25.00
3+ 15 (0.06) ND N/A N/A N/A N/A
>4+ 11 (0.04) ND N/A N/A N/A N/A
BUN 0 40,740 (97.51) 32,732 (97.79) 14.11 (14.04 - 14.19) 7.09 0.0 0.0 +16.9%  BVd (EFLM) 3+
(mg/dL) 1+ 796 (1.91) 572 (1.71) 14.26 (13.75 - 14.83) 725 015 1.1 (<10%)
2+ 202 (0.48) 152 (0.45) 14.17 (12.65 - 15.64) 8.40 0.06 0.4
3+ 30 (0.07) 15 (0.05) ND ND N/A N/A
>4+ 11 (0.023) ND N/A N/A N/A N/A
LDH 0 1,901 (97.09) 1,545 (98.16)  207.97 (203.32 - 212.77) 8721  0.00 0.0 +15% CLIA 2024 N/A
() 1+ 36 (1.84) 29 (1.84) 356.83 (279.67 - 550.94 2921 14886  71.6
2+ 15 (0.77) ND N/A N/A N/A N/A
3+ 2(0.10) ND N/A N/A N/A N/A
>4+ 4 (0.20) ND N/A N/A N/A N/A
Magne- 0 8,842 (96.69) 8,334 (96.95) 2.00 (1.99 - 2.01) 037 0.0 0.0 +15% CLIA 2024 2+
sium 1+ 228 (2.49) 203 (2.36) 2.05 (1.98 - 2.137 046  0.05 25 (<10%
(mg/dL) 2+ 62 (0.68) 59 (0.69) 2.02 (1.92 - 2.1) 053 002 1.0 or 0.29
3+ 8 (0.09) ND N/A N/A N/A N/A mg/dL)
>4+ 5 (0.05) ND N/A N/A N/A N/A

BVd, desirable biological variation; HI, hemolysis index; HITD, hemolysis index from the manufacturer’s

technical document; N/A, not applicable; ND, not determined

@ Statistically significant difference in biochemical level compared to hemolysis index (0), p < 0.05.

® Bold values for A from HI (0) or % A from HI (0) represent detected interference greater than

acceptance limit, clinically significant difference.
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Fig. 1 Scatter plots showing the relationship between the biochemical levels and the quantitative
hemolysis index (HI) of ALT (A), AST (B), TB (C), DB (D), BUN (E), LDH (F), and magnesium (G).
Acceptance limits were calculated from the median biochemical level in HI (0) based on
acceptance criteria. The trend lines of each group of semiquantitative HI shown as black dashed
lines and the acceptance limits indicated as solid grey lines.
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2. MSTUMUINANNLHABY (icterus) ABMS
315121 cholesterol way lipase
NAMIIANEIAITIUAIUIINANNLHA DY
. | = 1
(icterus) ImsmsilSeuinouanuuanaA19ve9
SLAUASIIAN UONMINTZAY icterus index
(ID) Fenesina daudaaly Table 3 wumh
cholesterol uwae lipase ﬁ%’auﬂaﬁtﬁmwa (n 2
25) demaAzENaMITUNIUGIgaNsziy 11
Vv
(1+) vhifu lngnudnyazvoamssunudauluy
msnaday cholesterol ua lHWUMITUNIUDE
ao e aa ) 4.
WledhAgnadaalumnadeu lipase Nszay 11

(14) NIUNUANNUANAIUBITZAY cholesterol
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Nzdy I (1+) teudy I (0) sgluriana
4 uwmw .

Mysununeeniula (acceptance limit)

] I~ = k4 s a I'4
ag19lsAmu MnRam AR THNANUENTUS

1 1 a o s IS IS ]
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Table 3 Icteric interference on two biochemical parameters determined by the Beckman Coulter

AU5800 analyzer.

