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OBJECTIVE: To evaluate and compare the influence of three local anesthetic dental formulations manufactured in France
(Septodont), Korea (Medicaine) and Pakistan (HD-Caine) in terms of cytotoxicity and anti-bacterial activities.
METHODOLOGY: 90 commercially available local anesthetic cartridges of similar composition (2% lidocaine with epinephrine
100,000) viz. Septodont, Medicaine and HD-Caine were randomly collected from three different Pakistani cities and were
assigned as Group S, Group M and Group H, respectively. The cartridges were further divided into three sub-groups each
consisting of 10 cartridges to first evaluate cytotoxicity on Mesenchymal Stem Cells (MSCs) using a flow cytometer and
secondly to investigate anti-bacterial activity by measuring zones of inhibition and through Broth Dilution Method against five
bacterial strains.
RESULTS: The results indicated that Septodont (94.5±0.1) and Medicaine (94.7±0.0) showed the highest viability percentage
with no significant difference when the two were compared (P=0.6). HD-Caine (93.9±0.0) showed the least, being significantly
(P<0.01) different from Septodont and Medicane. A statistically significant (P<0.05) difference was identified between the three
study groups regarding the anti-bacterial activity. HD-Caine showed the highest anti-bacterial potential, followed by Medicaine
and Septodont.
CONCLUSION: Mild toxicity was observed by all the three groups in human MSCs, justifying their safe use in clinical practice.
Additionally, Medicane and HD-Caine showed significant anti-bacterial activity indicating their possible use as sterile irrigants.
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INTRODUCTION

L

ocal anesthesia laid the foundation for pain
management techniques in dentistry.1 and is indicated
in almost every dental procedure as it provides
numbness to both hard and soft tissues of the oral cavity
resulting in insensibility to pain while the patient remains
conscious. Comparably secure and standardized anesthetic
solutions are utilized these days but still these solutions
require exploration, with an aspiration of bringing an
innovation, which would enhance the beneficial effects and
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diminish the adverse effects of these compulsory drugs.
Drugs used in these solutions may notably intrude with the
normal physiological processes of the body, causing local
and systemic side effects. "Pain at injection site2, pungent
taste3, lack of desired effect due to inappropriate anesthetic
technique4, ulceration and induced infection at sites of
injection are the few local complications.
Systemic complications such as toxicity develop when
toxic concentration of local anesthetic. Loss of consciousness
and respiratory depression are few of its initial symptoms.
Literature mentions the toxic effects of local anesthetics
on different tissues, for example fibroblast, articular
chondrocytes, human leukocyte and corneal endothelial
cells,5-9 thus challenging their safety use. Therefore, an
interrogation to check and compare the cytotoxic effects of
locally available pharmaceutical solutions was required.
Numerous in-vitro cytotoxic studies have been published
on local anesthesia to assess their effects on cell viability
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using mammalian cell lines.7,10 Breu et al and Eckl et al
studied the relationship of the viability of MSCs to the time
of exposure at different concentrations of local anesthetic
agents and deduced that MSC’s viability depends on the
local anesthetic agent used, its concentration and the time
of exposure. Cell viability was evaluated using Annexin-V
stain and results were analyzed quantitatively using a flow
cytometer.11 Another novel finding by Oliveira et al and
Roderguez et al concluded apoptosis linked cell death and
the detrimental effects of lidocaine when exposed to oral
mucosa fibroblast; cells that are significantly involved in
wound healing.12 Studies showed that lidocaine when used
alone or in combination with other agents reported most
adverse reactions.13 Likewise, studies documented the
association of adverse effects with the preservatives used
along with the local anesthetic agent like sulfite and
hydrochloric acid.14
Practitioners need to emphasize on epinephrine's
indications and contraindications before using on patients
especially the ones who are immunocompromised. The
extensive use of epinephrine is linked with its ability to slow
down the systemic absorption of the local anesthetic agent,
resulting in lower plasma levels of the drug involved.
However, they have potential to cause local and systemic
reactions. Necrosis and ischemia of the nearby tissues are
the local complications. Systemic complications include
cardiovascular changes like palpitations and dysrhythmias.13
A clinician should take a proper history before administrating
a local anesthetic. Reduced tolerance to local anesthetics
has been reported in patients suffering from heart problems,
thyroid dysfunction, anemia and diabetes. Drug clearance
should be considered by the dentist before injecting lidocaine
as it's an amide and metabolized by the liver.
Multitudinous in-vitro and in-vivo investigations have
also assessed anti-microbial effects of local anesthetics,
mostly showing positive activity and its advantageous
implications during a number of clinical scenarios.15-19 Over
the preceding years, anti-microbial activity of anesthetics
allured surveillance by research teams. Aydin et al and
Eyigort et al compared the anti-microbial activity of different
anesthetic agents using Broth Dilution Method, their results
revealed that lidocaine and prilocaine had strong antimicrobial activity in contrast to bupivacaine.20 Kesici et al
established the correlation between the combined antimicrobial effects of local anesthetics and vasoconstrictors.
They performed these in-vitro approaches using disk diffusion
method followed by MIC method and concluded that
adrenaline has no anti-microbial properties of its own,
however when used in combination with lidocaine, showed
higher anti-bacterial potential.21
Considering that cytotoxicity and anti-microbial activity

