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Abstract

:

The study presents a newly constructed modification of a random positioning machine (RPM) used in 3D-clinostat and in random mode. The main purpose is to provide an RPM animal model that uses up to four experimental animals simultaneously. In order to validate our RPM, the gravity dispersion and its magnitude are compared with the ones of a traditional machine. The results showed no crucial deviations in gravity dispersion and its time-averaged value in all sets of parameters. Furthermore, a posteriori stress tests are conducted on three Wistar male rats groups in order to estimate the level of stress from the setup. The social trait results suggest that the group exposed to our device has no increase in anxiety.
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1. Introduction


Space exploration is becoming the primary aim of scientists in the ‘space industry’. It has managed to achieve a particular goal—Mars, and the participants in it are trying their best to send a human spaceflight. A round trip mission to the Red planet would take about 450 days on average [1]. Such long-term exposure to microgravity impacts different systems in the body. The holder of the record for the longest single space flight, Valeri Polyakov, endured 437 days. In the first six months of the mission, his health status was similar to other astronauts’ in terms of changes in autonomic regulation of circulation and cardiac contractility. But after this period, adaptive mechanisms had been activated [2]. In fact, the long-lasting exposure to low gravity leads to changes in bone density and muscle mass loss [3,4,5]. Furthermore, short and long-term microgravity exposure leads to alterations in behavioral reactions, memory, and neuroplasticity [6,7,8,9,10]. Various researches simulating microgravity or hypogravity conditions have been conducted as experiments in ground–based conditions due to the excessive cost of space experiments. An example of such an engineering solution is the random positioning machine (RPM) which is a device that changes the gravity direction by acting on an object placed at the geometrical center of two independently rotating perpendicular frames (inner and outer frame). It distributes the gravitational force and eventually offsets the sum of the integrated gravity vector during its operating time. Even though randomization of the gravity vector is the main idea behind the RPM, some pivotal limitations occur [11]. The primary disadvantage is that if the vector sum of acceleration is close to zero, hypogravity may be truthful for a point, but it is not so for a whole object. Another issue is the usage of high rotation speeds and large samples, or probes displaced from the center. Such situation will cause residual accelerations [12]. However, if the rotational speeds, the distance from the center of rotation and dimensions of the experimental area are restricted, then such a machine could provide an acceptably accurate model. In addition, by reducing the angular velocities of the frames and the distance from the center, the centrifugal force will become negligible. In this manner, RPM could be used for simulating both microgravity and hypogravity.



One of the first prototypes of RPM was reported by Scano in 1963 [13]. Later, an upgrade has been proposed by Murakami, Yamada and Hoson [14,15], while a random walk of angular velocities has been incorporated by a Dutch group [16,17]. The main idea is the randomization of the gravity vector over time. The direction of the time-averaged gravity vector is changing and decreasing its effective value in terms of the object (see e.g., [12]). Moreover, the geometrical centers of both frames should coincide. In addition, the location of the sample is assumed to be at the rotational center.



The main application of the RPM is to simulate the effects of long-term hypo- or microgravity on living objects. Cell cultures are more widely used in such type of experiments [18] while studies with experimental animals, especially with rats, are quite rare. It is known that rats are social animals which is related to conspecific cooperative interactions showing elaborate prosocial behaviors [19,20,21]. Rats in isolation are not able to coordinate their behavior with conspecifics [22]. Furthermore, laboratory rats housed in isolation show behavioral, neurobiological, physiological and psychological changes [23,24,25,26,27]. It must be mentioned that the physiological similarities between rats and humans allow the extrapolation of the results [28]. So, producing such outcomes will give vital information about the human physiological reaction to that kind of stimuli and better understanding of in-flight and post-flight changes in astronauts. A validation of the RPM operating mode for such experiments is required at this point. The randomization in time of the gravity vector is affected by different combinations between angular velocities, random or pattern change in parameters and directions [16,29,30]. Another proposed method is the time-averaged simulated microgravity (taSMG), which has been used to demonstrate the inhibition in the proliferation of cells [31]. It was suggested that the ratio between the angular velocities of the frames is crucial for the uniform dispersion of the gravity [29].



