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Abstract

The aim of the article is to present the results of the experimental study of leachables used as primary packaging for medi-
cal devices, namely injectable implants based on hyaluronic acid. For the study, a line of injectable implants with identical
qualitative composition and differing quantitative hyaluronic acid content was used. When developing the research condi-
tions, the main characteristics of the implant gel were taken into account, and the conditions for using the appropriate medi-
cal device were modeled to obtain the most informative results and confirm the safety of the primary packaging selected.
The analysis of extracts was carried out using the following methods: GC/MS, HPLC/UV/MS, ICP/MS, and IC. No substances
listed as Chemicals of Potential Concern were detected in the extracts obtained, thereby confirming the safety of using the
medical device for the patient under the conditions specified by the manufacturer.
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EKcnepumeHTanbHe A0CNiIAKEeHHA AKOCTI Ta 6e3neyHocTi iH' eKLiMHUX imnaaHTaTiB

Ha OCHOBI riaNAypoHOBOI KUCNOTHU BignosiaHO Ao Bumor PernameHty EC

AHoTauinA

MeTa cTaTTi — BUKNACTU pe3y/bTaTh eKCNepUMEHTaNbHOMO AOCAIAKEHHSA BUYrOBYBAaHMX PEYOBUH i3 MePBUHHOIO NaKOBAHHA
MeanYHUX BUpobiB, a came iH’eKLiMHUX iIMNIaHTaTIB Ha OCHOBI rianypoHoBoi Kucnotu (FK). O6’ekTom aocnigxeHHs byna ni-
HilKa iH EKLiMHUX IMNNAHTaTIB, AKI MaloTb iAEHTUUYHWNI AKICHUI, ane BiAMIHHMIA KinbKicHWI cknag 3a smictom K. LLLo6 oTpu-
MaTK BUCOKY iHGOPMaTUBHICTb pe3yabTaTiB i NiagTBepaAnTM 6e3nedHicTb BUKOPUCTaHHA 06paHoro NepBMHHOIO NakoBaHHA,
nig, Yac po3pobsieHHA YMOB eKCNEPUMEHTY BPaX0BYBa/iM OCHOBHI XapaKTEPUCTUKM resito iIMNIaHTaTIB, @ TaKOX MOAEN0BaNN
YMOBW 3aCTOCYBaHHSA BignoBigHOro meanyHoro supoby. B oTpumaHmx 3paskax He BUABWIM PEYOBMH, LLLO HaleXaTb 40 No-
TeHUiMHO Hebe3neyHnx. OTKe, ByN0 NiaTBEPAKEHO BEe3neKy BUKOPMUCTaHHA MeAUYHOro BUPOBY A5 NalieHTa 3a YMOBM
AOTPUMAHHSA IHCTPYKLIN, 3a3HAaUYEHUX BUPOBHUKOM.

Knrouoei cnoea: KOHTPOb AKOCTI; 6e3neYHicTb; riaypoHoBa KMCA0Ta; XpomaTtorpadis

Citation: Bondarets, I. R.; Georgiyants, V. A. The Experimental Study of the Quality and Safety of Injectable Implant Medical Devices
Based on Hyaluronic Acid in Accordance with the Requirements of the EU Regulation. Journal of Organic and Pharmaceutical Chemistry
2025, 23 (3), 28-35.

https://doi.org/10.24959/0phcj.25.339976

Received: 3 August 2025; Revised: 29 September 2025; Accepted: 4 October 2025

Copyright© 2025, I. R. Bondarets, V. A. Georgiyants. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0).

Funding: The author received no specific funding for this work.

Conflict of interests: The authors have no conflict of interests to declare.

m ISSN 2308-8303 (Print) / 2518-1548 (Online)



Journal of Organic and Pharmaceutical Chemistry 2025, 23 (3)

B Introduction

Injection implants have become widely used
in current medical practice. Regardless of the pur-
pose — medical or cosmetic — the manufacturer is
responsible for the product’s quality and safety.

The quality of any medical devices is ensured
at the stage of their production. Previously, we
validated the technological process for manufac-
turing injectable implants based on hyaluronic
acid [1, 2]. It included a theoretical risk assess-
ment at the first stage and direct validation at
identified critical points at the second stage.