Analyte 1l Number of Number of Median (95% Cl) IQR A % A Acceptance  Source of IITD
(unit) patient patient from  from criteria acceptance (criteria)
results (%) results after 1@ 1() criteria
outlier
removal (%)
Cholesterol 0 30,024 (99.61) 29,339 (99.68) 176.52 (175.86 — 177.24)  59.63  0.00 0.0 + 10% CLIA 2024 2+
(mg/dL) 1+ 95 (0.31) 94 (0.32) 163.94 (146.36 - 177.79° 8659 -12.6  -7.1 (<10%
2+ 15 (0.05) ND ND N/A N/A N/A or
3+ 6 (0.02) ND N/A N/A N/A N/A 2513
>4+ 2 (0.01) ND N/A N/A N/A N/A mg/dL)
Lipase 0 703 (87.22) 568 (90.45) 20.93 (18.79 — 22.45) 21.33  0.00 0.0 + 37.9% BVd (Ricos) 3+
(UL) 1+ 52 (6.45) 36 (6.73) 23.26 (19.39 - 36.26) 2516 2.33 1141 (<10%
2+ 28 (3.48) 24 (3.82) ND ND N/A N/A or
3+ 18 (2.23) ND N/A N/A N/A N/A 5.7 UL
24+ 5 (0.62) ND N/A N/A N/A N/A

BVd, desirable biological variation; II, icterus index; IITD, icterus index from the manufacturer’s technical

document; N/A, not applicable; ND, not determined

@ Statistically significant difference in biochemical level compared to icterus index (0), p < 0.05.
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Fig. 2 Scatter plots showing the relationship between the biochemical levels and the quantitative

icterus index (Il) of cholesterol (A) and lipase (B). Acceptance limits were calculated from the

median biochemical level in Il (0) based on acceptance criteria. The trend lines of each group

of semiquantitative Il shown as black dashed lines and the acceptance limits indicated as solid

grey lines.
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iledanziinuunanaeySudy (linear
regression model) 3¥%313961 HIL index
Falsnasumszdumssuailifierinessduy
994 HIL index uaz cutoff RMWUAITUAIY
agedidedidymaenaiin (Table 5) wWums
nagoviifianulidenIsuAIUNAMIUANYEA
indeauas (hemolysis) lﬂﬂﬁf,jﬂ fia LDH
fiszéiu HI (0) cutoff 0.0393 (Fig. 4, F)
s99093n A9 AST #iszdy HI (1+) (Fig. 4, B)
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ALT waz TB fis¥éu HI (24) (Fig. 4, A, C)
DB ua magnesium n3zfiu HI (3+) (Fig.
4, D, G) waz BUN fiszdiu HI (4+) (Fig.
4, E) MInaaey cholesterol WUNITIUNIU
NAANUIMADS (icterus) Rszdy 11 (14) (Fig.
4, H) msnedoy ALT waz AST wunssuniu
NNANUYY (lipemia) fisvdy LI (14) uaz LI
(2+) (Fig. 4, 1, J)

Table 4 Lipemic interference on three biochemical parameters determined by the Beckman Coulter

AU5800 analyzer.

Analyte LI Number of Number of Median (95% Cl) IQR A % A Acceptance  Source of L
(unit) patient results  patient results from from criteria acceptance (criteria)
(%) after outlier LI (0)" LI (0) criteria
removal (%)
ALT 0 44,060 (98.524) 36,991 (98.62)  19.03 (18.89 — 19.16)  13.64  0.00 0.0 +6 UL CLIA 2024 4+
(UL T+ 589 (1.317) 469 (1.25) 21.87 (20.67 - 23.22* 17.05  2.84 14.9 (<8% or
2+ 61 (0.137) 48 (0.13) 24.74 (18.33 - 28.95° 1675  5.71 26.1 6 U/L)
3+ 9 (0.020) ND N/A N/A N/A N/A
>4+ 1(0.002) ND N/A N/A N/A N/A
AST 0 39,555 (98.415) 31,557 (98.52)  24.95 (24.86 - 25.04) 9.99 0.00 0.0 + 6 UL CLIA 2024 4+
(U/L) 1+ 570 (1.418) 428 (1.34) 26.98 (26.13 - 27.86° 12.27  2.03 8.1 (<5%)
2+ 58 (0.144) 46 (0.14) 33.49 (26.88 - 40.70)"  22.77  8.54 34.2
3+ 8 (0.020) ND N/A N/A N/A N/A
24+ 1 (0.003) ND N/A N/A N/A N/A
Lipase 0 758 (97.81) 596 (100.00) 20.93 (19.24 - 22.42) 21.54  0.00 0.0 + 37.9% BVd (Ricos) 4+
(U 1+ 16 (2.06) ND N/A N/A N/A N/A (<10% or
2+ 1(0.13) ND N/A N/A N/A N/A 5.7 UL)
3+ 0 (0.00) ND N/A N/A N/A N/A
>4+ 0 (0.00) ND N/A N/A N/A N/A