are important parameters for LA solutions and since no
available literature addressing these properties is available
for the most commonly used local anesthetic options in
Pakistan, the objective of this investigation was to investigate
and compare toxicity effects on cell lines from a Pakistani
donor and anti-bacterial activity of lidocaine and epinephrine,
manufactured by two international brands (Septodont and
Medicaine) and one recently launched Pakistani manufactured
LA solution (HD-Caine). The significance of exploring these
parameters might help the safe use of locally manufactured
anesthetics, which are generally averted over international
brands.
METHODOLOGY
Three commonly used commercial local anesthetic
solutions were selected. Details of these formulations are
illustrated in Table 1.
Table 1: Details of the pharmaceutical solutions used in the study

Cytotoxicity Assay
In-vitro cytotoxicity of the three LA solutions was
evaluated against bone-marrow derived MSCs from a twentyfour-year-old Pakistani male. These cells were attained from
the repository of Air Force Bone Marrow Transplant Center
(Islamabad, Pakistan). Cells were cultured in thermo scientific
Biolite 130191 vented flask with 500mL high glucose
Dulbecco's modified Eagle's medium (DMEM) (Gibco,
Denmark) supplemented with 10% fetal bovine serum (FBS)
(Gibco, Denmark) and 200mL heparin in 500mL media.
Cells were expanded (Figure 1) at 37oC in a humified 5%
CO2 incubator for 5 days.11 The MSCs cultures were then
exposed to 0.25mL sample solutions (Septodont, Medicaine,
HD-Caine) and Control (Dulbecco's Phosphate Buffer Saline
Solution (PBS) (Gibco, Denmark) for 1 hour. After 1 hour
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of treatment with the local anesthetic solutions, non-adherent
MSCs were removed and centrifuged. Cell pellets were
washed with Dulbecco's phosphate buffer saline solution
(DPBS) (1x). Washing with saline (PBS) removes local
anesthesia completely from the cells. Treated cells were
again cultured (with DMEM and FBS) and kept overnight
Figure 1: Expanded Mesenchymal Stem Cells at 40x

The 7AAD-stain was used to measure cell viability.11 after
exposure of MSC's to treatment groups for 24 hours. Cell
cultures from wells were suspended in eppendorf tubes and
centrifuged at 660G/8min. They were then resuspended in
150 L volume FACS tubes. A 2mL of 7AAD stain was added
in each FACS tube and incubated in dark for 25 minutes at
25oC before acquisition on (Beckman Counter) (NAVIOS)
flow cytometer.

dish containing Trypticase soy agar (TSA) media. A sterile
borer was used on the surface of TSA plate to make 6mm
deep wells. The wells were filled with 0.25mL of sample
solutions, positive control (20 mL Ampicillin Sodium Salt
(Gibco, Grand Island-New York) and negative control (0.9%
Normal Sterile Saline (NaCl) (Grow-cells,USA).
Subsequently, the plates were then placed in an incubator at
36oC for 24 hours. On the following day, Vernier calipers
was used to measure the diameter of zones of inhibition.22
Broth Dilution Method
In a tube of TSB, the microbial growth of the
five-bacterial species was inoculated and then these
tubes were placed in an incubator at 37oC. A UV/VIS
spectrophotometer (SAILAB, AY1708008, AE-S90MD) was
used to set the turbidity index such that it equals to McFarland
standard 105 organisms per mL. 2ml of all the three local
anesthetic solutions (Septodont, Medicaine and HD-Caine)
along with positive control (20 mL Ampicillin Sodium Salt
(Gibco, Grand Island-New York) and negative control (0.9%
Normal Sterile Saline (NaCl) (Grow-cells,USA) were poured
in three different test tubes respectively. Further, 1mL of
broth culture was introduced in each. Autoclaved, TSA agar
plates were used to streak separate samples from the tubes
and at that point, calibration of the dilution loop was set to
0.01mL. The subsequent step was to place these plates in
an incubator for 24 hours at 37oC. The incubated plates were
scrutinized for the emergence of bacterial colonies and
counted manually.20
STATISTICAL ANALYSIS