The aim of this study is twofold. First, we present a new RPM design to simulate microgravity and hypogravity on up to four experimental animals simultaneously (Section 2). Second, we apply our RPM to three different groups of rats (in vivo experiment) and make a stress evaluation (Section 3) of the tested animals. To the best of our knowledge, no such animal model has been attempted with the RPM machine so far. However, different teams have tested the stress evaluation with other microgravity analogs.




2. Description of the Machine


In this section, we provide a technical and theoretical description of our RPM. The construction of our design allows us to reduce the experimental time for the required number of animals and to produce uniform conditions for the subjects. Although the machine is constructed for rats, it can be used on mice and other animals as well. As far as we are aware, no such proposal has been made so far. A similar experimental set-up has been proposed by Peana et al. [32] and later by Saba et al. [33], but both teams used the RPM on only one experimental animal. To ensure the correct operating mode of the machine, we compare it with some existing ones.



2.1. Design of the Machine


The considered modification of RPM consists of two square-shaped frames (inner and outer) with dimensions of 36 cm and 50 cm, respectively, which rotate perpendicularly and independently from each other (Figure 1). The inner dimensions of the chambers are as follows—length of 22.3 cm and diameter of 5.3 cm. The distance from every chamber axis center to the main one is precisely 3.5 cm, corresponding to the average distance to the longitudinal body axis of the animal.



The control unit regulates the rotational parameters (angular velocities, direction of rotation and periods of rotation) of the frames. Variations of fixed rotational parameters (Table 1) based on literature references are chosen to ensure objective testing of the prototype in 3D mode. For the random mode, all parameters were randomly selected from a range of values by a software algorithm.



For comparison of the proposed model with the traditional ones, we apply a theoretical description of it and an experimental measurement of the gravity dispersion and its magnitude at the chosen spatial points. We specifically chose to compare the following two points: at the geometric center of the machine and at 3.5 cm from the center—a distance to the object according to our model. The measurement tests were performed using an acceleration sensor (MBIENTLAB INC, San Francisco, CA, USA). The obtained data are analyzed and represented using ParaView Software [34], and are compared with reported ones in the area of simulated microgravity.




2.2. Theoretical Description


For the mathematical description of the experimental environment, we consider a fixed coordinate system   O  X Y Z    with standard basis   (   e →  X  ,   e →  Y  ,   e →  Z  )   and with the origin located at the rotational center of our RPM. Also, we consider two coordinate systems    O   x ′   y ′   z ′     (  i →  ,  j →  ,  k →  )    and    O  x y z    (   e →  x  ,   e →  y  ,   e →  z  )    attached to the outer and inner frames of the RPM, respectively (Figure 2).



We assume that the outer frame executes rotation about Y-axis at angle  φ  while the inner frame rotates about Z-axis at angle  ϕ . Therefore, to represent the relation between the standard basis of the spaces described by the considered coordinate systems, we shall use the rotational matrices.


   R Y  =      cos φ    0    sin φ      0   1   0      − sin φ    0    cos φ       and   R Z  =      cos ϕ     − sin ϕ    0      sin ϕ     cos ϕ    0     0   0   1     .  











Thus, we get the following relations between the bases:


       i →       j →       k →      =  R Z  ·       e →  x        e →  y        e →  z      =      cos ϕ    e →  x  − sin ϕ    e →  y        sin ϕ    e →  x  + cos ϕ    e →  y         e →  z       








and


        e →  X        e →  Y        e →  Z      =  R Y  ·      i →       j →       k →      =      cos φ   ( cos ϕ    e →  x  − sin ϕ    e →  y  )  + sin φ    e →  z        sin ϕ    e →  x  + cos ϕ    e →  y        − sin φ   ( cos ϕ    e →  x  − sin ϕ    e →  y  )  + cos φ    e →  z       .  



