
Microchemical Journal 205 (2024) 111144

Available online 10 July 2024
0026-265X/© 2024 Elsevier B.V. All rights are reserved, including those for text and data mining, AI training, and similar technologies.

Comparative study for purity assessment of recombinant human growth
hormone using mass balance approach and amino acid-based isotope
dilution mass spectrometry

Jiahui Li a, Jingkang Li a, Haihong He b, Ming Li b,*, Pinyi Ma a, Daqian Song a, Qiang Fei a,*

a College of Chemistry, Jilin Province Research Center for Engineering and Technology of Spectral Analytical Instruments, Jilin University, Qianjin Street 2699,
Changchun 130012, China
b Division of Chemical Metrology and Analytical Science, National Institute of Metrology, Beijing 100029, China

A R T I C L E I N F O

Keywords:
Human growth hormone
Isotope dilution mass spectrometry
Mass balance approach
Purity assessment

A B S T R A C T

Growth hormone plays an unreplaceable role in regulating human growth and promoting protein synthesis, etc.
For this reason, accurate quantification of its purity has become a focus of attention in the pharmaceutical in-
dustry and medical research. Herein, the purity assessment of human growth hormone (hGH) was established on
the basis of mass balance approach and amino acid (AA)-based isotope dilution mass spectrometry (IDMS). In the
first method, hGH purity was quantified by the determination of all the impurities in a hGH study material. In the
second method, hGH purity was assessed by quantifying hydrolyzed AAs, e.g. leucine (Leu), phenylalanine (Phe),
and proline (Pro). To accurately quantify these AAs, the corresponding isotope-labeled AAs were used as internal
standards using high-performance liquid chromatography- mass spectrometry (HPLC-MS). The results of the two
methods for determining the purity of hGH were consistent, with the mass balance method giving a result of
(0.352 ± 0.010) g/g and IDMS a result of (0.363 ± 0.028) g/g. The work in this study could give a benefit for
protein quantification and provides a reference for the development of hGH certified reference materials.

1. Introduction

Human growth hormone (hGH), which consists of 191 amino acids
(AAs), is an important peptide hormone secreted by the somatotrophs
located in anterior pituitary gland [1]. hGH plays a key role in human
growth and development [2]. It is clinically used in the treatment of
short stature in children with growth hormone deficiency, acute
necrotizing pancreatitis, burns, sepsis and other diseases [3]. The advent
of recombinant technology has enabled the production of hGH through
recombinant technology. The extensive range of biological functions
exhibited by hGH has led to its extensive utilization in a multitude of
applications. In most countries, growth hormone is only legally avail-
able as a prescription drug, however, the efficacy and safety of hGH have
not been established in clinical trials [4]. Improper use of hGH could
cause adverse results, such as acromegaly, diabetes, high blood pressure,
liver damage and heart problems [5]. Therefore, the accurate quantifi-
cation of hGH has important clinical significance and attracted more and
more attention from the world.

Accurate and comparable measurements of proteins can support

diagnosis, prognosis, monitoring and treatment of diseases. To date,
measurement methods for proteins include ultraviolet (UV) absorption
method [6], colorimetric methods [7], fluorescence-based assay [8],
enzyme-linked immunosorbent assay [9], mass spectrometry [10], etc.
Among these methods, instrumental methods of analysis are often high
accurate and repeatable, but the analytical process is very time-
consuming [11]. In addition, biological methods have disadvantages
such as antibody specificity differences, matrix disturbances, and false-
positive results, making the accuracy of clinical results uncertain [12].
Above all, the analytical results from different methods are usually
inconsistent. Therefore, development of comparable protein quantifi-
cation methods is highly required.

Mass balance method has been proved to be a high precious method
for the quantification of main component in high purity material, in
which the content of moisture, ash, volatile components, inorganic el-
ements, and other impurities are deducted from 100 %. Then the purity
of the substance is determined according to mass fraction of the main
components in the sample [13,14]. Mass balance method is considered
as a gold standard approach and has been widely applied by the
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European Pharmacopoeia and International Pharmacopoeia for mea-
surement of small molecules [15,16]. In the fields of protein and peptide
quantification, a mass balance method was established for angiotensin I,
which is a successful application of this method to peptides [17]. As for
the quantification of large proteins, the use of mass balance method has
also increased in recent years [15,18–20].

