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Evening Primrose Oil Effects on Osteoclasts during Tooth Movement
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ABSTRACT

This study was conducted to investigate the influence of supplemented evening primrose oil (EPO) on osteoclast
expression during experimental tooth movement in rats. Forty-eight 10-week-old male Sprague-Dawley rats were divided into
experimental and control groups. Animals in the experiment group were fed a 7.25 g/kg daily dose of EPO orally by gastric
intubation for 20 days before orthodontic tooth movement. The animals in the control group received an equivalent volume of
distilled water by the same method. On day 21, a 40-g mesial tipping force was applied to the maxillary right first molar of
each rat. After loading, six animals in each group were sacrificed on days 0, 3, 7, and 14 with the appliance in situ. On day
3, the number of osteoclasts on the appliance side of the experimental group was significantly increased compared with the
control group (P < .05). On day 7, the number of osteoclasts on the nonappliance side of the experimental group was
significantly increased compared with the control group (P < .05). This study indicates that oral administration of EPO can
increase the number of osteoclasts and may accelerate orthodontic tooth movement.
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Orthodontic tooth movement is accompanied by the appearance of osteoclasts and subsequent alveolar bone resorption. Bone
remodeling, induced by orthodontic forces, has been suggested to be mediated by prostaglandins (PGs).L:2 The PGs, which are
synthesized and secreted by local cells have been shown to stimulate the osteoclastic process of bone resorption.2 In vitro, a strong
proresorptive effect, associated with increased osteoclast development predominates,* and the important role of PGs in
osteoclastogenesis has been confirmed after their reduced production in cyclooxygenase-2 knockout mice.2 Local injection of

prostaglandin E, (PGE,) or prostaglandin E, (PGE,) in humans,® monkeys,t and rats’ has been reported to accelerate orthodontic tooth

movement. Moreover, a significant increase in the degree and rate of orthodontic tooth movement was noted in guinea pigs after oral
administration of a stable PGE, analog such as misoprostol &

Recently, y-linolenic acid (GLA)—containing oils (evening primrose oil [EPQ], blackcurrant seed oil, and borage oil) have become
increasingly popular and are being sold as encapsulated supplements. GLA, an 18-carbon polyunsaturated fatty acid of the (n-6) series, is



a metabolite of linoleic acid (LA), from which dihomo-y-linolenic acid [DGLA, 20:3(n-6)] and PGE, are synthesized?2 (Figure 1 ©=). When

provided as a dietary supplement, GLA has been reported to improve clinical symptoms of several inflammatory disorders such as
rheumatoid arthritis2-11 and atopic dermatitis12:2 through regulation of eicosanoid production from arachidonic acid [AA, 20:4(n-6)]. The
usual explanation of dietary lipid effects is that GLA administration resulted in increased proportions of its first metabolite, DGLA, which is
the immediate precursor of PGE; . In rheumatoid arthritis patients, this effect is accompanied by a fall in PGE, and leukotriene B, (LTB,)

synthesis by stimulated monocytes.2% LTB 4 1S @ potent proinflammatory compound,X2 so its decrease is an important contributory factor
to the anti-inflammatory effect of DGLA.

Because PGE,, which is a metabolite of GLA, has been reported to accelerate orthodontic tooth movement, it may be assumed that

regular EPO administration for orthodontic patients would affect bone remodeling and subsequent orthodontic tooth movement. However,
direct histologic evidence of the effect of EPO supplementation on bone remodeling has never been reported. The aim of this study was
therefore to determine the effect of oral administration of EPO on osteoclast number in the periodontal ligament on orthodontic tooth
movement in rats.

MATERIALS AND METHODS Return to TOC
Animals and diets

A total of 48 male Sprague-Dawley rats, weighing 220— 260 g, obtained from the central animal care unit of the Faculty of Medicine,
Khon Kaen University, were used. All rats were 10 weeks old, kept in four-five/cage, and provided ground laboratory food and water ad
libitum. After acclimatizing for seven days, the animals were divided into control and experimental groups (24 rats/group). Each animal in
the experimental group received a 7.25 g/kg daily dose of EPO vegetable seed oil products (Barendrecht, Holland) orally for 20 days before
orthodontic tooth movement by gastric intubation. This concentration corresponded to previous recommended therapeutic dosage in the
study of Al-Shabanah.16 The animals in the control group received equivalent volume of distilled water by the same method. The handling of
animals was scrutinized by the Animal Ethics Research Committee, Faculty of Medicine, Khon Kaen University.

