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Toxicity of Carnoy’s solution toward
human keratinocytes: an in vitro study

Abstract: The present study aimed to characterize the chemical
elements and cytotoxicity of Carnoy’s solution (CS) by comparing
two different trademarked products (one Brazilian [NCS] and
another imported [ICS]) using inductively coupled plasma mass
spectrometry (ICP-MS) and human keratinocyte (HaCaT) cultures.
For performing ICP-MS, the solutions were diluted according to
calibration curves, and the chemical elements were analyzed with
a spectrometer. HaCaT cells were exposed to CS concentrations
ranging from 0.10% to 20% for 3 or 5 min. Cell viability was
evaluated immediately (TO0), 24 h (T1), and 7 days (T2) after exposure
to CS using 3-(4,5-dimethylthiazol-2-yl)-2, 5-diphenyl-tetrazolium
bromide (MTT) reduction assay. Data were analyzed using a t-test
for ICP-MS and analysis of variance followed by Tukey’s post-hoc
test for MTT assay, both considering statistical significance at
p<0.05. ICP-MS results revealed that ICS presented significantly
lower concentrations of 12 chemical elements than NCS. The results
of MTT assay revealed that at TO, ICS was more cytotoxic than
NCS regardless of the time of exposure (p < 0.05). At T1, the only
difference between the groups was at a concentration of 0.10% after
5 min of exposure. At T2, at a concentration of 0.5%, ICS resulted in
a significant reduction in cell viability compared to NCS (p < 0.05).
Thus, the results showed that ICS was more cytotoxic than NCS.
Collectively, our findings suggest that the individual compositions
of different CS formulations should be investigated.

Keywords: HaCaT Cells; Mass Spectrometry; Odontogenic Cysts.

Introduction

The formulation of Carnoy’s solution (CS) was first described by
Zollinger and Moritz in 1932 as a necrobiotic agent to treat cystic lesions
in dog brains.! However, an important neurotoxic characteristic of the
drug was observed when saphenous rat nerves were exposed to different
substances commonly used in oral and maxillofacial surgery. It was
shown that exposure to CS may cause persistent neural function deficits,
depending on the duration of exposure.? This adverse effect was further
demonstrated in a rabbit model, in which considerable damage to axonal
contents of the inferior alveolar nerve was observed upon contact with
CS for periods longer than 3 min.?
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Despite being recognized as toxic, CS has been
established as an adjuvant tool in surgical procedures
to excise odontogenic keratocysts (OKCs), due to the
reduced risk of recurrence of these lesions when the
drug is used.*® Voorsmit et al.” demonstrated that CS
penetrates different types of tissues, including the
cell walls of OKCs. This is of particular importance
because OKCs have marked potential for recurrence in
cases where fragments of the cyst epithelium remain
after surgical procedures with incomplete lesion
removal.>*” Moreover, CS promotes tissue fixation,
thus minimizing the risk of epithelial cell survival
and subsequent lesion regrowth.®’ Furthermore, the
use of ferric chloride to cauterize tissues promotes the
elimination of these cells.>® Since the application of
CS to lesions was first proposed, several studies have
demonstrated treatment strategies aimed at reducing
the recurrence rates of cysts.®'"* Despite its broad
clinical application, some unanswered questions
regarding individual CS formulations remain. In
Brazil, both local and imported trademarked CS
preparations are available. The original formulation
of CS comprises absolute ethanol (60%), chloroform
(30%), glacial acetic acid (10%), and ferric chloride
(0.1 mg/mL).”2 However, when concerns about the
carcinogenic properties of chloroform emerged, the
US Food and Drug Administration (FDA) prohibited
its inclusion in CS.? Subsequently, a modified CS
formulation was tested, albeit without success, as
a significantly higher recurrence rate of OKCs was
observed compared to the original CS formulation.?
Thus, the current CS formulation still contains
chloroform. Studies are yet to address the ideal
time of tissue exposure to CS. A previous study
advocated that CS should be used for 5 min,® while
others have reported that a period of 3 min should
be used.*" Considering that in vitro analysis of the
cellular effects of CS may elucidate some of these
queries, the aim of the present study was to assess CS
cytotoxicity by comparing two different trademarked
formulations and periods of exposure to the drug on
human keratinocyte (HaCaT) cultures. In addition, the
chemical elements present in both CS formulations
were qualitatively and quantitatively analyzed. Our
data indicate that the CS formulation may influence
the viability of epithelial cells.
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Methodology

