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Background: Prolotherapy is a proliferation therapy as an alternative medicine. A
combination of dextrose solution and lidocaine is usually used in prolotherapy. The
concentrations of dextrose and lidocaine used in the clinical field are very high (dex-
trose 10%-25%, lidocaine 0.075%-1%). Several studies show about 1% dextrose and
more than 0.2% lidocaine induced cell death in various cell types. We investigated
the effects of low concentrations of dextrose and lidocaine in fibroblasts and sug-
gest the optimal range of concentrations of dextrose and lidocaine in prolotherapy.
Methods: Various concentrations of dextrose and lidocaine were treated in NIH-
3T3. Viability was examined with trypan blue exclusion assay and 3-(4,5-dimethyl-
thiazol-2-yl)-2,5-diphenyltetrazolium bromide assay. Migration assay was performed
for measuring the motile activity. Extracellular signal-regulated kinase (Erk) activa-
tion and protein expression of collagen | and a-smooth muscle actin (a-SMA) were
determined with western blot analysis.

Results: The cell viability was decreased in concentrations of more than 5% dex-
trose and 0.1% lidocaine. However, in the concentrations 1% dextrose (D1) and
0.01% lidocaine (LO.01), fibroblasts proliferated mildly. The ability of migration in
fibroblast was increased in the D1, LO.01, and D1 + LO.01 groups sequentially. D1
and LO.01 increased Erk activation and the expression of collagen | and o-SMA and
D1 + LO.01 further increased. The inhibition of Erk activation suppressed fibroblast
proliferation and the synthesis of collagen I.

Conclusions: D1, L0.01, and the combination of D1 and L0O.01 induced fibroblast
proliferation and increased collagen | synthesis via Erk activation.

Key Words: Actins; Cell Migration Assay; Cell Proliferation; Collagen Type 1; Extra-
cellular Signal-Regulated MAP Kinases; Fibroblast; Glucose; Lidocaine; Muscle,
Smooth; Prolotherapy.

INTRODUCTION ment for strengthening the laxative tendon and ligament,

and therefore relieves pain by using tissue irritant solu-
Prolotherapy is a complementary and alternative treat- tions. Solutions used in prolotherapy are considered to
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be inducing cellular osmotic stress or inflammation, thus
stimulating the synthesis of growth factors, and beginning
the healing process; however, its mechanism is not fully
understood [1,2].

Dextrose solution is popularly used in prolotherapy as
an irritant solution, and applied in a concentration from
10%-25%. Because it is painful during injection, local an-
esthetics, like lidocaine, are usually treated with dextrose
solution. Considering the fact that normal blood glucose
concentration is about 100 mg/dL (= 0.1%), 10%-25% is
very high concentration. However, there is no in vitro
study for evaluating the effects of these concentrations in
fibroblasts. The concentration of lidocaine used in prolo-
therapy is various, dependent on the physician, and usu-
ally 0.1%-0.5% is used. However, 0.2% lidocaine induced
cell death of almost all human tenofibroblasts in vitro [3],
so these are also relatively high.

The first purpose of our study was to determine which
range of concentrations of dextrose solution and lidocaine
would be less cytotoxic in fibroblasts. Second, we investi-
gated the molecular mechanism of fibroblast proliferation,
which was induced by dextrose and lidocaine through
evaluating the extracellular signal-regulated kinase (Erk)
pathway activity. Finally, it was to provide information
regarding which concentration would be proper for prolo-
therapy in the clinical field through an in vitro study.

MATERIALS AND METHODS
1. Cell culture of NIH-3T3

The mouse embryonic fibroblast cell line, NIH-3T3, was
purchased from the American Type Culture Collection
(ATCC, Rockville, MD) and was maintained at 37°C with
5% CO, in an air atmosphere; the cells were grown in Dul-
becco’s Modified Eagle’s Medium (DMEM) high glucose
(glucose 4,500 mg/L, 0.45%) supplemented with 10% bo-
vine calf serum.

2. Materials

The following reagents were obtained commercially: Poly-
clonal rabbit anti-Erk 1/2, phospho-Erk 1/2, and RIPA buf-
fer (10x) were purchased from cell Signaling Technology
(Danvers, MA); the Polyclonal rabbit anti-collagen I was
from Abcam (Cambridge, MA); the DMEM high glucose
and bovine calf serum were from Gibco (Gaithersburg,
MD); the Monoclonal mouse anti-f-actin, anti-o-smooth
muscle actin (SMA), 3-(4,5-dimethylthiazol-2-yl)-2,5-di-
phenyltetrazolium bromide, thiazolyl blue (MTT), dimeth-
yl sulfoxide (DMSO0), trypan blue solutions, and lidocaine
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hydrochloride monohydrate (L5647-15g) were from Sigma
(St. Louis, MO); the Erk inhibitor (PD98059) was from
Merck millipore (Bedford, MA); 50% dextrose solution was
purchased from Dai Han Pharm Co., Ltd. (Seoul, Korea).
The enhanced chemiluminescence western blotting de-
tection reagents SuperSignal West Pico Chemiluminescent
Substrate were from Pierce (Rockford, IL).

