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Abstract

:

Ginseng, a herbal plant, is rich in pharmacologically active ginsenosides capable of promoting bone regeneration and of reducing inflammatory osteolysis. Ginseng was therefore proposed to reduce the catabolic changes during periodontitis. Here, we tested the capability of ginseng to modulate orthodontic tooth movement (OTM). To this aim, 55 male Sprague Dawley rats were randomly distributed into five groups: (I) a normal group without any interventions; (II) an untreated OTM serving as a control; and (III, IV, and V) treated OTMs receiving daily oral administrations of 75, 150, and 300 mg/kg of a standardized extract from the roots of Korean Panax ginseng G115 for three weeks, respectively. The molar tooth was moved towards the incisor during three weeks followed by measurements of the distance between the first and the second molars. Moreover, the impact of OTM and ginseng extracts on body weight was determined. Our data showed that, compared with the OTM control, 150 and 300 mg/kg of G115 ginseng extract significantly decreased the OTM from 0.87 mm (min 0.69; max 0.96) to 0.53 (min 0.42, max 0.62; p = 0.002) and 0.36 (min 0.27, max 0.43; p < 0.0001), respectively. Moreover, 150 and 300 mg/kg of G115 significantly lowered the body weights of the rats when compared with the respective controls (p = 0.002 and p < 0.0001, respectively). These findings suggest that extracts from Panax ginseng are capable of reducing orthodontic tooth movement in rats and is associated with a decrease in body weight.
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1. Introduction


Orthodontic tooth movement (OTM) is a consequence of applied forces that translate into a biological response with the hallmarks of osteoclastic bone resorption on the pressure side and concomitant osteoblastic bone formation on the tension site [1,2]. Considering the complexity of the local signals that translate into the cellular action required to initiate local bone resorption and formation, research attempts to find strategies to modulate OTM remain challenging. These research attempts are particularly important in better understanding the biology of OTM. Overall, there is great support for the hypothesis that OTM is a consequence of the local inflammation driving osteoclastogenic bone resorption, at least to some extent [3,4]. Support for this hypothesis comes from observations that the inhibition of inflammation, for example, through blocking cyclooxygenase-2 activity, greatly reduces OTM in rodent models [5,6]. Aspirin also reduces the relapse rate following OTM in rats [7]. In support of this concept, inflammatory cytokines such as TNFα and the positive ratio of the pro-inflammatory M1 to the pro-resolving M2 macrophages increased OTM [8,9]. OTM studies using transgenic animal models provide further insight into the cellular events and the molecular regulation of OTM, including inflammation [10]. In general, a reduction in inflammation reduces OTM.



A reduction in inflammation and thus a potential reduction in OTM is not exclusively achieved by pharmacological compounds. Natural resources such as plant derivatives are a rich source of bioactive molecules with great pharmacological importance. In traditional Asian medicine, the roots of Panax ginseng have received much attention over the centuries [11,12]. Today, we know that ginseng has a large number of bioactive molecules commonly known as ginsenosides [13] that may be responsible for the therapeutic effects but not limited to weight loss [14] and combating cardiovascular diseases [15], diabetes mellitus [16], neurological diseases, and inflammatory bowel disease [17]. Ginseng exerts its beneficial effects by reducing inflammation [18] through the activation of nuclear factor erythroid 2-related factor 2 (Nrf2)-heme oxygenase 1 (HO1) signaling [19,20]. In this context, activating Nrf2-HO1 signaling attenuated OTM in mice [21]. In vitro, Nrf2 and HO1 activation inhibited osteoclastogenesis [22,23].



Standardized extracts of Korean Panax ginseng (G115) were introduced already in the 1980s [24] to overcome the high variability in their composition and to improve the overall quality of ginseng products on the market [25]. In an experimental setting, it is important to use pure and standardized ginseng extracts such as G115 to allow for the research to be reproducible and to guarantee the effectiveness and safe use of the extract. G115 is a good example of a herbal drug prepared with safety and efficacy in mind power when producing the herbal medicinal products. Clinical trials and 50 years of presence on the market support the safety profile of G115 [25]. Furthermore, G115 was widely used in rat preclinical research [24,26,27] and is therefore ideal for preclinical testing in an OTM model. Taking advantage of this model, we investigated the impact of Korean Panax ginseng on OTM.