Reagents and chemicals

Two different trademarked formulations of
CS were tested. One solution, national Carnoy’s
solution (NCS; group 1) was obtained from Synth®
Laboratory (Synth, Diadema, Brazil), while the
other, imported Carnoy’s solution (ICS; group 2),
was procured from Merck® Laboratory (Merck,
Darmstadt, Germany). The composition of CS in
both the groups was the same, as described by
Cuttler and Zollinger (1933), as follows: absolute
ethanol (60%), chloroform (30%), glacial acetic acid
(10%), and ferric chloride (0.1 mg/mL).*

Inductively coupled plasma mass
spectrometry (ICP-MS)

The chemical elements present in both CSs were
determined by ICP-MS using the standard addition
method. All analyses were performed using an
Agilent 7700 ICP-MS/MS spectrometer (Agilent
Technologies, Santa Clara, USA). The argon gas used
was of 99.998% purity (Air Products, Allentown, USA).
To avoid polyatomic interferences, helium gas with
a flow rate of 4.7 mL/min was used. All solutions
were prepared using distilled-deionized water
(resistivity >18.2 MQ cm) obtained from a Milli-Q
system (Millipore, Bedford, USA). The standard
calibration curves were prepared from 0 to 50 ug/L,
and the dilution factor for the sample was 10. The
ICP-MS/MS operating conditions and mass-to-charge
ratios (m/z) are listed in Table 1.

Cell culture

A commercially available human immortalized
epithelial cell line (HaCaT cells) was thawed and
cultured in Dulbecco’s modified essential medium
(DMEM). It was supplemented with 10% fetal bovine
serum (Gibco/Invitrogen, Grand Island, USA), 1%
penicillin, 1% streptomycin, and 0.2% fungizone
and incubated in a 95% humidified atmosphere
containing 5% CO, at 37 °C. Cells were seeded at a
density of 1 x 10* cells/well onto 96-well microplates
in quadruplicate.

To evaluate the effect of the CSs on HaCaT cells,
serial dilutions of the solutions were prepared
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Table 1. Operating conditions for the Agilent 7700 ICP-MS/MS.

Instrument parameter

RF applied power (kW)

Plasma gas flow rate (L min~)
Carrier gas flow rate (L min~')
Auxiliary gas flow rate (L min~')
Nebulizer

Spray chamber

Operating condition
1.50
12.0
1.0
1.8
Micromist

Scott type - double pass

|soiopes 24M9/ 27A|/ MCO, 51\// SZCrI SSMnI SQCO/ LUNJ 63CU, 6ézn, 75AS, 888',/ 107Ag/ 137801 206Pb, 209B;