BVd, desirable biological variation; LI, lipemia index; I_ITD, lipemia index from the manufacturer’s

technical document; N/A, not applicable; ND, not determined

@ Statistically significant difference in biochemical level compared to lipemia index (0), p < 0.05.

® Bold value for A from LI (0) represents detected interference greater than acceptance limit, clinically

significant difference.
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Fig. 3 Scatter plots showing the relationship between the biochemical levels and the quantitative

lipemia index (LI) of ALT (A) and AST (B). Acceptance limits were calculated from the median

biochemical level in LI (0) based on acceptance criteria. The trend lines of each group of

semiquantitative LI shown as black dashed lines and the acceptance limits indicated as solid

grey lines.

Table 5 Pearson correlation and linear regression analysis of quantitative HIL index and biochemical

level.
Analyte Quantitative =~ Number Pearson P 7 Mathematical HIL index cutoff for clinically significant
(unit) HIL index of correlation  value relationship difference
patient  coefficient Semi-quantitative Quantitative
results
ALT (U/L) HI 34,713 0.059 <0.001 0.003 12.610x + 20.730 HI (2+) 0.4758
LI 37,508 0.068 <0.001  0.005 192.566x + LI (1+4) 0.0312
20.350
AST (U/L) HI 29,650 0.205 <0.001 0.042  32.785x + 25.231 HI (1+) 0.1830
LI 32,031 0.064 <0.001  0.004 130.787x + LI (2+) 0.0459
25.731
Total HI 15,368 -0.098 <0.001  0.010 -0.470x + 0.645 HI (2+) 0.3705
bilirubin

(mg/dL)
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Table 5 Pearson correlation and linear regression analysis of quantitative HIL index and biochemical

level. (Cont.)
Analyte Quantitative =~ Number Pearson P I Mathematical HIL index cutoff for clinically significant
(unit) HIL index of correlation  value relationship difference
patient  coefficient Semi-quantitative Quantitative
results
Direct HI 21,501 -0.057 <0.001 0.003 -0.076x + 0.128 HI (3+) 0.7495
bilirubin
(mg/dL)
BUN HI 33,456 0.015 0.006  0.0002 1.603x + 14.834 HI (4+) 1.5639
(mg/dL)
Cholesterol Il 29,433 0.133 <0.001 0.018 364.018x + I (1+) 0.0455
(mg/dL) 165.639
LDH (U/L) HI 1,574 0.384 <0.001 0.147 761.399x + HI (0) 0.0393
199.602
Lipase Il 604 0.031 0.451 - No significant N/A N/A
(UL correlation
Magnesium HI 8,596 0.078 <0.001 0.006 0.391x + 1.984 HI (3+) 0.7611
(mg/dL)

HI, hemolysis index; Il, icterus index; LI, lipemia index; N/A, not applicable
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Fig. 4 Linear regression analysis of the biochemical levels and the quantitative serum indices.
Hemolysis index (HI); ALT (A), AST (B), TB (C), DB (D), BUN (E), LDH (F), and magnesium (G).
Icterus index (Il); cholesterol (H). Lipemia index (LI); ALT (I) and AST (J). Solid black lines show

linear regression lines with a 95% confidence interval (dashed lines). Acceptance limits were

calculated from the constant of the linear regression model based on acceptance criteria. The

upper acceptance limit (UAL) and lower acceptance limit (LAL) were indicated as red dashed

lines.