Antibacterial activity
Anti-bacterial activity of 2% lidocaine with 0.001%
epinephrine in Septodont, Medicaine and HD-Caine along
with Negative Control (0.9% Normal Sterile Saline) (NaCl)
(Grow-cells,USA) and Positive Control (20 mL Ampicillin
Sodium Salt) (Gibco, Grand Island-New-York) was tested
against Staphylococcus aureus ATCC 6538, Bacillus Subtilis
ATCC 6633, Pseudomonas aeruginosa ATCC 9721, Klebsiella
pneumoniae ATCC 4619, and Staphylococcus epidermidis
ATCC 1228. These bacterial strains were attained from stock
cultures of Biotechnology Department, Quaid-e-Azam
University, Islamabad, Pakistan.

Data were analyzed using the Statistical Package for
Social Science (SPSS for Windows version 12, SPSS Inc.,
Chicago, IL, USA). Mean values (±SE) for various study
attributes viz. viability of mesenchymal monolayer cells,
inhibitory zone diameter and number of bacterial colonies
were calculated. Magnitude of variation of these attributes
between three brands i.e. Septodont®, Medicaine® and
HD-Caine® was ascertained through ANOVA, using
completely randomized design (Snedecor and Cochran 1989).
Post-hoc Tuckey analysis was implied to detect intergroup
differences between mean values. Significance was considered
at P<0.05.

Well-diffusion method
Tryptic soy broth (TSB) was prepared by autoclaving
for 20 mins at 121oC to grow fresh cultures of these bacterial
strains. The bacteria were inoculated in 10mL broth. The
inoculated culture was kept in shaking incubator for 24 hours
at 37oC. Test pathogens were swabbed on autoclaved petri

RESULTS
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Cytotoxicity
Analysis of MSC viability using flow cytometer
Data acquisition for flow cytometry was done using
Kaluza analysis software version 2.1. Interpretation of results,
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Table 2: Intergroup Mean Difference values, Standard Deviation
(p values) of percentage viability for Septodont, Medicaine,
HD-Caine and control

representing percentage viability are shown in Figure 2 (A)
Control (96.85%), (B) Septodont (94.20%), (C) Medicaine
(94.74%) and (D) HD-Caine (93.93%).
X-axis represent 7AAD positive and negative cells while
Y-axis represent SS INT (side scatter) representing diversity
and phenotype of the cells. From all the cells populated those
negative for 7AAD were gated on 10o , representing viable
cells.
Figure 2: Data acquisition representing percentage viability of
mesenchymal stem cells after being exposed to (A) Control
(B) Septodent (C) Medicaine (D) HD-Caine, using Kaluza
software version 2.1

Antibacterial analysis
Well-Diffusion method
The diameter of zones of inhibition formed on different
bacterial species when exposed to anesthetic solutions and
control solutions are represented in Figure 4. The diameter
of these zones was measured using a Vernier calipers. The
Figure 4: Petri dishes displaying zones of inhibition on (A)
Staphylococcus aures (B) Klebseilla pneumonia (C) Bacillus
subtilis (D) Staphylococcus epidermidis (E) Pseudomonas
aeruginosa, when exposed to Septodent (S), Medicaine (M)
HD-Caine (H), Positive Control (P.C) and Negative Control (N.C).

The results of viability obtained from flow cytomter
indicated that there was no difference between Septodont
(94.5±0.1) and Medicaine (94.7±0.0) (p=0.6) while the
viability of HD-Caine was significanlty lesser than both
Septodont, Medicaine and Control (96.6±0.0) (p<0.01). The
mean percentage viablity values are shown in Figure 3,
Figure 3: Percentage viability of mesenchymal stem cells in
Septodent, Medicaine and HD-Caine as compared to control

results revealed that Septodont, Medicaine, HD-Caine,
Positive and Negative Control showed a significant difference
(p<0.01) against Staphylococcus aureus and Staphylococcus
epidermidis. A non-significant difference was shown between
Septodont and negative control against Klebsiella pneumonia
(p=1.0), Bacillus subtilis (p=1.0) and Pseudomonas aeruginosa
(p=1.0) while the difference was significant (p<0.01) when
compared with rest of the groups (Medicaine, HD-Caine
and positive control). The greatest mean diameter after the
positive control (antibiotic) was formed by HD-Caine against
all the bacterial strains, indicating highest antibacterial
activity followed by that for Medicaine while Septodont
showed negligible antibacterial activity (Table 3).
X-axsis represent the number of test solutions used
(Septodont, Medicaine, HD-Caine and Control) and Y-axsis
represent the viability percentages. Table 2 illustrates
intergroup mean differences for viability percentages.