using phosphate-buffered saline (PBS). First, a
preliminary study was conducted to determine the
CS concentration that results in 50% cytotoxicity.
Accordingly, CS at concentrations of 90%, 80%, 70%,
60%, 50%, 40%, 30%, 20%, 10%, 1%, and 0.10% were
evaluated immediately after the exposure of cell
cultures to the solution. These initial tests allowed
us to verify that concentrations greater than 20%
damaged the microplate, rendering the analysis in
the spectrophotometer unfeasible. Accordingly, CSs
were further tested at lower concentrations (10%,
1%, 0.75%, 0.5%, 0.25%, and 0.10%) for each group
and tested immediately (T0), 24 h (T1), and 7 days
(T2) after the exposure of cell cultures to both CS
groups. At all time periods, cells were exposed for
3 or 5 min to each group of CS to evaluate whether
the time of exposure was important for cell survival.
After exposure to CSs, cell cultures were washed
once with PBS, and fresh culture medium was added.
A control group of cells (untreated cells) cultured
under ideal conditions was used for comparison. Cell
viability was assessed using the 4,5-dimethylthiazol-
2-yl)-diphenyltetrazolium bromide microculture
tetrazolium (MTT) assay (Invitrogen/Vybrant
MTT, Molecular Probes, Eugene, USA), according
to the manufacturer’s instructions. Briefly, 10 uL of
MTT and 90 uL of fresh DMEM were added to the
cells for 3 h. Next, formazan crystals were diluted
using 50 pL/well of dimethyl sulfoxide. The optical
density was measured at 540 nm using a microplate
reader (Norgen™, BioTek Corporation, Ontario,
Canada). For data analysis, the optical density value
corresponding to untreated cells was considered
100%. Cell survival was calculated as the percentage
of dye accumulated in the experimental groups
compared with untreated cells.

Statistical Analysis

Cell viability determined by MTT assay was
evaluated according to the classification system
described in previous studies.??* Statistical analysis
was performed using the Statistical Package for the
Social Sciences (SPSS), version 20.0, for Windows
(SPSS, Inc., Armonk, USA). Data from the MTT assay
were analyzed using one-way analysis of variance,
followed by Tukey’s post-hoc test. For the evaluation of
ICP-MSrresults, a t-test for dependent and non-matched
samples was conducted to compare both groups. The
level of significance was set at p < 0.05.

Resulis

ICP-MS

The ICP-MS analysis detected 16 and 15 chemical
elements in NCS and ICS, respectively. Both CS
formulations contained Bi, Pb, Ba, Sr, As, Zn, Cu, Nji, Co,
Mn, Cr, V, Ca, Al, and Mg, with NCS also containing
Ag, which was under the limit of detection (LD) in ICS.
Differences between NCS and ICS were statistically
significant for 12 elements, and in general, increased
concentrations of the chemical elements were observed
in NCS. In contrast, reduced concentrations of Zn, V,
and Ca were observed in ICS compared with NCS.
Among Zn, V, and Ca, only V showed a significant
difference between the groups (Table 2).

MTT Assay

Figure 1 depicts the results of the MTT assay
immediately after (T0) the exposure of cell cultures
to the CSs diluted up to a concentration of 20%
(preliminary study). The concentration of 0.10%
presented cytotoxicities ranging between 40% and 60%
for both groups of CS. Cells exposed to NCS showed
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Table 2. ICP-MS results for both national and imported Carnoy’s solutions.

National Carnoy’s solution (SYNTH®)

Imported Carnoy’s solution (MERCK®)

Chemical elements p-value
Mean (ug/L) SD (ug/L) Mean (ug/L) SD (ug/L)
Bi (Bismuth) 3281 31 323.5 67.1 < 0.001
Pb (Lead) 10.08 2.10 1.47 0.12 0.017
Ba (Barium) 20.58 0.58 7.62 0.68 < 0.001
Ag (Silver) 9.07 1.03 < LD - 0.004
Sr (Strontium) 11.88 1.05 10.30 0.66 0.020
As (Arsenic) 2.59 0.57 1.88 0.17 0.092
Zn (Zinc) 158.5 5.9 158.6 12.1 0.980
Cu (Copper) 42.01 2.24 21.81 6.86 0.017
Ni (Nickel) 224.7 27.6 122.3 6.2 0.014
Co (Cobalt) 91.06 0.76 22.27 2.82 < 0.001
Mn (Manganese) 246.3 10.7 51.69 3.86 < 0.001
Cr (Chromium) 426.6 28.5 285.9 35.0 0.001
V (Vanadium) 14.66 2.03 20.68 3.76 0.026
Ca (Calcium) 779.6 14.3 1008 120 0.065
Al (Aluminum) 388.4 27.5 217.4 12.4 0.003
Mg (Magnesium) 411.3 1.3 394.8 7.6 0.045

significantly higher viability than those exposed to
ICS regardless of the time of exposure (3 or 5 min;
p < 0.05). Concentrations higher than 0.10% were
highly cytotoxic to the oral keratinocytes, presenting
with more than 90% cell death, irrespective of the CS
group used and the duration of exposure (3 or 5 min).