Isotope dilution mass spectrometry (IDMS) is an analytical technique
based on themodification of the natural isotope composition of elements
or compounds after the addition to the sample of an enriched isotope or
an isotopically labeled form of the analyte. The isotope composition in
the mixture, measured by mass spectrometry, provides the concentra-
tion of the analyte in the sample after simple calculations [21]. IDMS has
widely used in the quantification of peptides and proteins, which pro-
vides the accurate result of purity [22]. In this approach, proteins are
characterized in different forms for analysis, including intact protein,
peptides or AAs [23]. Generally, signature peptides and AAs are
commonly used as target analytes. However, the process of trypsin
digestion often renders the selection of the target peptide challenging.
Moreover, the accuracy of this approach is contingent upon the correct
characterization of the peptide standard [24]. Alternatively, AA-based
IDMS method is used to determine the concentration value of a pro-
tein and peptide reference material that will be used in the calibration of
various protein and peptide analyses, such as disease markers for clinical
diagnosis [25]. Feng et al. used AA hydrolysis in combination with IDMS
to accurately quantify Aβ protein, a biomarker of Alzheimer’s disease,
and developed a certified reference material (CRM) [22]. Liu et al.
developed an insulin-like growth factor-1 (IGF-1) CRM, which was ex-
pected to be used as a primary calibrator for quality control in bio-
pharmaceutical manufacturing and clinical diagnostics, by the use of
IDMS method [26].

In the AA-based IDMS method for quantitative determination of
protein purity, the isotopically labeled target AAs were added into the
sample as the internal standard before the protein sample is hydrolysed
[27]. The hydrolyzed AAs are separated by reversed-phase liquid
chromatography. After entering MS, target AAs and corresponding in-
ternal standards are detected under multiple reaction monitoring
(MRM) mode. Complete release of AAs is the key to accurate quantifi-
cation, so it is necessary to optimize the conditions of protein hydrolysis.
During hydrolysis, structural analogues in the protein may release cor-
responding target AAs, or AAs may have some level of loss, which could
lead to inaccurate quantitative results [28]. The addition of isotopically
labeled AAs before sample analysis avoids effect by random errors
during sample preparation and measurement processes leading to
inaccurate quantification result [29].

In this study, two quantitative methods (e.g. mass balance approach
and AA-based IDMS) were established analyzing purity of recombined
hGH. All the impurities in a hGH study material were accurately
detected and measured for mass balance approach. For AA-based IDMS,
hGH purity was assessed by quantifying hydrolyzed AAs.

2. Materials and methods

2.1. Chemicals and instruments

Recombinant human growth hormone (white lyophilized powder,
recombinant expression from Escherichia coli) was purchased from
novasygen biotechnology Co., Ltd (Beijing, China). The CRMs of leucine
(Leu, GB(E)100058, 99.1 %), phenylalanine (Phe, GB(E)100061, 99.9
%), and proline (Pro, GB(E)100084, 99 %) were provided by the Na-
tional Institute of Metrology (Beijing, China). 13C6, 15N-leucine (95 %),
13C5, 15N-proline (95 %) and 13C9, 15N-phenylalanine (95 %) were
purchased from Sigma-Aldrich (St. louis, USA). Ultrapure water (18
MΩ/cm) was prepared using a Milli-Q Academic water purification
system (MING-CHE 24 V, Millipore, France). Trypsin was purchased
from Promega (Beijing, China). Tris (hydroxymethyl) aminomethane
(Tris) and hydrochloric acid (HCl), used to prepare 10 mM Tris-HCl

buffer solution (pH 7.4), were purchased from Sinopharm chemical re-
agent Co., Ltd (Shanghai, China). HPLC-grade acetonitrile was pur-
chased from Fisher Scientific Company (Pittsburgh, USA).