(1)







Since the unit gravity vector    e →  g   has the same direction as    e →  Z  , then from (1) we obtain


    e →  g  = − sin φ cos ϕ    e →  x  + sin φ sin ϕ    e →  y  + cos φ    e →  z   .  



(2)







Further, the angular velocities of the inner and outer frames can be defined by the unit vectors in their respective coordinate systems as follows:


    ω →  ϕ  =  ω ϕ     e →  z   and    ω →  φ  =  ω φ    j →  ,  








where    ω ϕ  = d ϕ /  d t   and    ω φ  = d φ /  d t  . Thus, the angular velocity of the gravity vector in terms of the inner frame coordinate system is given by


   ω →  =   ω →  φ  +   ω →  ϕ  =  ω φ   sin ϕ    e →  x  +  ω φ   cos ϕ    e →  y  +  ω ϕ     e →  z  .  



(3)







Now, from (2) and (3) the linear velocity of the gravity vector tip is obtained on the unit sphere attached to the inner frame as follows:


    v →  g  =  ω →  ×   e →  g  =  (  ω φ   cos ϕ  cos φ −  ω ϕ   sin ϕ  sin φ )     e →  x  −  (  ω φ   sin ϕ  cos φ +  ω ϕ   sin φ  cos ϕ )     e →  y  +  ω φ   sin φ    e →  z  .  



(4)







Finally, the ratio of the revolutions over time is converted to the ratio of the angular velocities (see e.g., [29]):


  γ =   ω ϕ   ω φ   .  



(5)







To ensure the correctness of the simulation of decreased gravity, the fixed velocities have been randomly chosen between 0.05 [rads/s] and 0.4 [rads/s] as in the papers [12,35]. However, the velocities range alone does not guarantee the reproduction of microgravity conditions. If there is a strong path repetition over time for the gravity vector tip, this leads to unevenly distributed gravity effects for the object, thus we reproduce only hypogravity conditions at best. Avoiding such a scenario can increase the uniform spreading of gravity in all directions. Kim [29] suggests that if  γ  defined by (5) is closer to an irrational number rather than to a rational one, the chances to obtain even distribution and replicate microgravity state are better. Our rotational parameters have been selected so that both conditions can be tested and the machine can be compared with the reported ones.




2.3. Gravity Vector Tip Dispersion and taSMG


As an upgraded RPM, the proposed model requires comparison with existing ones. The first step was to check the distribution of the gravity values in three dimensions in accordance with previous findings [12,16,29]. Using an acceleration sensor (MBIENTLAB INC, San Francisco, CA, USA), we measured the acceleration (by means of g = 9.81 m/s2) produced by different randomly selected working parameters. The data from the sensor are presented in Table 1 and Table 2, and in Figure A1, Figure A2, Figure A3, Figure A4 and Figure A5 (see Appendix A).



The motion trajectory of the gravity vector tip (at   3.5   cm distance from the center) is displayed on an imaginary sphere for 15 min, 1 h and 2 h of rotation as presented in Figure A1. The chosen fixed speeds for this set of data are 0.0524 [rad/s] for the inner frame and 0.106 [rad/s] for the outer one. The motion trajectory of the gravity vector tip is shown in Figure A2 using the same conditions but with fixed velocities of 0.1575 [rad/s] for the inner frame and 0.2615 [rad/s] for the outer one. In both figures, the three axes present the acceleration in g.



The data in Figure A2 suggest more uniformly distributed acceleration than the one in Figure A1, which means a better-simulated microgravity. After two hours of rotation, the randomization of the trajectory was better due to the uniform coverage of the surface. The reason for that lies in the ratio of the angular velocities (5). As described in the previous section, the closer  γ  is to an irrational number, the greater the chance for reproducing microgravity states. The data obtained from this study agree with the data in the cited papers [16,29,36].