After the preliminary study, concentrations
ranging between 0.10% (around 50% cytotoxicity) and
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10% (minor concentration with the highest cytotoxicity)
were tested to detect differences between both groups
of CS and periods of exposure over prolonged time
intervals. After 24 h (T1) of exposure of the cell cultures
to the CSs, a dose-dependent response curve for both
formulations, irrespective of the period of contact,
was constructed (Figure 2). At this time interval, the
only statistical difference between the groups was at

Control

*

...

I National (1.0%)
O Imported (1.0%)

5 min
[ National (10%)
E Imported (10%)

Figure 1. MTT assay immediately (TO) after exposure of cell cultures to the different CSs diluted up to a concentration of 10%,

comparing both NCS and ICS.
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a concentration of 0.10% and exposure time of 5 min
(p <0.05), where the cells exposed to NCS presented
higher viability than those exposed to ICS.

The data obtained for the MTT assay after 7 days (12)
are shown in Figure 3. Cell cultures treated with both
CSs at concentrations of 0.10% and 0.25% subsequently
survived and proliferated. At a concentration of 0.5%,
cells exposed to ICS presented a significant reduction in
viability compared with NCS regardless of the period
of exposure (p <0.05). At concentrations greater than

0.5%, a significant number of cells exposed to both
CSs died, with no recovery of their viability after
7 days (T2) of culture (Figure 3).

Regarding the exposure time to CS (Figure 4),
considering each CS, the time of 3 or 5 min was
irrelevant for cell growth in most analyses. The only
significant difference was found at the concentration
of 0.50% for ICS and 0.75% for both ICS and NCS,
wherein cell viability was significantly increased
after 5 min (Figure 4c).

Control

L e

80 1

= 540 mm)
I o
o o

N
(@]
1

Cell viability (%) (A

3 min
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E Imported (0.10%)

Il National (0.25%)
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B Nafional (0.50%)
E Imported (0.50%)

W National (0.75%)
H Imported (0.75%)

Figure 2. MTT assay 24 h (T1) after exposure of cell cultures to the different CSs diluted to concentrations ranging from 0.10%
to 0.75%; comparison of epithelial cells exposed to both NCS and ICS for 3 or 5 min. # indicates statistical difference between

the control and test groups.
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Figure 3. MTT assay 7 days (T2) after the exposure of cell cultures to the different CSs diluted to concentrations ranging from
0.10% to 0.75%; comparison of epithelial cells exposed to NCS and ICS for 3 or 5 min. # indicates statistical difference between

the control and test groups.
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Figure 4. Evaluation of NCSs and ICSs at different concentration s and the following experimental periods: immediately (A), 24 h
(B), and 7 days (C). The time of 3 or 5 min was irrelevant for cell growth in most analyses, with the exception of 0.50% for ICS
and 0.75% for both ICS and NCS at T2. # indicates statistical difference between the cell viability evaluations after 3 and 5 min.

The untreated cells cultivated under ideal
conditions showed increased viability compared
with all treated groups at experimental periods of 0 h
and 24 h. After 7 days of cell culture at concentrations
lower than 0.5% for ICS and lower than 0.75% for
NCS, no statistical difference was observed for the

control group.
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Discussion

CS has been used predominantly for the treatment
of OKC due to its capacity to fix and thus eliminate
the activity of epithelial remnants.>® CS has also
been used as an adjuvant in unicystic ameloblastoma
treatment.”"® Discrepancies regarding the adjuvant
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benefits of CS on OKC treatment have been reported
previously, and although CS is not the most widely
used method for OKC treatment, it is still commonly
used by oral and maxillofacial surgeons.>. Commercial
preparations of CS are not widely available in the
market.”® Thus, the lack of accessibility of the drug
may pose an obstacle for surgeons to adopt the CS
method for OKC treatment.