Experimental tooth movement

After 20 days of feeding, the right maxillary first molar of each rat was tipped mesially by the method described by Katzhendler and
Steigmanl’ ysing a stainless steel, closed-coil spring (HI-T coil spring, Unitek Corp, Monrovia, Calif). Briefly, the spring was anchored at
each end with 0.009-inch stainless steel ligature wires, and attached at the right maxillary first molar and the two maxillary incisors on the
same side.

Anteriorly, the ligature was tied around the incisor and secured in a shallow groove cut into the labial and distal surfaces of the tooth
close to the gingival margin. A second ligature was linked to the distal end of the spring, passed between the first and second molars, and
ligated around the cervical area of the first molar (Figure 2 ©@=). Rapid-cure resin was used to cover these wires to ensure maximum
retention of the ligature wire and spring. The spring was activated one mm to deliver 40 g mesial tipping force and was not reactivated
during the course of the experiment. The force level was measured using a Correx Dynamometer (Hahn-Kolb, Stuttgart, Germany). The
contralateral maxillary first molar of each rat served as a nonappliance control. After the loading, six animals of each group (both the
control and experimental group) were scheduled to be sacrificed at days 0, 3, 7, and 14, with the appliances in situ.

Histological procedures

All animals were sacrificed by cervical dislocation. The maxillary bones were dissected and fixed in 10% neutral buffered formalin for one
week. The left and right maxillary first molars and their associated periodontium with supporting bone of each rat were decalcified in 14%
ethylenediaminetetraacetic acid solution (pH 7.4) for two weeks and embedded in paraffin. Five-micron sagittal serial sections were
dewaxed and stained with hematoxylin and eosin. Periodontal tissues including interradicular bone at the furcation areas of the left and
right maxillary first molars were examined using a light microscope.

The degree of bone resorption was estimated by counting the osteoclast numbers per furcation area of the left and right maxillary first
molars on three sections for each animal with an eyepiece graticule, and the mean numbers of osteoclasts were obtained. All slides were
coded and read without prior knowledge (blinded). The area of the field count was calculated, and osteoclast numbers were expressed per
square millimeter. Every third section was included in the total count of osteoclast cells per specimen. The decision to count osteoclast
cells in every third section was based on the assumption that the average osteoclast was no more than 15 ym in diameter. The elimination
of two thirds of the sections would reduce the possibility of counting the same osteoclast cell twice.

Statistical analysis

For statistical comparison between osteoclast numbers of control and experimental groups, the Poisson test was used and a P value of
< .05 was regarded significant.



RESULTS Return to TOC

After insertion of a stainless steel, closed-coil spring for three days, an increase in the number of osteoclasts was observed on the
appliance side of both experimental and control groups (Table 1 ©=). The osteoclast number on the appliance side of the experimental
group increased significantly by day 3 and had dropped significantly by day 7 compared with the control group (P < .05).

For the control group, the number of osteoclasts on the appliance side gradually increased to day 3 and on to day 7 and dropped by day
14. Several histologic changes on the appliance side of both experimental and control groups were noted, ie, on day 0 (20 hours after the
loading), the width of the periodontal space was narrowed on the pressure side of both groups due to initial tooth movement (Figure 3 ©=).
On day 3, both groups showed signs of hyaline degeneration of the periodontal membrane (Figure 4 ©=). On days 7 and 14, part of the
hyalinized tissues and interradicular bone of both groups had been removed.

On the nonappliance side of both groups, normal histologic features were observed (Figure 5 ©=). A physiologic pattern of bone
resorption was noted, although the osteoclast number in the experimental group increased significantly on days 7 and 14 compared with
the control group (P < .05) (Table 2 ©=).