3. Trypan blue exclusion assay

Cell viability was determined by trypan blue exclusion
assay at 24 hours after treating the lidocaine and dex-
trose solutions. Cells were collected using trypsin-EDTA,
stained with 0.2% trypan blue solution, and counted in a
Neubauer’s cell counting chamber. The result was related
to the number of cells in an untreated control, which was
considered 100%.

4. MTT assay

NIH-3T3 cells were plated on 96-well plates with 70,000
cells per well, and 6 parallel wells for each condition. On
the next day, the medium was replaced with new medium
(control medium, medium with 0.01%-0.2% [0.43-8.54
uM] of lidocaine, medium with 0.1%-10% [0.005-0.5 mM]
of dextrose, and medium a with mixture of lidocaine and
dextrose). The powder of lidocaine and dextrose were
treated, and after that it was mixed with media at each
weight together. The degrees of proliferation were mea-
sured after 24 hours of drug exposure with the MTT. MTT
reagent was added to the wells at a final concentration 0.5
g/L. The cells were allowed to reduce MTT into formazan
(4 hr at 37°C), the amount of which was measured spec-
trophotometrically at a wavelength of 560 nm against the
background (650 nm) after lysing the cells in DMSO.

5. Migration assay

NIH-3T3 cells were seeded into the Culture-Insert 2 well
(ibidi GmbH, Grifelfing, Germany). Cells were incubated
for 24 hours and separated from the Culture-Inserts. Clo-
sure of the resulting wound was monitored over the next
24 hours. Images of the wound were captured at different
time points using a Nikon eclipse Ti-S inverted microscope
(Nikon Instruments Inc., Tokyo, Japan). The cell-free area
was measured using ImageJ] densitometry software (Na-
tional Institutes of Health, Bethesda, MD).

6. Western blot analysis

The cells (2 x 10°) were washed twice with ice-cold phos-
phate buffered saline, suspended in 100 uL of ice-cold RIPA
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buffer (1x) (20 mM Tris-HCI, 150 mM NaCl, 1 mM Na,ED-
TA, 1 mM EGTA, 1% NP-40, 1% sodium deoxycholate, 2.5
mM sodium pyrophosphate, 1 mM [-glycerophosphate, 1
mM Na,VO,, 1 ug/mL leupeptin, and 1 mM phenylmeth-
ylsulfonyl fluoride), and incubated at 4°C for 30 minutes.
The lysates were centrifuged at 14,000 rpm for 30 minutes
at 4°C. Protein concentrations of the cell lysates were de-
termined using a Bradford protein assay reagent (Bio-Rad,
Hercules, CA) and 20 pg of proteins were loaded onto 7.5%-
15% sodium dodecyl sulphate-polyacrylamide gel elec-
trophoresis. The gels were transferred to a nitrocellulose
membrane (Merk Millipore Ltd., Darmstadt, Germany)
and reacted with the indicated antibodies. Inmunostain-
ing with antibodies was performed using the SuperSignal
West Pico enhanced chemiluminescence substrate and
detected using the ChemiDoc Touch Imaging System (Bio-
Rad).
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7. Statistical analysis

At least three independent experiments were conducted.
The results are expressed as the means + standard devia-
tion. The statistical significance of the differences was
primarily determined using the Student t-test. P < 0.05 in-
dicated statistical significance.

RESULTS

To investigate the effects of the concentration of dextrose
and lidocaine used in the clinical field, concentrations
from 0.01% (0.043 mM) to 0.2% (0.86 mM) of lidocaine,
and from 1% (5.56 mM) to 10% (55.6 mM) of dextrose, were
tested in mouse fibroblasts, NIH-3T3, for 24 hours. More
than 0.1% of lidocaine and 5% of dextrose decreased cell
viability, and cells exposed to 0.2% of lidocaine and 10%
of dextrose almost died (Fig. 1). Examining the cells with

