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Objective. The objective of this study was to examine the effects of sodium hypochlorite (NaOCI) and chlorhexidine (CHx) on

cultured human periodontal ligament (PDL) cells in vitro.

Study design. The effects of irrigation solutions on human PDL cells were evaluated by propidium iodide fluorescence cyto-

toxicity assay, protein synthesis assay, and mitochondrial activity.

Results. Both NaOCl and CHx were cytotoxic to human PDL cells in a concentration- and contact time-dependent manner.
In addition, CHx inhibited protein synthesis in human PDL cells. Although NaOCI displayed cellular cytotoxicity, it showed no
protein inhibition in the PDL cells. Furthermore, both NaOCI and CHx exhibited an inhibitory effect on mitochondrial activity

on human PDL cells.

Conclusions. This study suggests that these irrigation fluids may cause detrimental effects on vital tissues. Its clinical signifi-
cance, however, needs to be evaluated further because concentration used, exposure time to the agent, and exposure surface

area are important factors affecting the resulting effect.

(Oral Surg Oral Med Oral Pathol Oral Radiol Endod 2001;92:446-50)

Irrigation solutions are used in endodontic therapy to
remove debris from the root canal, eliminate microor-
ganisms, and serve as a lubricant during instrumenta-
tion. Therefore, an “ideal” irrigation solution should be
efficient as an antimicrobial agent but not toxic to the
periodontal tissues.

Sodium hypochlorite (NaOCl) and chlorhexidine
(CHx) have been used for root canal irrigation in
endodontic therapy. NaOCl has been widely recom-
mended as an irrigation solution to aid in the chemo-
mechanical debridement of the root canal system
because of its dissolving action on pulp tissue!-2 and its
antimicrobial properties.3# Because of its substantive
antimicrobial properties, CHx has become an effective
oral antimicrobial agent for use in periodontal therapy
and caries prevention and a therapeutic agent for other
oral infections.5:6 Recent studies using CHx as an
endodontic irrigating solution have shown its antimi-
crobial efficiency and extended residual activity.”-9

During endodontic treatment the irrigating solution
will be in contact with pulpal and periapical tissues.
Debris as well as irrigating solutions may also be
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pushed beyond the apical foramen and cause further
periapical complications.

The purpose of this study was to elucidate the poten-
tial toxicologic implications of NaOCl and CHx on
periapical periodontal tissues. Because the ultimate
goal in endodontic therapy is the healing and regener-
ation of periapical tissues, the objective was to evaluate
the cytotoxicity of various concentrations of the irriga-
tion solutions on cultured human periodontal ligament
(PDL) cells because these cells are responsible for
normal maintenance and the regeneration of the peri-
odontium.10

MATERIAL AND METHODS

All tissue culture biologicals were purchased from
Gibco Laboratories (Grand Island, NY). NaOCI
(5.25%) was obtained from Shimakyu’s Pure
Chemicals (Osaka, Japan). CHx was prepared from
Hibitane (5% W/V chlorhexidine gluconate; Zeneca
Limited, Macclesfield, Cheshire, UK). Propidium
iodide (PI), 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-
tetrazolium bromide (MTT), and dimethyl sulfoxide
were purchased from Sigma Chemical Co (St Louis,
Mo). [3H]-leucine was obtained from Amersham
International PLc (Amersham, Buckinghamshire, UK).
Both NaOCl and CHx were dissolved in the culture
medium immediately before each experiment.

Cell culture

Human PDL cells were cultured by using an explant
technique described previously.!!:12 Human PDL cells
were cultured from the roots of premolars extracted for
orthodontic reasons. After extraction, teeth were rinsed
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Fig 1. Effects of NaOCl on human PDL cells by PI fluores-
cence assay for 3-hour and 24-hour incubation periods.
Percentage of fluorescence at each concentration compared
with that of control was calculated. Each point and bar repre-
sent a mean *+ SD. Asterisk denotes significant differences
from control value, with P < .05.

with Hanks’ buffered saline solution and then placed in
60-mm Petri dishes containing Dulbecco’s modified
Eagle’s medium (DMEM) and 100 units of penicillin
and 100 pg of streptomycin/mL. To avoid contamina-
tion from the gingiva, the periodontal ligament was
carefully removed from the middle third of the root by
scalpel. The fragments were grown in DMEM supple-
mented with 10% fetal calf serum (FCS) and antibi-
otics. Cultures were maintained at 37°C in a humidi-
fied atmosphere of 5% CO, and 95% air. Experiments
with PDL fibroblasts were conducted by using cells
between the third and eighth passage.