DISCUSSION Return to TOC

Orthodontic tooth movement is produced by a repeated process of bone resorption and deposition. Bone resorption caused by the
application of an orthodontic force may be mediated through the local production and action of PGs. PGs have been shown to be induced

in the periodontal tissues around teeth that are orthodontically moved.28 It has also been found that local injection of PGE, or PGE,

results in a dose-dependent increase in the appearance of osteoclasts at the site of tooth movement in rats2 and accelerates the rate of

tooth movement in monkey models and humans.2:€ Lee,12 in 1990, observed that the number of osteoclasts in rats receiving systemic
administration of PGE; was greater than in those receiving local administration. Moreover, a significant increase in the degree and rate of

orthodontic tooth movement was noted in guinea pigs after oral administration of a stable PGE, analog such as misoprostol.&

Several studies showed that the ingestion of GLA-enriched oils resulted in the accumulation of DGLA (Figure 1 ©=) in tissue
phospholipids and triacylglycerols.2:22 DGLA can be further desaturated to AA by A5 desaturase. However, because of the limited activity
of A5 desaturase in rodents and humans, only a small fraction of DGLA is converted to AA.11:20 These data indicated that in many cell
types, DGLA, the elongase product of GLA, accumulated after GLA supplementation. Johnson et al22 also observed that enrichment of
membrane glycerolipids with DGLA occurs within the first 2-3 weeks of GLA supplementation and is not further enhanced with prolonged
supplementation.

Although data from both animal studies and human trials showed that there are many fatty acid pools where GLA or its metabolites can
reside after GLA consumption and can modulate inflammation, very little is known about their effects after the discontinuation of such
supplements. Therefore, in this study, we decided to determine the effect of EPO on osteoclast number in rats that received EPO orally for
20 days before orthodontic tooth movement.

The results in this study demonstrated that oral administration of EPO, rich in GLA, appeared significantly effective in increasing the
appearance of osteoclasts on both appliance and nonappliance sides of the experimental group on days 3 and 7, respectively, compared
with the control group. The number of osteoclasts on the appliance side of the experimental group, which reached a peak on the third day
and then gradually decreased, is consistent with the study of Leet2 who examined the effect of PGs administration on tooth movement.

Many experiments in orthodontics have indicated that the force applied to move the teeth causes local inflammation, increasing vascular
permeability and stimulating cellular infiltration followed by lymphocytes, monocytes, and macrophages infiltrating into the inflammatory
tissue where the PGs are released.2:2:18.19.21.22 pGg in turn, activate adenylcyclase, which induces an increase in intracellular cyclic
adenosine 5’ monophosphate. This increase stimulates the release of PGs again. The secretion of PGs appears to be regulated by a
feedback mechanism because PGs are believed to inhibit adenylcyclase activity above a certain concentration.22 They are reported to
promote bone resorption not only by increasing the number and the size of osteoclasts but also by stimulating the activation of existing
osteoclasts.24=28 Thijs study did not demonstrate the presence of mediators, although an increase in the number of osteoclasts was
apparent.

Based on these data, we propose that the EPO supplement may induce more PGE, synthesis by shifting the pathway of LA
metabolism to an elevation of plasma DGLA, and DGLA can be converted to PGE, by means of the cyclooxygenase pathway (Eigure 1
©=) because an increase in PGE, derived from DGLA was observed in rats fed with dietary oils containing GLA.ZL28 Apincrease in PGE,;

synthesis led to an increase the presence of osteoclasts found on both appliance and nonappliance sides of the experimental group in this
study. A marked increase in the number of osteoclasts on the appliance side of the experimental group, compared with the control group



on the third day, could be due to the combined effects of mechanical stress and supplemented EPO that induce the production of PGE, .

While on the appliance side of the control group, the duration for reaching a peak of osteoclast numbers was longer (at day 7), and the
number of osteoclasts was slightly lower than those of the experimental group; this may be due to the effects of mechanical stress alone.
After reaching a peak, the number of osteoclasts on the appliance side of both the experimental and control groups gradually decreased.

This activity suggests a recovery of the tissue and the feedback mechanism of PGs.22 In addition, PGE, may stimulate the production of

other anti-inflammatory PGs, which could explain the rapid drop in the number of osteoclasts at day 7 in the experimental group.
Surprisingly, in the nonappliance side of the experimental group, the number of osteoclasts was significantly increased on day 7 and 14
compared with the control group. The probable explanation may be that dietary GLA supplementation may affect systemic bone
remodeling. However, the systemic effects of dietary n-6 polyunsaturated fatty acids on bone remodeling are not elucidated, and thus
further studies are needed to clarify the issue.