Fig. 1. Trypan blue exclusion assay after treating the various concentrations of lidocaine and dextrose for 24 hours in NIH-3T3. Cell viability after treating
various concentrations of lidocaine (A), and dextrose (C), and inverted microscopic images, respectively (B: lidocaine, D: dextrose). Medians and standard
deviation, n = 8 for each group. Ctrl: control. *P < 0.05 and ***P < 0.001.
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Fig. 2. 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) assay after treating 0.01% and 0.05% of lidocaine (A), dextrose (B), and 0.01%
of lidocaine (LO.01) and 1% of dextrose (D1) and combination treatment of LO.01 + D1 (C) for 24 hours. Medians and standard deviation, n = 8 for each
group. Ctrl: control. ***P < 0.001.
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Fig. 3. Lidocaine and dextrose increase the motile activity of fibroblast. Migration assay after treating L0.01, D1, and LO.01 + D1 for up to 24 hours. (A)
Inverted microscopic image for quantifying the cell free area (scale bar = 100 um), and (B) quantified data for cell free area using the ImageJ. Medians
and standard deviation, n = 3 for each group. Ctrl: control. **P < 0.01 and ***P < 0.001.

an inverted microscope, we found that 0.01%-0.05% of li- markers of differentiation from fibroblast to myofibroblast,
docaine and 1%-3% of dextrose appeared to mildly induce a-SMA expression, also increased (Fig. 4D, F). Fibroblast
the proliferation of fibroblasts (Fig. 1B, D), therefore MTT proliferation and collagen I synthesis were suppressed by
assay was performed. The results were similar with micro- Erk activation inhibition (Fig. 5).

scopic observation. The concentrations in 0.01% and 0.05%
of lidocaine and 1, 3, and 4% of dextrose increased the cell
numbers (Fig. 2A, B). Because lidocaine and dextrose are DISCUSSION
usually combined in prolotherapy, we treated with them

concurrently in the fibroblasts and there was no negative This study demonstrated that relatively lower concentra-
effect (Fig. 2C). tions of lidocaine and dextrose, compared with concentra-

Motile activity, which is an important factor for wound tions used in clinical practice, induced fibroblast prolifer-
healing, was also increased in 0.01% of lidocaine (L0.01) 1%, ation and increased collagen I synthesis via Erk activation.
and of dextrose (D1), combined treatment of L0.01 and D1 The basic concept of prolotherapy is the regeneration and
was further increased the cell motility (Fig. 3). repair of tissue through initiating the wound healing pro-

L0.01, D1, and L0.01 + D1 increased Erk activation (Fig. cess by inducing inflammation using irritants [1]. How-
4A-C) and collagen I synthesis (Fig. 4D, E), and one of the ever, we suggest a low concentration of dextrose solution
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Fig. 5. Inhibition of extracellular signal-regulated kinase (Erk) phosphorylation suppresses the fibroblast proliferation and collagen | synthesis. (A)
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) assay after treating L0.01, D1, and LO.01 + D1 with Erk inhibitor (PD98059; 5 uM
and 10 uM) for 24 hours, n = 7. (B) Representative data of western blotting for Erk1/2, phospho-Erk1/2 (p-Erk1/2), and collagen | expression after treat-
ing L0.01, D1, and LO.01 + D1 with PD98059 10 uM during 3 hours, n = 3. Medians and standard deviation. Ctrl: control. ***P < 0.001.

which is not expected to induce excessive inflammation, to determine which concentration of dextrose is effective

and can contribute the matrix formation of tissue.

Since the prolotherapy technique has been applied,
several irritant solutions have been used, i.e., phenol,
glycerin, morrhuate sodium, and high concentration of
dextrose solution [4]. One of them, dextrose solution, has
been used very popularly and safely. In clinical settings
and studies, various concentration of dextrose from 10%
to 25% with lidocaine from 0.075% to 1% have been used
[5-7]. However, there has been no in vitro, in vivo study

www.epain.org

for the proliferation of fibroblasts and regeneration of ten-
dons and ligaments. There have only been guesses from
studies performed under diabetic or high glucose condi-
tions with other cell lines. In many studies for diabetic
condition-mimicking experiments, the range of high glu-
cose concentration was from 0.5% to 1% and these induced
proliferation in mesangial cells [8], retinal astrocytes [9],
vascular smooth muscle cells [10], endometrial cancer
cells [11], and cholangiocarcinoma cells [12], whereas they
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induced apoptosis or cell dysfunction in endothelial cells
[13,14], stem cells [15] and schwann cells [16]. As the nor-
mal extracellular glucose concentration is considered to
be 0.1%, more than 10% dextrose is very high. DMEM high
glucose, used in present study, contains the 4,500 mg/L of
glucose, i.e., 0.45%, therefore, 1% of dextrose (D1) means
1.45% of glucose in total. Therefore, the concentration of
dextrose solution considered for clinical use in prolothera-
py should be 10%-25%. If a lower concentration of dextrose
could induce enough fibroblast proliferation and myofi-
broblast differentiation for matrix formation, it might be
less painful, and decreases in the lidocaine concentration
or volume would induce less inflammation, and reduce
the recovery time.