Table 6 Hemolysis and lipemic interference thresholds comparing HIL index obtained from the

manufacturer and HIL index determined in this study for seven biochemical parameters

determined by the Beckman Coulter AU5800 analyzer.

Analyte (unit) HIL index HIL index thresholds from HIL index thresholds for clinically
manufacturer significant difference
Semi-quantitative Acceptance Semi-quantitative Acceptance
HIL index criteria HIL index criteria
ALT (U/L) HI 4+ <10% or 6 U/L 24° <6 U/L
L 4t <3% or 6 U/L 14°
AST (U/L) HI N/A N/A 148 <6 U/L
L 4+ <5% 242
Total bilirubin HI 1+ <10% 248 <27%
(mg/dL)
Direct bilirubin HI N/A N/A 3+° <44.5%
(mg/dL)
BUN (mg/dL) HI 3+ <10% 44° <16.9%
LDH (U/L) HI N/A N/A o° <15%
Magnesium HI 2+ <10% or 0.29 3+° <15%
(mg/dL) mg/dL

HI, hemolysis index; Il, icterus index; LI, lipemia index; N/A, not applicable

@ Clinically significant difference in biochemical level compared to HIL index (0)

. Clinically significant difference in biochemical level predicted by the linear regression model
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Abstract

Automated fecal analyzers have been employed in many laboratories in Thailand due to
advances in artificial technology, the advancement of concentration technique, and the need to
lean laboratory process while maintaining testing efficiency. However, the laboratory must
evaluate the performance of the fecal analyzer before implementation. This study evaluated the
effectiveness of automated fecal analyzer ORIENTER FA280 in terms of process reduction of
processing steps, and performance for red blood cells, white blood cells, yeast cells, and occult
blood test. A total of 300 samples were collected for the comparison between ORIENTER FA 280
and normal saline simple smear. For occult blood test, 61 samples were used for comparison
with Rapid Fecal Occult Blood Test Card (Boson Biotech). The results demonstrated that the
utilization of the ORIENTER FA280 could minimize the specimen processing from 8 to 3 steps.
The Cohen’s kappa agreement for red blood cells, white blood cells, and yeast cells ranged
between 0.37 and 0.45 when compared to normal saline simple smear technique, indicating
moderate agreement. This is owing to the enhanced detection intensity of ORIENTER FA280.
Nonetheless, the difference was only one level higher, which was acceptable for qualitative
detection. The agreement between ORIENTER FA280 and simple smear technique for parasite
identification, as well as the agreement between ORIENTER FA 280 and Boson Biotech for occult
blood test, were almost comparative (Cohen’s kappa agreement scores were 0.82 and 0.93,
respectively). On the other hand, ORIENTER FA280 provided better performance for larva and
protozoa identification. In conclusion, the automated fecal analyzer ORIENTER FA280

*Corresponding author E-mail address: anucna@kku.ac.th, prasong.kha@mahidol.ac.th
Received: 4 January 2024 Revised: 21 March 2024 Accepted: 27 March 2024
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demonstrated several advantages both for process reduction as well as fecal sediment
examination. Still, to get the most out of this technology, continuous verification should be

performed by the laboratory.

Keywords: Stool examination, Fecal analyzer, Performance evaluation, Occult blood test
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Yellow-Soft stool Yellow-Soft stool

.

FOB:Negative FOB:Positive

Fig. 1 Photos taken by automated fecal analyzer OREINTER FA280 for physical examination of fecal

specimen and occult blood test.

A. Conventional methods
Normal saline simple smear technique

il\\ |
|
|
|

Occult blood test strip

Sample

B. ORIENTER FA280

Characteristc

Parasite (Stool) NotFound
RBC (Stool) 12
WBC (Stool) o1
|
3Report result

Fig. 2 Workflow of fecal examination process and occult blood testing by conventional method (A), and
automated fecal analyzer ORIENTER FA280 (B).
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agdlsfimuniensisazneugInszdaluide: ashlfienanudseunes Faanudnsaly

aanylunesuazlisladinnnn @135 NSS  mstaasulmla

Table 1 The comparison of RBC detected by simple smear technique and ORIENTER FA280.