For objectivity, a comparison should be made between the same parameter sets in 3D mode and same range in random mode with an object in the geometrical center of the machine and our proposed design. Figure A3 presents such a comparison for 3D mode. The motion trajectory of the gravity vector tip in fixed speeds of the inner frame 0.1575 [rad/s] and of the outer one 0.2615 [rad/s] at a distance of 3.5 cm from the center (Figure A3a) and of the inner frame between 0.1575 [rad/s] and of the outer one 0.2615 [rad/s] at a distance of 0 cm (Figure A3b). The data clearly show that there is no major difference in the distribution of the gravity vector between the two cases. Furthermore, in Table 1, a direct comparison of the parameters and the time-averaged value of acceleration (in g) shows that there is a small difference between the two models. The data suggest that residual accelerations are minimal in the case of an object at a distance of 3.5 cm from the center.



Figure A4 presents a comparison between the motion trajectory of the gravity vector tip in a random mode for the two positions. There is a very slight change in the gravity dispersion between the center of the RPM and at a distance of 3.5 cm for the same amount of simulated microgravity (Table 2). Again, the data suggest minimal residual accelerations on an object at a distance of 3.5 cm. Furthermore, Figure A5 shows improvement of the time evolution of the gravity vector tip dispersion. The data obtained from this study agree with the ones obtained by other authors in this field [12,29] and suggest its operation is similar as previously reported RPMs.



Regarding ‘critical’ reviews that consider the validity of the application of RPM, the machine is a limited technical model for reproducing ground-based microgravity conditions [18,36]. Our experiments have shown the following particularity of its application. In terms of geometrical characteristics, there are no crucial variations between our results and those with object in the center. It is worth noting that such a model does not reject effects from the movement of cellular and tissue fluids, and the obtained results should be carefully interpreted and compared with data from real microgravity or other analogs at best [36].



In terms of rotational parameters, as shown in Table 1, Figure A1 and Figure A2, it is clear that not all combinations from the 3D mode are applicable for simulating microgravity conditions. The second and the third row of Table 1 in both models are with small values of g. However, only the data in the second row could be evaluated as close as possible to microgravity. The first and the fourth rows show an overall decrease in the gravitational force acting on the object over time but far from the microgravity values. Nevertheless, this indicates the ability to reproduce hypogravity—a powerful tool for future experiments to duplicate biological effects on an organism level caused by decreased gravity conditions. For example, by making the necessary calibration of the setup parameters, our machine can recreate such gravity states as on Mars (   g  M a r s   = 0.379   g) or on the Moon (   g  M o o n   = 0.165   g). This information can give the scientific community a better chance of predicting hypogravity-induced changes.





3. Application in a Laboratory Experiment with Rats


In this section, we apply our RPM in laboratory experiments with three different groups of rats. A posteriori stress tests are conducted to estimate and compare the level of stress between the groups. To our best knowledge, no such experiments have been attempted with an RPM animal model. For this reason, we are discussing our results with studies containing similar animal-modeled microgravity analogs.



3.1. Description of the Experiment


To assess the applicability of the design, stress tests were performed on 18 adult male Wistar rats (mass range between 180–220 g). All animals used for the experiment were housed according to the normative documents of the European Union for the usage of experimental animals.



The experimental subjects were randomly divided into three even groups of six members each—experimental group (RPM), stress control (RPM-K), and absolute control (K). All animals had a 7-day acclimatization period at the experimental premises before the start. After this period, the RPM group was exposed to simulated microgravity for 20 h/day (from 1 p.m. to 9 a.m. on the next day with access only to food during the experiment) over seven consecutive days. RPM 3D mode (velocity of the inner frame—0.1575 [rad/s] and of the outer—0.2615 [rad/s]) was used to recreate of microgravity effects. The animals were placed into the chambers. Chambers were then closed using a plastic cork with an opening in the center. The rats’ tails were positioned outside the chambers through the cork opening. The tails were then taped with band aid on the outer part of the chamber (nontraumatic ‘U’ position) to avoid injuries by the rotational parts of the machine.