Cytotoxicity assay

Cytotoxicity was assessed by PI fluorescence cyto-
toxicity assay according to a method of Skehan et al,!3
but modified slightly.!4:!5 PI is a general biomass stain
that binds to double-stranded nucleic acids (RNA and
DNA) and results in an enhancement of PI fluores-
cence.10 Briefly, fibroblasts were seeded by 5 x 104
cells per well in 24-well culture plates and incubated for
24 hours. After overnight attachment, the culture
medium was replaced with fresh DMEM containing 5%
FCS and the irrigation solutions. The final concentra-
tions used were 0.025%, 0.05%, 0.1%, 0.2%, and 0.4%
of NaOClI and 0.0001%, 0.001%, 0.01%, and 0.1% of
CHx. Three or 24 hours later, plates were harvested by
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Fig 2. Effects of CHx on human PDL cells by PI fluorescence
assay for 3-hour and 24-hour incubation periods. Percentage
of fluorescence at each concentration compared with that of
control was calculated. Each point and bar represent a mean
+ SD. Asterisk denotes significant differences from control
value, with P < .05.

first freezing at —20°C for 2 hours and then thawing at
50°C for 15 minutes. After the freeze-thaw treatment,
200 pg/mL of PI was added to each well. After 1-hour
incubation, the PI fluorescence was read in a fluores-
cence measurement system (CytoFluor 2300; Millipore,
Bedford, Mass, USA) at wavelengths of 531/604 nm.

Protein synthesis

Protein synthesis was measured in 24-well culture
plates. Each well was incubated with 5 x 104 cells in 1
mL of DMEM with 10% FCS and incubated overnight.
The medium was replaced with 1 mL fresh medium
containing 2% FCS and CHx in a final concentration of
0.001%, 0.005%, 0.01%, 0.05%, and 0.1%. The rate of
protein synthesis was estimated by the incorporation
of [3H]-leucine. After labeling with tritiated leucine
for 2 hours, the radioactive medium was decanted.
Monolayer cells were removed by trypsinization
(0.025%) and isolated by centrifugation, and cellular
proteins were precipitated with 5 mL of cold 5%
trichloroacetic acid. The final precipitates were each
dissolved in 0.5 mL 2 mol/L NH,OH and transferred to
scintillation vial inserts containing 3 mL of scintilla-
tion cocktail. Radioactivity was measured in a liquid
scintillation counter (Packard model 2100TR; Packard,
Downers Grove, NJ), and results were expressed as
percent inhibition of leucine incorporation.
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Fig 3. Effects of CHx on protein synthesis of human PDL
cells during 2-hour incubation. All values are means of [3H]-
leucine incorporation by 3 independent tests = SD (bars).
Asterisk denotes significant differences from control values,
with P < .05.

Mitochondrial activity

Effects of irrigation solutions on the mitochondrial func-
tion were measured by a colorimetric assay as described
by Mosmann.!7 This assay measures the conversion of a
yellow water-soluble MTT dye into a purple formazan
product by active mitochondria via an electron current.
According to our recent study,!8 MTT solution was
prepared in 5 mg/mL of phosphate-buffered saline just
before use and filtered through a 0.22-pm filter. PDL cells
were seeded 2 x 104 cells/well into 96-well culture plates.
After overnight attachment, cell was treated with various
concentrations of irrigation solutions, and 10 pL of MTT
solution was added to each well for 2 hours. The final
concentration was 0.025%, 0.05%, 0.1%, 0.2%, and 0.4%
for NaOCl and 0.001%, 0.005%, 0.01%, 0.05%, and 0.1%
for CHx. On termination of the experiment, all the medium
was discarded by inverting and tapping the plates, and 100
UL of dimethyl sulfoxide was added to each well. The
spectrophotometric absorbance at 540 nm was then
measured by an enzyme-linked immunosorbent assay
reader (Hitachi, U2000, Tokyo, Japan). The functional
mitochondrial activity of irrigation solution—treated cells
was calculated as a percentage of control.