NSS
RBC
Not found Found Total
Not found 288 1 289
FA280 Found 8 3 11

Total 296 4 300
PPA| 75.0%
NPA| 97.3%
% overall agreement 97.0%

Kappa 0.39

Table 2 The comparison of WBC, detected by simple smear technique and ORIENTER FA280.

NSS
WBC
Not found Found Total
Not found 290 1 291
FA280 | Found 6 3 9

Total 296 4 300
PPA| 75.0%
NPA| 98.0%
% overall agreement 97.7%

Kappa 0.45
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Table 3 The comparison of yeast detected by simple smear technique and ORIENTER FA280.

NSS
Yeast
Not found Found Total
Not found 237 0 237
FA280 Found 46 17 63

Total 283 17 300
PPA 100%
NPA 83.7%
% overall agreement 84.7%

Kappa 0.37

Table 4 Types and frequencies of parasites detected by simple smear technique and ORIENTER FA280.

Parasite

Found both

NSS only

FA280 only

Not found
both

Opisthorchis viverrini egg

Minute intestinal fluke egg

Strongyloides stercoralis rhabditiform larva

Trichomonas spp. trophozoite

Giardia lamblia cyst

Endolimax nana cyst

Blastocystis hominis vacuolated form

14

Chilomestix mesnili cyst

Not found

276

‘A specimen from each of these groups were detected together with Blastocystis homonis

vacuolated form.
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Table 5 The comparison of parasite detected by simple smear technique and ORIENTER FA280.

NSS
Parasite
Not found Found Total
Not found 276 1 277
FA280 Found 6 17 23

Total 282 18 300
PPA| 94.4%
NPA 97.9%
% overall agreement 97.7%

Kappa 0.82

3. msuSsuisunanisasivtasauedaly
9915¢ swiwgmwmaan Boson Biotech wag
(A399A3IVALNOUYVVI52 97 Ludif ORIENTER
3 FA280
= YV
wamsulSeueunNudonndodusIna
miandeaudilugans: sznilganadoy

Boson Biotech 4AziAIBIATINAZNOUGINTY

daluli@ ORIENTER 3u FA280 wudilden

Kappa = 0.93 ugasnisdesis linadenndoaniu
A o [ d‘ L4

nn Tagdideganvinauinnnyanagey Boson

Biotech #ghatAgn 1 fnvea wazlvinauinan

LATBINTIVAZNDURINITEALUIANE0E19AY)

1 Mg fdaudnaly Table 6

Table 6 The comparison of occult blood tested by Rapid Occult Blood Test Card (Boson Biotech) and

ORIENTER FA280.

Boson Biotech
Occult blood

Negative Positive Total

Negative 35 1 36

FA280 Positive 1 24 25

Total 36 25 61
PPA| 96.0%
NPA| 97.2%
% overall agreement 96.7%

Kappa 0.93
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The Application of Geographic Information System (GIS)
for Finding the Risk Area of Dengue Virus Infection

Chanon Naijitra>k

Medical Technology Laboratory, Thammasat University Hospital,

Pathum Thani Province, Thailand

Abstract

Dengue fever (DF) and Dengue hemorrhagic fever (DHF) are the main problems of
worldwide public health caused by the Dengue virus (DENV). The most effective way to control
the disease is to destroy the Aedes mosquito’s habitat by using the DF and DHF data in the
community. In Thailand, dengue fever and dengue hemorrhagic fever is a disease that must be
reported for monitoring and outbreak control. However, some people are misdiagnosed as DENV
infection following the Department of Medical Services guidelines. So, the objectives of this study
are to find the land use that poses a risk of being infected by Dengue virus and to analyze the
relationship between the type of land use and the DENV infection rate. This study is a retrospec-
tive study evaluating the DENYV screening test results of Thammasat University Hospital between
2017 and 2022 and Pathum Thani Province land use data year 2021 of the Department of Land
Development. The data of people who do not have addresses in Pathum Thani Province were
excluded. The geographic information system (GIS) was used to analyze the data. The Pearson
correlation tested the correlation between DENV infection rate and land use. The result
illustrated that the urban area has the highest number of DENV screenings, and the agricultural area
has the highest infection rate, in terms of the correlation, land use that has correlated with
infection rate is integrated farm/diversified farm (r = 0.2584, p-value = 0.0462), and mine/pit
(r = 0.4495, p-value = 0.0003), respectively. The study concluded that the GIS and medical
laboratory results can be integrated to analyze the high-risk areas of DENV infection outbreaks
and used as supporting data for disease control, prevention, and multidisciplinary health

management policy.
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Table 1 The number of DENV screening tests in Thammasat University Hospital between 2017 and