The structural identification of hGH was investigated by an Agilent
1290 Infinity LC system coupled with micrOTOF QII mass spectrometer
(Bruker, Germany). The concentration of AAs was measured by Agilent
1260 Infinity II HPLC tandem TSQ Quantum Access MAX triple-
quadrupole mass spectrometry (Thermo, USA) equipped with a Poros-
hell 120 EC C18 (3.0 × 150 mm, 2.7 μm, Agilent, USA) analytical col-
umn and an electrospray ion source. The UPLC system (Shimadzu,
Japan) with LC-20ADXR UV detector and an eclipse XDB-C18 column
(150 mm × 4.6 mm, 5.0 μm particle size, Agilent, USA) was used for LC
purity assessment of hGH. A Metrohm 852-Titrando Karl Fischer titra-
tion was used for moisture determination. Metal ions analysis was per-
formed on Agilent 7800 ICP-MS, and anions analysis was conducted on a
Thermo Fischer Scientific DIONEX ICS-1000 ion chromatography.

2.2. Purity assessment via mass balance approach

2.2.1. Mass fraction of structurally related impurities
AUPLC (Shimadzu, Japan) with UV detector LC-20ADXRwas used to

determine the mass fraction of the structurally related impurities. Three
independent samples of hGH were prepared for analysis at a concen-
tration of 1 mg/g. An eclipse XDB-C18 column (150 mm × 4.6 mm,
particle size 5.0 μm, Agilent, USA) was used to separate the hGH main
components and the structurally related impurities, and gradient elution
was performed as listed in Table S1 with eluent A (water with 0.1 %
TFA) and eluent B (acetonitrile). The column temperature was main-
tained at 30 ℃, and the elution flow rate was set at 1.0 mL/min. The
injection volumewas set at 20 µL and themonitoring wavelength was set
at 277 nm.

2.2.2. Moisture content
The content of moisture was carried out on a Metrohm 852-Titrando

Karl Fischer titration (Metrohm, Switzerland). The hGH samples were
accurately weighed and added into the titration cell and then titrated to
the end point with Karl Fischer reagent. The moisture content of the
sample was calculated according to the principle of Karl Fischer
titration.

2.2.3. Impurity of metal ions
The metal ions were measured using an Agilent 7800 ICP-MS. The

instrument parameters were set as follows: pump rate, 100 r/min;
sample flush time, 20 s; radio frequency power, 1550 W; nebulizer gas
flow rate, 0.8 L/min; auxiliary gas flow rate, 0.8 L/min; cooling gas flow
rate, 14 L/min. Prior to entered analysis system, hGH sample was first
digested using a Milestone ETHOS-UP microwave digestion system.

2.2.4. Impurity of anions
The determination of anions in the hGH sample was conducted on a

Thermo Fischer Scientific DIONEX ICS-1000 ion chromatography sys-
tem. Separation of anions was carried out on a Dionex IonPac AS11-HC
column (4 × 250 mm). Potassium hydroxide solution (25 mM) was used
as eluent.

2.3. Enzymatic digestion for protein identification

0.5 mg of hGH was weighed into a centrifuge tube and then 80 μ L of
2 mg/mL trypsin (protein: enzyme = 1:10, n: n) was added. 50 mM Tris-
HCl buffer (pH 7.4) was added until the final volume reached 1 mL.
Proteolytic digestion was incubated at 37℃ for 4 h. After the reaction
was completed, the solution was diluted and filtered through 0.22 μm
filters prior to analysis.

All the LC-MS experiments were performed on an Agilent 1290 In-
finity LC system coupled with Bruker micrOTOF QII mass spectrometer.
LC separation of the peptides was performed using an Agilent Zorbax
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300SB-C18 reversed-phase column (4.6 × 250 mm, 5 μm). LC column
temperature was maintained at 40 ◦C. 0.1 % FA aqueous solution and
0.1 % FA acetonitrile solution were used as mobile phase A and mobile
phase B, respectively. Flow rate of mobile phase was set at 1 mL/min. A
linear gradient was adopted as below: 5 % B in 5 min, 5–60 % B in 50
min, 60–98 % B in 5 min.