Statistical analysis
Five replicates of each concentration were performed
in each test. All assays were repeated at least 3 times to
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Fig 4. Effects of NaOCI on the functional mitochondrial
activities by MTT assay after 2-hour incubation. Results are
expressed as percentages of untreated controls. All values are
shown as mean + SD. Asterisk denotes significant differences
from control values, with P < .05.

ensure reproducibility. The significance of difference
between the control and treated groups was statistically
analyzed by one-way analysis of variance. Tests of
differences of the treatments were analyzed by the
Duncan test, and a P value less than .05 was considered
statistically significant.

RESULTS

By measuring PI fluorescence with narrow band-
width 531/604 nm excitation/emission filters, the
effects of various concentrations of irrigation fluids on
double-stranded polynucleic acid contents of cultures
were visualized (Figs 1 and 2). Both NaOCI and CHx
were cytotoxic to human PDL cells in a concentration-
and time-dependent manner (P < .05). NaOCl was
cytotoxic to PDL cells at the concentrations of 0.025%
or greater (Fig 1). CHx was cytotoxic to PDL cells at
the concentrations of 0.0001% or greater (Fig 2). At the
same concentration of NaOCl and CHx, chlorhexidine
was more cytotoxic to human PDL cells than NaOCl
(P < .05).

[3H]-leucine was used for monitoring protein synthesis.
As shown in Fig 3, CHx inhibited protein synthesis in
human PDL cells. CHx inhibited protein synthesis at
0.005% and greater concentrations in a dose-dependent
manner (P < .05). A 0.01% concentration level of CHx
significantly inhibited the protein synthesis in approxi-
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mately 80% of those in the untreated control group.
The protein synthesis was almost completely inhibited
by the concentration greater than 0.05%.

Although NaOCI displayed cellular cytotoxicity, it
showed no protein inhibition in human PDL cells. No
difference in the percentage of [3H]-leucine incorpora-
tion was noted in any NaOCl-affected cells.

Both NaOCl and CHx exhibited an inhibitory effect
on mitochondrial activity on human PDL cells (Figs 4
and 5). At concentrations of 0.1% through 0.4%,
NaOCl inhibited 27% through 97% of functional mito-
chondrial activities (P < .05). A 0.001% concentration
level of CHx significantly inhibited the mitochondrial
activity in about 25% of those in the untreated control
group. The mitochondrial activity was almost
completely inhibited at a concentration of 0.125% of
CHx (Fig 5).

DISCUSSION

The toxic effects of materials used in endodontic
therapy are of particular concern because damage or
irritation could cause degeneration of the periapical
tissue and delayed wound healing. Ideally, an endo-
dontic irrigating solution should be selectively toxic
and act as an antimicrobial agent but with low peri-
apical tissue toxicity.

With the simple PI fluorescence assay!3 the cellular
responses could be measured without a complicated
process. The 531/604 nm wavelengths of excitation/
emission combinations reflect cellular RNA more than
DNA. Because RNA usually is synthesized earlier than
protein in cellular growth, the PI assay is a much better
tool to detect cellular responses than protein, biomass,
and DNA assays.!9 It is usually the method of choice,
when a short assay is desirable. Our previous study has
shown that this assay is useful for preliminary cytotox-
icity screening of root canal medicaments in vitro.!5 In
this study, NaOCl and CHx were found to be cytotoxic
to human PDL cells in a dose- and time-dependent
manner by using the PI fluorescent assay.

