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Abstract

:

This paper is concerned with decreasing asymmetry of motor control in ageing. It discusses age-related changes in humans and reports a longitudinal study of hand preferences in common marmosets. An annual assessment of hand preference for holding food was recorded throughout the lifespan of 19 marmosets that lived for at least 9 years, and half of those lived for at least 11 years. Those with a left-hand preference showed a gradual reduction in the strength of their hand preference throughout adult life. No significant change in the strength of hand preference was found in right-handed marmosets. Hence, ageing has a specific effect on motor control by the right hemisphere.
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1. Introduction


Some studies have shown that, in humans, hand dominance attenuates with advancing age, such that there is a shift towards ambidexterity [1,2]. In other words, the strength of laterality of motor control declines with advancing age [1,3,4,5]. Although there may be several explanations for this decrease in motor dominance, it could depend on age-related changes in the corpus callosum and, hence, on the altered interhemispheric transfer of information [6]. In fact, interhemispheric inhibition of the motor cortex is known to decrease in elderly subjects [7], and this may be the cause of a reduced laterality of activation in the motor cortex [8]. Age-dependent changes in asymmetry are also more widespread in the cortex, and a number of studies in humans have reported a decline in asymmetry of processing of sensory inputs (e.g., of audition [9,10,11]; of proprioception [12]).



It is debated whether diminishing brain asymmetry with increasing age is due to changes in both hemispheres or to greater change in the right hemisphere compared to the left [13,14,15]. For example, in support of the right hemisphere being more susceptible to the effects of ageing, Jenkins et al. [16] reported a greater decline of right-hemispheric visuospatial processing compared to the decline of left-hemispheric verbal processing. However, other studies have shown equivalent declines in both these functions and, hence, support the hemispheric asymmetry reduction model of ageing, referred to as the HAROLD model [13,17,18,19].



Studies of hand preferences in primate species provide a useful comparison to the research on humans. However, there have been few studies on aged primates. Although the effects of age on hand preference have been examined frequently in juvenile versus adult primates [20,21,22], the hand preferences, or other behaviour, of middle-aged and old-aged primates have rarely been investigated. Typically, in common marmosets only small sample sizes have been tested for the possible effect of advanced age on hand preference, and these studies have done so by assessing the hand preferences of animals of different ages, each animal tested at only one age. Perhaps not surprisingly, no effect of age has been reported so far [23]. Longitudinal changes in behaviour across middle and old age are much needed and the common marmoset is an excellent species for such studies [24,25]. For example, a longitudinal study of middle-aged marmosets has shown decreasing fine motor control, particularly in males [26]. Without doubt, longitudinal studies of changing cognitive and motor behaviour in marmosets tested across the adult lifespan are recognised as the preferred method for revealing age-related changes.



Common marmosets aged 7 years are considered to be old [27], and the reported life-span of this species in captivity is 10 to 15 years [28,29], although it is much shorter in some colonies [30]. In fact, in many colonies the average lifespan of marmosets is only 4 to 6 years [31] or 5 to 7 years [30], meaning that the marmosets in these colonies die before they have reached very old age. This may partly explain the lack of research on older-aged marmosets.



Neurodegenerative changes have been reported in the brains of marmosets aged 7–10 years [30], and cognitive changes have also been reported at these ages [32]. So far, however, there have been no reports of longitudinal studies on hand preferences in common marmosets tested repeatedly throughout adulthood and extending up to 10 or more years of age.




2. Materials and Methods


2.1. Subjects and Housing


The subjects used were common marmosets, Callithrix jacchus, from a colony held at the University of New England. The criteria for selecting the subjects reported in this paper were: (1) they had lived at least 9 years and (2) their hand preferences had been measured at least once per year through adult life, except for year 8. A total of 19 marmosets (12 females, 7 males) met these criteria: 11 lived for more than 10 years and 9 lived for more than 11 years.



The marmosets were housed in same-sex groups of two to four animals in home-cages (2.3 × 1.0 × 2.0 m), with frequent access to runways leading to indoor rooms (4.0 × 4.0 × 3.5 m) and outdoor cages (1.7 × 1.7 × 2.6 m). All of these cages were furnished with branches, wooden perches, plastic tunnels, and rope for climbing. For further details on housing and feeding, see Gordon and Rogers [33] and Pines et al. [34]. This research entailed observation conducted only during the regular feeding time of the marmosets and was approved by the University of New England Animal Ethics Committee under licences, including AEC03/051, AEC08/044, AEC 08/064, AEC08/073, and AEC06/060.