2.4. Sample preparation for AAs analysis

The hGH stock solution with a concentration of 1 mg/g was prepared
with ultrapure water and stocked in − 20 ◦C refrigerator. Before exper-
iment, the solution was diluted to 0.1 mg/g. All AA CRMs (1 mg/g) and
labeled AAs (1 mg/g) solution were separately prepared. A standard AA
mixture containing targeted AAs was prepared according to the metro-
logical ratios of AAs in the hGH hydrolyzed solution. An isotopically
labeled AA mixture was prepared in the same way. The diluted hGH
samples were accurately measured and weighed, and the mixed solution
of isotopically labeled AAs was added at the same concentration, so that
the ratio of AA content to the hydrolyzed AA content of hGH was about
1:1. High-level and low-level solutions were prepared with the ratio of
unlabeled AA and labeled AA content reaching approximately 1 and 0.8,
respectively.

2.5. Hydrolysis of the hGH sample

The hGH sample with labeled AAs were weighed and transferred into
ampoules so that the mole ratio of the target AA was 1:1. Then, 600 μL of
6 M HCl was added. After the solution was purged in nitrogen atmo-
sphere for 1 min, the ampoule was melting sealed to maintain an
oxygen-free environment. The protein solution in ampoule was reacted
at 110 ◦C in an oven. After hydrolysis for 36 h, it was taken out and dried
in nitrogen flow. Subsequently, the sample was reconstituted with 0.1 M
HCl and filtered through a 0.22 μm filter for LC-MS/MS analysis. The
process of sample hydrolysis is shown in Fig. 1.

2.6. LC-MS/MS conditions

5 μL of hydrolysis sample was injected into a Poroshell 120 EC C18
(3.0 × 150 mm, 2.7 μm, Agilent, USA) at a flow rate of 0.3 mL/min and
eluted at 35 ◦C. The mobile phase consisted of solvent A (water with 0.1
% FA) and solvent B (acetonitrile with 0.1 % FA). The elution gradient
started at 5 % of solvent B and increased linearly to 15 % in 10 min,
followed by getting back to 5 % in 5 min and maintained for 5 min
equilibrium. The total running time for each injection was 20 min. A
positive ion multiple reaction monitoring mode was adopted. The tube
lens, collision energy and ion transitions of Leu, 13C15N-Leu, Phe, 13C15N
− Phe, Pro, 13C15N − Pro were optimized (seen in Table S2). MS oper-
ating parameters were as follows: spray voltage: 3500 V, capillary
temperature: 320 ◦C, vaporizer temperature: 250 ◦C, sheath gas

pressure: 35 arb, ion sweep gas pressure: 0 Arb, aux valve flow: 12 arb.

3. Result and discussion

3.1. Protein identification of hGH

hGH sequence (shown in Fig.S1) was achieved in UniProt database,
which was obtained by shearing off the signal peptide of the front 26
AAs by the growth hormone precursor (P01241).

After enzymatic digestion of hGH, peptides can be identified by
peptide mass fingerprinting (PMF). Peptide sequence identification was
conducted through Expasy (https://web.expasy.org/peptide_mass/),
enter the AA sequence of hGH, and then to the following Settings:
Charge states: [M+H] +, [M+ 2H]2+ and [M+ 3H]3+, Enzyme: trypsin,
Missed cleavages: 0, Monoisotopic masses.

The base peak chromatogram (BPC) of the product after tryptic
digestion of hGH sample is shown in Fig. 2. The signal of 14 peptide
segments was detected in Expasy database. Compared with that of hGH
theoretical trypsin, the coverage rate was 66.7%. The result showed that
the sample was hGH. The corresponding results are listed in Table 1,
which also provides the corresponding trypsin peptide sequences.