The high recurrence rate of OKC has prompted
a search for the best treatment option. The most
frequently studied therapies are marsupialization
either alone or followed by enucleation, enucleation
either with or without an adjunctive therapy (peripheral
ostectomy, CS, and cryotherapy), and resection.!*?"%
Enucleation of OKC with complementary site exposure
to CSis considered the best conservative therapy.***
Some studies have reported the markedly reduced
recurrence rates of OKCs following CS treatment.'>**
Despite the adjuvant benefits of CS, its caustic nature
may cause irreversible damage to the surrounding soft
and hard tissues.”® Some studies have stated that it is
unreasonable to use CS as adjuvant therapy for OKC
treatment due to the risks to surrounding structures,
such as nerves,>** as well as the carcinogenic effect
associated with chloroform (as reported by FDA).%
Dashow et al. demonstrated a significantly decreased
recurrence rate of OKCs following treatment with
CS containing chloroform.* Diaz-Belenguer et al.*
reported that the reduction in recurrence rates is
not evident when CS is used as an adjuvant method.
Considering this, we aimed to methodically test the
effects of CS to achieve a better understanding of the
cellular damage caused by the solution. Given the
high recurrence rate of OKCs and evident reductionin
recurrence when CSis administered, gaining a better
understanding of CS is of high importance.'®?'2%

One limitation of two-dimensional (2D) in vitro
cell cultures, such as the one employed in the present
study, is that the tissue architecture is not fully
represented. Given that cells are grown on flat surfaces,
the 2D cell culture method only considers a cell
monolayer, which is inherently more sensitive to the
effects of chemicals. Accordingly, predicting tissue
response to the administration of a given substance
using this method is highly challenging. Another
limitation of the current study concerns the reaction

of high-concentration CSs with polystyrene, which
is used to manufacture the microplates used for
analyses. Considering that CS concentrations above
20% damaged the microplates and impaired the
measurement of absorbance, the CSs were not tested.
However, the effect of CS on HaCaT could be compared
ata maximum concentration of only 0.5%, indicating
that high concentrations lead to severe cytotoxicity.

The use of ICP-MS for CS characterization has not
yet been reported. In the current study, ICP-MS was
performed to evaluate whether the specific components
of different CSs were responsible for the observed
diverse cell culture responses. ICP-MS analysis
showed that both the CSs contained significantly
different concentrations of metals. Regarding the
presence of metals in CS, one hypothesis states that
they can catalyze reactions between the reagents
used and alter the final composition of the solution.
We cannot infer that the treatment outcomes would
be different if the purity of the adjuvant solution
was altered; however, we recommend that the same
should be explored in future studies.

In this study, the HaCaT cell line was used.** The
CS presented significantly lower cytotoxicity at some
concentrations and lengths of exposure. The study
revealed that when the keratinocyte culture was
treated with CS, the cell viability was severely altered
by concentrations higher than 0.5% regardless of the
exposure time. At low concentrations, cell viability
increased with the exposure time. Lastly, there has
been no consensus regarding the ideal time for CS
application.>** Frerich et al.? reported considerable
damage to the neural structure after 5 min, and
there was no significant difference between the
3-and 5-minute periods. The results of the present
study also demonstrated no difference between
the two exposure times. Thus, it seems reasonable
to suggest the application of CS for a period of no
longer than 3 min.

Conclusion
CSs are cytotoxic to human keratinocytes. However,
ICS was found to be more toxic than NCS to these

epithelial cells. No differences between the 3- or
5-minute exposure times were found between the
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solutions. Further research to verify whether the
differences in chemical compositions of CS can interfere
with the clinical response to the drug is warranted.
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