At the same time, the RPM-K group was exposed to the same conditions as RPM group but without the rotation from the machine. Identical setup and cylinders were used for this group. Meanwhile, the K group animals were housed in standard conditions with access only to food during the period from 1 p.m. to 9 a.m. on the next day. For the remaining 4 h, all groups were returned to their housing cages with access to food and water. During the seven days of the experiment, the mass of all animals was measured every day before the start of the session (1 p.m.).



The tests used for a social trait are social interaction and elevated plus maze. Both experiments were conducted on the 8th day. First was the social interactions experiment. It was performed in an open plastic box with dimensions 60 cm width, 60 cm length and 40 cm height. Each rat was left for 5 min in the box for acclimatization before the experiment. After that, another rat (unfamiliar to all three groups) was added. To evaluate the social interaction, we measured the time of interactivity (mainly sniffing) in seconds for a period of 5 min.



After one hour of rest, the experiment continued with the elevated plus maze with two open and two closed arms. Each rat was placed in the middle of the maze and tested for 5 min. During that period, three parameters were recorded: time spent in open spaces, time spent in closed spaces, and number of exposures to open spaces.



The results from all tests were statistically processed (ANOVA) and presented by their mean value ± standard deviation.




3.2. Weight and Stress Evaluation


Table 3 contains the mass of the experimental subjects. It is presented in percentages compared with the mass from the first day. There was no significant difference between the three groups on the second day. A significant difference (  p < 0.05  ) between RPM and K groups is observed on the last three days. Similarly, a significant difference (  p < 0.05  ) between RPM-K and K groups was found on days three and four. No significant change between the RPM and RPM-K groups in the tested period was found.Results show that the mass of the animals has decreased on days two and three. Later, the subjects either began to restore or started to gain mass.



The registered differences in body weight between RPM and RPM-K groups on the one side, and K group on the other, can be explained by activation of central neuronal mechanisms, independent of stress-induced hypophagia [37].



Table 4 shows that in the social interaction test, we get   12.72 ± 2.3   seconds for the K group rats. The data for the other two groups showed a statistically significant increase in their time compared with the control group (K)   ( p < 0.05 )  . However, no significant difference between RPM and RPM-K groups was found.



In the elevated plus maze, the rats in the RPM group have significantly increased their stay in open spaces (  170.25 ± 27.2   s,   p < 0.01  ) and have decreased the stay in closed ones (  129.75 ± 27.2   s,   p < 0.01  ) compared to RPM-K and K groups (see Table 5). In terms of the number of entries in the open arms, K and RPM-K groups have   1.5 ± 0.5   times each, while the RPM group showed a statistically significant increase (  4.25 ± 0.75  ;   p < 0.01  ) compared to RPM-K. We obtained similar results from the closed arms. The RPM group showed statistically increased number of entries compared to both K   ( p < 0.01 )   and RPM-K groups   ( p < 0.001 )   (Table 5).



The decreased time of social interaction is a sign of anxious behavior, while the increased one—for anxiolytic effect [38]. The increase in time spent in open spaces of the elevated maze and the increased number of entries inside them correlates with the anxiolytic effect [39]. The results from our social interaction experiments demonstrate that RPM–K and RPM groups are prone to an anxiolytic effect. In the elevated maze, only RPM group is prone to the last. The collected data suggest that RPM group has decreased anxiety compared to the control groups.