Broth Dilution
Number of bacterial colonies of different bacterial
species grown in three groups and control solutions revealed
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Table 3: Comparative mean (SE) values of antibacterial activity
for Septodont, Medicaine and HD-Caine

a non-significant difference between Septodont and Medicaine
for S.aureus (p=0.3) and B.subtilius (p=0.07), while a
significant difference was shown between HD-Caine, positive
and negative control (p<0.01) for these two bacterial strains.
For S.epidermidis (p=0.07) and P.aeruginosa (p=0.1) a nonsignificant difference was found between Medicaine and
HD-Caine, however the difference was significant between
Septodont, positive and negative control (p<0.01).
K.pneumonia showed a significant difference between all
the groups (p<0.01). Comparative mean values of antibacterial
activity by well diffusion and broth dilution method are
illustrated in Table 3 while the intergroup differences are
represented in Table 4.
DISCUSSION

a,b,c

within rows with different superscript letters differ at P<0.05.

Table 4: Intergroup Mean Difference values, Standard Deviation
(p values) for antibacterial activity for Septodont, Medicaine,
HD-Caine and control

JPDA Vol. 29 No. 04 Oct-Dec 2020

Expeditious advancement of pharmaceutical industry
constrains the need for screening and conducting
biocompatibility tests on the newly launched drugs. The
present study aimed at comparing the percentage viability
of MSCs after being exposed to the three groups of local
dental anesthetics namely Septodont, Medicaine, HD-Caine,
and the Control.
The findings of this study regarding percentage viability
knot well with the previous literature. Our results revealed
that the percentage viability of MSCs decreased after being
exposed to all the three groups as compared to control. The
highest percentage viability was 94.7% which was statistically
in-significant between Septodont (94.5±0.1) and Medicaine
(94.7±0.0) (p=0.6). Even though the lowest percentage
viability obtained was for HD-Caine, it should be clarified
that this was in comparison to Septodont, Medicaine and
Control (P<0.01). However, 93.9% of cells did survive when
exposed to these cartridges and revealed few toxic effects
when compared individually with PBS (control) under the
same standardized conditions.
These results were in consensus to the findings of Wu
et al and colleagues, who investigated the effects of anesthetics
on MSCs derived from rabbit adipose cells and concluded
that 1% lidocaine showed little toxic effects when compared
with other anesthetic agents at different concentrations.10
Similarly, Shoshani et al and Berger et al studied the effects
of lidocaine along with epinephrine and demonstrated that
there was no effect on the viability of adipocytes after being
exposed to this combination.23 In line with the ideas of
Celeste et al and colleagues, it was concluded that toxicity
of lidocaine was dose and time-dependent, their study shed
light on the fact that at low doses, lidocaine did not effect
189
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mitochondrial functions of fibroblast of the oral mucosa.12
Fedder et al and Beck et al reached a similar conclusion by
exposing fibroblast to different anesthetic agents. Their
results demonstrated that lidocaine and ropivacaine slightly
deformed the cells as compared to bupvicaine, which was
more toxic and resulted in greater deformation. 6
The MSCs are not only involved in wound healing after
surgery but they also offer promising clinical applications
in the dental world, which signifies that they will be in direct
contact with the anesthetics being used. Studies have proved
that these cells are sensitive to anesthetics so their safe use
demands vigilance by clinicians and researchers. Toxicity
of anesthetics is linked to their lipophilicity, thus lidocaine
being less lipophilic makes it less toxic when compared to
other amide anesthetic agents, validating their secure use in
dental practice.10 In case of clinical implications, a toxic
anesthetic would augment the possibility of oral paresthesia,
especially when administrating an inferior alveolar nerve
block as studies report 89% chances of lingual nerve being
involved.12,24 Secondly, muscular stiffness is also linked to
the myotoxic effects of anesthetics resulting in degenerative
changes in masseter and medial pterygoid.12,25 Another usual
post-operative clinical complication, following a palatine
block, is the occurrence of palatal ulceration or tissue necrosis,
which is caused by anesthetic toxicity or high concentration
of vasoconstrictors.26
Two limitations in implementing this study design were
the use of the same anesthetic agent in the same concentration
along with epinephrine, thus higher concentrations of
lidocaine could not be evaluated neither estimation of their
individual toxic effect was possible. Secondly an exposure
time of 1 hour was done to mimic the clinical situations and
shed light for practitioners regarding the biocompatibility
of the three brands used. From interference of this data, it
can be construed that these local anesthetic solutions have
mild toxicity but immoderate use of drug via topical or
parenteral route can lead to lidocaine toxicity or death.27 The
FDA mentions standard safe doses and guidelines for safe
use of anesthetic agents in clinical practice. For 2% lidocaine
in combination with epinephrine, the maximum dosage is
7mg.Kg-1.28
The framework of the study design for anti-bacterial
activity was bisected through two approaches and the findings
were contrasted. The outcome of this study corroborated
with what was found in the previous studies and all the three
groups showed antibacterial activity.19,29,30 The findings
observed by measuring the diameter of inhibitory zones
showed a statistically, significant difference between the
three groups (P<0.05). The highest anti-bacterial activity
was observed in HD-Caine, followed by Medicaine while
Septodont showed minimum anti-bacterial activity. This