The most significant safety risks in the use
of medicines and medical devices are impurities.
These impurities can have different origins; there-
fore, during implementation and development, it is
mandatory to take into account all factors that
may contribute to the formation of associated and
extraneous impurities and to implement appro-
priate measures to regulate them. The highest
risk is also noted for parenterally administered
medical devices [3]. One of the focuses of the re-
cently entered into force European Union Regu-
lation (EU) 2017/745 (MDR) is compliance with
the safety standards for medical devices to mini-
mize harm to patients when used for their in-
tended purpose [4]. The biocompatibility assess-
ment is a key element in confirming the safety of
products for the human body [5]. In accordance
with the requirements of the MDR [4], manufac-
turers of medical products must conduct studies
to confirm the medical device’s ability to interact
with the patient without causing harm.

One source of hazardous impurities in the use
of medical devices is the containers used, such as
syringes. Therefore, one element of biocompatibility
research is the assessment of the physical and che-
mical properties of materials, namely the deter-
mination of extractable and leachable substances
from the primary packaging of a medical device
during its shelf life [6-9].

Research on leachable substances is always
a scientific challenge, since the extraction of sub-
stances from packaging by common solvents of
various natures can be predicted. Still, the ex-
traction of substances under the influence of the
product itself cannot. For some medical devices,
this information is extremely limited [10].

This article presents the results of the study
of leachable substances, 1.e., those that can be
released from the primary packaging of a medi-
cal device during its use under the influence of
temperature, environment, and other operating

conditions, and enter directly into the composi-
tion of the medical device itself. Such substances
can enter the patient’s body and potentially cause
undesirable reactions or toxic effects.

For injectable implants, this is critically im-
portant, given that such devices are introduced
into the human body and remain there until
they are completely biodegraded [11]. The safe-
ty threshold is 0.15 pg per day for genotoxic or
carcinogenic compounds and 1.5 pg per day for
others [4]. Depending on the nature of such sub-
stances, an adequate method for their detection
should be chosen.

The use of hyaluronic acid in various medical
devices has continued to expand in recent years,
as evidenced by numerous publications on its ef-
ficacy and safety [12—15]. At the same time, there
are few experimental studies in the literature on
the detection of substances extracted or leached
from the primary packaging of medical devices.
Studies of leachable substances from primary
packaging should be conducted by medical device
manufacturers at the design and development
stage of the product, as well as when making cri-
tical changes that could affect the product’s phy-
sicochemical parameters. Manufacturers are like-
ly to be reluctant to disclose this information.
This article presents a description of the methods
and results of studies on leachable substances
from the primary packaging of medical devices —
injectable implants based on cross-linked hyalu-
ronic acid.

Thus, the aim of this article was to demon-
strate the research results on leaching chemicals
that may pose a potential hazard to the patient in
medical devices —injectable implants in pre-filled
syringes. The studies were conducted on a finished
medical device (a pre-filled syringe with gel).

B Materials and methods

Equipment and reagents

To determine the conditions of the study, the
following characteristics of the medical device
were taken into account:

e the pH value — the limits of the line of in-
jectable implants studied — 7.2—7.4 (physiologi-
cal pH);

e duration of contact of the implants with
the human body — long term (> 30 days);

e the type of medical device — risk class III,
implantable product;

e the shelf life — 2 years;

e storage conditions — from +2 °C to +30 °C.
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The algorithm for conducting the study of
leachable substances was as follows [16]:

1. Selection of the research material —
assessment of primary packaging materials and
the medical product composition.

2. Determination of research conditions
and methodology — development of an analy-
sis method, research conditions, and determina-
tion of the required list of equipment.

3. Conducting the research:

3.1. Modulation of the conditions of use of the
finished medical device — to simulate the worst
case, a sample of the medical device that was in
climatic chambers and underwent product stabi-
lity studies was used. Thus, samples simulating
the medical device at the end of its shelf life
(2 years) and with a storage temperature at the
upper limit (+30 °C), i.e., the longest contact with
the primary packaging expected by the manu-
facturer, were used;

3.2. Analysis of the components released — the
quantitative and qualitative analysis in the sam-
ples of substances that could have leached from
the primary packaging into the gel of the medi-
cal device. The following methods were used for
the analytical study:

*  head-space gas chromatography for the
determination of volatile substances (an Agilent
RTX-624 capillary column — 30 m X 0.25 mm, the
aliquot volume — 1.0 mL, the ejector tempera-
ture — 200 °C, the flow rate — 1 mL min, helium
as a carrier gas, the GC temperature program —
from 40 °C to 240 °C at a rate of 8 °C min™);

+ gas chromatography coupled to a mass
spectrometric detector (GC/MS) for the determi-
nation of semi volatile organic compounds (an Agi-
lent HP-5MS capillary column — 30 m X 0.25 mm,
the aliquot volume — 1.0 mL, the injector tempera-
ture — 280 °C, the flow rate — 1.0 mL min™', helium
as a carrier gas, the GC temperature program —
from 40 °C to 280 °C at a rate of 10 °C min?,
then to 310 °C at a rate of 15 °C min™);

*  liquid chromatography coupled with UV
and mass spectrometric detectors (HPLC/UV/MS)
for the determination of non-volatile organic com-
pounds (an Agilent Zorbax Eclipse XDB-C18 co-
lumn — 2.1 mm X 50 mm, the aliquot volume —
5 pL, 5 mM ammonium acetate in water and
50:50 MeCN/MeOH (v/v) were used as the mobi-
le phase, the mobile phase speed — 0.4 mL min™,
the temperature — 380 °C, an UV detector — 210 nm;
MS ESI+ and ESI-);

* inductively coupled plasma mass spec-
trometry (ICP/MS) for metal determination (Data

acquisition parameters: the data acquisition mode —
spectrum; peak pattern — 3 points; repetition — 3;
repetition — 100; the stabilization time — 20 sec;
the resolution — standard).

The results of the study were calculated as pg
of the extracted product in 1 mL of the product.

4. Evaluation of the results obtained —
assessment of the toxicological impact of the
components found in the solutions and determi-
nation of the safety of the selected materials for
the medical device.

To conduct a chemical characterization study,
the threshold — the Analytical Evaluation
Threshold (AET) — was calculated below.

Determination of AET for the GC/MS and

HPLC/UV/MS methods:
ng 1
20 (—)x—
ngy _ day 2mLx1x1/ _ a
ART (1 )= f, =5ngmL

Each of the above methods was analyzed with
the reference solution, test sample, and blank
solution.

The limits of quantification for the metals
studied, expressed in pg Li !, are given in Table 1.

Sample preparation

Research on volatile organic compounds

To prepare the reference solution, an interme-
diate solution was prepared by diluting 0.2 mL
of the toluene solution to 20 mL with water.
Then, 0.5 mL of the intermediate solution was
diluted to 50 mL with water. An aliquot of 5 mL
of this solution was placed in a vial with a sealed
test tube for analysis.

To prepare the test sample, an aliquot of the gel
from the medical device, obtained after studying its
stability under the conditions specified by the manu-
facturer in the primary packaging, with a volume of
1 mL, was mixed with 4 mL of water (dilution 1:5).

The resulting solution was placed in a 20 mL
sealed test tube and analyzed without further
processing.

The sample was prepared in duplicate.

Water was used as a blank solution.

Table 1. Limits of the metal quantification

Metal Limits of quantification, ug L™
Li, V, Co, As, Mo, Ru, Rh, Cd,
Os, Ir, Pt, Tl 0.10
Ni, Cu, Se, Sn, Sb, Ba, Pb 0.50
Ag, Hg 1.00
Cr, Pd, Au* 5.00

Note: *the sample solution after 50-fold dilution
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The study of semi-volatile organic compounds

To prepare the reference solution, an interme-
diate solution was prepared by diluting 0.5 mL
of the phenanthrene-d,, solution to 5 mL with
dichloromethane (DCM). 0.1 mL of the interme-
diate solution was diluted to 10 mL with DCM.
This solution was used as the AET of the ana-
lytical evaluation.

To prepare the test sample, two 5 mL aliquots
of the gel samples from the medical device, ob-
tained after stability testing under the conditions
specified by the manufacturer in the original pack-
aging, were mixed with 5 mL of DCM using a la-
boratory shaker (shaking time — 1 min). One mL
of the organic phase was mixed with 4 mL of DCM
(5-fold dilution). The resulting solutions were
analyzed without further treatment.

An aliquot of DCM was used as a blank solu-
tion.

The study of non-volatile organic compounds

A mixture of the standard reference solution
Irganox® 1098 and Reserpine (1 pg mL™) was
used as a reference solution.