The characteristic peaks of some peptide fragments could not be
reflected in the BPC, and the possible reasons are as follows: the peptides
with small molecular weight were suppressed by high background
interference. The inability of trypsin to reach the sites hidden in the
three-dimensional structure of the protein results in incomplete diges-
tion and failure to release the corresponding peptide.

3.2. Result of mass balance approach

Purity assessment of hGH via mass balance approach was achieved
using the following Eq. (1).

w = P × (1 - A - B - C) (1)

where w is the hGH purity, and P is the peak area ratio of the hGH peak
to the sum of hGH peak and other impurities peaks measured by UPLC. A
is the moisture content, B is the metal ions content, C is the anions
content.

In this study, above impurities were quantified separately and the
results are listed in Table 2.

Complete separation of hGH and structurally related impurities is the
basis for accurate quantification using LC peak area normalization. After
20 min gradient elution, a baseline separation of hGH and impurities
was achieved (shown in Fig. 3). The result of LC purity was calculated to
be 93.69 %. Three independent hGH samples was analyzed under Karl
Fischer titration using volumetric method. The result indicated that
moisture content in hGH sample was 2.98 %. Screening for metal ion
impurities was performed using ICP-MS and 19.91 % of impurities was
found in the hGH study material, metal ions with contents greater than

Fig. 1. Process of hGH sample hydrolysis.
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or equal to 0.1 % were counted. Similarly, Cl- and PO43- were detected to
be 12.00 % and 27.55 % by using ion chromatography. As a result, the
purity of hGH was calculated to be 35.19 % according to Eq. (1).

3.3. Optimization of hydrolysis conditions

The accuracy of AA-based IDMS quantitative results highly depends
on the completeness of protein hydrolysis into individual AAs. The most
critical step in protein quantification is chemical hydrolysis. HCl was
selected as a hydrolysis reagent in this work. In this study, Leu, Phe, Pro
were selected for protein quantification because they present in hGH at
high level and acid-stable. In order to maximize the degree of hydrolysis,
the reaction conditions, including the concentration and volume of

Fig. 2. Base peak chromatogram of trypsin digestion of human growth hormone by TOF-MS.

Table 1
hGH digestion products.

Peak no. Sequence Position [M + H] +

m/z
[M + 2H] 2+

m/z
[M + 3H] 3+

m/z

YSFLQNPQTSLCFSESIPTPSNR 42–64 2616.2399 1308.6236 872.7515
11 LHQLAFDTYQEFEEAYIPK 20–38 2342.1339 1171.5706 781.3828
13 SVFANSLVYGASDSNVYDLLK 95–115 2262.1288 1131.5680 754.7144
14 ISLLLIQSWLEPVQFLR 78–94 2055.2001 1028.1037 685.7382
5 FDTNSHNDDALLK 146–158 1489.6917 745.3495 497.2354
12 DLEEGIQTLMGR 116–127 1361.6729 681.3401 454.5625
10 NYGLLYCFR 159–167 1148.5557 574.7815 383.5234
8 LFDNAMLR 9–16 979.5029 490.2551 327.1725
9 FPTIPLSR 1–8 930.5407 465.7740 310.8517
7 SNLELLR 71–77 844.4887 422.7480 282.1677

SVEGSCGF 184–191 785.3134 393.1603 262.4426
2 LEDGSPR 128–134 773.3788 387.1930 258.4644
6 VETFLR 173–178 764.4301 382.7187 255.4815
1 EETQQK 65–70 762.3628 381.6850 254.7924
3 TGQIFK 135–140 693.3930 347.2001 231.8025

QTYSK 141–145 626.3144 313.6608 209.4430
IVQCR 179–183 618.3392 309.6732 206.7846

4 DMDK 169–172 508.2072 254.6072 170.0739
EQK 39–41 404.2140 202.6106 135.4095
AHR 17–19 383.2150 192.1111 128.4098
K 168–168 147.1128 74.0600 49.7091

Table 2
The results of hGH impurity for the mass balance approach.

