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Abstract

Background

It is known that trace metals play a crucial role in health and disease. In view of the critical roles of trace
metals in cell and embryo culture media, and due to the paucity of information on the presence or
absence of trace elements in cell and embryo handling and culture media, we estimated and determined
the presence and concentration of some trace metals in a number of media utilized for handling and
culture of embryos and cells.

Materials and methods

Different culture and handling media were utilized with and without the addition of 5% serum proteins.
Other handling media such as mineral oil, hyaluronidase and PVP were investigated without addition of
protein-supplements. The investigations were performed using inductively coupled plasma mass
spectrometry (ICP-MS). The levels of Arsenic (As), Cobalt (Co), Copper (Cu), Iron (Fe), Selenium (Se)
and Zinc (Zn) were determined in the various media obtained from the manufacturers.

Results

All trace metals investigated were not present in all media tested, with the significant exception of iron.
Iron was detected in most media tested. Arsenic was detected only in hyaluronidase.

Discussion and Conclusion

This study has demonstrated that the trace metals investigated, such as cobalt, copper, selenium, and
zinc, are not present in all the media tested with the exception of iron which was present in most media
and arsenic was detected in hyaluronidase. The serum supplement used in culture media could be the
main source of trace metals.
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Introduction

Metal ions make up some of the trace
elements. Ten of the approximately 20 basic
elements that the human body needs to function
effectively are metal elements. According to
what is known at this time, metals like Na, K,
Mg, Ca, Fe, Mn, Co, Cu, Zn, and Mo are
necessary for life and must be present in the
right amounts for good health ( see review by
Zoroddu et al., 2019).

A metal is thought to be present in about half
of all proteins (Thomson et al., 1998). According

to a different estimate, between 25 and 30
percent of all proteins are thought to need
metals to function (Waldron et al., 2009) In
addition to serving as cofactors for enzymes,
metalloproteases have a variety of roles in cells,
including protein transport and storage, signal
transduction, and the prevention of infectious
illnesses (Carver 2013). Given that even
synthetic proteins without an evolutionary
background are able to bind metals, it is
possible that the abundance of metal-binding
proteins is a property of the amino acids that
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proteins use (Wang et al., 2018). The last four
references on metalloproteins in this paragraph
were adapted from Wikipedia.

It is generally known that trace metals play a
crucial role in health and disease, and their
imbalance in nutrition is hazardous (see reviews
by Vithanage et al., 2019; Chochia et al., 2020).
It is common knowledge that trace metals serve
as cofactors. The nutritional solutions known as
cell and embryo culture media are used to
support the growth of cells and embryos in vitro.
The quality of the cells and embryos produced in
the culture media will be impacted by an
imbalance, a deficiency, or an excess of trace
metals. Uncontrolled trace metal content in
media has clear adverse implications. The
composition of embryo culture media was
previously reported by Morbeck et al. (2014,
2017; and Tarahomi et al. (2019).

There is, however, a dearth of information
regarding the concentrations of some significant
trace metals that may be present in current
embryo handling and culture media, including
cell handling and culture media. Although their
significance in human reproduction (Lewicka et
al., 2017), male reproduction (Mirnamniha et al.,
2019), and female reproduction (Garnier et al.,
2021) has been reviewed in part, the importance
of trace metals in embryo and cell handling and
culture media has not been seriously
investigated.

In view of the critical roles of trace metals in
cell and embryo culture media, and due to the
paucity of information on the presence or
absence of trace elements in cell and embryo
handling and culture media, we planned to
estimate the presence and concentrations of
some critical and common trace metal in a
number of media utilized for handling and
culture of cella and embryos. The trace
elements in the embryo and cell handling and
culture media were not intentionally added to the
mixture but are present in these media as
contaminants.

Due to limitation of resources we could only
estimate the concentrations of a few trace
elements, namely, Arsenic (As), Cobalt (Co),
Copper (Cu), Iron (Fe), Selenium (Se) and Zinc
(zZn) in cell and embryo handling and culture
media, including pure water, hyaluronidase

enzyme preparation, mineral oil and PVP
(polyvinylpyrrolidone).
Materials and Methods

Different culture media, including mineral oil
as well as other handling media such as
hyaluronidase and PVP, were obtained from
their respective manufacturers. Some media that
were not supplemented with serum proteins by
the manufacturers were measured with and
without the addition of 5% serum proteins (HSA
or FSA; Table 1). These two serum supplements
were added to the respective media in keeping
with the norms of cell and embryo culture
practices.