2.2. Scoring Hand Preference


Hand preference was determined during unconstrained picking up of small pieces of food in one hand and raising the food to the mouth to eat it (Figure 1). This is referred to as simple reaching. A minimum of 100 scores were obtained over 8 to 10 days, and no more than 15 scores were recorded per day [35,36]. One score was given to each act of picking up food and bringing it to the mouth; the repeated taking of the same piece of food to the mouth while the marmoset maintained a stationary posture received one score only. The scores were always collected between 12.00 and 13.00 hours during the daily feeding time in the animals’ home cages.



From these scores, the percent left-hand use was determined and, since all of the marmosets had significant hand preferences that they retained throughout adulthood [21], they could be allocated to either a left- or right-hand group. In the left-hand group, there were 11 marmosets (9 females and 2 males). In the right-hand group, there were 8 marmosets (3 females and 5 males). The strength of hand preference in both these groups was calculated as the absolute difference of percent left-hand preference from 50% (no preference).





3. Results


The strength of hand preference across the adult life-span is plotted in Figure 2A,B.



Note the gradual decline in strength of hand preference in the left-hand group (Figure 2A), which occurs consistently across age with a slope of 0.995 (regression line, Y = −0.95545X + 33.476). At the age of 9 years, which included all of the subjects, the decline in the strength of the left-hand preference compared to that of year 1 was significant (mean ± standard error at year 1 was 33.45 ± 3.20 compared to year 9, when it was 23.40 ± 5.41: 1-tailed paired t-test, p = 0.0147, N = 11). The decreasing strength of left-hand preference continued across years 10 and 11, although there were fewer surviving marmosets at these ages (6 survivors at year 10 and 5 at year 11).



This result contrasts with the strength of hand preference of the right-handed marmosets (Figure 2B), which showed no significant decline with age (regression line, Y = −0.12891X + 38.068). A total of 5 of the 8 right-handed marmosets survived to year 10 of life and 4 survived to year 11.



A comparison of the strength of hand preference in year 9 of life in left-handed versus right-handed marmosets was significant (mean strength ± standard error of left-handed group was 23.40 ± 5.41 and of the right-handed group it was 38.83 ± 2.09; 1-tailed t-test, p = 0.025). Additionally, the strength of hand preference considered across adulthood was weaker in left-handed marmosets compared to right-handed marmosets (mean strength ± sem of the left-handed group was 28.82 ± 3.61; for the right-handed group, it was 37.58 ± 2.31; 1-tailed t-test comparison, p = 0.0386).




4. Discussion


In the marmosets with a preference to pick up food with their left hand, the strength of their hand preference declined in a regular trend throughout adulthood. From 1 year to 11 years of age, the strength of left-hand preference decreased by approximately 8%. By contrast, the marmosets with right-hand preference showed no significant change in the strength of their preference across adulthood and into old age.



This is one of very few longitudinal studies, throughout adulthood, on lateralized hand use by a non-human primate species. However, interpretation of the results is compromised by the small sample size used, particularly of the right-handed group. Additionally, the sample had almost twice as many females as males. As almost equal numbers of left- and right-handed marmosets, and no sex differences, were recorded in a larger colony of common marmosets (some of which were caught in the wild [37]) and the same was the case in early adulthood in our colony [21], the imbalance of the sexes in our long-living sample was probably due to females surviving longer than males. In fact, this seems to be particularly so for left-handed females. Because the left-handed group had only two males, the sample size of our study was insufficient to tease apart any effect of age versus sex. Nevertheless, a study of ageing in marmosets followed from five to seven years of age found that males showed a greater decline in fine motor skills than females did [26]. This indicates that, in the study reported here, the decreasing strength of hand preference with age found in the left-handed group (which had fewer males than females) and not in the right-handed group is likely to be a genuine effect of age rather than an interaction between age and sex. To emphasise the value of the results reported here, it is noted again that, in many if not most colonies, marmosets die well before they reach the advanced ages of our subjects.



In humans, age-related changes in hemispheric asymmetry have been shown to depend on sex and the task used to assess asymmetry. For example, Hausmann et al. [38] found that, in a word-matching task, there was greater decline with age of the right compared to the left hemisphere in both males and females; whereas, in a figural-comparison task, such a right hemisphere decline was found in males but the opposite was found in females. This highlights the need for further research investigating sex and age effects in primates.



If further studies of marmosets substantiate the declining strength of left-hand but not right-hand preference with age, this may show that the right hemisphere undergoes an age-dependent change in motor control, whereas the left hemisphere does not. If so, this would be an example of ageing having an earlier and greater effect on the right hemisphere. However, although the weakening strength of the left-hand preference is consistent, a significant left-hand preference is still present even in very old marmosets. In other words, the marmosets show an age-dependent weakening, but not loss, of right hemispheric control of motor function.