To prepare the test sample, 1 mL of the medi-
cal device gel, obtained after stability testing under
the manufacturer’s specified conditions in the ori-
ginal packaging, was diluted 5 times with water
to a final volume of 5 mL and analyzed without
further treatment.

An aliquot of H,0 was used as a blank solu-
tion.

The metal content study

As reference solutions, 0.5 mL of the certified
standard solution (1000 mg L) for each metal
and 1.0 mL of concentrated HNO, were diluted
to 50.0 mL with water.

To prepare the test sample, 1 mL of the medi-
cal device gel, obtained after stability testing under
the manufacturer’s specified conditions in the pri-
mary packaging, was mixed with 3 mL of HNO,
and digested using the microwave procedure.
The samples obtained were diluted to 50 mL with
water (dilution 1:100).

To prepare the blank solution, 1 mL of H,O
was mixed with 5 mL of HNO, and digested using
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the microwave procedure. The resulting solution
was diluted to 50 mL of H,O (dilution 1:100).

B Results and discussion

This article presents a study of substances
leached from the primary packaging for a group of
injectable implants (Table 2), using one product
line as an example, which was determined to be
the worst case (highest sodium hyaluronate con-
tent and highest daily dose).

The object of the study was an injectable im-
plant based on cross-linked hyaluronic acid con-
taining 20 mg mL" sodium hyaluronate, deli-
vered in a prefilled syringe. To assess potentially
hazardous substances, the composition and pro-
perties of the materials used in all components
of the syringe should be considered. The syringe
manufactured by Becton (Dickinson & Company)
consists of a borosilicate glass cylinder, a bromo-
butyl rubber seal, and a polyisoprene rubber cy-
linder tip. The silicone covering the inner space
of the cylinder, to facilitate smooth movement of
the seal and piston, was also considered. Thus, all
components of the primary packaging that come
into contact with the medical device during its
storage under the conditions specified by the ma-
nufacturer are subject to investigation. The manu-
facturer of hyaluronic acid is confidential in-
formation of the medical device manufacturer.
However, the manufacturer has completed the
internal qualification procedure and meets all the
requirements.

It is known that hyaluronic acid can promote
the release of substances, such as mangiferin, from
polymers [16]. Such information creates a pre-
requisite for releasing other organic substances
from packaging.

These studies aim to identify and control che-
micals that may pose a hazard. These chemicals
may have harmful effects on the patient’s health
and the environment. Their list is compiled by
organizations, such as the World Health Orga-
nization (WHO), the International Agency for Re-
search on Cancer (IARC), the Organization for

Table 2. The group of medical devices under study: injectable implants based on hyaluronic acid

Product name Sodium hyaluronate, mg mL™

Volume of primary

packaging, mL Sodium hyaluronate, mg

15 1 15

Injectable implant 17.5 1 17.5
based on hyaluronic acid 20 1 20
20 2 40
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Economic Co-operation and Development (OECD),
the European Chemicals Agency (ECHA), the
United States Environmental Protection Agen-
cy (EPA), etc., and includes substances that meet
at least one of the following criteria:

* carcinogenicity, mutagenicity or toxicity
to the reproductive system,;

* endocrine-disrupting properties that may
have a negative impact on the hormonal system;

*  persistence, bioaccumulation and toxicity;

+ hazardous properties for ecosystems.

A theoretical assessment of the probability of
leaching of harmful substances preceded the study.
Based on the results of the forecast, we selected
groups of substances that could be leached from the
packaging according to the groups: semi-volatile,
volatile substances, and metal impurities. The po-
tential impact of substances on the patient was
predicted using various mathematical models [17].

Research on volatile substances

In medical devices containing hyaluronic acid,
as a rule, volatile organic compounds used in the
production of raw materials, the finished product,
or during its storage may be present. In particu-
lar, these may include alcohols, aldehydes, keto-
nes, and essential oils used to flavor cosmetics.
In this case, such substances were not used in the
production of the injectable implant. However,

volatile solvents, such as ethylene glycol, methy-
lene chloride, and perchloroethylene [18, 19], may
be used during the production of hyaluronic acid
raw materials. Such substances may remain in
the final raw material product and thus enter
the finished medical product.