2. Materials and Methods


2.1. Animals


Fifty-five male Sprague Dawley rats with an average age of 13 ± 1 weeks and average weight of 275 ± 25 g obtained from the Pasteur Institute of Iran were used in this study. In adult rats, OTM seems to be efficient [28] and not highly affected by the bone turnover process occurring during the growth cycle [29]. The animals were kept in plastic cages with a standard 12 h light-dark cycle. A diet of soft laboratory pellets was used for feeding to minimize animal discomfort and the possibility of intraoral appliance displacement. Animals had free access to water and pellets. The study was performed according to the Guide for the Care and Use of Laboratory Animals published by the US National Institutes of Health (NIH Publication No. 85–23. revised 1985). The rats were randomly divided into five groups (n = 11 in each group): (I) a normal group without any interventions, neither OTM appliances nor treatments; (II) a control group in which OTM appliances were fixed intraorally and daily sterilized standard 0.9% saline were received through gastric gavages by oral intubation; and (III, IV, V) G-75, G-150, and G-300 groups in which, in addition to the fixed intraoral OTM appliances, rats were treated with 75, 150, and 300 mg/kg of G115 dissolved in sterilized standard 0.9% saline daily through gastric gavages by oral intubation, respectively. The animals were weighted at the beginning and at the end of the study.




2.2. Orthodontic Treatment


Each rat was anesthetized with an intraperitoneal injection of Ketamine hydrochloride at 100 mg/kg body weight (Pharmacia & Upjohn. Erlangen, Germany) and Xylazine HCl at 5 mg/kg body weight (Rompoun, Bayer, Leverkusen, Germany). The setting of the orthodontic appliances was similar to what was presented by King and Fischischweiger [30]. In brief, an orthodontic force was applied using a 0.006 × 0.022 Nitinol closed-coil spring with a 5 mm length (3M/Unitek Hi-T II. Monrovia, CA, USA) running between the right, upper, first molar and incisors. The spring was fixed in place via 0.010″ steel ligature wires (Dentaurum, Ispringen, Germany) surrounding the molar tooth and incisor. A cervical groove was designed on the incisor area, and the ligature wire was inserted. A self-cured composite resin (Bisfil™ 2B, Bisco, Schaumburg, IL, USA) was used to secure the wire on both incisors. According to Heller and Nanda’s method [31], the spring was activated to provide 60 g of force. Treatment continued over three weeks, while the appliances regularly exerted force (Figure 1A–C). The animals were sacrificed by narcosis and immediately decapitated.




2.3. OTM Measurement


Using a calibrated Feeler Gauge (Mitutoyo Co. Kawasaki-Shi, Japan) with 0.01 mm increments, OTM was measured directly in the mouth to reveal the distance between reference points of the disto-occlusal and mesio-occlusal tips of the first and second maxillary molars, respectively (Figure 1D,E). This manual method has been widely used also in previous preclinical models of rat OTM [6,32,33,34,35]. To prevent any potential relapse of tooth movement before removing the appliances, a silicone impression (Zermack, Mahl, Germany) was taken and ultra-strength dental stone (Velmix, Gildand, Germany) was poured into a mold to create a model. Re-measurement was performed by using the same Feeler Gauge on the plaster replica, which confirmed the first direct measurement. The same operator performed all of the measurements. However, the principle of the method of OTM measurement was based on manual use of a Feeler Gauge. To more clearly show the resultant space due to orthodontic movement of the first molar, as a sample, a lateral cephalometric radiograph from a supine rat of the OTM group was prepared at the first and at the end of the study using a setting of 60 kVp, 8 mA in 0.4 s provided by a Pleomorphism analog digital radiography unit (Siemens Healthcare GmbH, Erlangen, Germany) based on the method previously described by our Iranian colleagues (Figure 1F,G).




2.4. Statistical Analysis


Based on previous research in the same field [35,36,37], considering a type I α-error of 0.05, and to reach a power of 80%, the fewest number of animals per group was eleven. The nonparametric Kruskal-Wallis test with post hoc Dunn’s test for multiple comparisons of the data was applied to analyze the data. Statistically, a p-value less than 0.05 was considered significant. The data are shown as dot blots and as a median.





3. Results


3.1. Orthodontic Tooth Movement


Compared with the contralateral first molar serving as a control, the OTM of untreated control rats had a median of 0.87 mm (min 0.69; max 0.96). As shown in Figure 2, G115 at 75 mg/kg failed to significantly affect OTM, which was 0.75 mm (min 0.53; max 0.86, p = 0.60). However, at a higher concentration of the ginseng extract, namely 150 mg/kg, OTM was significantly reduced to 0.53 mm (min 0.42; max 0.62; p = 0.002). Even more robust was the effect of 300 mg/kg of the ginseng extract, causing a significant decrease in OTM to 0.36 mm (min 0.27; max 0.43; p < 0.0001). These findings suggest that G115 can reduce the OTM in the rat model.