Table 1. The Media investigated and
preparation

1 Irvine® Medium w/o HSA, USA 5 ml med
2 Irvine® Medium + HSA, USA 4.75 med+ 250ul HSA
3 Global® Culture Media, USA 5ml med
4 Pure Water 5 ml med
5 Sage® Medium+ HSA, USA 4.85 med+ 150 pl HSA
6 Sage® Medium+ w/o HSA, USA | 5 ml med
7 Sage® Hepes Medium, USA 5 ml med
8 MEM Sigma Chemicals® USA 5 ml med
9 MEM+ FSA Sigma Chemicals® 5 ml med
USA
10 MSEXH Hepes Sigma Chemical® | 5ml med

11 | EBSS Sigma Chemicals® USA 4.75 med+ 250 pl HSA

12 | EBSS+ FSA Sigma Chemicals® | 5 ml med
USA

13 | EBSS+ Hepes Sigma
Chemicals® +FSA

14 | Cellcura® Embryo Culture 5 ml med
Medium, Norway
15 | Cellcura® Handling medium+ 5 ml med

Hepes, Norway

16 | Ul Medium Cellcura® Norway 5 ml med

17 | Flushing Medium Cellcura®, 5 ml med
Norway

18 | Hyaluronidase Cellcura® , 1 ml of Hyal+ 4 ml
Norway [Custom-Manufactured pure water
by FertiPro, Belgium, (CMFB)]

19 | PVP Cellcura®, Norway 1 ml of PVP+ 4 ml
(CMEB) pure water

20 | Mineral Oil Cellcura® Norway 3ml oil + 7ml pure
(CMFB) water

21 | Mineral Oil Sigma® USA 3 ml oil+ 7 ml pure
water

*Cellcura® is now known as Synbios® media
(www.synbiosmedia.com)

4.75 med+ 250 pl FSA
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Table 2a: Trace metals in cell and embryo culture and handling media (in ppb)
S. No Media Preparation Parts per billion (ppb)
Fe As Co, Cu, Zn, Se

1 Irvine Culture Medium w/o HSA | 5 ml med 2.52 Not detected Not detected
2 Irvine Culture Medium+ HSA 4.75 med+ 250l HSA 34.82 Not detected Not detected
3 Global Culture Medium 5ml med 27.12 Not detected Not detected
4 Pure Water 5 ml med Not detected | Not detected Not detected
5 Sage Culture Medium+ HSA 4.85 med+ 150 pl HSA 18.46 Not detected Not detected
6 Sage Culture Medium+ w/o HSA | 5 ml med Not detected | Not detected Not detected
7 Sage Medium+ Hepes 5 ml med Not detected | Not detected Not detected
8 MEM (Minimum Essential Med) | 5 ml med 0.63 Not detected Not detected
9 MEM+ FSA 5 ml med 37.69 Not detected Not detected
10 MEM+ Hepes 5 ml med 0.94 Not detected Not detected
11 EBSS (Earle’s Basal Salt Soln) 4.75 med+ 250 pl HSA Not detected | Not detected Not detected
12 EBSS+ FSA 5 ml med 37.25 Not detected Not detected
13 EBSS+ Hepes 4.75 med+ 250 pl FSA 0.2 Not detected Not detected
14 Cellcura Culture Medium 5 ml med 0.38 Not detected Not detected
15 Cellcura Medium+ Hepes 5 ml med 0.32 Not detected Not detected
16 1UI Medium Cellcura 5 ml med 0.38 Not detected Not detected
17 Flushing Medium Cellcura 5 ml med 2.79 Not detected Not detected
18 Hyaluronidase Cellcura 1 ml of Hyal+ 4 ml pure water 0.97 244 Not detected
19 PVP Cellcura 1 ml of PVP+ 4 ml pure water 0.35 Not detected Not detected
20 Mineral Qil Cellcura 3ml oil + 7ml pure water 0.48 Not detected Not detected
21 Mineral Oil Sigma 3 ml oil+ 7 ml pure water 0.79 Not detected Not detected
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Table 2b: Trace metals in cell and embryo culture and handling media (ug/ml)
S. Media Preparation ug/ml
No