For volatile substances that are leached, the
headspace gas chromatography-mass spectromet-
ry method is traditionally used [20]. The leach-
ing of volatile substances was evaluated com-
pared to toluene at a concentration of 5 pg mL™".
During chromatography of the test solution, no
unidentified substance with a concentration
greater than the standard was detected (Figure 1).

Research on semi-volatile organic compounds

The content of extraneous semi-volatile orga-
nic compounds was estimated by GC/MS. The sub-
stances were extracted from the hyaluronic acid
solution with dichloromethane. The results were
evaluated against the reference standard of phen-
anthrene added at a concentration of 5 png/mL.
Thus, any impurities with an area under the
peak smaller than the reference are not subject
to determination, while impurities with a high-
er content should be identified and determined.

As a result of the GC/MS study, no com-
pounds with the content above AET were iden-
tified (Figure 2).
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Figure 1. The chromatogram of volatile substances

X105 |-
3.5+

2.5

1.5+

14
0.5_\4\_‘

e

5 6 7 8 §

Figure 2. The chromatogram of semi-volatile substances

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 433 34 35 36 37 38

min

ISSN 2308-8303 (Print) / 2518-1548 (Online)



Journal of Organic and Pharmaceutical Chemistry 2025, 23 (3)

Non-volatile organic compounds leached from
the primary packaging were determined by HPLC
using two detectors — UV and a mass-selective de-
tector. This method is generally accepted for such
studies [2]. The results obtained by HPLC/UV/MS
were evaluated using two reference standards de-
pending on the ionization mode (positive or ne-
gative).

When examining the sample by HPLC/UV/MS
at the 0.42 min point, a compound with a con-
centration of 42.4 ng mL" was detected, which
was higher than the AET value of 5 pg/mL we
calculated (Figure 3C).

According to the mass spectrum in the posi-
tive ESI mode, the compound was identified as

a derivative of the API — hyaluronic acid, so the
source of its entry into the implant is not leach-
ing. Therefore, this impurity was not considered
by us among the substances leached/extracted
from the primary packaging.

Metal impurities

Among the metals potentially leachable
from the primary packaging, all metals listed
in Table 1 above were evaluated. The results
obtained using the ISP/MS method were evalu-
ated against reference standards for the tested
metals. The MS peaks were compared with the
MS library for GC and with the known MS tem-
plates for LC to identify the detected compounds.
Only one metal, lithium (Li), was detected by
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Figure 3. The HPLC chromatogram of the solution studied: A — HPLC/MS, negative ionization, B—HPLC/MS, positive ionization, C— HPLC/UV
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the ISP/MS method at a level exceeding the ex-
pected acceptable level (0.005 ng L' after 50-fold
dilution). However, Li at such trace levels has
no toxicological or biological effect.

The borosilicate glass used to manufacture
the syringe cylinders for gel storage contains
not only silicon and boron but also alkali met-
als, such as sodium, potassium, and lithium,
at low concentrations. Lithium oxide (Li,0) is
added to the glass to increase thermal resist-
ance, reduce the coefficient of thermal expan-
sion, and improve chemical durability. A portion
of these ions may leach into the solution during
prolonged contact, especially if the medium has
a particular ionic strength, pH, or viscosity that
promotes diffusion.

The presence of low concentrations of un-
known extractables was considered acceptable.

primary packaging of injectable implants con-
taining stabilized hyaluronic acid. Only one un-
known organic compound was detected by the
HPLC/UV/MS analytical method. However, the
peak was studied in the ESI-positive mode and
was identified as a compound related to hyalu-
ronic acid; therefore, this substance was not con-
sidered as a substance leached from the primary
packaging. Other organic compounds in quanti-
ties above the AET were found in the gel sam-
ples of the medical device, obtained after evalu-
ating its stability under the conditions specified
by the manufacturer in the primary packaging.
The ICP/MS method detected a small amount of
lithium; however, this substance does not pose
a concern due to its insignificant risk to human
safety and its low concentration in the sample.
The results of the study demonstrate the

sults of a study on substances leached from the

|
1.

10.

11.

12.

13.
14.

15.

16.

confirmation of the quality and safety of the use
of medical devices — injectable hyaluronic acid-
based implants for the patient under the condi-
tions specified by the manufacturer in the se-
lected primary packaging.

Conclusions

This article presents the algorithm and re-
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