The orthodontic force was applied to move the right, upper, first molar towards the upper incisors. Three weeks following appliance insertion, OTM was measured directly in the mouth to reveal the resultant distance between the first and second right maxillary molars and was confirmed by re-measurements on the plaster replica. The statistics were based on a nonparametric Kruskal-Wallis test with post hoc Dunn’s test for multiple comparisons of data. Please note that 150 and 300 mg/kg of G115 significantly reduced OTM compared with the untreated control group with OTM.




3.2. Body Weight


Considering the known effects of ginseng extracts on weight loss [14] and to obtain an independent parameter that measures the activity of G115, we determined the body weight of the animals. As it is shown in Figure 3, after three weeks, OTM alone had no significant impact on the body weight of the rats, which had a median of 301 g (min 265; max 320) when compared with the body weight of animals without OTM (normal rats), which was 302 g (min 263; max 321). No significant impact of the 75 mg/kg ginseng extract on the body weight, which was 274 g (min 242; max 305, p = 0.28), was found. However, already 150 mg/kg of G115 significantly lowered the body weight to 251 g (min 220; max 285, p = 0.002), and 300 mg/kg of the ginseng extract further reduced the body weight to a median of 241 g (min 219; max 260, p < 0.0001). These data confirm that ginseng extracts can lower the body weight of rats, providing strong support for the biological activity and the systemic effect of the standardized ginseng extract.



Body weight was measured following a three-week treatment period. Statistics were based on a nonparametric Kruskal-Wallis test with post hoc Dunn’s test for multiple comparisons of data. While untreated rats with OTM (the control group) did not experience a statistically meaningful weight change compared with the normal rats, obviously, 150 and 300 mg/kg of G115 significantly lowered the body weight compared with the untreated non-OTM normal group.





4. Discussion


Orthodontic tooth movement takes advantage of the inflammatory mechanisms that start once a tooth is moved towards its surrounding alveolar bone [1,2]. Inflammatory mechanisms culminate in the formation and activation of the bone-resorbing osteoclasts, making space for the tooth to move [1,2]. This is what happens on the pressure side. On the tension side, bone-forming osteoblasts are initiated to allow the bony support to be regained and to hold the tooth in its new position. Thus, if force-induced inflammation is of major importance for OTM [3,4], then the causes of changes in inflammation may also affect OTM. This view is perhaps simplified but works as a working hypothesis. On a molecular level, we learned that OTM is diminished by Nrf2-HO1 signaling [13] and that ginseng extracts can increase Nrf2-HO1 signaling [11,12]. Thus, the suggestion that ginseng extracts possibly attenuate OTM is well-supported.



In support of this assumtion, our data show that, at higher concentrations of the ginseng extract, namely 150 and 300 mg of G115 per kg of body weight, OTM was significantly reduced compared with the untreated normal group. In this view, we have to consider anti-inflammatory compounds to decrease OTM. Some examples are that, through the inhibition of prostaglandin production, OTM is reduced in rats [5,6,7]. Consistently, ginseng extract and its ginsenosides decrease prostaglandin production in macrophages [38]. Still, (I) how the ginsenosides and maybe other compounds released by ginseng reaches periodontal space, (II) if the effects of ginseng extracts are indirect via suppression of the inflammatory signals required for osteoclastogenesis and bone resorption, and (III) if ginseng compounds may even directly decrease the resorptive capacity of the mature osteoclasts remain unclear. We propose that a reduction in OTM is caused by the systemic anti-inflammatory activity of the bioactive compounds of ginseng extracts.



The weight loss in rats treated with 150 and 300 mg of G115 per kg body weight was originally not considered an endpoint but was significant. Our findings are less surprising if we appreciate that ginseng extracts reduced obesity-related lipid metabolism in mice fed a long-term high-fat diet [39]. Additionally, in high-fat-diet rats, weight reduction, especially fat mass reduction, was observed in the ginseng extract-treated group [40]. Weight loss can be linked to changes in lipid metabolism by lowering the levels of cholesterol, low-density lipoprotein-cholesterol, and serum triglycerides [39], which may even affect the formation of bioactive lipid mediators that control the resolution of inflammation such as resolvins [41]. Hence, our observation, however independent of OTM measurements, supports observations of the effect of ginseng extracts on reducing body weight. Care should be taken when interpreting the preclinical findings as an adult person has to reach a daily intake of around 10–30 g of the G115 ginseng extract to lose weight, which is comparatively much. We have to admit that a rodent model does not necessarily represent a clinical situation and that dosing cannot be directly translated into patients.