In humans, a reduced asymmetry of motor function has been reported to occur with ageing [1,2,3,5], although this depends on the task and related experience prior to testing. For an example of the latter, in a task assessing drawing ability, which is affected by practice, right-hand preference increases with ageing [39]. The reduced asymmetry of motor function with ageing seems to result from changes in both left and right hemispheric control dependent on age-related changes in interhemispheric communication [5,40,41] and supported by evidence of age-dependent structural changes in the corpus callosum [42,43]. Age-dependent change is also known to occur in the corpus callosum of marmosets; viz., a decline in the myelination of axonal fibres in the corpus callosum [44]. In a small sample of marmosets (N = 4), Phillips et al. [44] found that the age-dependent loss of myelin in one particular region of the corpus callosum was associated with a decline in performance in a detour-reach task. Since interhemispheric communication is known to have an important role in hemispheric dominance, as shown in pigeons [45], and that role is asymmetrical [46], an age-dependent reduction in interhemispheric communication could underlie reduced motor dominance and could have differential effects on the left and right hemispheres.



There is some evidence of a similar pattern of ageing occurring in other species. From research on humans, it has been found that the ageing of the right hemisphere alone causes decreased control of spatial attention [47] and, perhaps conversely, aged brains have increased right frontal activation when switching performance in a cognitive task [48]. A study of auditory responses made by rats of advanced age has shown a deterioration of the right hemisphere, whereas the left hemisphere improved [49]. Hence, overall, there is some convincing evidence of ageing having differential effects on the left and right hemispheres, as originally proposed by Goldstein and Shelly [50]. The results reported in this paper are possibly a manifestation of this pattern of ageing in motor behaviour.



Hand preferences in marmosets correlate with certain structural differences in the right hemisphere. The lateral sulcus in the right hemisphere is longer relative to brain weight in right-handed marmosets than it is in left-handed marmosets [51]. Additionally, in right-handed marmosets the secondary somatosensory cortex, which is involved in tactile discrimination, is thicker in the right hemisphere [51]. Although the study by Gorrie et al. [51] found no effect of age on these measures, the sample size examining the effect of age was small. Given the findings reported in this current paper, the differences in brain structure and tactile discrimination between left- and right-handed marmosets would be worth examining with respect to ageing in larger sample sizes. Relevant to this, a recent study has reported a reduced asymmetry of upper-limb proprioception in old compared to young humans [12]. It is, therefore, worth considering the possibility that the age-related reduction in left-hand preference found in the marmosets was associated with an age-dependent reduction in proprioception by the right hemisphere.



The gradual decline in the strength of left-hand preference with age could also be associated with broader behavioural differences between left-handed and right-handed marmosets. Left- and right-handed marmosets differ in social behaviour: right-handed marmosets display higher levels of social interaction [33,52]. In fact, long-term records of behaviour of marmosets in our colony revealed that right-handed marmosets were more aggressive than left-handed marmosets, with the latter being recipients of more aggression and, hence, suffering more stress [53]. It is known that there are cumulative effects of stress associated with lateralization, as discussed by Zach et al. [54], and, in studies on rats, it has been found that stress hormones, glucocorticoids, reduce the volume of the right hippocampal region of the cortex more than they do the left hippocampal region [55,56]. Depending on whether this effect is more widespread in the hemisphere and, since glucocorticoids are associated with ageing [57,58], a cumulative effect of stress with ageing is a potential explanation for declining strength of left-hand preference. Additionally, it has been found in marmosets that stress caused by unexpected and longer-term food deprivation effects the blood flow to, and activity of, the right hemisphere more than the left hemisphere [59], which is consistent with a greater effect of ageing on the right-hemisphere control of left-hand use.




5. Conclusions


The results reported in this study lend support to the model suggesting that the right hemisphere shows a greater decline with ageing than does the left hemisphere. It is recognised that any such result, provided that it is confirmed by subsequent investigations, pertains only to the asymmetry of hand use in one particular task. Hemispheric changes with ageing may be different in other brain regions and for other functions, even for performance in different motor tasks [60]. In fact, in marmosets there is no correspondence between eye preference and hand preference [61], meaning that each is a manifestation of a different laterality and may show different changes with age. Consistent with this, a recent longitudinal study of cortical thickness in humans from 20 to 80-plus years of age has found region-specific thinning in different areas of cortex in the left and right hemispheres [62], with an overall pattern of consistently decreasing asymmetry across the adult life-span [62].
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Figure 1. A common marmoset using its right hand to hold a piece of food to its mouth. Excerpt from a photograph taken by D. Gordon. 
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Figure 2. Strength of hand preference was plotted as means with standard error scores against age in years. (A). Left-handed marmosets (N = 11). (B). Right-handed marmosets (N = 8). The strength was calculated as the absolute value of the difference of percent left-hand preference from the no-preference value of 50%. 
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