2022.
Year
2017 2018 2019 2020 2021 2022
The total number of DENV screening (time) 534 1226 1140 700 200 435

The number of DENV-screened positive

DENV positive rate

156 513 335 208 46 133

029 042 029 030 023 0.31
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Efficiency of Rapid Brilliant Cresyl Blue Staining for
Detecting Hemoglobin H Inclusion Bodies
in Red Blood Cells
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Abstract

Hemoglobin H disease can be diagnosed by the identification of hemoglobin (Hb) H
inclusion in red blood cells; however, a long incubation period of the blood-dye mixture is
required for the testing procedure. The objective of this study was to investigate the impact of
shortening the Brilliant cresyl blue staining duration on the ability to identify HbH inclusion
bodies in red blood cells. Blood samples were collected from 28 HbH disease patients and 30
healthy individuals. Hemoglobin typing was conducted by using HPLC. Incubation of the blood
with Brilliant cresyl blue at 37°C for 30 and 120 minutes were set up for the detection of HbH
inclusion bodies. Paired student’s #-test were utilized to assess the reliability of the test results
and the variances in the number of HbH inclusion bodies. There were no HbH inclusion bodies
found in the healthy control bloods. Conversely, the HbH inclusion bodies were detected in all
HbH disease samples at the incubation times of 30 and 120 minutes. The quantities of HbH
inclusion bodies at 30- and 120-minute incubation times were 43.7 * 23.6 and 39.9 * 22.1,
respectively. There was no statistical significance in both incubation times (p < 0.05). These
reveal significant amounts of HbH inclusion bodies detected following 30 minutes staining.
Therefore, the identification of HbH inclusion elements using this 30 minutes staining method

could facilitate a better turnaround time.

Keywords: Hemoglobin H inclusion, Red blood cell, HbH disease, Alpha globin gene
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Table 3 The results of HbH inclusion bodies examined in 30 healthy individuals and 28 HbH disease

patients by three professional medical technologists.

Sample group (N)

Incubation time (30 mins)

Incubation time (120 mins)

Present Absent Present Absent
MT 1 0 30 0 30
Normal (30) MT 2 0 30 0 30
MT 3 0 30 0 30
MT 1 28 0 28 0
HbH (gigs)ease MT 2 28 0 28 0
MT 3 28 0 28 0

Hb: Hemoglobin; MT: Medical technologist
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Table 4 The percentage of red blood cells containing inclusion bodies obtained from 30 mins and

120 mins incubation time of 28 HbH disease patients.

Incubation time (30 mins) Incubation time (120 mins)
Sample no.