NaOCl has been used in endodontics at different
concentrations ranging from 0.5% to 5.25%. At a
concentration of 0.4% of NaOCl, the cells showed no
PI activity, and it can therefore be assumed that the
cells were dead or dying. With this experimental tech-
nique some cytotoxic effect of NaOCl could be
observed at concentrations as low as 0.01%. Our
results were generally in agreement with that reported
by Koulaouzidou et al.20 However, our results differed
from those of Spangberg et al,2! who recommended
0.5% NaOCl as an acceptable noncytotoxic solution,
and Hegger et al,22 who reported 0.025% NaOCl to be
non-tissue toxicity. The reason for this contrary result
is not clear. It may result from different origins of the
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Fig 5. Effects of CHx on the functional mitochondrial activi-
ties by MTT assay after 2-hour incubation. Results are
expressed as percentages of untreated controls. All values are
shown as mean + SD. Asterisk denotes significant differences
from control values, with P < .05.

cells or different experimental protocols used in each
laboratory. The cellular effects of NaOCl may not
necessarily be comparable in all tissues.

Although NaOCl was found to inhibit mitochondrial
activity in a dose-dependent manner, no protein inhibi-
tion could be observed. From the PI fluorescence assay,
the macromolecule inhibition of NaOCI might be via
DNA or RNA synthesis. However, the detailed mecha-
nism of macromolecule inhibition remains to be further
defined.

CHx is a cationic bisbiguanide with excellent antimi-
crobial action. It is active against a wide range of
microorganisms because it is bacteriostatic at low
concentrations and bactericidal at higher concentra-
tions.23 CHx, however, was found to be highly cyto-
toxic to human PDL cells by inhibiting double-stranded
nucleic acid content, protein synthesis, and mitochon-
drial activity. Previous studies have shown that CHx
was cytotoxic to human fibroblasts via inhibition of
protein synthesis.?4:25 The highly cationic nature of the
drug may have a general inhibitory effect on the cells,
or the CHx may affect protein biosynthesis specifically.

Regeneration of the lesion and the periodontal
connective tissue attachment apparatus after endodontic
treatment is important. Toxic antimicrobial agents used
in the root canal may impede periapical tissue healing.
Studies have suggested that the cell growth, prolifera-
tion, and matrix synthesis of fibroblasts are necessary
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for regeneration.26:27 Both NaOCl and CHx were
found to impair cell function of the target cells at
various concentrations. These detrimental effects of
irrigation solutions might impair the reparative and
regenerative potential of periapical tissues.

It has been reported that periapical tissue damage is
increased in necrotic pulp cases and in teeth with root
canals with large apical foramina, because materials
used in the canal will more readily leak beyond the
apical foramen.28

This study suggests that these irrigation fluids may
cause detrimental effects on vital tissues. Its clinical
significance, however, needs to be evaluated further
because concentration used, exposure time to the
agent, and exposure surface area are important factors
affecting the resulting effect. All this must be consid-
ered when selecting the appropriate agent.

REFERENCES

1. Hand RE, Smith ML, Harrisen JW. Analysis of the effect of dilu-
tion of the necrotic tissue dissolution property of sodium
hypochlorite. J Endod 1978;4:60-4.

2. Rosenfeld EF, Jemes GA, Buckner SB. Vital pulp tissue
response to sodium hypochlorite. J Endod 1978;4:140-6.

3. Bystrom A, Sundqvist G. Bacteriologic evaluation of the effect
of 0.5 percent sodium hypochlorite in endodontic therapy. Oral
Surg Oral Med Oral Pathol 1983;55:307-12.

4. Yesilsey C, Whitaken E, Cleveland D, Phillips E, Trope M.
Antimicrobial and toxic effects of established and potential root
canal irrigants. J Endod 1995;21:513-5.

5. Fardak O, Turnbull RS. A review of the literature on use of
chlorhexidine in dentistry. J Am Dent Assoc 1985;112:863-9.

6. Greenstein G, Berman C, Jeffin R. Chlorhexidine: an adjunct to
periodontal therapy. J Periodontol 1986;57:370-6.

7. Jeansonne MJ, White RR. A comparison of 2.0% chlorhexidine
gluconate and 5.25% sodium hypochlorite as antimicrobial
endodontic irrigants. J Endod 1994;20:276-8.

8. White RR, Hay GL, Janer LR. Residual antimicrobial activity
after canal irrigation with chlorhexidine. J Endod 1997;23:
229-31.

9. Leonardo MR, Filho T, Silva LAB, Filho N, Bonifacio KC, Ito
IY. In vivo antimicrobial activity of 2% chlorhexidine used as a
root canal irrigating solution. J Endod 1999;25:167-71.