Subject Method Result (%)

LC purity UV-UPLC 93.69
Moisture content Karl Fischer titration 2.98
Metal ions ICP-MS 19.91
Cl- Ion chromatography 12.00
PO43- Ion chromatography 27.55

Fig. 3. Chromatography of hGH detected by UPLC.

J. Li et al.
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hydrochloric acid, the reaction temperature and time were carefully
optimized. The ratio of AAs peak area to hGH sample amount under
different hydrolysis conditions reflects the extent of hydrolysis.

Consequently, the optimal hydrolysis conditions for hGH were 36 h
at 110 ◦C in an oven with the addition of HCl (6 M, 600 μL) (seen in
Fig. S2).

3.4. Result of AA-based IDMS method

In the AA-based IDMSmethod, Leu, Phe, and Pro were selected as the
targeted AAs, and corresponding isotope labeled AAs (e.g. 13C15N-Leu,
13C15N − Phe, and 13C15N − Pro) were used as internal standards to
minimize influences from drifts and fluctuations in LC-MS/MS analysis.
The internal standard AAs undergoing the same treatment as the sam-
ples were used as calibrants. All hydrolysis reactions were carried out
under optimal conditions. After 10 min gradient elution, the three AAs
were completely separated in a hydrolyzed hGH sample (Fig. 4).

After the peak area ratios of specific AAs was obtained, the concen-
tration of each AA was calculated according to Eq. (2). Following this,
the concentration of the hGH samples was calculated according to the
stoichiometric presence of each AA in hGH by Eq. (3).

ca =
P1×PH × mlabeled × [Rs × (I1 − I2) − (I1×R2 − I2 × R1) ]

M × (R1 − R2)
(2)

chGH = P2 ×
MhGHca

nMAA
(3)

where P1 is the purity of AA CRM; PH is the hydrolysis efficiency of hGH
(The experiments defaulted to hGH reaching complete hydrolysis under
optimized hydrolysis conditions);mlabeled is the mass of labeled AAs; Rs is
the peak area ratio of unlabeled and labeled AAs in hGH sample; I1 and I2
are the mass ratio of unlabeled and labeled AAs in high-level and low-
level solutions, respectively; R1 and R2 are the peak area ratio of unla-
beled and labeled AAs in high-level and low-level solutions, respec-
tively; M is the mass of hGH; P2 is purity of hGH assessed by LC; MhGH is
molar mass of hGH; n is the number of target AAs in a hGH molecule;
MAA is molar mass of target AAs.

As shown in Fig. 5, the hydrolysis efficiencies of the different AAs
were generally different, but the hGH concentrations calculated from
Leu, Phe, and Pro with the stoichiometric presence of those AAs in the
protein were consistent. Three hydrolyzed hGH samples were prepared
and measured separately. The hGH quantitative concentrations and
standard deviations (SD) calculated from the three AAs (Leu, Phe, Pro)

were calculated to be (0.373 ± 0.023) g/g, (0.354 ± 0.002) g/g, (0.362
± 0.003) g/g, respectively.

It is worth noting that despite the optimal hydrolysis conditions were
applied and internal standards were used to minimize potential errors
caused by instrument and measuring method, the quantitative results of
the various AAs still may be somewhat biased. There are some reasons
lead to inconsistent results. Primarily, different AAs and their positions
in the AA sequence of hGH result in different releasing times and effi-
ciencies during hydrolysis. In this case, even under optimal hydrolysis
condition, incomplete hydrolysis may lead to low quantitative results. In
contrast, due to the presence of peptide and protein impurities, target
AAs released from them may overestimate quantitative results.

Table 3 depicts the results of the inter- and intra- day assays, which
were used to assess the precision, and reproducibility of the sample
analysis. As can be seen in Table 3, the mean inter-day and intra-day
RSDs of hGH purity determined by AA-based IDMS analysis were
within 1.98 %, which indicates that the hydrolysis method has good
reproducibility.