Similar results have been obtained by Kokhan et al. [40]. They found an increased amount of time from the suspended group compared with their control one in the open arms of the maze. However, they did not find any statistical differences in the number of entries like in our data. In another study, mice that received hindlimb unloading spent significantly more time in the exposed portion of an elevated maze [41]. This suggests that exposure to simulated microgravity may affect exploration and increase risk-taking behaviors. A relevant study demonstrated changes in risk-taking behavior in a human head tilt model of microgravity [42]. In a 7-day anti-orthostatic hanging of rats, Lebedeva-Georgievskaya et al. [43] demonstrated an increased time in open arms of the elevated maze. It is worth mentioning that some research teams obtained the opposite results. For example, a study from 2017 showed that a 14-day hindlimb unloading procedure caused anxiety states and significantly decreased spontaneous activity in mice [44]. Another one with space-flown mice for 30 days on a Bion-M1 satellite showed reduced ambulatory/exploratory activity and higher anxiety [45]. Those contradictory results have been explained by Lebedeva-Georgievskaya et al [43]. They suggest that the duration of the simulated microgravity experiments has an important role. The main effects of anxiety occur at different stages of the general adaptation syndrome, and the period of exposure may affects the concentration of monoamines. So, simulated microgravity lasting less than 14 days may decrease the level of anxiety which corresponds with our data.





4. Conclusions


A new modification of RPM in both 3D clinostat mode and random mode used for in vivo experiments has been proposed. The main novelty of our design is the ability for simultaneous operation with up to four experimental animals placed at a distance from the geometric center of the rotation. In order to validate our machine, we have compared it with reported traditional ones. Furthermore, we have examined taSMG at the center of the device and at a distance of   3.5   cm from it. The results showed no crucial deviations in gravity dispersion and its time-averaged value in all sets of parameters between our machine and the traditional model. Also, there were no crucial differences in the gravity dispersion between the two used positions. To show the applicability of our machine, we have conducted a social trait tests with experimental animals. To our best knowledge, no such experiments with RPM were attempted so far. The experiments showed that our machine provides a relatively safe test environment in which the psychophysical state of the subjects remains close to their baseline. The social trait results suggest that the group exposed to our device did not experience increase in anxiety. Considering all of the above, we assume that the usage of our model will be relevant for reproducing hypogravity conditions in experiments using commercial RPM.
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Figure A1. Motion trajectory of the gravity vector tip displayed on imaginary sphere (in 3D mode) for (a) 15 min of rotation; (b) 1 h of rotation; (c) 2 h of rotation. 






Figure A1. Motion trajectory of the gravity vector tip displayed on imaginary sphere (in 3D mode) for (a) 15 min of rotation; (b) 1 h of rotation; (c) 2 h of rotation.
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Figure A2. Motion trajectory of the gravity vector tip at a distances of 3.5 cm from the center displayed on imaginary sphere (in 3D mode) for (a) 15 min of rotation; (b) 1 h of rotation; (c) 2 h of rotation. 






Figure A2. Motion trajectory of the gravity vector tip at a distances of 3.5 cm from the center displayed on imaginary sphere (in 3D mode) for (a) 15 min of rotation; (b) 1 h of rotation; (c) 2 h of rotation.
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Figure A3. Motion trajectory of the gravity vector tip with   ω ϕ   = 0.157 [rads/s] and   ω φ   = 0.262 [rads/s] (a) at a distance of 3.5 cm from the center and (b) at a distance of 0 cm. 






Figure A3. Motion trajectory of the gravity vector tip with   ω ϕ   = 0.157 [rads/s] and   ω φ   = 0.262 [rads/s] (a) at a distance of 3.5 cm from the center and (b) at a distance of 0 cm.
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Figure A4. Motion trajectory of the gravity vector tip in random mode (  ω ϕ   and   ω φ   are randomly selected within range between 0.0524 [rads/s] and 0.733 [rads/s] and periods of rotation of both frames are randomly selected from 1 to 10 periods) (a) at a distance of 0 cm from the center and (b) at a distance of 3.5 cm. 