At present, clinicians, patients, pharmaceutical and nutraceutical companies are all increasingly using natural products for the treatment
of clinical disorders. As this trend continues, it is important that these products be both safe and effective. Overall, little attention has been
paid to the potentially adverse effects of dietary supplements and specifically, dietary fatty acid supplementation strategies.

As the nutraceutical industry continues to experience explosive growth, it will be increasingly important to understand the safety profiles
of dietary supplements and avoid complications that arise from such supplements. The results reported here indicate that supplementation
of diets with GLA-containing oil (EPO) could produce a rapid increase in the appearance of osteoclasts under the influence of orthodontic
mechanical stress in rats. In a clinical application, we should be aware of the effect of this oil, especially in patients who use this
supplement, because this oil may cause a rapid increase in osteoclast cells and might enhance initial orthodontic tooth movement.
However, further studies are required to elucidate the effect of dietary EPO on bone remodeling in humans.
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TABLE 1. Osteoclast Numbers on Appliance Side of the Control and Experimental Groups at Various Time Intervals

Numbers of Osteoclast/mm?

Days Control Group Experimental Group
0 0.22 + 0.22 0.45 + 0.36
3 15.53 + 2.48 25.65 + 5.75*
7 22.32 = 4.71 16.79 = 2.62*
14 5.39 + 2.71 9.41 + 418

* P < .05 compared with the control group.



TABLE 2. Osteoclast Numbers on Nonappliance Side of the Con trol and Experimental Groups at Various Time Intervals

Numbers of Osteoclast/mm?

Days Control Group Experimental Group
0 0.20 = 0.20 0.29 = 0.20
3 0.22 = 0.16 0.16 = 0.12
7 0.39 = 0.20 217 = 0.84"
14 0.44 = 0.28 6.83 = 1.88*

* P < .05 compared with the control group.
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FIGURE 1. Metabolism of y-linolenic acid (GLA). In many animal tissues and cells, linolenic acid (LA) is converted to arachidonic acid
(AA) by an alternating sequence of A6 desaturation, chain elongation, and A5 desaturation. Here, hydrogen atoms are selectively removed
to create new double bonds, and then two carbon atoms are added to lengthen the fatty acid chain. Dietary GLA bypasses the rate-limited
A6 desaturation step and is quickly elongated to dihomo-y-linolenic acid (DGLA) by elongase, with only a very limited amount being
desaturated to AA by A5 desaturase. DGLA can be converted to prostaglandin E; (PGE,) through the cyclooxygenase pathway or

converted to 15-(S)-hydroxy-8,11,13-eicosatrienoic acid (15-HETrE) through the 15-lipoxygenase pathway. 15-HETYE is capable of
inhibiting the formation of AA-derived 5-lipoxygenase (proinflammatory) metabolites (adapted from Fan and Chapkin2)

Click on thumbnail for full-sized image.

FIGURE 2. Schematic diagram of appliance used for experimental tooth movement, sagittal view

Click on thumbnail for full-sized image.

FIGURE 3. Histological changes of periodontal tissues in the experimental groups on day 0 after the application of force. The periodontal
space was enlarged on the mesial side and was compressed on the distal side of the interradicular septum because of initial tooth
movement. B indicates interradicular bone; D, distal root; M, mesial root; P, periodontal tissues; original magnification, 100x



Click on thumbnail for full-sized image.

FIGURE 4. Histological changes of periodontal tissues on the pressure side of right maxillary first molar in the experimental group at
day 3 after the application of force. Hyalinized degeneration of the periodontal ligament appeared, and bone resorption by humerous
osteoclasts was observed. Arrows indicate osteoclast; B, interradicular bone; D, distal root; H, hyalinized tissue; original magnification,
100x

Click on thumbnail for full-sized image.

FIGURE 5. Normal histologic feature of periodontal tissues including interradicular bone at furcation area of left maxillary first molar
(nonappliance side). B indicates interradicular bone; D, distal root; M, mesial root; P, periodontal tissues; original magnification, 40x
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