3.5. Comparison of the results from different methods and uncertainty
assessment

In this study, two independent quantification strategies, e.g. mass
balance method and AA-based IDMS were used to assess the purity of
hGH. Fig. 6 shows the hGH purity results characterized by mass balance
method and AA-based IDMS with Leu, Phe and Pro as target analytes.
The result from mass balance method (0.352 g/g) is in good agreement
with the result from AA-based IDMS mean (0.363 g/g). Despite the fact
that possible peptide or protein impurities were eliminated, the result of
the IDMS method is still slightly higher than that of the mass balance
method, which might be due to the presence of a small amount of free
AAs in the samples.

Uncertainties of mass balance approach and AA-based IDMS were
determined according to JJF 1343–2022. Uncertainties comes from

Fig. 4. Typical overlayed extracted chromatogram of the unlabeled and labeled
AAs in a hydrolyzed hGH sample.

Fig. 5. Hgh purity results by aa-based idms.

Table 3
Intra-day and inter-day precisions for hGH purity assessment using AA-IDMS (g/
g).

Intra-day assays (n = 6) Inter-day assays (n = 6)

Concentration
(mean + SD)

RSD (%) Concentration
(mean + SD)

RSD (%)

Pro 0.377 + 0.007 1.89 0.376 + 0.005 1.35
Leu 0.350 + 0.007 1.98 0.346 + 0.003 0.76
Phe 0.355 + 0.005 1.43 0.356 + 0.004 0.99

J. Li et al.
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various sources.
In the mass balance approach, uncertainties of measurement of LC

purity and moisture content mainly came from the measurement
repeatability, which were obtained by Eq. S1. The results were calcu-
lated to be 0.005 g/g and 0.004 g/g, respectively. As for uncertainty of
metal ions and anions assessment, we refer to previously reported
literature and obtain final uncertainties results of 1.99 × 10-7 [30] and
4.4 × 10-8 [31]. Finally, the uncertainty of mass balance approach was
calculated to be 0.005 g/g via Eq. S2, thus the expanded uncertainty was
0.010 g/g according to Eq. S3.

The main sources of uncertainty in the quantification of hGH purity
by AA-based IDMS are the reproducibility of the method, the efficiency
of hydrolysis, reagent weighing, and certified values for AAs. The con-
tents of Leu, Phe and Pro in hGH were measured by AA-based IDMS, and
finally hGH content was obtained according to the number of AAs in a
hGHmolecule. The average of the three AAs quantitative hGH results, so
the uncertainties of the three AAs on the quantitative results of hGH
need to be calculated, respectively, which include the standard devia-
tion of the mean of Leu, Phe and Pro, uncertainty introduced by hy-
drolysis efficiency is already included in the differences in the
quantitative results for different AAs [32], uncertainty introduced by the
balance weighing was less than 0.1 % and can be neglected, and un-
certainty contribution of AA-CRMs was calculated based on the certifi-
cate of reference material according to the type B evaluation of
measurement uncertainty. The uncertainty evaluation of the purity
assessment for hGH using AA-based IDMS is listed in Table 4 and Eqs.
S4–S7.

In summary, the hGH purity determined by mass balance approach
was (0.352 ± 0.010) g/g, while the result obtained by IDMS was (0.363
± 0.028) g/g which well covers all three results for the determination of
Leu Phe and Pro. Therefore, the mean value of hGH purity in the study
material was calculated to be 0.358 g/g. According to JJF 1343–2022,
Eq. S8 was applied to assess the uncertainty of the value assignment and
the result of ucwas estimated to be 0.008 g/g, expanded uncertainty was
0.016 g/g. Eventually, the purity of hGH in the study material was
(0.358 ± 0.016) g/g.

4. Conclusion

In this study, two methods for hGH purity assessment were estab-
lished. Mass balance approach and AA-based IDMS were adopted in the
purity assessment process and the results were in agreement with each
other and with a small uncertainty. The mean value of hGH purity was
calculated to be (0.358 ± 0.016) g/g. The hGH quantification method

established in this study provides valuable information for development
of other protein quantification methods, and lay the foundation for the
research of accurate quantification methods for peptide and protein
contents for disease diagnostic markers, the development of hGH stan-
dard substances, and quality control of protein medicine.
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