Figure A4. Motion trajectory of the gravity vector tip in random mode (  ω ϕ   and   ω φ   are randomly selected within range between 0.0524 [rads/s] and 0.733 [rads/s] and periods of rotation of both frames are randomly selected from 1 to 10 periods) (a) at a distance of 0 cm from the center and (b) at a distance of 3.5 cm.
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Figure A5. Motion trajectory of the gravity vector tip in random mode (  ω ϕ   and   ω φ   are randomly selected from range of 0.0524 [rads/s] to 0.733 [rads/s] and periods of rotation of both frames are randomly selected from 1 to 10 periods) for time of 15 h. 






Figure A5. Motion trajectory of the gravity vector tip in random mode (  ω ϕ   and   ω φ   are randomly selected from range of 0.0524 [rads/s] to 0.733 [rads/s] and periods of rotation of both frames are randomly selected from 1 to 10 periods) for time of 15 h.
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Figure 1. Images of the RPM: (a) The assembled machine; (b) The design of the chambers for the animals. 
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Figure 2. The connection between the coordinate systems and the RPM. 
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Table 1. Rotational parameters in 3D mode.
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	Distance from the Center

[cm]
	    ω ϕ     (Inner Frame)

[rad/s]
	    ω φ     (Outer Frame)

[rad/s]
	   γ   
	taSMG

[g]





	0
	0.0524
	0.1060
	0.494
	0.273



	0
	0.1575
	0.2615
	0.602
	0.0033



	0
	0.2092
	0.1581
	1.323
	0.0464



	0
	0.2111
	0.2111
	1
	0.2713



	3.5
	0.0524
	0.1060
	0.505
	0.211



	3.5
	0.1575
	0.2615
	0.592
	0.0050



	3.5
	0.2092
	0.1581
	1.346
	0.0473



	3.5
	0.2111
	0.2111
	1
	0.2855
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Table 2. Rotational parameters in random mode.






Table 2. Rotational parameters in random mode.





	Distance from the Center

[cm]
	    ω ϕ     (Inner Frame)

[rad/s]
	    ω φ     (Outer Frame)

[rad/s]
	Periods of the Frames
	taSMG

[g]





	0
	0.0524 to 0.733
	0.0524 to 0.733
	1 to 10
	0.0018



	3.5
	0.0524 to 0.733
	0.0524 to 0.733
	1 to 10
	0.0027
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Table 3. Mass of the animals (in percentages) through the experimental period (mean ± SD).
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	Group
	Day 1
	Day 2
	Day 3
	Day 4
	Day 5
	Day 6
	Day 7





	RPM
	100
	   90.2 ± 6.7   
	   86.9 ± 6.1   
	   80.8 ± 4.6   
	   74.7 ± 7.2   
	   77.3 ± 8.2   
	   81.3 ± 9.4   



	RPM-K
	100
	   89.9 ± 2.7   
	   86.2 ± 5.5   
	   86.2 ± 8.1   
	   82 ± 9.7   
	   83.9 ± 8.4   
	   87.6 ± 8   



	K
	100
	   94 ± 6.2   
	   94.8 ± 4.4   
	   101 ± 12.8   
	   99.9 ± 12.6   
	   101.4 ± 13.5   
	   104.7 ± 12.9   
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Table 4. Results from the social interaction experiment (time in seconds is presented by mean ± SD).
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	Group
	RPM
	RPM-K
	K





	Time [s]
	   42.5 ± 8.4   
	   44.2 ± 7.2   
	   12.72 ± 2.3   
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Table 5. Results from the elevated maze experiment (mean of ± SD).
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	Group
	Number of Entries

To Open Arms
	Time in Open Spaces

[s]
	Number of Entries

To Closed Arms
	Time in Closed Spaces

[s]





	RPM
	   4.25 ± 0.75   
	   170.25 ± 27.2   
	   6.8 ± 0.6   
	   129.75 ± 27.2   



	RPM-K
	   1.5 ± 0.5   
	   34.5 ± 2.3   
	   1.75 ± 0.75   
	   265.5 ± 2.3   



	K
	   1.5 ± 0.5   
	   23.5 ± 11.5   
	   1.5 ± 0.5   
	   276.5 ± 11.5   
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