Lidocaine is commonly used in prolotherapy for reliv-
ing pain provoked due to the high osmolality of dextrose.
It is known that lidocaine induces apoptotic cell death of
various types of cells [17-21]. Sung et al. [3] reported there
were few live human tenofibroblasts left in 1% lidocaine
treatment. Onizuka et al. [22] also showed that the clini-
cal dose of lidocaine, i.e., more than 5 mM (= 0.17%) can
induce cell death in neurons. Thus, co-treated lidocaine
also can affect an adverse effect in fibroblast prolifera-
tion or regeneration of tissue. Because 0.2% of lidocaine
induced apoptosis in most studies, the concentration of
co-treated lidocaine in prolotherapy should be lower than
0.2%. However, there is a lack of information as to which
concentration is sufficient for pain relief while not induc-
ing cell death simultaneously. Our study also shows 0.2%
lidocaine induces the death of almost all fibroblasts at 24
hours after treatment. However, very low concentrations
of lidocaine, instead, increased the fibroblast numbers. To
our knowledge, this is the first report of a proliferative ef-
fect from low concentrations of lidocaine.

The representative pathway of cell proliferation is the
Erk pathway [23]. Although the direct mechanism for glu-
cose-induced cell proliferation is not understood, it is well
known that glucose-stimulated cell proliferation takes
place through the Erk pathway [24,25]. In order to confirm
the proliferative effects of L0.01 and D1, we examined this
pathway. Erk was activated distinctly at D1, however, L0.01
also increased phospho-Erk1/2 levels and L0.01 + D1 treat-
ment further elevated it. The inhibition of Erk phosphory-
lation was also suppressed the proliferative effect of dex-
trose and lidocaine. It means lidocaine as well as dextrose
multiplies the cell numbers through Erk phosphorylation.

It is not certain that increased fibroblast numbers
would produce more collagen. In an inflamed condition,
fibroblasts differentiate to myofibroblasts and have the
increased ability of the extracellular matrix protein syn-
thesis. Differentiated myofibroblasts contain a-SMA and
it is a characteristic marker of myofibroblasts [26]. It was
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increased at D1, notably, and it partially explains the in-
crease of collagen I synthesis. In the study of Zhang et al.
[27], the inhibition of Erk2 expression effectively prevented
epidural fibrosis and collagen synthesis, and Tang et al. [25]
reported collagen I and III production from cardiac fibro-
blasts was dependent on the Erkl/2 phosphorylation. In
present study, Erk phosphorylation inhibition suppressed
the collagen I synthesis, and high glucose stimulated col-
lagen I synthesis in fibroblasts, also via the Erk pathway.

The migration of fibroblasts or progenitor cells to the
injured site is a key step in wound healing. In our study,
L0.01 promoted the motile ability of fibroblast much more
than D1. The lower concentration of lidocaine and dex-
trose were also effective in recruiting circumferential
fibroblasts. Although there was more than 10% dextrose-
induced cell death in the in vitro culture system, we do
not know the response and the role of the in vivo immune
system and how the healing process progresses in vivo
clearly. According to Sung et al. [3], 0.1% lidocaine induced
cell death during 24 hours in human rotator cuff tenofi-
broblasts, and this is very similar to our results. Although
these results are also from an in vitro system, it is notice-
able for using a human live cell culture. Therefore, prolif-
eration in lower concentrations of lidocaine and dextrose
is also considered as meaningful. It is necessary to confirm
the effects of 1% dextrose and 0.01% lidocaine for fibroblast
proliferation and collagen I synthesis in an in vivo system.
We do not insist that these concentrations are absolute, but
only suggest the question; are very high concentrations
of dextrose really helpful for prolotherapy? What should
also not be missed here is that the cell death was induced
by lower concentrations of lidocaine and dextrose, such
as 0.2% and greater than 5%. These concentrations would
depend on the species of cells and treatment duration, and
the time of absorption after drug injection into the tendon
or ligaments of the patient should be considered, because
it determines the exposure time of the fibroblasts to the
drug. Therefore, it is necessary that well-designed experi-
ments consider these factors.

We examined a simple pathway for fibroblast prolifera-
tion and collagen synthesis, however, it is only the first
step for evaluating the mechanism of the treatable effects
of prolotherapy. We expect prolotherapy to develop into
orthodox and conventional medicine, from its current
status as complementary and alternative medicine, via the
accumulation of knowledge fthrough basic research.
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