Fe As Co, Cu, Zn, Se
1 Irvine Culture Medium w/o HSA 5 ml med 0.00050 Not detected Not detected
2 Irvine Culture Medium+ HSA 4.75 med+ 250ul HSA 0.00690 Not detected Not detected
3 Global Culture Medium 5ml med 0.00542 Not detected Not detected
4 Pure Water 5 ml med Not detected | Not detected Not detected
5 Sage Culture Medium+ HSA 4.85 med+ 150 pul HSA 0.00369 Not detected Not detected
6 Sage Culture Medium+ w/o HSA 5 ml med Not detected | Not detected Not detected
7 Sage Medium+ Hepes 5 ml med 0.00000 Not detected Not detected
8 MEM (Minimum Essential Med) 5 ml med 0.00013 Not detected Not detected
9 MEM+ FSA 5 ml med 0.00754 Not detected Not detected
10 MEM+ Hepes 5 ml med 0.00019 Not detected Not detected
11 EBSS (Earle’s Basal Salt Soln) 4.75 med+ 250 pl HSA Not detected | Not detected Not detected
12 EBSS+ FSA 5 ml med 0.00745 Not detected Not detected
13 EBSS+ Hepes 4.75 med+ 250 pl FSA 0.00004 Not detected Not detected
14 Cellcura Culture Medium 5 ml med 0.00008 Not detected Not detected
15 Cellcura Culture Medium+ Hepes 5 ml med 0.00006 Not detected Not detected
16 IUI media cell culture 5 ml med 0.00008 Not detected Not detected
17 Hyaluronidase Cellcura 1 ml of Hyal+ 4 ml pure water 0.00019 0.00049 Not detected
18 PVP Cellcura 1 ml of PVP+ 4 ml pure water 0.00007 Not detected Not detected
19 Flushing Medium Cellcura 5 ml med 0.00056 Not detected Not detected
20 Mineral Qil Cellcura 3ml oil + 7ml pure water 0.00005 Not detected Not detected
21 Mineral Oil Sigma 3 ml oil+ 7 ml pure water 0.00008 Not detected Not detected
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The investigations were performed using
inductively coupled plasma mass spectrometry
(ICP-MS) in collaboration with the Department
of Chemistry, Faculty of Science, University of
Malaya, as per standard procedures.

The levels of arsenic, cobalt, copper, iron,
selenium, and zinc were determined in the
various media obtained from the manufacturers.
Only one replication was possible due to limited
resources.

Results

The results of the study are given in Tables
2a and 2b. All trace metals investigated were not
present in all media tested, with the significant
exception of iron. Iron was detected in most
media tested. Iron was not detected in pure
water, EBSS, and the two Sage HEPES and
Sage culture media. All these four media were
devoid of added serum protein supplements.
Arsenic was only detected in hyaluronidase
enzyme medium.

Discussion

This study has demonstrated that the trace
metals investigated, namely, cobalt, copper,
selenium, and zinc, are not present in all the
media tested. The only trace metal found in
detectable quantities in the various media
investigated was iron. The amount of iron in
media supplemented with serum supplements is
much higher than in their respective media that
are devoid of added protein supplements. This
would suggest that serum supplements could be
the main source of trace metals in culture media.
Of interest is the presence of arsenic in
hyaluronidase  enzyme  preparation. The
implication of the presence of arsenic in
hyaluronidase is not known at this moment.
Hyaluronidase is extracted from bovine testes
which may explain the presence of arsenic in the
enzyme preparation. Workers in therapeutic IVF
must bear in mind this important finding because
excess trace metals could find their way into the
culture media if the quality of serum
supplements are not carefully controlled and
maintained. However, the limitation of this study
is that procedures were not replicated due to a
lack of material resources. This study may be

informative, but it can only be considered
preliminary at this stage.

In human reproduction, a lack of trace
elements and metals can cause fetal
development abnormalities and predispose a
child to disorders later in life. Trace elements are
the key elements of complex enzymes
responsible for modulating the antioxidant
defense system of the organism. Optimum
levels of trace elements are essential for
antioxidant function. Trace elements are
components of numerous regulatory enzymes
and hormones that are essential to the division
and differentiation of cells and embryos, as well
as their further development. Mineral
deficiencies are known to cause birth defects of
the central nervous system and growth
disorders. It thus follows that the same could be
initiated or occur during the in vitro development
of embryos in culture media with deficient levels
or an imbalance of trace metals (Lewicka et al.,
2017; Mirnamniha et al., 2019; Garnier et al.,
2021). Service providers and patients will benefit
from further research into the optimal
requirements for trace metals in embryo culture
media.

Conclusion

This study has demonstrated that the trace
metals investigated, such as cobalt, copper,
selenium, and zinc, are not present in all the
media tested with the exception of iron which
was present in most media. Arsenic was
detected in hyaluronidase preparation.
Hyaluronidase enzyme is extracted from bovine
testes. The serum supplement used in culture
media could be the main source of trace metals.
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