One other limitation of our descriptive study is that the underlying mechanisms by which G115 ginseng extracts reduce OTM and lower body weight remain unclear. It would be interesting to confirm the activation of the Nrf2-HO1 axis by ginseng in our model [19,20] and to show that this axis is responsible for the suppression of osteoclastogenesis [22,23], based on the observation that Nrf2-HO1 signaling attenuated OTM in mice [21]. Future studies should therefore use Nrf2 or HO1 knockout mice where, at least in theory, G115 ginseng extracts should not reduce OTM. Another limitation is that we did not include a control group where an agonist of Nrf2–HO1 signaling pushes OTM. It would further be interesting to link the decreased OTM observed with LiCl, an agonist of the canonical Wnt signaling and the hypothalamus–pituitary–adrenal axis, and L-NAME, an inhibitor of nitric oxide synthases activity [35], to the Nrf2-HO1 axis and to our present findings observed with G115 ginseng extracts. In general, there is a great demand to understand how we can modulate and particularly stimulate OTM by means of herbal medicine. Thus, our finding that G115 ginseng extracts reduce OTM is exciting and may lead to a new hypothesis on how to support OTM.



Radiography and scanning electron microscopy (SEM) of the teeth root surfaces could provide clearer and stronger evidence regarding the force-induced root reportion as a result of G115 intake co-administrated with the OTM treatments; however, this study lacking these advantages. Another limitation could be the use of the Feeler Gauge. Although relatively old, it is considered a standard method for measurement of the space between the adjacent teeth [42]. Different experiments and a similar method we applied to measure the gap resulting from orthodontic tooth movements have already benefited from using a Feeler Gauge [6,32,33,34,35]; however, based on the available equipment and techniques, micro-CT and newer techniques may provide more accurate and reliable results.



Among the limitations, is also that an evaluation of the possible adverse effects in regular consumption of ginseng seems to be difficult due to inadequate knowledge on not only the types but also on the content of ginseng; however, Ginseng Abuse Syndrome has been reported in an overdose case exceeding 15 g of daily intake of ginseng [43]. For human use, up to three months of daily intake of 1 to 2 g of dried ginseng root powder as a crude preparation has been reported to be safe, and accordingly, no any contraindication for the intake of ginseng has been yet reported by the WHO. In traditional Korean medicine, 2.7 g to 4.5 g of ginseng is the most frequent daily dose, while 3 g is the most frequent daily dose in research from the current decade regarding ginseng [44]. It is hard to conclude what is the effective dose for humans based on rodent models; hence, the data have to be interpreted accordingly.



Taken together, we show here that the standardized Panax ginseng extract can significantly reduce OTM in rats. The meaningful loss in weight of the animals was directly proportional to the concentration of the administered Panax ginseng. In conclusion, our short study suggests that Panax ginseng exerts significant dose-based reduction effects on OTM and body weight in rats.
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Figure 1. Applied forces through OTM appliances resulted in an inter-proximal space. (A) Before applying the force, the inter-proximal space between the first and second molars was zero. (B) A distance was created between the first and second molars due to the applied force. The first molar was pulled towards the incisor teeth by an activated coil spring providing 60 g of force. (C) OTM appliance setting from an occlusal view. (D) A Feeler Gauge used for manual measurement of a gap (E) Use of a Feeler Gauge for the measurement of a distance between the molar teeth on a rat jaw. (F,G) Radiographs showing rat maxillary jaws without and with the first molar moved, respectively. 






Figure 1. Applied forces through OTM appliances resulted in an inter-proximal space. (A) Before applying the force, the inter-proximal space between the first and second molars was zero. (B) A distance was created between the first and second molars due to the applied force. The first molar was pulled towards the incisor teeth by an activated coil spring providing 60 g of force. (C) OTM appliance setting from an occlusal view. (D) A Feeler Gauge used for manual measurement of a gap (E) Use of a Feeler Gauge for the measurement of a distance between the molar teeth on a rat jaw. (F,G) Radiographs showing rat maxillary jaws without and with the first molar moved, respectively.



[image: Applsci 11 08856 g001]







[image: Applsci 11 08856 g002 550] 





Figure 2. Orthodontic tooth movement (OTM) changes by Panax ginseng extracts. 
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Figure 3. Body weight changes by Panax ginseng extracts. 
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