method was done as a screening test and the authenticity of
these findings were then confirmed by broth dilution method
and the number of bacterial colonies formed was counted.
This later approach delivered significantly better findings
due to its sensitivity. Septodont formed the highest number
of bacterial colonies, thus showing the least anti-microbial
potential, followed by Medicaine. HD-Caine, on the other
hand, formed the least number of bacterial colonies, revealed
highest anti-bacterial potential.
A similar deduction was drawn by Kesici et al, that
lidocaine, when used in combination with epinephrine,
showed anti-bacterial activity on S.aureus, E.coli and
P.aeruginosa. His findings further demonstrated that
epinephrine has a synergistic effect on lidocaine's antibacterial activity.21 The approach used in our study suffered
limitation since the cartridges used were in combination
with epinephrine, hence the individual anti-bacterial activity
of lidocaine and epinephrine could not be concluded. Aydin
et al and Eyigort et al compared the anti-bacterial activity
of lidocaine with other anesthetic agents such as ropivacaine
and proposed that lidocaine has the highest anti-bacterial
potential as compared to other local anesthetic agents
depending on their concentration and time of exposure.20
Selection of bacterial strains was done on the basis of their
unique characterization and are the common hospital
pathogens.31 The significance of Staphylococcus-aureus as
a common pathogen has been acknowledged in the literature.
Oral cavity infections including 'angular cheilitis 32 ,
jaw osteomyelitis33, mucositis34, endodontic infections35,
parotitis36-38 are originated by S.aureus.39 Staphylococcalaureus strains are also known to have the potential to spread
and colonize to other body parts or might spread to other
patients resulting in cross infection.40 While, Bacillus subtilis
is considered best to be studied for bacterial characterization
and has acquired attention as probiotics.41 Pseudomonas
aeruginosa works by removing the antibiotic from the cell's
interior, many antibiotics and disinfectants are ineffective
against it.42 Klebsiella-pneumoniae, widely known for its
antibiotic resistance activity is responsible for majority of
infections in hospital and community43 and Staphylococcus
epidermidis is a cause of most frequent occurring infections
as a result of implants and catheters.44
The quest of exploring the anti-microbial activity of
anesthetics contributes in letting the practitioners determine
and differentiate the finest brand of anesthetics that could
serve as prophylaxis for treating infectious diseases before
a surgical procedure19 and which cartridges to be possibly
used for irrigation in endodontics.45 The anti-microbial
property of anesthetic agents augments the probability of
false-negative results while obtaining culture specimens for
diagnostic procedures46 thus for such cases, use of mild
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anesthetic agents at lowest concentration is recommended
to optimize the culture yield.
CONCLUSION AND RECOMMENDATIONS
From a biocompatibility view point, minimal toxic effects
were observed in all the test samples when compared with
the control at proclaimed 2% concentration of lidocaine.
Significant difference was revealed while assessing
antimicrobial activity. Septodont showed the least antibacterial activity while Medicaine and HD-Caine showed
the highest anti-microbial potential. For future investigations,
MSCs should ideally be exposed to different local anesthetic
agents and at different concentrations. Secondly, the type of
cell death (necrosis/apoptosis) should also be evaluated using
annexin V stain. Investigation of anti-microbial potential of
anesthetics using fungal strains especially candida albicans
can have additional implication in oral infections.
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