Mean SD Min - Max Mean SD Min - Max
1 43.76 11.40 33.72 - 56.15 39.29 8.21 32.72 - 48.50
2 39.03 2.72 36.21 — 41.64 40.66 5.34 34.63 - 44.81
3 32.24 10.39 24.49 - 44.05 34.95 8.13 29.44 — 44.29
4 22.43 14.39 10.96 - 38.58 14.51 2.47 12.40 - 17.22
5 32.00 3.60 29.34 - 36.09 28.77 3.73 25.14 - 32.60
6 15.28 6.92 8.13 -21.95 14.96 6.41 7.78 - 20.11
7 10.57 2.13 8.86 — 12.96 10.26 4.34 5.25 - 12.76
8 53.58 5.83 47.05 - 58.24 42.42 18.31 21.29 - 53.69
9 22.72 3.66 19.35 - 26.61 20.71 1.59 18.96 - 22.08
10 4414 213 41.68 - 45.45 34.77 8.82 25.00 - 42.15
11 71.84 3.12 69.50 — 75.38 66.54 14.79 49.63 - 77.02
12 21.54 2.90 19.18 — 24.78 19.81 1.52 18.05 - 20.69
13 41.07 3.75 36.77 - 43.64 43.36 1.17 42.53 - 44.70
14 37.12 3.95 32.78 - 40.52 30.63 1.24 29.37 - 31.84
15 14.38 1.22 13.21 - 15.65 14.42 0.88 13.41 - 15.00
16 65.88 0.54 65.25 - 66.23 55.98 1.14 55.00 - 57.23
17 36.16 1.60 34.95 - 37.97 28.08 1.27 26.96 - 29.46
18 16.50 3.28 13.50 - 20.00 14.01 1.938 12.40 - 16.15
19 5.30 1.25 4.49 - 6.74 4.95 0.91 4.25 -5.98
20 80.19 1.88 78.08 - 81.67 72.97 15.36 55.50 - 84.35
21 49.88 6.39 42.63 - 54.71 53.62 4.68 50.45 - 58.99
22 70.04 1.67 68.70 — 71.91 65.32 1.67 63.61 - 66.94
23 74.89 0.89 73.88 - 75.55 70.71 1.47 69.25 - 72.18
24 31.42 1.62 30.19 - 33.25 25.71 2.98 23.48 - 29.09
25 80.01 1.09 78.84 - 81.01 75.82 0.92 74.93 - 76.76
26 60.57 2.23 58.13 - 62.50 57.03 1.17 55.85 - 58.18
27 78.92 1.49 77.20 - 79.83 67.27 2.86 64.04 - 69.49
28 71.99 1.18 70.73 — 73.08 69.62 2.49 67.60 — 72.40
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Table 5 Percentage of red blood cells containing inclusion bodies. Data are presented as mean + SD

and min - max.

Group (N) 30 mins 120 mins p-value
Normal (30) 0 0 -
43.70 + 23.55 39.90 + 22.06 0.000
Total HbH disease (28)
(5.30 — 80.19) (4.95 - 75.82)
32.92 + 18.16 29.42 + 16.26 0.002
HbH (19)
(56.30 — 71.84) (4.95 - 66.54)
66.44 + 16.51 62.01 = 15.40 0.012
HbH-CS (9)
(31.42 - 80.19) (25.71 - 75.82)
p-value 0.000° 0.000°

*compared HbH with HbH-CS

Hb A o;;)

Fig. 1 Representative HPLC-chromatograms of healthy subjects (A),

Hb A, o3;)

disease (C).

Hb A (0,,)

Hb H(By)

Hb A, (a;8,)

Hb A (c;p,)

Hb A, (;3;)

MZ)

HbH disease (B) and HbH-CS
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Fig. 2 Peripheral blood stained with 1% Brilliant cresyl blue in healthy subjects. Blood smears prepared
after 30 min and 120 min of incubation time were illustrated in A and B, respectively. The red
arrow indicates the leakage of hemoglobin, visible as faintly blue-stained erythrocytes.
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Fig. 3 Peripheral blood stained with 1% Brilliant cresyl blue in HbH disease samples. (A) demonstrated

blood smears prepared after 30 min of incubation time. (B) demonstrated blood smears prepared
after 120 min of incubation time. The black arrow indicates a ‘golf ball’-like RBC containing an
HbH inclusion body appearance compared with the surrounding normal red blood cells. The
blue arrow indicates reticulocyte containing HoH inclusion body. The red arrow indicates the
leakage of hemoglobin, visible as faintly blue-stained erythrocytes.
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Fig. 4 Peripheral blood stained with 1% Birilliant cresyl blue in HoH-CS disease cases. (A) and (B)
demonstrated blood smear prepared after 30 min and 120 min of incubation time, respectively.
The black arrow indicates a ‘golf ball’-like RBC containing an HbH inclusion. The blue arrow

indicates reticulocyte containing HbH inclusion body. The red arrow indicates the leakage of
hemoglobin in golf ball-like RBC, visible as faintly blue-stained.
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