10. Mariotti A, Cochran DL, Charan DL. Characterization of fibro-
blasts derived from human periodontal ligament and gingiva. J
Periodontol 1990;61:103-11.

11. Chang YC, Tai KW, Lii CK, Chou LSS, Chou MY. Cyto-
pathologic effects of arecoline on human gingival fibroblasts.
Clin Oral Invest 1999;3:25-9.

12. Chang YC, Tai KW, Chou LSS, Chou MY. Effects of camphor-
ated parachlorophenol on human periodontal ligament cells in
vitro. J Endod 1999;25:779-81.

13. Skehan P, Bokesch H, Williamson K. The clinical value of labo-

ORAL SURGERY ORAL MEDICINE ORAL PATHOLOGY
October 2001

ratory studies. In: Kaspers GJ, editor. Drug resistance in
leukemia and lymphoma. Langhorn (PA): Harwood Publishers;
1993. p. 409-13.

14. Chang YC, Tai KW, Cheng MH, Chou LSS, Chou MY (1998).
Cytotoxic and non-genotoxic effects of arecoline on human
buccal fibroblasts in vitro. J Oral Pathol Med 1998;27:68-71.

15. Chang YC, Huang FM, Cheng MH, Chou LSS, Chou MY. In
vitro evaluation of the cytotoxicity and genotoxicity of root
canal medicines on human pulp fibroblasts. J Endod 1998;
24:604-6.

16. Nieminen AL, Gores GJ, Bond JM, Imberti R, Herman B,
Lemasters JJ. A novel cytotoxicity screening assay using a
multiwell fluorescence scanner. Toxicol Appl Pharmacol 1992;
115:147-55.

17. Mosmann T. Rapid calorimetric assay for cellular growth and
survival: application to proliferation and cytotoxicity assays. J
Immunol Methods 1983;65:55-63.

18. Chang YC, Chou MY. Cytotoxicity of fluoride on human pulp
cell cultures in vitro. Oral Surg Oral Med Oral Pathol Oral
Radiol Endod 2001;91:230-4.

19. Skehan P. Assays of cell growth and cytotoxicity. In: Studizinski
GP, editor. Cell growth and apoptosis: a practical approach. New
York: IRL Press; 1995. p. 176-8.

20. Koulaouzidou EA, Margelos J, Beltes P, Kortsaris AH.
Cytotoxic effects of different concentrations of neutral and alka-
line EDTA solutions used as root canal irrigants. J Endod 1999;
1:21-3.

21. Spangberg L, Engstrom B, Langeland K. Biologic effects of
dental materials. III. Toxicity and antimicrobial effect of
endodontic antiseptics in vitro. Oral Surg Oral Med Oral Pathol
1973;36:856-71.

22. Hegger JP, Sazy AJ, Stenberg BD, Strock LL, McCauley RL,
Hernom DN, et al. Bacterial and wound-healing properties of
sodium hypochlorite solutions: the 1991 Lindberg Award. J
Burn Care Rehabil 1991;12:420-4.

23. Denton GW. Chlorhexidine. In: Block SS, editor. Disinfection,
sterilization and preservation. 4th ed. Philadelphia: Lea &
Febiger; 1991. p. 274-89.

24. Goldschmidt P, Cogen R, Taubman S. Cytopathologic effects of
chlorhexidine on human cells. J Periodontol 1977;48:212-5.

25. Pucher JJ, Daniel JC. The effects of chlorhexidine digluconate
on human fibroblasts in vitro. J Periodontol 1993;62:526-32.

26. Boyko GA, Brunett DM, Melcher AH. Cell attachment to
demineralized root surface in vitro. J Periodontal Res 1980;15:
297-303.

27. MacNeil RL, Somerman MJ. Molecular factors regulating
development and regeneration of cementum. J Periodontal Res
1993;28:550-9.

28. Salzgeber RM, Brilliant JD. An in vivo evaluation of the pene-
tration of an irrigating solution in root canals. J Endod 1977;
3:394-8.

Reprint requests:

Yu-Chao Chang, DDS, MMS

School of Dentistry

Chung Shan Medical and Dental College
23 Section 1, Taichung-Kang Rd
Taichung

Taiwan



